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Abstract

Around 5–10% of the total asthmatic population suffer from severe or uncontrolled asthma, which is associated
with increased mortality and hospitalization, increased health care burden and worse quality of life. In the last few
years, new drugs have been launched and several asthma phenotypes according to definite biomarkers have been
identified. In particular, therapy with biologics has revolutionized the management and the treatment of severe
asthma, showing high therapeutic efficacy associated with significant clinical benefits. To date, four types of
biologics are licensed for severe asthma, i.e. omalizumab (anti-immunoglobulin E) antibody, mepolizumab and
reslizumab (anti-interleukin [IL]-5antibody), benralizumab (anti-IL-5 receptor a antibody) and dupilumab (anti-IL-4
receptor alpha antibody). The aim of this article was to review the biologic therapies currently available for the
treatment of severe asthma, in order to help physicians to choose the most suitable biologic agent for their
asthmatic patients.
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Background
Since the beginning of this millennium, asthma assess-
ment and management have been revolutionized. While
some new therapeutic approaches have been suggested
for mild asthmatics, the most relevant changes have
occurred in severe asthma. Severe asthma accounts for
the 5–10% of the global asthma population, with 3 to 5%
being uncontrolled despite adherence to therapy and
proper use of inhalers [1]. These subjects cannot achieve
symptoms control despite maximal therapy with inhaled
corticosteroids (ICS) and, quite often, maintenance oral
corticosteroids (OCS) are necessary in an endeavor to
avoid life-threatening exacerbations [2]. Although OCS
courses remain essential for the management of acute
exacerbations, their recurrent or continuous usage is
associated with several complications, such as an
increased risk of developing osteoporotic fractures and
pneumonia [3]. Moreover, other conditions including
cardiovascular and cerebrovascular events, renal
dysfunction, diabetes mellitus type 2, humor alterations,

obesity and sleep apneas are known to be associated
with systemic corticosteroid exposure [3]. Additionally,
many patients remain poorly controlled and show
recurrent exacerbations despite a strict adherence to
therapy [4].
The recent advances in our knowledge of the etio-

pathological mechanisms of different phenotypes and
endotypes of severe asthma gave us very innovative ther-
apies, such as biological drugs for severe asthma. These
medications are mostly directed against molecules in-
volved in the type 2 inflammatory pathway, thus modify-
ing the natural course of the disease by reducing airways
inflammation without the collateral damage associated
with corticosteroids. Based on the above, the aim of this
article was to review the biologic therapies currently
available for the treatment of severe asthma, in order to
help physicians to choose the most suitable biologic
agent for their asthmatic patients.

Licensed medications for severe asthma
To date, there are five biologic molecules officially
approved for use in selected severe asthmatic patients.
The first of these is omalizumab, an anti-IgE monoclonal
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antibody acting through various mechanisms on allergic
pathways (Table 1). Three more biologics for asthma,
belonging to a different class, have been approved, i.e.
mepolizumab, reslizumab and benralizumab. They all
target the interleukin-5 (IL-5) pathway with the first two
targeting the interleukin itself and the last one its recep-
tor. Finally, dupilumab is a monoclonal antibody against
the receptor of interleukin-4 (IL-4) which blocks the sig-
naling pathways of IL-4 and IL-13.

BIOLOGICS TARGETING IgE
OMALIZUMAB
Omalizumab was the first targeted biologic therapy devel-
oped and licensed for severe asthma, being approved by
the Food and Drugs Administration in 2003 [5]. It is a re-
combinant monoclonal Antibody which binds to IgE,
thereby lowering blood IgE levels of up to 99% [6]. More-
over, It decreases expression of IgE receptor FCRI on in-
flammatory cells such as mast cells and basophils, thus
helping to both mitigate the allergic response and
strengthen the antiviral immune response, finally leading
to prevent asthma exacerbations [7]. Omalizumab is ap-
proved in adults and children above 6 years old with IgE-
driven moderate-to-severe persistent allergic asthma
which remains uncontrolled despite GINA step 4/5 treat-
ment, high levels of blood IgE, and documented
sensitization to a perennial allergen [8]. Its dosage varies
according to patient’s bodyweight and circulating IgE
levels and it is administered subcutaneously every 14 or
28 days [9]. Although not necessary from a safety point of
view, it is advisable to re-evaluate patients after the initial
16 weeks of treatment to assess the drug efficacy before
continuing with omalizumab therapy [8].
The efficacy and safety of omalizumab are nowadays

unquestionably recognized, with numerous studies dem-
onstrating that this biological is generally well-tolerated,
with no serious adverse effects reported [10–15]. Com-
mon side effects include injection site or diffuse rash,
fever, nose bleeding, joint pain, gastro-intestinal

disturbances, headache, dizziness and cold symptoms
[10–15]. A Cochrane systematic review assessing 25 ran-
domized controlled trials in patients with allergic asthma
showed the efficacy of omalizumab in reducing asthma
exacerbations, hospitalizations, and inhaled corticoster-
oid dosage [10, 15–19].
During the last few years, a number of biomarkers for

monitoring the efficacy of omalizumab therapy have
been proposed, including total and antigen-specific IgE,
blood eosinophil count and exhaled nitric oxide (FeNO)
[20, 21]. Surprisingly, total IgE did not appear to be a
reliable predictor of response to omalizumab therapy,
evidencing that our knowledge on this field is still lim-
ited [21]. Peripheral blood eosinophil count ≥300 cells/
mL are linked to higher asthma severity and to a better
response to omalizumab [22, 23]. Furthermore, patients
under omalizumab with higher blood eosinophil count
have a higher chance to suffer from asthma exacerba-
tions in case of omalizumab discontinuation [24].
Regarding FeNO, elevated values at baseline correlated
with a better response to omalizumab with regard to ex-
acerbations decrease [20, 25]. Likewise, elevated levels of
FeNO after suspension of long-term therapy with omalizu-
mab may be a predictor of successive exacerbations [24].

Biologics targeting IL-5
IL-5 is a well-known regulator of the activation, differen-
tiation, effector function, migration and survival and ef-
fector function of eosinophils [26]. Eosinophil levels
associated with symptoms of asthma correlate with dis-
ease severity and increase the risk of asthma exacerba-
tions, evidencing that this granulocyte type plays a key
role in the pathophysiololgy of asthma [26]. Currently,
licensed biologics against IL-5 pathways are mepolizu-
mab, reslizumab, and benralizumab.

