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Abstract. Asthma is a variable chronic respiratory disease 
characterized by airway inflammation and hyperresponsive‑
ness, bronchoconstriction, and mucus hypersecretion. While 
most patients with asthma achieve good control of the disease, 
5‑10% experience severe symptoms and recurrent exacerbation 
despite the maximal offered therapy with inhaled corticoste‑
roids and long acting bronchodilators. In previous years, novel 
biological therapies have become available, and various asthma 
phenotypes that are characterized by specific biomarkers have 
been identified. Currently approved biological agents target 
inflammatory molecules of the type 2 inflammatory pathway, 
and are effective at decreasing the frequency of asthma attacks, 
controlling symptoms and decreasing use of systemic steroids. 
The present study reviewed the effectiveness and safety profile 
of the currently approved biological drugs and provided an 
overview of the assessment of patients with severe asthma who 
are potentially suitable for biological therapy, in order to help 
clinicians to select the most appropriate biological agent.
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1. Introduction

Asthma is a heterogeneous disorder characterized by chronic 
airway inflammation, airway hyperresponsiveness, bron‑
choconstriction and mucus hypersecretion, which manifests 
with respiratory symptoms and limited expiratory airflow 
that vary in intensity and duration (1). Asthma is the most 
common chronic respiratory disease, affecting ~339 million 
people worldwide in 2018 (2). Despite a reduction by ~half 
in asthma‑associated disability and mortality reported in a 
number of higher income countries, such as the United States 
of America, Canada, United Kingdom, France, Germany and 
Japan from 2001‑2005 to 2011‑2015 (1), which is primarily 
attributed to the use of inhaled corticosteroid (ICS) therapy, 
an extensive worldwide disparity remains in years of life lost 
because of asthma (3).

While most patients with asthma achieve good control of 
the disease in terms of both the symptom burden (asthma symp‑
toms, sleep disturbance and limited ability to exercise) and the 
risk of poor outcomes (limited lung function, frequent exac‑
erbation, mortality and medication side‑effects) (4,5), 5‑10% 
experience severe symptoms and recurrent exacerbations 
despite maximum dose treatment with inhaled glucocorticoids 
and long‑acting β2‑agonists (LABA) (6). These patients are 
defined as having severe asthma and are under consideration 
for alternative therapies. In severe asthma, stepped care 
approaches in therapy are frequently ineffective, most likely 
reflecting asthma heterogeneity and indicating that a treatment 
strategy of ‘one size fits all’ is not efficient in maintaining 
optimum control of the disease. The characteristics of severe 
asthma result in decreased responsiveness to usual medication 
and require alternative therapies with higher specificity that 
target the mechanisms underlying the increased severity (7).

To achieve good control of asthma, novel treatments 
should preferably target the pathophysiological mechanism 
responsible for controlling disease severity and altering the 
responsiveness to usual therapies in most patients (4). Several 
pathways have garnered attention and led to the development 
of novel targeted interventions. Of interest has been the use 
of monoclonal antibodies targeting components of type 2 (T2) 
airway inflammation (6). To ensure a good selection of patients 
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for biological therapy trials, a careful phenotype assessment 
is required with consideration to differentiate the two major 
phenotypes: T2‑high and ‑low airway inflammation  (8,9), 
based on the degree of T2 inflammation. Type 2 inflamma‑
tion involves Type 2 (Th2) lymphocytes (CD4+) and the innate 
lymphoid cells group 2 (ILC2) that secrete proteins, such as 
IL‑4, ‑5, ‑13, and IgE, resulting in the recruitment of cells, such 
as eosinophils, basophils and mast cells into the airways (8). 
Non-T2 asthma is defined as asthma without features of T2 
asthma. The definition is arbitrary and is generally based 
on the presence of neutrophils in sputum, or the absence or 
normal levels of eosinophils or other T2 markers in sputum 
(paucigranulocytic), airway biopsies or in blood (10). Current 
approved biological agents target T2‑high severe asthma, 
which clinically manifests with a combination of sputum 
eosinophilia, peripheral eosinophilia and/or elevated frac‑
tional exhaled nitric oxide (FeNO) (11,12). While relatively 
novel biological agents, such as mepolizumab, benralizumab 
and reslizumab, target IL‑5 or IL‑5 receptor (IL‑5R), and dupi‑
lumab targets IL‑4Rα signaling, previous biological agents, 
such as omalizumab, target IgE (13).

The present study aimed to review the effectiveness and 
safety profile of currently approved biological agents or 
those under investigation, and to provide an overview of the 
assessment of patients with severe asthma who are potentially 
suitable for biological therapy, to help clinicians select the 
most appropriate biological agent for managing T2 severe 
asthma phenotypes (Fig. 1).

2. Pathophysiology of severe asthma

Asthma is a heterogeneous, chronic inflammatory airway 
disease with complex pathophysiological mechanisms that 
impact clinical outcomes, including drug response (14,15). 
Knowledge of the various asthma phenotypes and their different 
pathophysiology is continuously growing. Nevertheless, 
the pathways and underlying mechanisms of severe asthma 
pathogenesis are not yet completely understood.

There are two major groups of asthma phenotypes that 
can be differentiated by the inflammatory pathway involved, 
namely T2 or T2‑high (eosinophilic) and non‑T2 or T2‑low 
phenotypes (16). T2 or T2‑high asthma is characterized by 
T2 inflammation involving T helper 2 (Th2) lymphocytes 
(CD4+), which drives eosinophilic airway inflammation 
by producing abundant quantities of proteins such as IL‑4, 
IL‑5, IL‑13 and IgE. In the past decade, evidence has demon‑
strated that the innate lymphoid cells group 2 (ILC2) plays 
an early key role in augmenting T2 inflammatory responses 
in the airway (6,8,9,17). Thus, the terminology has changed 
from ‘Th2‑high’ to ‘T2‑high’, reflecting the role of innate 
immunity, along with CD4+ cells, in the pathophysiology of 
asthma. T2‑high asthma encompasses several subtypes in both 
children and adults, such as early‑onset allergic and late‑onset 
eosinophilic asthma, and aspirin‑exacerbated respiratory 
disease (18).

