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Biologic therapies target T2 inflammatory pathways and elevated FENO and/or blood eosinophil 
counts are associated with greater clinical efficacy. Choice of drug will depend on individual 
patient characteristics and preferences. https://bit.ly/3lHOsSQ

There are now several monoclonal antibody (mAb) therapies (“biologics”) available to treat severe 
asthma. Omalizumab is an anti-IgE mAb and is licensed in severe allergic asthma. Current evidence 
suggests it may decrease exacerbations by augmenting deficient antiviral immune responses in 
asthma. Like all other biologics, clinical efficacy is greatest in those with elevated T2 biomarkers. Three 
biologics target the interleukin (IL)-5–eosinophil pathway, including mepolizumab and reslizumab that 
target IL-5 itself, and benralizumab that targets the IL-5 receptor (IL-5R-α). These drugs all reduce the 
exacerbation rate in those with raised blood eosinophil counts. Mepolizumab and benralizumab have 
also demonstrated steroid-sparing efficacy. Reslizumab is the only biologic that is given intravenously 
rather than by the subcutaneous route. Dupilumab targets the IL-4 receptor and like mepolizumab 
and benralizumab is effective at reducing exacerbation rate as well as oral corticosteroid requirements. 
It is also effective for the treatment of nasal polyposis and atopic dermatitis. Tezepelumab is an anti-
TSLP (thymic stromal lymphopoietin) mAb that has recently completed phase 3 trials demonstrating 
significant reductions in exacerbation rate even at lower T2 biomarker thresholds.

Many patients with severe asthma qualify for more than one biologic. To date, there are no 
head-to-head trials to aid physicians in this choice. However, post-hoc analyses have identified 
certain clinical characteristics that are associated with superior responses to some therapies. The 
presence of allergic and/or eosinophilic comorbidities, such as atopic dermatitis, nasal polyposis or 
eosinophilic granulomatosis with polyangiitis, that may additionally benefit by the choice of biologic 
should also be taken into consideration, as should patient preferences which may include dosing 
frequency. To date, all biologics have been shown to have excellent safety profiles.
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Educational aims
	● To review the major outcome data from phase 3 and real-world studies of biologic therapies 

for severe asthma.

	● To understand the key baseline characteristics associated with response to each biologic therapy.

	● To gain awareness of the practical issues that can impact the choice of biologic therapies in 
asthma.
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Introduction
“Severe asthma” describes asthma that is 
dependent upon high-dose inhaled corticosteroids 
(ICS) plus a second controller (and/or systemic 
corticosteroids) in order to maintain symptom 
control, or which remains “uncontrolled” despite 
these therapies [1]. Once comorbidities have been 
addressed and excluding those patients who are 
poorly adherent to inhaled therapy, the prevalence 
of severe asthma is estimated at 3.7% of the 
asthma population [2]. The severe asthma cohort 
accounts for a disproportionate share of asthma-
related healthcare costs and patients often suffer 
daily symptoms, missed work/school days, and 
frequent healthcare utilisation. Severe asthma 
patients can have multiple exacerbations each year 
requiring courses of oral corticosteroids (OCS) or 
may need maintenance oral corticosteroids (mOCS) 
to control their disease. This exposure to OCS is 
associated with significant long-term morbidity, 
including adrenal suppression, osteopenia and 
osteoporosis, increased risk of type II diabetes, 
cataracts, and obesity [3]. Previous attempts at 
steroid-sparing immunosuppression, with therapies 
such as methotrexate and azathioprine, have no 
evidence of clinical benefit.

The past decade has seen a renewed focus 
on the role of the eosinophil and the type 2 (T2) 
inflammatory cascade in the pathogenesis of 
asthma. The combination of genetic susceptibility 
plus exposure to allergens, microbes, pollutants and 
other triggers cause the airway epithelium to release 

“alarmins”, including interleukin (IL)-25, IL-33 and 
thymic stromal lymphopoietin (TSLP), which result 
in the release of T2 cytokines from cells including 
the T-helper (Th)2 cell and type 2 innate lymphoid 
cells (ILC2) [4]. Important T2 cytokines include IL-4 
(which drives IgE production from B-cells), IL-5 
(associated with the eosinophil), and IL-13 (believed 
to be the key cytokine for mucus hypersecretion and 
airway hyperresponsiveness [5]. All the currently 
available biologic therapies developed for severe 
asthma target one or more mediators or cells within 
this pathway (figure 1).

These therapies have transformed the 
management of severe asthma, all showing 
varying degrees of efficacy in patients with an 
eosinophilic phenotype as defined by a blood 
eosinophil count of at least 300 cells·μL−1. The 
indications for these therapies overlap, which 
has created a new challenge for physicians who 
need to decide which drug to prescribe for which 
patient. The absence of randomised head-to-head 
trials has meant the absence of coherent national 
or international guidelines to help navigate this 
process. This review aims to summarise the data 
available for each drug and provide a pragmatic 
framework for decision making. We will examine 
each biologic in turn and outline the efficacy data 
from the major phase 3 trials, as well as the long-
term and real-world data where available. We will 
also discuss available data on the baseline clinical 
characteristics associated with a superior response, 
and practical aspects that might influence patient 
and physician choice.