MEPOLIZUMAB
Mepolizumab is a monoclonal antibody directed against
IL-5 which has been approved as an add-on treatment

Table 1 Licensed biologics for severe asthma

DRUG
NAME

TARGET MODE OF
ADMINISTRATION

CRITERIA OF PRESCRIPTION AGE
INDICATION

DOSING INTERVAL DOSAGE

Omalizumab IgE Subcutaneous
injection

high blood IgE; sensititazion to
perennial allergen

≥6 years 14 days or 28 days 75mg to 600mg (based on
kg and tot IgE)

Mepolizumab IL-5 Subcutaneous
injection

high blood eosinophils ≥6 years 28 days 100 mg

Reslizumab IL-5 Intravenous
injection

high blood eosinophils ≥ 18 years 28 days 3 mg/kg

Benralizumab IL-5
receptor a

Subcutaneous
injection

high blood eosinophils ≥ 18 years 28 days (56 days
after 3 months)

30 mg

Dupilumab IL-4
receptor
alpha

Subcutaneous
injection

high blood eosinophils and/or
raised FeNO

≥12 years 14 days 200 mg to 300mg (based
on comorbidities)
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for patients ≥6 years old in Europe and for patients ≥12
years old in the USA. Mepolizumab was the first anti-IL-
5 antibody approved for the treatment of severe asthma
by the Food and Drugs Administration in 2015. Eligible
subjects are those with severe eosinophilic asthma that
remains uncontrolled despite GINA step 4/5 therapy,
with blood eosinophil count of ≥150 cells/μl during the
first administration or ≥ 300 cells/μl in the previous year
and with at least 2 asthma exacerbations requiring sys-
temic steroid course in the past year [27, 28]. Mepolizu-
mab is administered by a subcutaneous injection at a
fixed dose of 100 mg every 28 days.
Several studies evaluating mepolizumab for uncon-

trolled eosinophilic asthma showed a markedly reduc-
tion with regard to number of exacerbations, systemic
corticosteroid usage, emergency room accesses and hos-
pital admissions, and a concurrent improvement of
asthma controls and lung function parameters [29–33].
Furthermore, a number of studies revealed that mepo-

lizumab has a positive long-term safety profile [34–36].
No reports of mepolizumab-associated anaphylaxis reac-
tions were documented, as well as parasitic infections
[34–36]. Common side effects include headache, injec-
tion site reaction, fatigue, flu symptoms, urinary tract in-
fection, abdominal pain, itching, eczema, and muscle
spasms [34–36].
Additionally, numerous investigations highlighted that

the most important markers of response prediction to
mepolizumab are the rate of previous exacerbation and
baseline peripheral blood eosinophil count [29, 32, 37–
39]. Indeed, a better clinical efficacy is directly propor-
tional to a higher eosinophil count and to a higher rate
of exacerbations [29, 32, 37–39]. Interestingly, mepolizu-
mab effectiveness was not related to baseline IgE and to
atopy [40, 41] and earlier treatment with omalizumab is
not a predictor for mepolizumab efficacy [42–44].
There is a lack of consensus about the duration of

treatment before evaluating the effectiveness of mepoli-
zumab. Actually, the GINA statement suggests that a 4-
month trial may be adequate [8], whereas the NICE
guidelines recommend that mepolizumab should not be
discontinued before 12 months of therapy and that drug-
responsiveness should be assessed every year [45].

RESLIZUMAB
Reslizumab is monoclonal antibody approved in 2016,
which binds with high-affinity to IL-5 [46]. By an analogous
mechanism of action to mepolizumab, reslizumab lowers
circulating blood eosinophil levels [47]. It has been ap-
proved for patients ≥18 years old with severe eosinophilic
asthma which remains uncontrolled despite therapy with
high-doses of ICS plus another inhaler. Reslizumab is indi-
cated in patients with ≥400 eosinophils/μl and history of
asthma exacerbations in the previous 12months [48, 49].

Reslizumab is administered intravenously every 28 days at a
weight-based dose of 3mg/kg.
Similarly to mepolizumab, studies assessing reslizumab

have shown a decreased number of asthma exacerba-
tions and improved asthma control and lung function
parameters in subjects with high blood eosinophil levels
[47, 50].
The safety profile of reslizumab has been evaluated for

up to 24months, revealing minor adverse effects without
any reports of parasitic and opportunistic infections [51].
Most frequent side effects include cough, dizziness,
itching, skin rash and fatigue [51].
However, despite its proven excellent clinical effi-

cacy, intravenous formulation has a significant impact
on the ease of administration compared to mepolizu-
mab and/or benralizumab. Studies using reslizumab
showed unsatisfactory results, without significant im-
provements in terms of acute exacerbations reduction
or OCS lowering [52].

BENRALIZUMAB
Benralizumab is a monoclonal antibody approved in
2017 and directed against IL-5 receptor a (IL-5Ra) which
induces eosinophil apoptosis via the antibody-dependent
cell-mediated cytotoxicity (ADCC) involving natural
killer cells, leading to peripheral blood eosinophil deple-
tion [53, 54]. Benralizumab acts like a competitive in-
hibitor to IL-5, binding with higher affinity to the a-
subunit of IL-5Ra, which is expressed on mature (and
precursors) eosinophils and basophils [55].
This biologic drug is licensed as an add-on treatment

for uncontrolled severe eosinophilic asthma in patients
≥18 years with ≥300 blood eosinophils/μl [56, 57]. A 30
mg dose of benralizumab is injected subcutaneously
every 28 days for the first 3 administrations and after-
wards every 56 days.
Large studies evaluating benralizumab in patients with

moderate to severe asthma have shown a decrease in ex-
acerbations number, improved lung function, and re-
duced use of OCS [53, 54, 58]. Combined analysis of
these investigation have revealed that the best predictors
of response to benralizumab are adult-onset asthma,
more than 3 exacerbations in the previous year, nasal
polyposis and pre-bronchodilator FVC < 65% of pre-
dicted [53, 54, 58].. The most common adverse effect
were fever after the first injection, headache and pharyn-
gitis [53, 54, 58].
Interestingly, based on its mechanism, benralizu-

mab almost completely depletes blood eosinophils
within 24 h of administration and a total depletion
of airway eosinophils compared to that caused by
mepolizumab [59, 60]. Likewise, nasal eosinophils
were totally suppressed after 6 months of therapy
with benralizumab [61].
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Recently, some concerns have been raised about the
theoretical risks following an eosinophil depletion, espe-
cially with respect to host defense. However, these warn-
ings were not confirmed, since it appears that there is
adequate redundancy within human immune apparatus,
which is not impaired by eosinophils depletion [62].