Non-T2 or T2-low asthma is less well characterized (10); 
Th1 and Th17 cells, neutrophils and proteins, such as IL-1β, 
IL-6, IL-8, IL-17A/F, TNF-α and IFN-γ, are involved in its 
pathobiology. In addition to inflammatory biomarkers, non-T2 
asthma may also be driven by irregular neuronal activation 

as well as structural abnormalities involving airway smooth 
muscle (10). Non‑T2 asthma is characterized by neutrophilic 
or paucigranulocytic inflammation and a lack of response to 
corticosteroid therapy  (10,18). Severe neutrophilic asthma 
is associated with chronic infection with atypical bacteria, 
smoking, obesity and poorly understood underlying smooth 
muscle abnormalities (18).

This division of the patterns of inflammation is mostly 
arbitrary and it is likely that mixtures of both pathways exist, at 
least to some degree, in most patients (7). Exposure to different 
triggers, such as allergens, viruses or other irritants, activates 
airway epithelial cells, which leads to secretion of specific 
cytokines [thymic stromal lymphopoietin (TSLP), IL‑25 
and IL‑33] that initiate an inflammatory cascade resulting in 
asthma symptoms (8,19). The distinct inflammatory pathway 
initiated differs depending on the particular trigger, patient 
genotype, and the subtype of immune cells stimulated and 
their specific secreted mediators (19).

In the T2 immune response, Th2 cells and ILC2 are 
activated, and the secretion of the cytokines IL‑4, IL‑5 and 
IL‑13 is stimulated (20,21). Allergens trigger a direct, imme‑
diate bronchoconstrictor response by activating mast cell 
mediator release. Mast cells are also a potential source of 
T2 cytokines (6). IL‑4 induces Th0 cells to differentiate into 
Th2 cells and Ig class switch, resulting in IgE production by 
B cells. Subsequently, IgE binds to mast cells and triggers the 
release of toxic granules (6,8,19). IL‑5 is the primary regulator 
of eosinophil proliferation, migration, activation and survival. 
IL‑13 stimulates IL‑4‑induced IgE production by B cells, 
mucus production by goblet cells and goblet cell metaplasia; 
it may also have a direct effect on airway smooth muscle, 
increasing airway hyperresponsiveness (6).

T2 innate lymphoid cells and activation by the innate 
immune system of structural cells, such as the airway 
epithelium, are involved in the T2 inflammatory pathway 
independent of exogenous allergens, without atopy and with 
normal levels of serum IgE. This asthma pattern is associated 
with nasal polyposis and aspirin sensitivity (6,8,22). ILC2 
cells produce more IL‑5 and IL‑13 compared with CD4 Th2 
cells independent of allergen exposure (22). Various harmful 
external triggers (microbes, air pollutants or glycolipids) cause 
respiratory epithelial damage and increase epithelial cell 
production of the alarmins IL‑25, IL‑33 and TSLP. Alarmins 
bind to the receptors on T2 ILC2 and activate them to produce 
T2 cytokines (6,22,23). Production of leukotriene E4 and pros‑
taglandin D2 by recruited and activated eosinophils and mast 
cells may also stimulate ILC2 cells, leading to a continuous 
cycle of T2 inflammatory response (6), in which eosinophils 
serve a key role in two major events: Hyperresponsiveness and 
remodeling of the airways. Persistent eosinophilic inflamma‑
tion maintained by these pathways leads to constant damage 
at the bronchial level. This airway damage is attributed to the 
degranulation of eosinophils and the release of toxic proteins, 
such as major basic protein, eosinophil peroxidase  (EPO), 
eosinophil cationic protein and eosinophil‑derived neuro‑
toxin  (6,8). In addition, the regeneration process of the 
airway can have harmful consequences, including goblet cell 
hyperplasia, smooth muscle hypertrophy and deposition of 
extracellular matrix proteins, which causes membrane thick‑
ening and fibrosis (24), resulting in airway mucus plugging 
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and airway wall edema. Recently, a cross‑sectional analysis of 
CT scans of the lungs indicated that mucus plugging may be a 
particularly important mechanism in severe asthma, and iden‑
tified EPO‑associated changes in mucin structure resulting in 
abnormally sticky mucus as another key pathophysiological 
mechanism in severe asthma (6,25). Therefore inhaled corti‑
costeroids and bronchodilators may become less effective, 
thus requiring novel specific therapies for patients with severe 
asthma.

3. Targeting T2 severe asthma phenotypes‑currently 
approved treatments and biological drugs under investigation

Targeting IgE. Currently approved biological therapies for 
severe asthma are shown in Table I. Omalizumab [Xolair®] 
is a humanized monoclonal antibody that binds to IgE and 
prevents it combining with the IgE receptor on plasma cells 
(such as mast cells and basophils) (6,7). This blocking effect 
impedes mast cell activation and the subsequent production of 
inflammatory mediators when IgE is activated by allergens (7). 
Omalizumab for subcutaneous use was initially approved 
by the United States Food and Drug Administration (FDA) 
in 2003 as a biological therapy for severe allergic asthma in 
patients >12 years of age, and in 2016 received approval in 
patients >6 years of age who have moderate to severe persis‑
tent allergic asthma (26). Eligibility criteria for this biological 
agent are poor control using conventional asthma treatment, 
and allergic components revealed by a positive skin test or 
in vitro reactivity to a perennial aero‑allergen, such as house 
dust mites, pollen and fungal mould (6,26). Furthermore, the 
therapeutic regime depends on levels of total IgE and patient 
weight [either once/month or every 2 weeks, subcutaneous 
(s.c.)].