Mast cell activation
Basophil

Goblet cell
Mucus

hypersecretion

Eosinophil-rich 
mucus plug

Airflow
obstruction

Eosinophil
exotaxis

Eosinophil
maturation

T2 cytokines IL-5, 
IL-4, IL-13

Cell mediated
cytoxicity

Bronchial
epithelium

Allergens,
pollutants, 
smoke and 
viruses Alarmin release: TSLP,

IL-33, IL-25

Tissue
infiltration

Eotaxin-3
IL-5R-α

IL-4, IL-13
IL-4

IL-13

IL-5

IL-4

NK

ILC-2 cell

Smooth 
muscle
contraction

Th-2 
cell

B-cell

IgE

Dendritic cell

Naïve 
T-cell

B

M+R

T

O

D

Figure 1  The role of the T2 inflammatory cascade in asthma pathophysiology and the sites of action of biologic therapies. 
Allergens, pollutants and cigarette smoke and viral infections trigger the bronchial epithelium to release alarmins (TSLP, 
IL-33 and IL-25), while dendritic cells drive naïve T-cell maturation to Th-2 phenotypes. ILC-2 and Th-2 cells, alongside 
activated mast cells and basophils, produce the T2 cytokines: IL-5, IL-4 and IL-13. These lead to: eosinophil growth and 
maturation (driven by IL-5); smooth muscle contraction, goblet cell hyperplasia, mucus hypersecretion and mucus plugging 
and eosinophil migration from blood to tissue (predominantly driven by IL-13); and eosinophil airway exotaxis, Th-2 cell 
population expansion and direction of B-cells to produce IgE (predominantly directed by IL-4). Sites of the biologic therapies 
are indicated by circles (B: benralizumab; D: dupilumab; M+R: mepolizumab and reslizumab; O: omalizumab; T: tezepe-
lumab). IL-5R-α: IL-5 receptor alpha; NK: natural killer cell. Figure created with BioRender.
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Omalizumab

Omalizumab (“Xolair”) was licensed by the European 
Medicines Agency (EMA) in 2005 and was the first 
monoclonal antibody (mAb) approved to treat 
severe asthma. It binds to free circulating IgE, 
inhibiting attachment to its receptor (FCεRI) and 
diminishing downstream effects, including mast cell 
degranulation and the expression of inflammatory 
cytokines such as IL-3, IL-4, IL-5, IL-6 and IL-13. 
Omalizumab inhibits both the early and late phase 
allergic responses [6] and there is good evidence 
that it improves the antiviral response in asthma, 
thereby reducing virus-induced exacerbations [7].

Primary outcomes: exacerbation 
and OCS reduction

The phase 3 trials of omalizumab focused 
their inclusion criteria on patients who had 
evidence of sensitisation to aeroallergens, airway 
hyperresponsiveness and ongoing asthma 
symptoms. Omalizumab treatment resulted in a 
reduction in exacerbations as well as reductions 
in hospitalisations, emergency department visits 
and inhaled steroid dose [8–10]. A Cochrane review 
published in 2014 included data from 10 studies 
directly addressing annualised exacerbation rate 
(AER) and reported an overall risk ratio of 0.55 
compared with placebo [11]. The reduction in 
AER is difficult to compare to later biologic trials 
in asthma, as most omalizumab studies did not 
specify a minimum pre-treatment AER, ICS dose 
was often weaned as part of the trial design 
(increasing the risk of exacerbation) and an 
exacerbation was not consistently defined [10]. 
Study populations are therefore heterogeneous. 
Only one study attempted to limit recruitment 
to severe asthma patients only by including a 
requirement for high-dose ICS/long-acting β2-
agonist (LABA) combination therapy [12]. However, 
even in this study the AER of 0.88 in the placebo 
arm suggests a less than severe cohort were 
recruited in the end. In the most severe subgroup 
who required mOCS at baseline, omalizumab was 
not effective at reducing the exacerbation rate.

Most of the available data on mOCS dose 
reduction in omalizumab comes from real-world, 
observational trials [13–17]. A systematic review of 
42 observational or registry trials reported a mean 
OCS dose reduction of 68% at 12 months, however 
with a broad range from −78% to −12% [18]. The 
large “eXpeRience” registry reported on over 260 
patients on baseline OCS and observed that 57% 
either reduced or stopped mOCS by 1 year of 
treatment with omalizumab. The mean prednisolone 
dose at the end of 1 year was still 7.7 mg (compared 
with 15.5 mg at baseline) [19]. A randomised trial 
reported more patients reduced or stopped mOCS 
with omalizumab than with optimal standard care; 
however, this was an open label study [20]. The true 

corticosteroid-sparing efficacy of omalizumab in 
severe asthma remains to be determined.

Secondary outcomes: quality of 
life, asthma control and FEV1

The initial omalizumab trials used the St George’s 
Respiratory Questionnaire (SGRQ) (validated in 
COPD) to assess the impact on quality of life, and 
there was a statistically and clinically significant 
improvement compared with placebo. Asthma 
diaries were generally used to assess patient 
reported asthma control, rather than a validated 
tool. The methodology used was variable; however, 
there were improvements in the treatment group 
compared with placebo and this was mirrored by 
a reduction in rescue short-acting β2-agonist use 
in those receiving omalizumab. The impact on 
forced expiratory volume in 1 s (FEV1) was variable, 
with only some studies reporting an improvement 
compared with placebo. An analysis conducted as 
part of the Cochrane review of omalizumab reported 
an overall improvement in FEV1 of 2.15% compared 
with placebo [11]. The minimal clinically important 
difference (MCID) for FEV1 in asthma is debated, but 
a recent expert consensus report suggested cut-offs 
of ≥20% in short trials, or ≥15% for trials ≥1 year 
duration [21].