Biologics targeting IL-4 and IL-13
IL-4 and IL-13 are two interleukins which regulate and
drive Type-2 inflammation. IL-4 increases the Th-2 cell
population and B-cell isotype rearrangement of IgE as
well as promoting eosinophilic transmigration through
endothelium, whereas IL-13 plays an important role in
asthma by promoting airway hyperresponsiveness,
mucus secretion and airway remodeling [63, 64]. Thus
far, the only licensed drug acting on the two aforemen-
tioned ILs is dupilumab.

DUPILUMAB
Dupilumab is a monoclonal antibody approved in 2018
which binds to the IL-4 receptor alpha-subunit, mutual
to IL-4 and IL-13 receptors and inhibits both IL-4 and
IL-13 pathways. Dupilumab is licensed as an add-on
maintenance therapy in asthmatic patients GINA step 4/
5 ≥ 12 years with type 2 inflammation characterized by
increased blood eosinophils and/or raised FeNO. Dupi-
lumab is administered subcutaneously at a starting dose
of two injections of 200mg each (total 400 mg), followed
by one injection of 200 mg every 14 days, or at a starting
dose of 600mg (two injections of 300mg each) followed
by 300 mg every 14 days. The latter regimen is recom-
mended for asthmatic subjects strictly dependent from
OCS or with atopic dermatitis [65]. Dupilumab is also
indicated for moderate to severe atopic dermatitis and
for nasal polyposis.
A number of studies have demonstrated that therapy

with dupilumab in severe asthmatics lowers the number
of asthma exacerbations, improves lung function param-
eters and asthma control test scores, and lowers the use
of OCS, irrespective of peripheral blood eosinophil
count [66–69]. Indeed, a transitory increase of blood eo-
sinophilia at the beginning of treatment with dupilumab
has been observed although it may be due to blocked
migration into tissues rather than hyperproduction [69].
Furthermore, reduced levels of T2 inflammation
markers, including FeNO, serum levels of eotaxin-3,
periostin and thymus and activation regulated
chemokine (TARC) and total IgE, may serve as parame-
ters for monitoring the efficacy of therapy with dupilu-
mab [66–69]. The most common adverse reactions were
injection site reactions, various types of infections, con-
junctivitis and related conditions [66–69].

Biologics under development
Research for next-generation biologics is ongoing. Cur-
rently, other effector molecules are under the spotlight
as new targets for perspective biological therapies, par-
ticularly the so-called alarmins [70]. These molecules are
released by the airway epithelium against the harmful
actions of germs, pollutants, allergens and cigarette
smoke.
Tezepelumab is a human monoclonal antibody which

binds to thymic stromal lymphopoietin (TSLP), an
epithelium-derived alarmin that plays a relevant role in
the pathogenesis of asthma, being an upstream effector
T2-high pathobiologic pathways [71–73]. With the pres-
ence of tezepelumab, TLSP cannot bind to its receptor
[74] hence inhibiting downstream signaling. A number
of phase 2 and 3 trials have clearly shown that patients
with severe uncontrolled asthma who received tezepelu-
mab had fewer exacerbations and better lung function,
asthma control, and health-related quality of life than
those who received placebo [75, 76]. Concerning its
safety profile, neither investigational tezepelumab-related
anaphylactic reactions nor the detection of neutralizing
antibodies were reported [75, 76]. To date, license appli-
cation for tezepelumab has been accepted and granted
Priority Review for the treatment of asthma from the US
Food and Drug Administration, whose regulatory deci-
sion is expected during the first quarter of 2022.
Ipetekimab is a monoclonal antibody targeting IL-33,

another alarmin which associates with TSLP leading to
an activation of T2-high inflammatory pathway in
asthma [77]. Phase 2 studies with this biologic are on-
going, however preliminary results did not show ad-
equate efficacy in severe asthmatics when associated
with dupilumab or vs dupilumab alone [70].
Moreover, Tralokinumab and lebrokizumab are mono-

clonal antibodies both targeting IL-13 alone with disap-
pointing results of phase 3 studies in terms of
exacerbations reduction and OCS sparing in severe asth-
matics [78].
Finally, regarding Th2-low asthma, mainly characterized

by a neutrophilic airways inflammation, efforts are focus-
ing on its pathogenic cascade involving cytokines such as
IL-1beta, IL-17 and IL-23. Several monoclonal antibodies
against the aforementioned interleukins such as canakinu-
mab (anti IL-1beta), brodalumab (anti IL-17 receptor) and
risankizumab (anti IL-23) are under evaluation with phase
1–2 trials showing controversial results [79–81].

Which biologic should I choose for my asthmatic patient?
When choosing a biologic medication for their patients
with severe uncontrolled asthma, clinicians should al-
ways take into account the asthma endotype, clinical
biomarkers, and patient-focused aspects (Fig 1).
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Omalizumab should always be the first biological op-
tion in allergic non-eosinophilic severe asthmatics, with
high levels of blood IgE, and with at least a documented
positivity to a perennial aeroallergen. Contrariwise, pa-
tients with a non-allergic eosinophilic phenotype should
be treated with an anti-IL-5 biological drug. Finally, anti-
IL-4/IL-13 should be reserved to patients with severe
eosinophilic type 2 asthma OCS dependent [8].
Given to the a lack of comparison studies, to date

there are no recommendations about the selection of ap-
propriate anti IL-5 biologic drug among those available.
Hence, the choice is empirical and possibly shared be-
tween physician and patient.
According to GINA guidelines, a (at least) 4-month

trial should be carried to evaluate asthma control. In the
event of poor asthma control, a switch to a different bio-
logical treatment can be attempted if the patient meets
the eligibility criteria.
Nevertheless, the right time and the right modality of

switching from one biologic to another and the treat-
ment time are still unknown. Large studies focused on
biological drug switch in patients with severe asthma are
ongoing and will help physicians to ease therapeutic
strategies.

Conclusions
Severe asthma accounts for a small proportion of total
asthma cases, but impose a heavy burden on health care
system. Recent revelations of the T2 inflammatory path-
ways and the development of monoclonal antibodies

acting on the T2 cascade has completely revolutionized
the management of severe asthma, by introducing new,
life-improving treatment options for this class of pa-
tients. This paves the way for a biomarker-driven per-
sonalized medicine. Strictly following GINA
recommendations, the categorization of T2 molecular
targets has allowed the identification of patients with se-
vere asthma who would likely respond to specific bio-
logical molecules. However, the most suitable biological
option for severe asthmatics with overlapping pheno-
types is still unclear, thus requiring further discrimin-
atory and predicting biomarkers which may allow a
better patient selection.