Numerous clinical studies, and real‑world observational 
studies, have demonstrated that omalizumab can decrease 
the frequency of exacerbations and decrease the need 
for additional medication, including ICS, but shows little 
improvement in lung function compared with high‑dose 
combined ICS/LABA therapy (27‑31). In a large study of 
severe asthma, Hanania  et al  (28) evaluated omalizumab 
in patients requiring high‑dose combined ICS/LABA 
treatment, but still presenting with symptoms and ongoing 
exacerbations. The introduction of omalizumab in addition 
to high‑dose ICS/LABA decreased asthma exacerbations 
(loss of asthma control requiring systemic corticosteroids) 
by 25%. Other trials with omalizumab have shown a signifi‑
cant decrease in asthma exacerbations of 35‑60%, an 88% 
decrease in asthma‑associated hospitalization in pediatric 
patients, as well as a decrease of ICS doses by >50% in a 
significant number of patients (27,29‑31). In addition, it has 
been shown that omalizumab did not affect the frequency 
of exacerbations in patients with asthma receiving mainte‑
nance oral corticosteroid (OCS) treatment. Biomarkers, such 
as blood eosinophils and FeNO, have been reported to be 
representative of T2 inflammation, and high levels of these 
biomarkers [FeNO ≥19.5 parts per billion (ppb), peripheral 
blood eosinophils ≥260/µl or periostin ≥50  ng/ml] may 
indicate patients with the greatest potential clinical benefit 
from anti‑IgE treatment (29). However, real‑world studies 
suggested that eosinophil levels are not a good predictor 
of the potential decrease in exacerbations seen with omali‑
zumab (31,32).

Previous studies have identified novel potential mecha‑
nisms of action of omalizumab in association with decreased 
viral‑induced exacerbations of asthma by increasing viral 
clearance (33,34). The frequency of exacerbations occurring 

Figure 1. Primary biological drugs used to treat severe persistent asthma according to T2 biomarker profile. T2, type 2; FeNo, fractional exhaled nitric oxide; 
s.c., subcutaneous; Eos, eosinophils; i.v., intravenous; OCS, oral corticosteroid.

https://www.spandidos-publications.com/10.3892/etm.2021.10698


FILDAN et al:  BIOLOGICAL THERAPY IN T2-HIGH SEVERE ASTHMA4

Ta
bl

e 
I. 

C
ur

re
nt

ly
 a

pp
ro

ve
d 

bi
ol

og
ic

al
 th

er
ap

ie
s f

or
 se

ve
re

 a
st

hm
a.

			



Pa

tie
nt

D
ru

g	
Ta

rg
et

	
A

dm
in

is
tra

tio
n	

ag
e,

 y
ea

rs
	

In
di

ca
tio

ns
	

Si
de

 e
ffe

ct
s	

Pe
cu

lia
rit

ie
s

O
m

al
iz

um
ab

	
C

irc
ul

at
in

g 
Ig

E	
Ev

er
y 

2‑
4 

w
ee

ks
, s

.c
.	

≥6
	

M
od

er
at

e 
to

 se
ve

re
 p

er
si

st
en

t a
st

hm
a;

 	
In

je
ct

io
n 

si
te

 re
ac

tio
n,

 fe
ve

r, 
	

Ig
E 

le
ve

l a
nd

 w
ei

gh
t‑b

as
ed

 d
os

in
g

				





po
si

tiv
e 

sk
in

 te
st

 o
r i

n 
vi

tro
 re

ac
tiv

ity
 	

no
se

bl
ee

ds
, j

oi
nt

 p
ai

n,
 b

on
e

				





to
 p

er
en

ni
al

 a
er

oa
lle

rg
en

; s
ym

pt
om

s 	
fr

ac
tu

re
s, 

ar
m

 o
r l

eg
 p

ai
n,

 
				





in

ad
eq

ua
te

ly
 c

on
tro

lle
d 

w
ith

 IC
S	

ge
ne

ra
liz

ed
 p

ai
n,

 n
au

se
a,

 
					







vo
m

iti
ng

, s
to

m
ac

h 
pa

in
, 

					






he

ad
ac

he
, e

ar
ac

he
, 

					






di

zz
in

es
s, 

fa
tig

ue
R

es
liz

um
ab

	
IL

‑5
 li

ga
nd

	
Ev

er
y 

4 
w

ee
ks

, i
.v

.	
≥1

2	
Se

ve
re

 e
os

in
op

hi
lic

 a
st

hm
a 

th
at

	
H

ea
da

ch
e,

 a
st

hm
a 

w
or

se
ni

ng
, 	

W
ei

gh
t‑b

as
ed

 d
os

in
g

				





re
m

ai
ns

 u
nc

on
tro

lle
d 

de
sp

ite
 m

ax
im

al
 	

na
so

ph
ar

yn
gi

tis
, u

pp
er

 re
sp

ira
to

ry
				





th

er
ap

y 
w

ith
 IC

S 
pl

us
 a

no
th

er
 	

tra
ct

 in
fe

ct
io

n,
 si

nu
si

tis
, i

nj
ec

tio
n

				





co
nt

ro
lle

r	
si

te
 re

ac
tio

ns
M

ep
ol

iz
um

ab
	

IL
‑5

 li
ga

nd
	

Ev
er

y 
4 

w
ee

ks
, s

.c
.	

≥1
2	

Se
ve

re
 e

os
in

op
hi

lic
 a

st
hm

a 
th

at
	

R
es

pi
ra

to
ry

 tr
ac

t i
nf

ec
tio

n,
 	

				





re
m

ai
ns

 u
nc

on
tro

lle
d 

w
ith

 IC
S	

br
on

ch
iti

s, 
w

or
se

ni
ng

 o
f a

st
hm

a,
 

					






he

ad
ac

he
, i

nj
ec

tio
n 

si
te

 re
ac

tio
n

B
en

ra
liz

um
ab

	
IL

‑5
 re

ce
pt

or
 α

	
Ev

er
y 

4 
w

ee
ks

, s
.c

.	
≥1

2	
Se

ve
re

 e
os

in
op

hi
lic

 a
st

hm
a	

U
pp

er
 re

sp
ira

to
ry

 tr
ac

t i
nf

ec
tio

n,
 	

A
dm

in
is

tra
tio

n 
de

cr
ea

se
d 

to
 e

ve
ry

				





(≥
30

0 
bl

oo
d 

eo
si

no
ph

ils
/µ

l) 
	

w
or

se
ni

ng
 a

st
hm

a,
 in

je
ct

io
n 

si
te

	
8 

w
ee

ks
 a

fte
r 3

 d
os

es
				





in

ad
eq

ua
te

ly
 c

on
tro

lle
d 

w
ith

 IC
S	

re
ac

tio
n

D
up

ilu
m

ab
	

IL
‑4

 re
ce

pt
or

 α
	

Ev
er

y 
2 

w
ee

ks
, s

.c
.	