Predictors of response

A post-hoc analysis of two large randomised 
controlled trials (RCTs) found those most likely to 
benefit from therapy were participants who had 
required emergency asthma treatment in the 
year before enrolment, those who were on high-
dose ICS and those with a lower FEV1 at baseline 
[22]; essentially patients with severe asthma. The 
licence-related criteria for selecting patients who 
might benefit from omalizumab focus on identifying 
those with an allergic phenotype; however, neither 
allergen-specific IgE nor total IgE predicts response 
to treatment [23] and there are data to suggest 
omalizumab can reduce the exacerbation rate in 
non-atopic patients as well [24]. In contrast, the 
level of the two T2 biomarkers that closely reflect 
active T2 inflammation, fraction of exhaled nitric 
oxide (FENO) and the blood eosinophil count, do 
both relate to efficacy of omalizumab. Specifically, 
Hanania et al. [25] demonstrated that omalizumab 
was ineffective in patients with a blood eosinophil 
count <260 cells·μL−1 and a FENO <20 ppb. This 
has also been demonstrated in a single RCT [26]. 
A study by Djukanovic et al. [27] examined airway 
inflammation in mild-to-moderate asthma patients 
treated with omalizumab and observed a reduction 
in eosinophil counts, which may in part explain the 
observed relationship between eosinophilia and 
efficacy. Additionally, elevated T2 biomarkers at 
the time of omalizumab cessation was shown to 
be a predictor of future exacerbation [28]. This latter 
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study is particularly helpful in determining whether a 
trial off omalizumab is likely to be successful or not.

Real-world data and 
length of treatment

The benefit of omalizumab as an add-on therapy in 
severe asthma has been confirmed by numerous 
“real-life” observational trials, summarised in a 
meta-analysis by Alhossan et al. [29]. The largest 
real-world study of omalizumab showed modest 
efficacy: in a Japanese cohort of over 3000 patients 
with severe allergic asthma, 42% experienced 
two or more exacerbations despite omalizumab 
(compared with 63% prior to treatment) and 28% 
of the cohort continued to experience four or 
more exacerbations (compared with 48% prior to 
treatment). The ongoing exacerbation frequency 
highlights the limitations of this treatment [30].

While extension trials have confirmed the 
continued efficacy of omalizumab to 1 year, the 
optimal treatment length for omalizumab is not 
known. The Xolair Persistency of Response after 
Long-term Therapy (XPORT) study randomised 
patients who had been treated with omalizumab 
for at least 5 years to either continue the drug or 
to have placebo for a further year. 48% of those in 
the placebo arm had zero exacerbations in the year, 
suggesting omalizumab could be safely withdrawn. 
However, importantly there were no data available 
on AER prior to starting omalizumab and more 
patients were exacerbation-free in the treatment 
arm (67%) [28].

Comorbidities

The treatment of chronic rhinosinusitis with nasal 
polyposis (CRwNP) with omalizumab has been 
evaluated in two phase 3 trials and resulted in 
improved endoscopic nasal obstruction scores, 
nasal congestion scores (patient reported) and 
disease specific quality of life scores (SNOT-22) [31]. 
It has recently been licensed for this indication as 
an add-on therapy to intranasal steroids. It is also 
licensed for use in chronic spontaneous urticaria.

Practical considerations

Omalizumab is only licensed in allergic asthma, 
which means patients need a positive skin prick 
test or in vitro reactivity to a perennial aeroallergen 
to qualify for the drug. The EMA licensing also states 
the requirement for FEV1 <80% predicted, ongoing 
symptoms and “multiple” exacerbations despite 
high-dose ICS/LABA. The UK National Institute 
for Health and Care Excellence (NICE), which 
considers the cost effectiveness as well as clinical 
effectiveness of treatments for the National Health 
Service, quantifies the number of exacerbations 
required as ≥4 severe exacerbations in the last 

year (or the need for OCS to maintain asthma 
control). There is no requirement to demonstrate an 
eosinophilic phenotype, despite data demonstrating 
a lack of efficacy without one.

Omalizumab is given by subcutaneous injection 
2–4 weekly, with dose and frequency determined 
by weight and serum IgE. If the serum IgE is 
>1500 international units (IU) omalizumab is not 
licensed for use, and this level decreases as weight 
increases (e.g. a patient of ≥90 kg would need a 
serum IgE of ≤600 IU). It is notable that the major 
clinical trials only included patients with an IgE 
of 30–700 IU. Pre-filled syringes of omalizumab 
come as 75 mg and 150 mg, therefore those on the 
highest dose require four subcutaneous injections 
every 2 weeks, which may be burdensome for 
patients when compared to a single injection every 
4 or 8 weeks with mepolizumab or benralizumab, 
for example. The main side-effects from the clinical 
trial programme were injection site reactions, 
arthralgia/pain, fatigue, and dizziness. Anaphylaxis 
is reported in ∼0.1% [32].

Mepolizumab

Mepolizumab (“Nucala”) was the first mAb licensed 
for severe eosinophilic asthma that targeted the 
IL-5 pathway. IL-5 is the critical cytokine for the 
development, migration and survival of eosinophils 
[33] and mepolizumab has been demonstrated to 
significantly reduce both blood [34] and airway 
eosinophil numbers [35].