Abbreviations
IL: interleukin; ICS: inhaled corticosteroids; OCS: oral corticosteroids;
IgE: immunoglobulin E; FeNO: fractional exhaled nitric oxide; FVC: forced vital
capacity; T2: type 2

Acknowledgements
None.

Authors’ contributions
SD and GEC equally contributed in writing the current review. The author(s)
read and approved the final manuscript.

Funding
Authors did not receive any funding for the current review.

Availability of data and materials
Not applicable.

Fig. 1 Algorithm for Selecting Ideal Biologic Treatment for severe uncontrolled asthma

Dragonieri and Carpagnano Asthma Research and Practice            (2021) 7:12 Page 5 of 8



Declarations

Ethics approval and consent to participate
Not required.

Consent for publication
Obtained from all authors.

Competing interests
None of the authors have conflicts to disclose.

Received: 29 June 2021 Accepted: 2 August 2021

References
1. Hekking PPW, Wener RR, Amelink M, Zwinderman AH, Bouvy ML, Bel EH.

The prevalence of severe refractory asthma. J Allergy Clin Immunol. 2015;
135(4):896–902. https://doi.org/10.1016/j.jaci.2014.08.042.

2. Chung KF, Wenzel SE, Brozek JL, Bush A, Castro M, Sterk PJ, et al.
International ERS/ATS guidelines on definition, evaluation and treatment of
severe asthma. Eur Respir J. 2014;43(2):343–73. https://doi.org/10.1183/09031
936.00202013.

3. Price DB, Trudo F, Voorham J, Xu X, Kerkhof M, Ling Zhi Jie J, et al. Adverse
outcomes from initiation of systemic corticosteroids for asthma: long-term
observational study. J Asthma Allergy. 2018;11:193–204. https://doi.org/1
0.2147/JAA.S176026.

4. Sulaiman I, Greene G, MacHale E, Seheult J, Mokoka M, D’Arcy S, et al. A
randomised clinical trial of feedback on inhaler adherence and technique in
patients with severe uncontrolled asthma. Eur Respir J. 2018;51(1):1701126.
https://doi.org/10.1183/13993003.01126-2017.

5. Miranda C, Busacker A, Balzar S, Trudeau J, Wenzel SE. Distinguishing severe
asthma phenotypes: role of age at onset and eosinophilic inflammation. J
Allergy Clin Immunol. 2004;113(1):101–8. https://doi.org/10.1016/j.jaci.2003.1
0.041.

6. Normansell R, Walker S, Milan SJ, Walters EH, Nair P. Omalizumab for asthma
in adults and children. Cochrane Database Syst Rev 2014 https://doi.org/1
0.1002/14651858. CD003559.pub4.

7. Teach SJ, Gill MA, Togias A, Sorkness CA, Arbes SJ, Calatroni A, et al.
Preseasonal treatment with either omalizumab or an inhaled corticosteroid
boost to prevent fall asthma exacerbations. J Allergy Clin Immunol. 2015;
136(6):1476–85. https://doi.org/10.1016/j.jaci.2015.09.008.

8. Global Initiative for Asthma (GINA). Global strategy for asthma management
and prevention. 2021. https://ginasthma.org/.

9. European Medicines Agency. EMEA/H/C/000606. 2014. www.ema.europa.eu/
en/documents/overview/xolair-epar-summary-public_en.pdf. Accessed 30
May 2021.

10. Busse W, Corren J, Lanier BQ, McAlary M, Fowler-Taylor A, Cioppa GD, et al.
Omalizumab, anti-IgE recombinant humanized monoclonal antibody, for
the treatment of severe allergic asthma. J Allergy Clin Immunol. 2001;108(2):
184–90. https://doi.org/10.1067/mai.2001.117880.

11. Rodrigo GJ, Neffen H, Castro-Rodriguez JA. Efficacy and safety of
subcutaneous omalizumab vs placebo as add-on therapy to corticosteroids
for children and adults with asthma: a systematic review. Chest. 2011;139:
28e35.

12. Alhossan A, Lee CS, MacDonald K, Abraham I. “Real-life” effectiveness studies
of omalizumab in adult patients with severe allergic asthma: meta-analysis. J
Allergy Clin Immunol Pract. 2017;5(5):1362–70. https://doi.org/10.1016/j.jaip.2
017.02.002.

13. Ohta K, Miyamoto T, Amagasaki T, Yamamoto M, Study G. Efficacy and
safety of omalizumab in an Asian population with moderate-to-severe
persistent asthma. Respirology. 2009;14(8):1156–65. https://doi.org/10.1111/
j.1440-1843.2009.01633.x.

14. Adachi M, Kozawa M, Yoshisue H, Lee Milligan K, Nagasaki M, Sasajima T,
et al. Real-world safety and efficacy of omalizumab in patients with severe
allergic asthma: a long-term post-marketing study in Japan. Respir Med.
2018;141:56–63. https://doi.org/10.1016/j.rmed.2018.06.021.

15. Ledford D, Busse W, Trzaskoma B, Omachi TA, Rosen K, Chipps BE, et al. A
randomized multicenter study evaluating Xolair persistence of response
after long-term therapy. J Allergy Clin Immunol. 2017;140(1):162–9. https://
doi.org/10.1016/j.jaci.2016.08.054.

16. Normansell R, Walker S, Milan SJ, Walters EH, Nair P. Omalizumab for asthma
in adults and children. Cochrane Database Syst Rev 2014:CD003559.

17. [Holgate ST, Chuchalin AG, Hebert J, Lotvall J, Persson GB, Chung KF, et al.
Efficacy and safety of a recombinant antiimmunoglobulin E antibody
(omalizumab) in severe allergic asthma. Clin Exp Allergy 2004;34:632–638.

18. Soler M, Matz J, Townley R, Buhl R, O’Brien J, Fox H, et al. The anti-IgE
antibody omalizumab reduces exacerbations and steroid requirement in
allergic asthmatics. Eur Respir J. 2001;18(2):254–61. https://doi.org/10.1183/
09031936.01.00092101.

19. Busse WW, Morgan WJ, Gergen PJ, Mitchell HE, Gern JE, Liu AH, et al.
Randomized trial of omalizumab (anti-IgE) for asthma in inner-city children.
N Engl J Med. 2011;364(11):1005–15. https://doi.org/10.1056/NEJMoa1
009705.