≥1
2	

M
od

er
at

e 
to

 se
ve

re
 e

os
in

op
hi

lic
	

A
lle

rg
ic

 c
on

ju
nc

tiv
iti

s, 
				





as

th
m

a 
or

 O
C

S‑
de

pe
nd

en
t a

st
hm

a 
	

co
nj

un
ct

iv
iti

s, 
in

je
ct

io
n 

si
te

 re
ac

tio
n,

 
				





(F

D
A

). 
Se

ve
re

 a
st

hm
a 

w
ith

 ty
pe

 2
 	

op
ht

ha
lm

ic
 in

fla
m

m
at

io
n,

 e
ye

				





in
fla

m
m

at
io

n 
(in

cr
ea

se
d 

bl
oo

d 
	

irr
ita

tio
n

				





eo
si

no
ph

ils
 a

nd
/o

r r
ai

se
d 

Fe
N

O
 

				





le
ve

ls
) t

ha
t r

em
ai

n 
in

ad
eq

ua
te

ly
 

				





co
nt

ro
lle

d 
de

sp
ite

 h
ig

h‑
do

se
 IC

S 
pl

us
 

				





an
ot

he
r c

on
tro

lle
r (

EM
A

)

s.c
., 

su
bc

ut
an

eo
us

; I
C

S,
 in

ha
le

d 
co

rti
co

st
er

oi
d;

 i.
v.

, i
nt

ra
ve

no
us

; O
C

S,
 o

ra
l c

or
tic

os
te

ro
id

; F
D

A
, F

oo
d 

an
d 

D
ru

g 
A

dm
in

is
tra

tio
n;

 F
eN

O
, f

ra
ct

io
na

l e
xh

al
ed

 n
itr

ic
 o

xi
de

; E
M

A
, E

ur
op

ea
n 

M
ed

ic
in

es
 A

ge
nc

y.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  22:  1263,  2021 5

in spring and fall was shown to be significantly decreased by 
omalizumab in school‑age children with moderate to severe 
asthma and a history of exacerbations  (33). The effect of 
viral‑induced exacerbations may be mediated by the increased 
production of IFN‑α by plasmacytoid dendritic cells (6,33,34). 
Omalizumab was developed to target IgE in allergic asthma 
and there have been few, limited studies on omalizumab in 
non‑allergic asthma (6,34).

The most common adverse events (AEs) of omalizumab 
include injection site reaction, fever, nosebleeds, joint pain, 
bone fractures, arm or leg pain, generalized pain, nausea, 
vomiting, stomach pain, headache, earache, dizziness and 
fatigue (26,29‑37). Risk of anaphylaxis may occur up to 24 h 
after any dose and treatment should be discontinued if severe 
hypersensitivity reaction occurs (36,37). Malignant neoplasms 
have been reported, with a rate of 0.5% compared with a rate 
of 0.2% in controls in clinical trials (29‑32). It is recommended 
to monitor patients at high risk for geohelminth infection while 
taking omalizumab, as well as for eosinophilia, vasculitic rash, 
neuropathy and/or cardiac complications, especially upon 
decreasing OCS dose (26,37).

Omalizumab is also indicated for the treatment of patients 
>12 years of age with chronic spontaneous urticaria (CSU) 
who remain symptomatic despite H1 antihistamine treat‑
ment (37). The association of moderate to severe persistent 
allergic asthma and CSU may be a strong argument for 
choosing the treatment with omalizumab, compared with 
other treatments (Fig. 1) (36).

Long‑term studies of omalizumab demonstrate that it is 
efficient and generally well‑tolerated, and is recommended 
as initial anti‑T2 treatment of choice for patients (both adults 
and children >6 years old) with severe asthma and underlying 
allergic sensitization (35‑37).

Targeting T2 cytokines.
Anti‑IL‑5 and IL‑5Rα blockers. Anti‑IL‑5 and anti‑IL‑5R are 
two currently available and effective interventional strategies 
to regulate eosinophil involvement in airway inflammation and 
asthma symptoms (5,6,35,36,38). Anti‑IL‑5R may also have 
an inhibitory effect on basophils, as these cells also express 
IL‑5R (5). IL‑5 is produced by Th2 lymphocytes, ILC2 and 
mast cells, regulates final differentiation of eosinophils, and 
participates in the recruitment of eosinophils to the airway 
and their activation (5,6). Mepolizumab and reslizumab are 
monoclonal antibodies directed against IL‑5 that prevent 
activation of IL‑5R on eosinophils. Benralizumab is also a 
monoclonal antibody but is directed against IL‑5R where 
antibody‑dependent cell‑mediated cytotoxicity (ADCC) 
induces cell apoptosis (5,6). Both treatment strategies effi‑
ciently and safely decrease levels of circulating and airway 
eosinophils (7,35,36,38).

Mepolizumab [Nucala®] is a recombinant, humanized 
monoclonal anti‑IL‑5 antibody (IgG1κ) specifically targeting 
the α subunit, thereby blocking the interaction between the 
α‑subunit and IL‑5R on the eosinophil cell surface. Inhibiting 
the binding of IL‑5 to eosinophils results in inactivation of 
eosinophil maturation, activation and growth  (35,36,39). 
Mepolizumab has been approved as an add‑on treatment for 
patients ≥12  (FDA) or ≥6 years old [European Medicines 
Agency (EMA)] with severe refractory eosinophilic asthma that 

has not been well controlled with previous treatments (38,39). 
Mepolizumab has a standard dose of 100 mg administered 
every 4 weeks, s.c. In the first randomized controlled trial 
(RCT) in patients with mild allergic asthma, Leckie et al (38) 
demonstrated that a single dose of mepolizumab (10 mg/kg) 
decreased blood eosinophil count for 16 weeks and sputum 
eosinophil count for ≤4 weeks. Furthermore, mepolizumab 
prevented increased blood eosinophil levels during the 
late‑phase response following allergen exposure. However, 
mepolizumab showed no effect on lung function, airway 
response to allergen or airway responsiveness.