Primary outcomes: exacerbation 
and OCS reduction

The phase 3 MENSA trial demonstrated a 
reduction in exacerbation rate of 52% with 
mepolizumab treatment when compared with 
placebo [36]. Inclusion criteria included an 
eosinophilic phenotype (with blood eosinophils of 
≥150 cells·μL−1 at screening, or ≥300 cells·μL−1 in 
the past 12 months) and frequent exacerbations 
(≥2 exacerbations in the year prior to commencing 
mepolizumab). As well as reducing exacerbations 
mepolizumab has demonstrated efficacy in 
reducing OCS dose in those dependent on daily 
OCS to maintain asthma control. The SIRIUS trial 
recruited subjects with severe eosinophilic asthma 
dependent on daily OCS and blood eosinophils of 
≥300 cells·μL−1 in the past year, or ≥150 cells·μL−1 
in the OCS dose optimisation phase. At 24 weeks, 
14% of subjects treated with mepolizumab were 
able to completely stop prednisolone and overall, 
a median reduction of 50% was achieved. In the 
placebo arm, the median reduction was zero; 
however, a third of subjects were able to reduce 
their prednisolone dose by at least 50% despite only 
receiving placebo, highlighting a failure to optimise 
systemic corticosteroid exposure in these patients 
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prior to randomisation [37]. Importantly, despite 
the overall reduction in OCS, exacerbations were 
reduced (AER 1.44 in the mepolizumab arm versus 
2.12 in the placebo arm).

Secondary outcomes: quality of 
life, asthma control and FEV1

In MENSA, asthma control as measured by the 
five-question asthma control questionnaire (ACQ5) 
improved by 0.4, just short of the MCID of 0.5. 
This trial also used the SGRQ and demonstrated 
an increase of 7 points versus placebo (meeting the 
MCID for mild–moderate COPD). There was a small 
improvement in FEV1 of ∼100 mL.

Predictors of response

Additional analysis of data from MENSA demonstrated 
that baseline eosinophil count and AER were the only 
covariates that influenced efficacy. In those with high 
blood eosinophils of ≥500 cells·μL−1 there was a 79% 
reduction in exacerbation rate versus placebo, as well 
as gains in pre-bronchodilator FEV1 of 132 mL and 
ACQ5 of 0.75.

Response to mepolizumab does not appear 
related to IgE levels, the presence of atopy, or 
co-eligibility of patients for omalizumab [38, 39]. 
Real-world characteristics associated with improved 
response include nasal polyposis, lower baseline 
OCS dose and lower body mass index (BMI) [40]. In 
the context of eosinophilic asthma, FENO level does 
not appear to predict response [39, 41].

Real-world data

There is a substantial body of real-world data 
supporting the efficacy seen in the phase 3 
programme [40, 42, 43]. These data are very 
important as the subjects recruited to the controlled 
studies appeared to be less severe than initially 
intended. For example, in the placebo arms of the 
phase 3 MENSA and phase 3b MUSCA studies of 
mepolizumab, only 13% and 6%, respectively, of 
subjects randomised to placebo had an AER >2.

Real-world data also suggest that response 
can be accurately assessed earlier than 1 year. A 
retrospective analysis of 99 patients treated with 
mepolizumab defined response as a reduction 
in exacerbation rate of at least 50% or, for those 
on mOCS, a reduction in prednisolone dose of at 
least 50%. At 16 weeks, 81% of patients had the 
same responder status as when assessed after 
1 year of treatment, rising to 93% of patients by 
24 weeks [40].

Length of treatment

In an extension study to early phase work, 
Haldar et al. [44] followed-up participants for 

12 months after they discontinued mepolizumab. 
Exacerbations increased 3–6 months after 
discontinuation and after 12 months there was 
no significant difference between those who 
had been treated with mepolizumab and those 
who had placebo [44]. “COMET” randomised 
patients who had received mepolizumab for at 
least 3 years to either continue mepolizumab or 
to placebo for a further year. Those who stopped 
mepolizumab had a significantly shorter time 
to first exacerbation and a decrease in asthma 
control (measured by ACQ5) when compared 
with those who continued mepolizumab [45]. 
An open label extension study (“COLUMBIA”) has 
confirmed a sustained response to mepolizumab 
up to 4.5 years of treatment [46].

Comorbidities

Eosinophilic granulomatosis with polyangiitis

In addition to severe eosinophilic asthma, 
Mepolizumab is licensed for treatment of 
eosinophilic granulomatosis with polyangiitis (EGPA) 
in the USA, and as of September 2021 has also 
been approved by the EMA. A RCT of 136 patients 
with EGPA compared mepolizumab (300 mg every 
4 weeks, three times the dose in severe eosinophilic 
asthma) with placebo [47]. This demonstrated that 
those treated with mepolizumab had more weeks in 
clinical remission, with 32% in remission at both 36 
and 48 weeks of treatment, compared with only 3% 
in the placebo arm. Although close to 50% of those 
treated with mepolizumab had a relapse during the 
48 weeks of treatment, this was still 50% lower 
than the placebo relapse rate.

CRwNP

Mepolizumab has recently received US Food and 
Drug Administration and EMA approval for use in 
CRwNP. A large RCT of patients with recurrent, 
severe bilateral nasal polyposis, refractory to 
medical and surgical treatment demonstrated 
significant reductions in endoscopic nasal scores 
and nasal obstruction symptoms with mepolizumab 
compared with placebo [48]. In addition, fewer of 
those treated with mepolizumab required a course 
of oral steroids during the year (25% versus 37% in 
the placebo arm) or surgery (9% of those treated 
with mepolizumab, versus 23% of those on placebo).