20. Hanania NA, Wenzel S, Rosen K, Hsieh HJ, Mosesova S, Choy DF, et al.
Exploring the effects of omalizumab in allergic asthma: an analysis of
biomarkers in the EXTRA study. Am J Respir Crit Care Med. 2013;187(8):804–
11. https://doi.org/10.1164/rccm.201208-1414OC.

21. Tabatabaian F, Ledford DK. Omalizumab for severe asthma: toward
personalized treatment based on biomarker profile and clinical history. J
Asthma Allergy. 2018;11:53–61. https://doi.org/10.2147/JAA.S107982.

22. Casale TB, Chipps BE, Rosen K, Trzaskoma B, Haselkorn T, Omachi TA, et al.
Response to omalizumab using patient enrichment criteria from trials of
novel biologics in asthma. Allergy. 2018;73(2):490–7. https://doi.org/1
0.1111/all.13302.

23. Busse W, Spector S, Rosen K, Wang Y, Alpan O. High eosinophil count: a
potential biomarker for assessing successful omalizumab treatment effects. J
Allergy Clin Immunol. 2013;132(2):485–6. https://doi.org/10.1016/j.jaci.2013.
02.032.

24. Ledford D, Busse W, Trzaskoma B, Omachi TA, Rosen K, Chipps BE, et al. A
randomized multicenter study evaluating Xolair persistence of response
after longterm therapy. J Allergy Clin Immunol. 2017;140(1):162–9. https://
doi.org/10.1016/j.jaci.2016.08.054.

25. Mansur AH, Srivastava S, Mitchell V, Sullivan J, Kasujee I. Longterm clinical
outcomes of omalizumab therapy in severe allergic asthma: study of
efficacy and safety. Respir Med. 2017;124:36–43. https://doi.org/10.1016/j.
rmed.2017.01.008.

26. Akdis CA, Arkwright PD, Bruggen MC, Busse W, Gadina M, Guttman-Yassky
E, et al. Type 2 immunity in the skin and lungs. Allergy. 2020;75(7):1582–605.
https://doi.org/10.1111/all.14318.

27. US Food and Drug Administration. NUCALA (mepolizumab) for injection, for
subcutaneoususe.2015.https://www.accessdata.fda.gov/drugsatfda_docs/la
bel/2017/125526s004lbl.pdf. .

28. European Medicines Agency. Nucala. EMEA/H/C/003860-N/0027. 2015.
https://www.ema.europa.eu/en/documents/product-information/nucala-epa
rproduct-information_en.pdf. Accessed 1 Jun 2021.

29. Ortega HG, Liu MC, Pavord ID, Brusselle GG, FitzGerald JM, Chetta A, et al.
Mepolizumab treatment in patients with severe eosinophilic asthma. N Engl
J Med. 2014;371(13):1198–207. https://doi.org/10.1056/NEJMoa1403290.

30. Haldar P, Brightling CE, Hargadon B, Gupta S, Monteiro W, Sousa A, et al.
Mepolizumab and exacerbations of refractory eosinophilic asthma. N Engl J
Med. 2009;360(10):973–84. https://doi.org/10.1056/NEJMoa0808991.

31. Nair P, Pizzichini MM, Kjarsgaard M, Inman MD, Efthimiadis A, Pizzichini E,
et al. Mepolizumab for prednisone-dependent asthma with sputum
eosinophilia. N Engl J Med. 2009;360(10):985–93. https://doi.org/10.1056/
NEJMoa0805435.

32. Pavord ID, Korn S, Howarth P, Bleecker ER, Buhl R, Keene ON, et al.
Mepolizumab for severe eosinophilic asthma (DREAM): a multicentre,
double-blind, placebo-controlled trial. Lancet. 2012;380(9842):651–9. https://
doi.org/10.1016/S0140-6736(12)60988-X.

33. Bel EH, Wenzel SE, Thompson PJ, Prazma CM, Keene ON, Yancey SW,
et al. Oral glucocorticoid-sparing effect of mepolizumab in eosinophilic
asthma. N Engl J Med. 2014;371(13):1189–97. https://doi.org/10.1056/
NEJMoa1403291.

34. Lugogo N, Domingo C, Chanez P, Leigh R, Gilson MJ, Price RG, et al. 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(9):2058–70. https://doi.org/10.1016/j.clinthera.2016.07.010.

35. Khatri S, Moore W, Gibson PG, Leigh R, Bourdin A, Maspero J, et al.
Assessment of the long-term safety of mepolizumab and durability of
clinical response in patients with severe eosinophilic asthma. J Allergy Clin
Immunol. 2018;143:1742–51.

Dragonieri and Carpagnano Asthma Research and Practice            (2021) 7:12 Page 6 of 8

https://doi.org/10.1016/j.jaci.2014.08.042
https://doi.org/10.1183/09031936.00202013
https://doi.org/10.1183/09031936.00202013
https://doi.org/10.2147/JAA.S176026
https://doi.org/10.2147/JAA.S176026
https://doi.org/10.1183/13993003.01126-2017
https://doi.org/10.1016/j.jaci.2003.10.041
https://doi.org/10.1016/j.jaci.2003.10.041
https://doi.org/10.1002/14651858
https://doi.org/10.1002/14651858
https://doi.org/10.1016/j.jaci.2015.09.008
https://ginasthma.org/
http://www.ema.europa.eu/en/documents/overview/xolair-epar-summary-public_en.pdf
http://www.ema.europa.eu/en/documents/overview/xolair-epar-summary-public_en.pdf
https://doi.org/10.1067/mai.2001.117880
https://doi.org/10.1016/j.jaip.2017.02.002
https://doi.org/10.1016/j.jaip.2017.02.002
https://doi.org/10.1111/j.1440-1843.2009.01633.x
https://doi.org/10.1111/j.1440-1843.2009.01633.x
https://doi.org/10.1016/j.rmed.2018.06.021
https://doi.org/10.1016/j.jaci.2016.08.054
https://doi.org/10.1016/j.jaci.2016.08.054
https://doi.org/10.1183/09031936.01.00092101
https://doi.org/10.1183/09031936.01.00092101
https://doi.org/10.1056/NEJMoa1009705
https://doi.org/10.1056/NEJMoa1009705
https://doi.org/10.1164/rccm.201208-1414OC
https://doi.org/10.2147/JAA.S107982
https://doi.org/10.1111/all.13302
https://doi.org/10.1111/all.13302
https://doi.org/10.1016/j.jaci.2013.02.032
https://doi.org/10.1016/j.jaci.2013.02.032
https://doi.org/10.1016/j.jaci.2016.08.054
https://doi.org/10.1016/j.jaci.2016.08.054
https://doi.org/10.1016/j.rmed.2017.01.008
https://doi.org/10.1016/j.rmed.2017.01.008
https://doi.org/10.1111/all.14318
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/125526s004lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/125526s004lbl.pdf
https://www.ema.europa.eu/en/documents/product-information/nucala-eparproduct-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/nucala-eparproduct-information_en.pdf
https://doi.org/10.1056/NEJMoa1403290
https://doi.org/10.1056/NEJMoa0808991
https://doi.org/10.1056/NEJMoa0805435
https://doi.org/10.1056/NEJMoa0805435
https://doi.org/10.1016/S0140-6736(12)60988-X
https://doi.org/10.1016/S0140-6736(12)60988-X
https://doi.org/10.1056/NEJMoa1403291
https://doi.org/10.1056/NEJMoa1403291
https://doi.org/10.1016/j.clinthera.2016.07.010