In the Dose Ranging Efficacy and Safety with Mepolizumab 
severe asthma (DREAM) phase II RCT study of 616 patients 
with eosinophilic asthma, the efficacy and safety of adminis‑
tration of different doses of mepolizumab [75, 250 and 750 mg 
by intravenous (i.v.) injection] were assessed. Patients with a 
history of ≥2 exacerbations requiring systemic corticosteroids 
in the last 12 months, and those with evidence of eosino‑
philic airway inflammation at the study entry or documented 
within the previous year were used. Evidence to demonstrate 
eosinophilic inflammation of the airways included: i) Blood 
eosinophil count of 300  cells/µl; ii)  sputum eosinophil 
count  ≥3%; iii)  FeNO 50  ppb or iv)  prompt deterioration 
following ≤25% decrease in inhaled or oral corticosteroid 
(CS) maintenance dose (40). The trial demonstrated a decrease 
in asthma exacerbation by ~50% in response to all doses of 
mepolizumab. Only blood eosinophilia and history of recurrent 
asthma exacerbation were associated with a beneficial effect 
following treatment. A blood eosinophil count of >150 cells/µl 
was associated with a beneficial effect on decreasing further 
asthma attacks, but mepolizumab exhibited no significant 
effect on symptoms, FeNO, quality of life or lung function. 
Similar results regarding the risk of asthma exacerbation were 
reported in a phase III trial in patients with severe eosinophilic 
asthma (41). The efficacy of 100 mg mepolizumab dose given 
monthly via s.c. injection was demonstrated in patients with 
severe asthma, blood eosinophil count of >150 cells/µl (and/or 
>300 cells/µl within the previous year) and ≥2 exacerbations 
in the previous year. The study both confirmed earlier results 
on exacerbation and also demonstrated a beneficial effect on 
lung function, asthma symptoms and quality of life (41). In 
the Steroid Reduction with Mepolizumab Study phase III 
trial, which included patients with severe asthma requiring 
daily maintenance OCS therapy, mepolizumab decreased 
the required OCS dose by 50% while maintaining symptom 
control, and decreased the rate of asthma exacerbation by 32% 
compared with placebo (P<0.05) (42).

Through combined analysis of the aforementioned 
studies (38,40‑42), mepolizumab has demonstrated a positive 
long‑term safety profile. The rate of AEs has been reported 
to be low over the trial period or when compared with 
previous placebo‑controlled studies (38,40‑43). Respiratory 
tract infection (67%), bronchitis (21%), worsening of asthma 
(27%), headache (29%) and injection site reactions (12%) 
were the most common AEs reported. Hypersensitive or 
systemic allergic reactions were recorded in ~2% of patients 
and <1% experienced a non‑allergic systemic reaction; there 
were no reports of anaphylaxis (associated with mepolizumab 
therapy) (16,39,43), and no malignancy risk associated with 
mepolizumab is known in humans (39).
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Reslizumab [Cinqair(R)] is a recombinant humanized mono‑
clonal antibody (IgG4κ) that, like mepolizumab, targets IL‑5 
to prevent its binding with IL‑5R (36). Reslizumab has been 
approved by the FDA (44) and EMA (45) as an add‑on treat‑
ment for patients ≥18 years with severe eosinophilic asthma 
that is still uncontrolled despite patients receiving maximal 
therapy with ICS and another controller (16). Reslizumab is 
used to treat patients with peripheral blood eosinophils of 
≥400 cells/µl and ≥3 asthma exacerbations during the past 
12 months; it is administered by i.v. injection once every 
4 weeks at a dose of 3 mg/kg (16,36,44,45).

In a phase III RCT designed to establish the cut‑off level of 
eosinophils that should be used to select patients with asthma 
for reslizumab treatment, Corren et al (46) showed that, in 
patients with ≥400 eosinophils/µl, treatment led to significant 
improvements in symptom control, lung function and the need 
for rescue medication. Another phase III trial demonstrated 
that the administration of reslizumab as an add‑on therapy to 
ICS with or without other controllers significantly decreased 
the rate of asthma exacerbation compared with placebo (by 
34%; P<0.0001)  (47). Murphy  et  al  (48), in an open‑label 
study evaluating the efficacy and safety of reslizumab for 
up to 24 months, showed that both patients receiving resli‑
zumab before the study started and reslizumab‑naive patients 
reported improvement in asthma control and lung function 
through the whole study period. The most common AEs in 
both categories of patients were asthma worsening, upper 
respiratory tract infection, headache and injection site reac‑
tions. Parasitic and opportunistic infections and anaphylaxis 
were not reported. Reslizumab differs from mepolizumab 
in two ways: It is administered by i.v. injection based on 
weight (3 mg/kg/4 weeks) and it has a higher cut‑off value for 
eosinophils (≥400 cells/µl).

Benralizumab [Fasenra®] is a humanized afucosylated 
monoclonal antibody against IL‑5Rα. Unlike mepolizumab 
and reslizumab, it induces eosinophil apoptosis via ADCC 
involving natural killer cells  (49,50), resulting in a more 
profound and potentially earlier onset of eosinophil deple‑
tion  (6). However, it is difficult to estimate whether there 
is a clinical benefit (36). A potential advantage of the rapid 
decrease in circulating eosinophil number may be observed in 
patients who present with acute severe exacerbation associated 
with eosinophilia (6,36).