Practical considerations

Mepolizumab is given as a fixed 100 mg dose 
every 4 weeks, subcutaneously. It has recently 
been made available in a pre-filled syringe for self-
administration. The commonest side-effects with 
mepolizumab are headache, backache and injection 
site reactions; however, overall there are very good 
safety data available up to 4.5 years [46, 49].
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Reslizumab

Reslizumab (“Cinqaero”) is a recombinant 
humanised IgG4 mAb that, like mepolizumab, 
binds IL-5 thereby reducing blood and airway 
eosinophils. Two duplicate phase 3 trials of weight-
based intravenous reslizumab were published in 
2015 by Castro et al. [50]. These trials selected 
patients with blood eosinophils of ≥400 cells·μL−1 
and with one or more exacerbation requiring OCS in 
the past year. When compared with placebo, there 
was a 50–59% reduction in annual exacerbation 
rate in the treatment arm and a statistically 
significant improvement in both FEV1 and ACQ, 
although this did not meet the MCID. Efficacy was 
not demonstrated in those with eosinophil counts 
of <400 cells·μL−1 [51]. The efficacy of reslizumab in 
reducing mOCS use in asthma has not been formally 
evaluated.

A recent trial of a subcutaneous formation was 
not successful [52]. Despite very good efficacy 
in severe eosinophilic asthma, the need to give 
reslizumab intravenously is a major practical 
consideration, as it is inconvenient for patients 
and costly to deliver. Given the availability of 
both mepolizumab and benralizumab, which are 
subcutaneous injections and can be self-delivered, 
the number of patients receiving reslizumab is 
consequently relatively small. As such, long-term 
and real-life data on reslizumab are more limited. 
Nonetheless, the weight-based dosing has been 
an attractive option for patients in whom the fixed 
100 mg s.c. mepolizumab dose is suspected to be 
insufficient. In addition, there is reported efficacy of 
reslizumab in EGPA, although this is limited to small 
numbers of patients in open label and observational 
studies [53, 54].

Benralizumab

Benralizumab (“Fasenra”) targets the IL-5 pathway 
through ligation to the α subunit of the IL-5 receptor 
(IL-5R-α), expressed on eosinophils and basophils. 
This induces antibody-dependent cell mediated 
cytotoxicity, resulting in apoptosis of cells on 
which IL-5R-α is expressed [55, 56]. Circulating 
blood eosinophils rapidly fall within 4 h of the first 
dose and are usually undetectable shortly after 
[57]. Eosinophil numbers in sputum and bronchial 
mucosal and submucosal biopsies are also markedly 
reduced [58]. As benralizumab induces an almost 
complete eosinopenic state, use of this therapy has 
allowed the opportunity to explore the importance 
of the eosinophil in severe asthma in a way that was 
not previously possible.

Primary outcomes

Two large phase 3 trials in severe eosinophilic 
asthma (SIROCCO [59] and CALIMA [60]) recruited 

patients with two or more exacerbations in the 
past year stratified by blood eosinophil counts 
(≥300 cells·μL−1 and <300 cells·μL−1). In those 
with blood eosinophils <300 cells·μL−1, there 
was a 17–40% reduction in exacerbation rate 
compared with placebo, compared to a 28–51% 
reduction in those with eosinophils ≥300 cells·μL−1. 
The difference in exacerbation reduction versus 
placebo reflected a very large placebo response in 
CALIMA. However, the actual AER on treatment in 
both studies was ∼0.6. A phase 3b study, ANDHI, 
demonstrated an overall reduction of 49% in AER 
compared with placebo at 24 weeks, increasing 
to 59% in those with baseline blood eosinophils 
≥300 cells·μL−1 [61].

The ZONDA study enrolled OCS-dependent 
patients and demonstrated a 50% reduction in 
OCS dose compared with placebo. Over 50% 
of participants in the treatment arms achieved 
100% reduction by 28 weeks and the reduction in 
exacerbations was an impressive 70% [62]. More 
recently, the open-label PONENTE study of 598 
OCS-dependent patients treated with benralizumab 
reported that over 80% were able to eliminate use 
or achieved a dosage of 5 mg or less if the reason 
for stopping the reduction was adrenal insufficiency 
rather than asthma [63]. To date, PONENTE is the 
largest OCS sparing study of its kind.

Secondary outcomes

SIROCCO and CALIMA included ACQ and asthma 
quality of life questionnaire (AQLQ) as patient-
reported outcome measures. There were statistically 
significant improvements, but these narrowly 
missed the MCID threshold of 0.5 compared with 
placebo. There were small improvements in FEV1 
of ∼100 mL. The ANDHI trial evaluated quality 
of life using the SGRQ rather than AQLQ and 
demonstrated an improvement of −8.1 (MCID of 
4), with an improvement evident from week four. It 
also reported a slightly larger improvement in FEV1 
of 160 mL, with a noticeable separation between 
placebo and treatment arms by week four [61].

Predictors of response

A post-hoc analysis of pooled data from SIROCCO/
CALIMA identified high baseline exacerbation rate 
and higher blood eosinophils as associated with 
an enhanced response to benralizumab [64]. The 
presence of nasal polyposis (itself associated with 
eosinophilic inflammation and severe disease), 
low baseline forced vital capacity (FVC) (<65% 
predicted) and dependence on OCS were also 
associated with a better response [65]. ANDHI also 
reported greater reductions in AER in those with 
blood eosinophils of ≥300 cells·μL−1 at baseline, 
adult-onset disease and nasal polyposis [61]. Real-
world data have similarly shown an association 
between enhanced response and high baseline 
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eosinophils and the presence of nasal polyposis 
[66]. A differential response has not been shown 
to be related to baseline FENO level [41], IgE [67] or 
co-eligibility for omalizumab treatment [39].