36. Khurana S, Brusselle GG, Bel EH, FitzGerald JM, Masoli M, Korn S, et al. Long-
term safety and clinical benefit of mepolizumab in patients with the most
severe eosinophilic asthma: the COSMEX study. Clin Ther. 2019;41(10):2041–
56. https://doi.org/10.1016/j.clinthera.2019.07.007.

37. Ortega HG, Yancey SW, Mayer B, Gunsoy NB, Keene ON, Bleecker ER, et al.
Severe eosinophilic asthma treated with mepolizumab stratified by baseline
eosinophil thresholds: a secondary analysis of the DREAM and MENSA
studies. Lancet Respir Med. 2016;4(7):549–56. https://doi.org/10.1016/
S2213-2600(16)30031-5.

38. Ortega H, Li H, Suruki R, Albers F, Gordon D, Yancey S: Cluster analysis and
characterization of response to mepolizumab. A step closer to personalized
medicine for patients with severe asthma. Ann Am Thorac Soc 2014;11:
1011–1017, 7, DOI: https://doi.org/10.1513/AnnalsATS.201312-454OC.

39. Katz LE, Gleich GJ, Hartley BF, Yancey SW, Ortega HG. Blood eosinophil
count is a useful biomarker to identify patients with severe eosinophilic
asthma. Ann Am Thorac Soc. 2014;11(4):531–6. https://doi.org/10.1513/Anna
lsATS.201310-354OC.

40. Ortega H, Chupp G, Bardin P, Bourdin A, Garcia G, Hartley B, et al. The role
of mepolizumab in atopic and nonatopic severe asthma with persistent
eosinophilia. Eur Respir J. 2014;44(1):239–41. https://doi.org/10.1183/0903193
6.00220413.

41. Prazma CM, Wenzel S, Barnes N, Douglass JA, Hartley BF, Ortega H.
Characterisation of an OCS-dependent severe asthma population treated
with mepolizumab. Thorax. 2014;69(12):1141–2. https://doi.org/10.1136/
thoraxjnl-2014-205581.

42. Magnan A, Bourdin A, Prazma CM, Albers FC, Price RG, Yancey SW, et al.
Treatment response with mepolizumab in severe eosinophilic asthma
patients with previous omalizumab treatment. Allergy. 2016;71(9):1335–44.
https://doi.org/10.1111/all.12914.

43. Galkin D, Liu MC, Chipps BE, Chapman KR, Munoz X, Angel Bergna M, et al.
Efficacy and safety of mepolizumab in uncontrolled patients with severe
eosinophilic asthma following a switch from omalizumab (OSMO Study):
exacerbation and safety outcomes. J Allergy Clin Immunol. 2018;141(2):
AB409. https://doi.org/10.1016/j.jaci.2017.12.965.

44. Chapman KR, Albers FC, Chipps B, Munoz X, Devouassoux G, Bergna M,
et al. The clinical benefit of mepolizumab replacing omalizumab in
uncontrolled severe eosinophilic asthma. Allergy Eur J Allergy Clin Immunol.
2019;74(9):1716–26. https://doi.org/10.1111/all.13850.

45. National Institute for Health and Care Excellence (NICE). Mepolizumab for
treating severe refractory eosinophilic asthma. 2017. http://www.nice.org.uk/
guidance/ta431. Accessed 1 Jun 2021.

46. Egan R, Athwal D, Bodmer M, Carter J, Chapman R, Choua CC, et al. Effect
of Sch 55700, a humanized monoclonal antibody to human interleukin-5,
on eosinophilic responses and bronchial hyperreactivity.
Arzneimittelforschung. 2011;49:779–90.

47. Corren J, Weinstein S, Janka L, Zangrilli J, Garin M. Phase 3 study of
reslizumab in patients with poorly controlled asthma. Chest. 2016;150(4):
799–810. https://doi.org/10.1016/j.chest.2016.03.018.

48. US Food and Drug Administration. CINQAIR (reslizumab) injection, for
intravenous use. ReferenceID:3906489.2016.www.accessdata.fda.gov/drugsa
tfda_docs/label/2016/761033lbl.pdf. .

49. European Medicines Agency. EMEA/H/C/003912.2016. www.ema.europa.eu/
en/documents/overview/cinqaero-epar-summarypublic_en.pdf. Accessed 3
Jun 2021.

50. Castro M, Zangrilli J, Wechsler ME, Bateman ED, Brusselle GG, Bardin P, et al.
Reslizumab for inadequately controlled asthma with elevated blood
eosinophil counts: results from two multicentre, parallel, double-blind,
randomised, placebo-controlled, phase 3 trials. Lancet Respir Med. 2015;3(5):
355–66. https://doi.org/10.1016/S2213-2600(15)00042-9.

51. Murphy K, Jacobs J, Bjermer L, Fahrenholz JM, Shalit Y, Garin M, et al. Long-
term safety and efficacy of reslizumab in patients with eosinophilic asthma.
J Allergy Clin Immunol. 2017;5:1572–81.

52. Bernstein JA, Virchow JC, Murphy K, Maspero JF, Jacobs J, Adir Y, et al. Effect
of fixed-dose subcutaneous reslizumab on asthma exacerbations in patients
with severe uncontrolled asthma and corticosteroid sparing in patients with
oral corticosteroid- dependent asthma: results from two phase 3,
randomised, double-blind, placebo. Lancet Respir Med. 2020;8(5):461–74.
https://doi.org/10.1016/S2213-2600(19)30372-8.