Benralizumab has been approved as an add‑on therapy 
for inadequately controlled severe eosinophilic asthma 
in subjects >12 (FDA) or 18 years old (EMA) with ≥300 
blood eosinophils/µl  (51,52) and 30  mg/4  weeks (s.c.) is 
administered for the first 3 months and then every 8 weeks. 
In two pivotal phase  III RCTs: i) Efficacy and safety of 
benralizumab for patients with severe asthma uncontrolled 
with high‑dosage inhaled corticosteroids and long‑acting 
β2‑agonists (SIROCCO)  (53) and ii)  benralizumab, an 
anti‑IL‑5 receptor α monoclonal antibody, as add‑on treat‑
ment for patients with severe, uncontrolled, eosinophilic 
asthma (CALIMA) (54), benralizumab (30 mg/4 or 8 weeks) 
was administered as an add‑on therapy to a large number of 
patients with severe asthma and compared with a placebo. A 
significant decrease in asthma exacerbation rate of 45‑51% 
was observed in patients with peripheral blood eosinophil 
count ≥300 cell/µl and the forced expiratory volume in one 

second  (FEV1) values were also significantly improved 
(by up to 159 ml) compared with the control (53). Another 
phase III RCT, the ZONDA trial (Efficacy and Safety Study 
of Benralizumab to Reduce OCS Use in Patients With 
Uncontrolled Asthma on High Dose Inhaled Corticosteroid 
Plus LABA and Chronic OCS Therapy)  (55) investigated 
the effects of benralizumab therapy for 24 weeks on OCS 
necessity in patients with OCS‑dependent asthma. The 
median reduction in OCS dose was 75% for patients treated 
with benralizumab compared with 25% following treatment 
with a placebo. In addition, compared with the placebo, the 
annual exacerbation rate was decreased by 55% but there 
was no improvement in lung function. In the the safety trial 
for benralizumab performed by Busse et al (56), the authors 
showed that the efficiency, safety and tolerability profile of 
benralizumab maintained for 2 years was similar to that 
observed over 1 year in previous RCTs  (53,54). The AEs 
that were most frequently reported included upper respira‑
tory tract infection (14‑16%) and worsening asthma (7‑10%). 
Parasitic infection was not reported, and the hypersensitivity 
reactions were similar between study groups (53,54,56).

IL‑4Rα blockers. Dupilumab [Dupixent®] is a fully human 
monoclonal antibody directed against IL‑4Rα, which is 
common to both IL‑4 and IL‑13, and therefore able to inhibit 
the signaling of both of these ILs  (6,16). Dupilumab is 
approved by the FDA (57) as an add‑on therapy for patients 
aged ≥12 years with moderate to severe eosinophilic asthma 
or asthma that is dependent on OCS, and by the EMA (58) 
as an add‑on treatment for patients with severe asthma aged 
≥12 years with T2 inflammation characterized by increased 
blood eosinophils and/or raised FeNO levels that remain 
inadequately controlled despite high‑dose ICS plus another 
controller. Dupilumab (s.c.) can be administered at an initial 
dose of 600 mg (two 300 mg injections) followed by 300 mg/2 
weeks (recommended only for patients with OCS‑dependent 
asthma), or at an initial dose of 400 mg (two 200 mg injections) 
followed by 200 mg/2 weeks. Wenzel et al (59) in a phase II 
dose‑ranging trial involving patients with severe uncontrolled 
asthma, reported that all types of administration scheme (200 
or 300 mg every 2 or 4 weeks) resulted in improved asthma 
control and FEV1, and fewer severe exacerbations compared 
with placebo. Although these results were reported in all 
patients, those with ≥300 eosinophils/µl showed the greatest 
decline in annual severe exacerbation rate and improvement 
in lung function.

Liberty Asthma Quest phase III RCT  (60) confirmed 
the efficacy and safety profile of add‑on dupilumab (200 or 
300 mg/2 weeks for 52 weeks; s.c.) in patients aged ≥12 years 
with moderate to severe uncontrolled asthma and a history of 
exacerbations. Similar to the aforementioned study, the greatest 
benefits, such as decreased exacerbation rate, and rapid and 
maintained improvement in FEV1, were observed in patients 
with elevated T2 biomarkers at baseline (blood eosinophils 
≥150 cells/µl or FeNO ≥25 ppb), although the potential efficacy 
of dupilumab in T2‑low disease was not confirmed. This study 
also demonstrated a favorable safety profile of dupilumab. The 
AE rates were similar across the intervention groups (81.0%). 
The most common serious AE was pneumonia (8.2% in the 
treatment group and 8.4% in the placebo group). The most 
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frequent AE was injection site reaction (15.2% in the low‑dose 
dupilumab group, 18.4% in the high‑dose dupilumab group vs. 
5.4 and 10.3%, respectively, in the matched placebo groups). 
Allergic conjunctivitis, conjunctivitis, injection site reaction, 
ophthalmic inflammation and eye irritation may occur during 
therapy with dupilumab (59,60).

Liberty Asthma Venture phase III RCT (61) demonstrated 
the efficiency of dupilumab in decreasing the rate of asthma 
exacerbations (by 59.3%) and the need for OCS, while 
maintaining asthma control and improving lung function. 
The rate of AEs during the study period was similar in the 
two groups (62% in the treatment arm; 64% in the placebo 
arm). According to post hoc analysis of phase II trials, treat‑
ment with dupilumab at 200/300 mg/2 weeks was associated 
with a significant improvement in asthma symptom control, 
decreased rate of severe exacerbation and improved lung func‑
tion compared with placebo, regardless of the exacerbation 
history of the patient (62).

Another recent post hoc analysis of the Liberty 
Asthma Quest study  (63) demonstrated that dupilumab at 
200/300 mg/2 weeks significantly decreased the rate of severe 
exacerbation and improved asthma control and lung function 
in patients with uncontrolled, moderate to severe asthma with 
evidence of allergic asthma, and in patients without an allergic 
component compared with the placebo (P<0.01).

Dupilumab is also indicated for the treatment of patients 
aged ≥6 years with moderate‑to‑severe atopic dermatitis whose 
disease is not adequately controlled with topical prescription 
therapies or when those therapies are not advisable (64). As 
shown in Fig. 1, a patient with moderate to severe asthma who 
also has moderate to severe atopic dermatitis would likely 
benefit most from dupilumab therapy (36).