Real-world data and 
length of treatment

Large real-world cohorts now confirm the clinical 
effectiveness of benralizumab in reducing AER and 
mOCS requirement as well as reducing symptom 
scores and improving quality of life metrics [66]. The 
BORA extension trial has demonstrated continued 
efficacy and safety of benralizumab out to 2 years 
[68]. In this study, more than 70% of patients in their 
second year of benralizumab treatment remained 
exacerbation free. A recent report of adolescents 
who had completed 3 years of benralizumab as 
part of the extension trial confirmed continued 
efficacy and safety [69], whilst the MELTEMI study 
has provided evidence of continued efficacy along 
with reassuring safety data out to 5 years [70].

Comorbidities

Benralizumab is not currently licensed as a 
treatment for CRwNP, although there is evidence 
to suggest efficacy for this indication. A post-
hoc analysis of the ANDHI trial found significant 
improvement in SNOT-22 scores in those treated 
with benralizumab versus placebo [71], and this 
has also been reported in a real-world analysis 
[72]. A phase 3 trial examining the efficacy of 
benralizumab in CRwNP (OSTRO) has recently 
been published and reported a reduction in nasal 
blockage score (patient reported) and nasal polyp 
score (determined by nasoendoscopy). There was 
also an improvement in disease-specific quality of 
life (SNOT-22) versus placebo, but this did not reach 
statistical significance [73]. OSTRO did not require 
evidence of eosinophilic disease for enrolment, 
and a further trial of benralizumab in eosinophilic 
CRwNP (ORCHID, ClinicalTrials.gov identifier: 
NCT04157335) is currently recruiting.

The use of benralizumab to treat EGPA is currently 
being evaluated in a large RCT comparing the efficacy 
of benralizumab to mepolizumab (ClinicalTrials.
gov identifier: NCT04157348). At present there 
is a promising pilot study (open label, prospective) 
[74], as well as real-world data [75] suggesting a 
significant steroid-sparing effect in EGPA.

Practical considerations

Benralizumab is a fixed dose subcutaneous injection, 
given 4-weekly for the first three doses, and then 
8-weekly thereafter. This is the least frequent dosing 
of any of the current biologic options for severe 
asthma. Benralizumab is available as a pre-filled 
auto-inject syringe for self-administration. The 

main side-effects reported in the phase 3 clinical 
trials were injection site reactions (2–3%) and 
nasopharyngitis, although these occurred at similar 
rates in the treatment and placebo groups.

Concerns about the health implications of the 
effective “knock-out” of a highly evolutionarily 
conserved cell like the eosinophil have been 
raised. This most commonly relates to a possible 
homeostatic role for the eosinophil in host-defence 
against both helminth and other infections, as well 
as in tumour surveillance [76]. However, despite 
over 8000 patients being exposed to benralizumab 
across clinical development programmes in asthma, 
COPD and other conditions, there have, so far, been 
no signals of harm including no increased infection 
or malignancy rates [77]. MELTEMI confirmed 
ongoing safety at 5 years following initiation of 
benralizumab with rates of malignancy and serious 
infections at less than 2% [70].

Dupilumab

Dupilumab (“Dupixent”) is a mAb targeted against 
the α subunit of the IL-4 receptor, a ligand for 
both IL-4 and IL-13. Dupilumab thereby decreases 
signalling of both of these key T2 cytokines. It was 
first licensed for use in atopic dermatitis [78, 79], 
but has subsequently demonstrated efficacy in 
severe eosinophilic asthma.

Exacerbation and OCS reduction

The LIBERTY ASTHMA QUEST trial enrolled 
1902 asthma patients irrespective of their blood 
eosinophils or FENO with one or more exacerbations 
in the past year. As the subjects could be on 
either medium or high-dose ICS, it was a less 
severe cohort than the anti-IL-5/IL-5R-α biologic 
trials [80]. Compared with placebo, there was an 
overall reduction in AER of 48%. A statistically 
significant benefit was only seen in those with a 
blood eosinophil count of ≥300 cells·μL−1, in whom 
the AER fell by almost two-thirds. Clinical efficacy 
was also seen in those with a FENO of ≥25 ppb. 
Although there is reported efficacy in subjects 
with a blood eosinophil count >150 cells·μL−1 
this effect size was driven by the patients with an 
eosinophil count of ≥300 cells·μL−1 and there was 
no statistically significant benefit in subjects with 
a blood eosinophil count <300 cells·μL−1.

Dupilumab has also demonstrated efficacy 
in reducing mOCS use in asthma. The LIBERTY 
ASTHMA VENTURE trial [81] showed an overall 
median prednisolone dose reduction of 50% 
versus placebo and 69% reduced their dose below 
5 mg·day−1, compared with 33% of the placebo 
group. This trial suffered from a very marked 
placebo response, but did nonetheless show 
excellent corticosteroid-sparing efficacy. There was 
a significant reduction in corticosteroid dose in both 

https://ClinicalTrials.gov
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low (<300 cells·μL−1) and high (≥300 cells·μL−1) 
blood eosinophil groups, although the greatest 
benefit was again seen in those subjects with higher 
baseline blood eosinophil counts.