53. FitzGerald JM, Bleecker ER, Nair P, Korn S, Ohta K, Lommatzsch M, et al.
Benralizumab, an anti-interleukin-5 receptor alpha 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(10056):2128–41. https://doi.org/10.1016/S0140-6736(1
6)31322-8.

54. Nair P, Wenzel S, Rabe KF, Bourdin A, Lugogo NL, Kuna P, et al. Oral
glucocorticoid-sparing effect of benralizumab in severe asthma. N Engl J
Med. 2017;376(25):2448–58. https://doi.org/10.1056/NEJMoa1703501.

55. Ghazi A, Trikha A, Calhoun WJ. Benralizumab – a humanized mAb to IL-5Ra
with enhanced antibody-dependent cell-mediated cytotoxicity – a novel
approach for the treatment of asthma. Expert Opin Biol Ther. 2012;12(1):
113–8. https://doi.org/10.1517/14712598.2012.642359.

56. US Food and Drug Administration. FASENRA (benralizumab) injection, for
subcutaneous use. ReferenceID:4181236.2019. www.accessdata.fda.gov/
drugsatfda_docs/label/2017/761070s000lbl.pdf. .

57. European Medicines Agency. EMEA/H/C/4433. 2019. www.ema.europa.eu/
en/documents/overview/fasenra-epar-medicineoverview_en.pdf. Accessed 3
Jun 2021.

58. Bleecker ER, FitzGerald JM, Chanez P, Papi A, Weinstein SF, Barker P, et al.
Efficacy and safety of benralizumab for patients with severe asthma
uncontrolled with high-dosage inhaled corticosteroids and long-acting
beta2-agonists (SIROCCO): a randomised, multicentre, placebo-controlled
phase 3 trial. Lancet. 2016;388(10056):2115–27. https://doi.org/10.1016/S014
0-6736(16)31324-1.

59. Laviolette M, Gossage DL, Gauvreau G, Leigh R, Olivenstein R, Katial R, et al.
Effects of benralizumab on airway eosinophils in asthmatic patients with
sputum eosinophilia. J Allergy Clin Immunol. 2013;132(5):1086–96. https://
doi.org/10.1016/j.jaci.2013.05.020.

60. Roxas C, Fernandes M, Green L, D’Ancona G, Kavanagh J, Kent B, et al. A
comparison of the clinical response to mepolizumab and benralizumab at 4
weeks. Thorax. 2018;73:A50.

61. Buonamico E, Dragonieri S, Sciancalepore PI, Carratù P, Carpagnano GE,
Resta O, et al. Assessment of eosinophilic nasal inflammation in patients
with severe asthma and nasal polyposis before and after six months of
therapy with Benralizumab. J Biol Regul Homeost Agents. 2020;34(6):2353–7.
https://doi.org/10.23812/20-323-L.

62. Jackson DJ, Korn S, Mathur SK, Barker P, Meka VG, Martin UJ, et al. Safety of
eosinophil-depleting therapy for severe, eosinophilic asthma: focus on
benralizumab. Drug Saf. 2020;43(5):409–25. https://doi.org/10.1007/s40264-
020-00926-3.

63. Lambrecht BN, Hammad H, Fahy JV. The cytokines of asthma. Immunity.
2019;50(4):975–91. https://doi.org/10.1016/j.immuni.2019.03.018.

64. Wynn TA. Type 2 cytokines: mechanisms and therapeutic strategies. Nat Rev
Immunol. 2015;15(5):271–82. https://doi.org/10.1038/nri3831.

65. European Medicines Agency. Dupinex: EMEA/H/C/004390. 2018. https://
www.ema.europa.eu/en/documents/product-information/dupixent-epar-
productinformation_en.pdf. Accessed 4 Jun 2021.

66. Wenzel S, Castro M, Corren J, Maspero J, Wang L, Zhang B, et al. Dupilumab
efficacy and safety in adults with uncontrolled persistent asthma despite
use of medium-tohigh-dose inhaled corticosteroids plus a long-acting
beta2 agonist: a randomised double-blind placebo-controlled pivotal phase
2b dose-ranging trial. Lancet. 2016;388(10039):31–44. https://doi.org/10.101
6/S0140-6736(16)30307-5.

67. Castro M, Corren J, Pavord ID, Maspero J, Wenzel S, Rabe KF, et al. Dupilumab
efficacy and safety in moderate-to-severe uncontrolled asthma. N Engl J Med.
2018;378(26):2486–96. https://doi.org/10.1056/NEJMoa1804092.

68. Rabe KF, Nair P, Brusselle G, Maspero JF, Castro M, Sher L, et al. Efficacy and
safety of dupilumab in glucocorticoid dependent severe asthma. N Engl J
Med. 2018;378(26):2475–85. https://doi.org/10.1056/NEJMoa1804093.

69. Huang J, Pansare M. New treatments for asthma. Pediatr Clin. 2019;66(5):
925–39. https://doi.org/10.1016/j.pcl.2019.06.001.

70. Porsbjerg CM, Sverrild A, Lloyd CM, Menzies-Gow AN, Bel EH. Anti-
alarmins in asthma: targeting the airway epithelium with next-
generation biologics. Eur Respir J. 2020;56(5):2000260. https://doi.org/1
0.1183/13993003.00260-2020.

71. Harada M, Hirota T, Jodo AI, Hitomi Y, Sakashita M, Tsunoda T, et al. Thymic
stromal lymphopoietin gene promoter polymorphisms are associated with
susceptibility to bronchial asthma. Am J Respir Cell Mol Biol. 2011;44(6):787–
93. https://doi.org/10.1165/rcmb.2009-0418OC.

72. Li Y, Wang W, Lv Z, Li Y, Chen Y, Huang K, et al. Elevated expression of IL-33
and TSLP in the airways of human asthmatics in vivo: a potential biomarker
of severe refractory disease. J Immunol. 2018;200(7):2253–62. https://doi.
org/10.4049/jimmunol.1701455.