Anti‑IL‑13. In a RCT involving patients with moderate to 
severe asthma, lebrikizumab, a monoclonal antibody targeting 
IL‑13 (65), demonstrated only a small improvement in lung 
function (66). According to the result of the phase IIb study 
conducted by Hanania et al  (67), the greatest benefit from 
lebrikizumab therapy was observed in patients with high 
serum periostin concentration (known biomarker of increased 
IL‑13 activity within the airway). The treatment with lebriki‑
zumab reduced the rate of asthma exacerbations, which was 
more pronounced in the periostin‑high patients (all doses: 
60% reduction) than in the periostin‑low patients (all doses: 
5% reduction); no dose‑response was evident. Lung function 
showed a modest improvement, with greatest increase in FEV1 
in periostin‑high patients (all doses: 9.1% placebo adjusted 
improvement) compared with periostin‑low patients (all doses: 
2.6% placebo‑adjusted improvement).

Another IL‑13 monoclonal antibody, tralokinumab, has 
showed unimpressive effects compared with other biological 
agents  (68,69), and this class of biological drugs has not 
received regulatory approval.

Targeting alarmins (TSLP, IL‑25, IL‑33). Alarmins are key 
cytokines involved in both T2 and non‑T2 mechanisms of 
airway inflammation in asthma. Currently, several trials are 
evaluating different molecules targeting these cytokines (6).

Tezepelumab is a human monoclonal antibody directed 
against TSLP produced by epithelial cells in response to 

injury to dendritic cells, CD4 T cells, CD8 T cells, mast cells, 
B cells, eosinophils, basophils and ILC. Tezepelumab impairs 
the interaction of TSLP with TSLP receptor and prevents its 
downstream effects (6,36). TSLP is responsible for activating 
innate immune, dendritic, T and B cells, and induces produc‑
tion of cytokines by antigen‑specific Th2 cells (36,70). In a 
phase IIb study by Corren et al (70), the effect of tezepelumab 
was evaluated in adult patients aged 18‑75 years with uncon‑
trolled asthma despite appropriate treatment with medium‑ to 
high‑dose ICS plus LABA and a history of ≥2 asthma exacer‑
bations requiring systemic glucocorticoids in the year before 
the start of the study. The patients were not selected based on 
specific markers of atopy, such as eosinophilia or high levels 
of total or specific IgE. The patients received either placebo 
or tezepelumab, administered subcutaneously, at a dose of 70 
or 210 mg/4 weeks, or 280 mg/2 weeks. All dosage regimens 
showed a decrease in Th2 biomarkers (blood eosinophil count, 
FeNO and serum IgE), demonstrating an anti‑inflammatory 
effect and suggesting inhibition of T2 cytokine production. 
Treatment with tezepelumab also showed a large decrease in 
the annualized asthma exacerbation rate and improvement in 
FEV1 compared with placebo. This effect on exacerbation 
was observed in patients with low FeNO and blood eosinophil 
levels, suggesting the involvement of TSLP in non‑T2 airway 
inflammation.

Regarding drug‑associated serious AEs, one patient who 
received low‑dose tezepelumab reported pneumonia and stroke, 
while another patient who received medium‑dose treatment 
reported Guillain‑Barre syndrome. No anaphylactic reaction 
or identification of neutralizing antibodies was reported (70). 
The efficacy and safety of tezepelumab in severe, uncontrolled 
asthma patients are being investigated in a number of ongoing 
phase  III RCTs, such as NAVIGATOR (ClinicalTrials.gov 
identifier, NCT03347279), SOURCE (ClinicalTrials.gov iden‑
tifier, NCT03406078) and DESTINATION (ClinicalTrials.gov 
identifier, NCT03706079) (71‑73).

IL‑33 is also a potential target for biological therapy in 
asthma. IL‑33, one of the members of the IL‑1 superfamily, is 
an alarmin cytokine promoting inflammatory responses (74). 
IL‑33 promotes the Th2‑mediated immune response and 
further production of many pro‑inflammatory cytokines, 
such as IL‑4, IL‑5 and IL‑13. Furthermore, IL‑33 promotes 
bronchial remodeling and lung fibrosis, causing further 
advancement of asthma (75). At phase 2 of the asthma clinical 
trial, the anti‑IL‑33 receptor monoclonal antibody is being 
investigated in subjects with moderately severe asthma and 
compared to the placebo fluticasone propionate/salmeterol 
combination and fluticasone propionate (ClinicalTrials.gov 
identifier, NCT03207243). Another clinical trial involving 
anti‑IL‑33 antibody in asthma patients is in a phase 1 clinical 
trial, and compares it to the placebo Dupilumab and flutica‑
sone propionate (ClinicalTrials.gov identifier, NCT03112577).

Several biological agents against IL‑33, such as 
GSK3772847 and REGN3500, are currently in different 
stages of development (76,77). A phase II asthma clinical trial 
(ClinicalTrials.gov identifier, NCT03207243) is investigating 
monoclonal anti‑IL‑33R in subjects with moderate and severe 
asthma compared with placebo, fluticasone propionate or 
fluticasone propionate/salmeterol combination (76). Another 
phase I clinical trial in patients with asthma is comparing 
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anti‑IL‑33 antibody with placebo, fluticasone propionate and 
dupilumab (ClinicalTrials.gov identifier, NCT03112577) (77).

4. Discussion

Along with other types of chronic respiratory disease, asthma, 
primarily the severe form, remains one of the most important 
health problems globally (1,78‑81). The management of severe 
asthma has significantly changed during the past decade (1). In 
severe asthma, conventional treatments based on non‑specific 
drugs, such as CS and bronchodilators, are often inefficient 
and should be replaced by personalized medicine based on the 
effective identification of different asthma phenotypes (1,6,36). 
The currently approved biological agents and those in develop‑
ment target these specific phenotypes (36). At present, there 
is no biological drug that is significantly more efficient than 
others for most patients with asthma (36). Therefore, selecting 
the adequate monoclonal antibody should be carefully 
individualized to each patient (Fig. 1).