FEV1 and patient-reported 
outcome measures

In LIBERTY QUEST [80], dupilumab treatment 
resulted in an overall improvement of 130–140 mL 
in pre-bronchodilator FEV1 versus placebo at 
12 weeks; however, much of this result was driven 
by the T2 high groups. For example, in those with 
baseline FENO ≥50 ppb there was a 300–390 mL 
improvement versus placebo, compared to 120–
190 mL in the FENO ≥25 ppb to <50 ppb group, and 
only 30–50 mL in the FENO <25 ppb group. Although 
there was an initial rise in FEV1 in the placebo group 
(presumably due to improved ICS/LABA adherence), 
there was then a decline over time of ∼40 mL per 
year, which did not occur in the treatment group. 
AQLQ and ACQ both improved, more so in the high 
blood eosinophil subgroup, but still less than the 
MCID when compared with placebo.

Predictors of response

As outlined above, the biggest reductions in 
exacerbation rate and improvements in FEV1 
were seen in those with blood eosinophils 
≥300 cells·μL−1 or FENO ≥25 ppb. A post-hoc analysis 
of QUEST stratified patients according to baseline 
exacerbation rate and the biggest improvements in 
exacerbation rate, FEV1 and ACQ were in those with 
more exacerbations at baseline [82]. Improvements 
were seen irrespective of whether participants were 
on medium-dose or high-dose ICS at baseline [83].

Real-world and long-term data

To date, there are no substantial real-world data on 
the use of dupilumab in asthma. The publication 
of an extension trial to 96 weeks (“LIBERTY 
ASTHMA TRAVERSE”, ClinicalTrials.gov identifier: 
NCT02134028) is awaited.

Comorbidities

Atopic dermatitis

Atopic dermatitis can have a significant negative 
impact on quality of life, both due to the symptoms 
themselves and the impact the disease has on 
appearance. For patients with moderate-to-severe 
atopic dermatitis, dupilumab treatment results in 
a reduction in objective signs of the disease as 
well as subjective symptoms, quality of life scores 
and depression and anxiety scores compared with 
placebo [78]. Considering this, for severe asthma 
patients with significant coexisting atopic dermatitis 
we would choose dupilumab as first-line therapy 
over other biologics.

CRwNP

Two large phase 3 RCTs have assessed the 
effectiveness of dupilumab as an add-on therapy 
to nasal corticosteroids in CRwNP. These reported 
objective improvements in nasal polyp size, 
as well as statistically and clinically significant 
improvements in quality of life. These improvements 
were greatest in the subgroup with coexistent 
asthma [84] and were larger than the improvements 
seen with omalizumab [31] and mepolizumab [48]; 
however, an indirect comparison is limited by 
differing inclusion criteria and severity of the nasal 
polyposis at baseline. In addition, the omalizumab 
studies, POLYP 1 and 2 trials, were 24 weeks, rather 
than 52 weeks in duration. Dupilumab is currently 
licensed in some countries for CRwNP that has 
failed either surgery or OCS.

Practicalities

Dupilumab has a somewhat broader indication than 
the anti-IL-5 biologics, as its European licence only 
requires evidence of T2-high inflammation (raised 
blood eosinophils and/or raised FENO) [85]. In the 
USA, it is also licensed for use in OCS-dependent 
asthma regardless of baseline blood eosinophils. 
Dupilumab is given 2-weekly by subcutaneous 
injection at a fixed dose and is available as a pre-
filled auto-inject syringe.

The most common side-effects in clinical 
trials were injection site reactions (16.8%). This 
is the highest rate amongst biologic therapies. 
Akin to the theoretical concern about eosinophil 
depletion with benralizumab has been a concern 
regarding hypereosinophilia with dupilumab. A rise 
in peripheral blood eosinophils ≥3000 cells·μL−1 
was observed in 4% of those treated in LIBERTY 
ASTHMA QUEST. This was associated with clinical 
symptoms in four patients (out of 1264 in the 
combined treatment arms). The average blood 
eosinophil count returned to baseline by 24 weeks 
of therapy. Although this is a relatively new therapy 
in severe asthma, there are longer-term safety data 
available following its use in the treatment of atopic 
dermatitis. In patients with atopic dermatitis treated 
with dupilumab, a high incidence of conjunctivitis 
has been reported [86].

Tezepelumab

Tezepelumab is a mAb targeting the epithelial 
alarmin TSLP. TSLP is released by epithelial cells in 
response to pro-inflammatory stimuli and is related 
to both T2 cytokine expression and disease severity 
in asthma [87, 88]. It sits higher up the inflammatory 
cascade than IL-5, IL-4 and IL-13, and as such, 
TSLP blockade has the theoretical potential for 
broader effects than the mAbs discussed thus far. A 
mechanistic placebo-controlled study of tezepelumab, 
“CASCADE”, recruited patients on moderate or high 
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dose ICS plus another controller and conducted 
bronchoscopies at baseline and end of treatment, 
along with measures of bronchial hyperresponsiveness 
and airway remodelling. Tezepelumab treatment 
resulted in a reduction in submucosal eosinophils 
irrespective of baseline blood eosinophils and a 
decrease in airway hyperresponsiveness; however, 
there was no effect on other inflammatory cells in 
the submucosa or significant improvements in the 
airway remodelling outcomes [89].