Dragonieri and Carpagnano Asthma Research and Practice            (2021) 7:12 Page 7 of 8

https://doi.org/10.1016/j.clinthera.2019.07.007
https://doi.org/10.1016/S2213-2600(16)30031-5
https://doi.org/10.1016/S2213-2600(16)30031-5
https://doi.org/10.1513/AnnalsATS.201312-454OC
https://doi.org/10.1513/AnnalsATS.201310-354OC
https://doi.org/10.1513/AnnalsATS.201310-354OC
https://doi.org/10.1183/09031936.00220413
https://doi.org/10.1183/09031936.00220413
https://doi.org/10.1136/thoraxjnl-2014-205581
https://doi.org/10.1136/thoraxjnl-2014-205581
https://doi.org/10.1111/all.12914
https://doi.org/10.1016/j.jaci.2017.12.965
https://doi.org/10.1111/all.13850
http://www.nice.org.uk/guidance/ta431
http://www.nice.org.uk/guidance/ta431
https://doi.org/10.1016/j.chest.2016.03.018
http://www.accessdata.fda.gov/drugsatfda_docs/label/2016/761033lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2016/761033lbl.pdf
http://www.ema.europa.eu/en/documents/overview/cinqaero-epar-summarypublic_en.pdf
http://www.ema.europa.eu/en/documents/overview/cinqaero-epar-summarypublic_en.pdf
https://doi.org/10.1016/S2213-2600(15)00042-9
https://doi.org/10.1016/S2213-2600(19)30372-8
https://doi.org/10.1016/S0140-6736(16)31322-8
https://doi.org/10.1016/S0140-6736(16)31322-8
https://doi.org/10.1056/NEJMoa1703501
https://doi.org/10.1517/14712598.2012.642359
http://www.accessdata.fda.gov/drugsatfda_docs/label/2017/761070s000lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2017/761070s000lbl.pdf
http://www.ema.europa.eu/en/documents/overview/fasenra-epar-medicineoverview_en.pdf
http://www.ema.europa.eu/en/documents/overview/fasenra-epar-medicineoverview_en.pdf
https://doi.org/10.1016/S0140-6736(16)31324-1
https://doi.org/10.1016/S0140-6736(16)31324-1
https://doi.org/10.1016/j.jaci.2013.05.020
https://doi.org/10.1016/j.jaci.2013.05.020
https://doi.org/10.23812/20-323-L
https://doi.org/10.1007/s40264-020-00926-3
https://doi.org/10.1007/s40264-020-00926-3
https://doi.org/10.1016/j.immuni.2019.03.018
https://doi.org/10.1038/nri3831
https://www.ema.europa.eu/en/documents/product-information/dupixent-epar-productinformation_en.pdf
https://www.ema.europa.eu/en/documents/product-information/dupixent-epar-productinformation_en.pdf
https://www.ema.europa.eu/en/documents/product-information/dupixent-epar-productinformation_en.pdf
https://doi.org/10.1016/S0140-6736(16)30307-5
https://doi.org/10.1016/S0140-6736(16)30307-5
https://doi.org/10.1056/NEJMoa1804092
https://doi.org/10.1056/NEJMoa1804093
https://doi.org/10.1016/j.pcl.2019.06.001
https://doi.org/10.1183/13993003.00260-2020
https://doi.org/10.1183/13993003.00260-2020
https://doi.org/10.1165/rcmb.2009-0418OC
https://doi.org/10.4049/jimmunol.1701455
https://doi.org/10.4049/jimmunol.1701455


73. He JQ, Hallstrand TS, Knight D, Chan-Yeung M, Sandford A, Tripp B, et al. A
thymic stromal lymphopoietin gene variant is associated with asthma and
airway hyperresponsiveness. J Allergy Clin Immunol. 2009;124(2):222–9.
https://doi.org/10.1016/j.jaci.2009.04.018.

74. Verstraete K, Peelman F, Braun H, Lopez J, Van Rompaey D, Dansercoer A,
et al. Structure and antagonism of the receptor complex mediated by
human TSLP in allergy and asthma. NatCommun. 2017;8:14937.

75. Corren J, Parnes JR, Wang L, Mo M, Roseti SL, Griffiths JM, et al.
Tezepelumab in adults with uncontrolled asthma. N Engl J Med. 2017;
377(10):936–46. https://doi.org/10.1056/NEJMoa1704064.

76. Menzies-Gow A, Corren J, Bourdin A, Chupp G, Israel E, Wechsler ME, et al.
Tezepelumab in adults and adolescents with severe, uncontrolled asthma. N
Engl J Med. 2021;384(19):1800–9. https://doi.org/10.1056/NEJMoa2034975.

77. Murakami-Satsutani N, Ito T, Nakanishi T, Inagaki N, Tanaka A, Vien PTX, et al.
IL-33 promotes the induction and maintenance of Th2 immune responses
by enhancing the function of OX40 ligand. Allergol Int. 2014;63(3):443–55.
https://doi.org/10.2332/allergolint.13-OA-0672.

78. Busse WW, Brusselle GG, Korn S, Kuna P, Magnan A, Cohen D, et al.
Tralokinumab did not demonstrate oral corticosteroid-sparing effects in
severe asthma. Eur Respir J. 2019;53(2):1800948. https://doi.org/10.1183/13
993003.00948-2018.

79. Nair P, Prabhavalkar KS. Neutrophilic asthma and potentially related target
therapies. Curr Drug Targets. 2020;21(4):374–88. https://doi.org/10.2174/13
89450120666191011162526.

80. Kalchiem-Dekel O, Yao X, Levine SJ. Meeting the Challenge of Identifying
New Treatments for Type 2-Low Neutrophilic Asthma. Chest;15:26–33.

81. Busse WW, Holgate S, Kerwin E, Chon Y, Feng J, Lin J, et al. Randomized,
double-blind, placebo-controlled study of brodalumab, a human anti-IL-17
receptor monoclonal antibody, in moderate to severe asthma. Am J Respir
Crit Care Med. 2013;188(11):1294–302. https://doi.org/10.1164/rccm.2
01212-2318OC.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Dragonieri and Carpagnano Asthma Research and Practice            (2021) 7:12 Page 8 of 8

https://doi.org/10.1016/j.jaci.2009.04.018
https://doi.org/10.1056/NEJMoa1704064
https://doi.org/10.1056/NEJMoa2034975
https://doi.org/10.2332/allergolint.13-OA-0672
https://doi.org/10.1183/13993003.00948-2018
https://doi.org/10.1183/13993003.00948-2018
https://doi.org/10.2174/1389450120666191011162526
https://doi.org/10.2174/1389450120666191011162526
https://doi.org/10.1164/rccm.201212-2318OC
https://doi.org/10.1164/rccm.201212-2318OC

	Abstract
	Background
	Licensed medications for severe asthma

	BIOLOGICS TARGETING IgE
	OMALIZUMAB

	Biologics targeting IL-5
	MEPOLIZUMAB
	RESLIZUMAB
	BENRALIZUMAB

	Biologics targeting IL-4 and IL-13
	DUPILUMAB

	Biologics under development
	Which biologic should I choose for my asthmatic patient?

	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