Before starting biological therapy, it is necessary to 
correctly diagnose severe asthma, optimize and improve 
adherence to the current treatment, assess comorbidi‑
ties and exclude potential confounding pathologies that 
mimic some of the symptoms of asthma, such as chronic 
obstructive pulmonary disease, laryngeal dyskinesia, 
bronchiectasis and hypersensitivity pneumonitis (16,82,83). 
The most common comorbidities associated with asthma, 
which require adequate treatment, are rhinosinusitis, 
gastroesophageal reflux disease, aspiration, cardiovascular 
comorbidities, obstructive sleep apnea and upper respira‑
tory tract infection (16).

According to GINA recommendations, if available and 
affordable, an add‑on biologic T2 agent, such as anti‑IgE, 
anti‑IL‑5/5R or anti‑IL‑4R, should be considered in patients 
with severe asthma who show typical biomarkers of T2 
airway inflammation (1). The T2‑high phenotype is charac‑
terized by eosinophilic airway inflammation (8,16), while 
the T2‑low phenotype is characterized by neutrophilic or 
paucigranulocytic airway inflammation (10,18). The most 
common biomarkers used for non‑invasive assessment of 
severe asthma include peripheral blood eosinophil count, 
serum IgE and FeNO  (1,8,16). The only evidence‑based 
biomarker of the T2‑low phenotype is sputum neutrophil 
count  (6). To select the most effective and appropriate 
biological agent to treat severe asthma, not only the disease 
characteristics, and patient age and preference, should 
be considered, but also the indications and posology for 
biological therapies approved by international agencies 
and/or national guidelines, as well as biomarkers (as predic‑
tors of response) (1,36). Each biological agent has unique 
dosing features, which can be a key factor in determining 
which agent is best to use  (36). For example, dosing of 
omalizumab is based on serum IgE levels and weight. 
Reslizumab and mepolizumab are administered every 
4 weeks, while benralizumab, following an initial loading 
period, is administered every 8 weeks. Certain patients may 
prefer i.v. administration and therefore would rather use 
reslizumab. Dupilumab can be self‑administered at home 
by the patient, but dosing is every 2 weeks; while this may 
be suitable for patients who are physically active and able to 

correctly self‑administer the treatment, others who are less 
active or less confident in self‑administration may require 
treatment from a health care professional (36).

At present, due to a lack of direct comparison trials, 
there are no recommendations for choosing among the 
currently approved IL‑5 pathway‑targeting biological agents. 
Therefore, in the absence of head‑to‑head RCTs, several 
network meta‑analyses have been performed  (84‑86). A 
recent matching‑adjusted indirect comparison meta‑analysis 
suggested that mepolizumab and benralizumab have similar 
efficiency profiles (84). Another network meta‑analysis indi‑
cated that reslizumab was more effective than benralizumab 
in patients with moderate to severe eosinophilic asthma 
with a history of ≥2 exacerbations in the previous year (85), 
whereas other indirect treatment comparisons indicated 
that, in comparison with reslizumab and benralizumab, 
mepolizumab improved disease control and decreased risk 
of asthma exacerbations regardless of the blood eosino‑
phil threshold (86). A recent meta‑analysis suggested that 
although all current biological agents were effective in 
improving lung function and decreasing the asthma exac‑
erbation risk when compared with placebo, dupilumab was 
significantly more efficient compared with omalizumab 
in decreasing the risk of exacerbation, while there was no 
difference between reslizumab, mepolizumab, benralizumab 
and dupilumab. Furthermore, dupilumab was revealed to be 
significantly more effective than omalizumab, benralizumab 
and mepolizumab at improving FEV1, whereas omalizumab, 
benralizumab, mepolizumab and reslizumab showed similar 
improvements in FEV1 (87). By contrast, another arm‑based 
network meta‑analysis showed no significant difference 
between monoclonal antibodies regarding the effect on the 
rate of asthma exacerbation (88).

Regardless of the chosen biological therapy, a 4‑month trial 
should be performed before asthma control assessment (4). In 
the case of a failure of biologic therapy associated with an 
inadequate biological effect of the treatment, a strong case 
could be made for switching biologic (4,6). There are several 
ongoing studies on biological drug switching in patients 
with severe asthma that is not well controlled (89‑91). The 
results of the OSMO (Omalizumab Switch to MepOlizumab) 
study a multicenter, open‑label, 32‑week trial, demonstrated 
that patients with uncontrolled severe asthma receiving 
omalizumab showed an improvement in asthma control after 
switching to mepolizumab  (89). A 24‑week, multicenter 
prospective, open‑label pilot study showed that patients 
with severe eosinophilic asthma and inadequate response 
to omalizumab reported a significantly improved asthma 
control after switching to reslizumab (90). Other prelimi‑
nary findings also indicated decreased OCS maintenance 
dose and improved quality of life scores after switching to 
benralizumab in patients with sub‑optimal response with 
mepolizumab (91).

To the best of our knowledge, only one study has investi‑
gated the effect of biological agent withdrawal in patients with 
severe asthma (92). The study showed the recurrence of severe 
eosinophilic asthma within 3‑6  months of mepolizumab 
cessation following 12 months of continuous therapy. The first 
signal to return was elevated blood eosinophil levels, followed 
by sputum eosinophils and then asthma exacerbations. 
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However, how and when to switch or withdraw established 
biological agents and the duration of the treatment at which 
the patient should be characterized as either a responder or 
non‑responder to biological agents are yet to be adequately 
determined. Clinical trials of biological agents targeting 
IL‑6, IL‑17 or IL‑33 in patients with asthma with T2‑low 
phenotypes are ongoing, but current data suggest that these 
patients should be treated with chronic macrolide, imatinib or 
bronchial thermoplasty (16).

5. Conclusion

The advent of biological therapy has revolutionized the 
management of severe asthma. The success of biological 
agents is primarily based on adequate selection of patients. 
Individual assessment of patients for allergic vs. eosinophilic 
asthma is possible by identifying measurable biomarkers 
that are predictive of treatment efficacy. The clinical effects 
of currently approved monoclonal antibodies are consistent, 
with a significant decrease in asthma exacerbation rate, and 
a less pronounced improvement in symptom control and lung 
function.
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