Primary outcomes

The phase 3 trial for tezepelumab, “NAVIGATOR”, 
has recently been published [90]. Inclusion criteria 
included two or more severe exacerbations in the 
past 12 months and at least moderate dose ICS 
plus an additional controller medication. There 
was no requirement for raised blood eosinophils; 
however, the trial population was monitored to 
recruit approximately 50% with blood eosinophils 
of ≥300 cells·μL−1 and 40% with ≥3 exacerbations 
in the previous 12 months. Pre-planned subgroup 
analyses were carried out according to blood 
eosinophils and FENO. Overall, treatment with 
tezepelumab led to a reduction in exacerbation 
rate of 56% versus placebo (rate ratio (RR) 0.44). 
Unsurprisingly, the greatest reductions were seen 
in those with the strongest T2 signal (higher blood 
eosinophils and higher FENO). Those with blood 
eosinophils of <150 cells·μL−1 still had a substantial 
benefit (RR of 0.47) if they had a FENO ≥25 ppb. The 
only biomarker subgroup with no efficacy was 
the dual biomarker low group (blood eosinophils 
<150 cells·μL−1 and low FENO <25 ppb). A recent post-
hoc analysis of the phase 2 trial PATHWAY confirmed 
response was unrelated to atopic status [91].

The SOURCE trial enrolled patients with OCS-
dependent asthma and randomised them to 
tezepelumab or placebo [92]. The results have yet 
to be formally published; however, the investigators 
have announced the trial did not meet the primary 
endpoint of reducing daily OCS whilst maintaining 
asthma control [93].

Secondary outcomes

There were statistically significant improvements 
in FEV1, ACQ and AQLQ with tezepelumab 
treatment, which were seen as early as week 2; 
however, these results were mainly driven by those 
with blood eosinophils of ≥300 cells·μL−1. In this 
subgroup, there were significant improvements 
compared with placebo, meeting the MCIDs for 
FEV1 (+230 mL), ACQ6 (−0.5) and AQLQ (+0.5). 
There are no extension, long-term, or real-world 
data yet available for tezepelumab.

Practicalities

Tezepelumab is not yet licensed for use; however, 
in the clinical trials it was given at a set dose of 

210 mg, 2-weekly by subcutaneous injection. There 
have been no significant safety issues to date, with 
only a small increase in injection site reactions 
compared with placebo; however, there are no 
published data beyond 52 weeks. An extension 
trial, “DESTINATION”, is in progress (ClinicalTrials.
gov identifier: NCT03706079).

Additional considerations

Pregnancy and breastfeeding

mAbs, such as asthma biologics, are known to 
cross the placenta, increasing proportionally as the 
pregnancy progresses, so it is hypothesised that 
the greatest risk would be in the second and third 
trimester [94]. At present there are only limited data 
to help physicians and women to make an informed 
choice around whether to start or continue biologic 
therapy if they are planning to, or become, pregnant. 
The only substantive human data published 
concern omalizumab. Data from a registry of 191 
pregnant women taking omalizumab (“EXPECT”) 
were published in 2019, and more recently these 
data have been compared with a diseased matched 
cohort, which did not suggest any increased risk of 
spontaneous abortion or fetal death [95]. Although 
registries are in place for the other asthma biologics, 
no data from these have yet been published.

It should be noted that pregnant women with 
severe asthma have an increased risk of adverse 
perinatal outcomes, including an increased risk of 
prematurity and decreased fetal growth [96], and 
OCS are also known to increase the risk of pre-
eclampsia. The known risk of poorly controlled 
asthma must therefore be weighed against the 
relatively unknown risk of biologic therapy.

Adrenal insufficiency

Effective mOCS reduction and withdrawal reveals 
underlying adrenal insufficiency in patients treated 
with anti-IL-5 mAbs in around 75% of cases [97]. It 
is, therefore, important to monitor early-morning 
cortisol as OCS is weaned towards physiological 
levels. Patients who are suspected to have adrenal 
axis suppression that does not normalise on slowly 
weaning the OCS dose should be referred for a 
more formal review and short synacthen test by 
endocrinology services.

Choosing a biologic in severe 
eosinophilic asthma

Which biologic first?

The availability of biologic therapies, whether 
l imited by  heal th   insurance,  prescr ib ing 
guidelines or other factors, will be the first factor 
dictating choice. With that consideration, for the 

https://ClinicalTrials.gov
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patient on mOCS we would limit the choice to 
those with proven steroid-sparing efficacy in 
controlled trials: mepolizumab, benralizumab 
or dupilumab. If there remains more than one 
option, we then discuss with the patient their 
priorities for treatment and consider existing 
characteristics that predict response. Do they 
have a comorbidity, such as CRwNP or atopic 
dermatitis, that is impairing their quality of life? 
Would frequent dosing be difficult for them? 
Similar considerations are warranted for patients 
not on mOCS, but in this context omalizumab 
is also a consideration, particularly in younger 
patients with child-onset disease and those with 
clinically significant and treatment-resistant 
allergic comorbidities.

A summary of information to inform this two-
step process is given in tables 1 and 2. Good 
practice is to review patients throughout the 
first 6 months of treatment and to make a more 
formal assessment of response at 6 months, to 
ensure a switch to an alternate biologic is not 
inappropriately delayed.

Self-evaluation questions

1.	 Which of the biologics have proven steroid-sparing efficacy in asthma?
2.	 Baseline FENO is a useful predictor of response to which biologic 

therapies?
3.	 Which biologic is given intravenously?
4.	 Which biologic has the most infrequent dosing?
5.	 Match the drugs to the correct target:

Drug Target

Benralizumab

Tezepelumab IgE

Omalizumab IL-5

Reslizumab IL-5R-α

Dupilumab IL-4/13R

Mepolizumab TSLP

Table 2  Summary of clinical trial outcomes and practical considerations

Omalizumab Mepolizumab Reslizumab Benralizumab Dupilumab Tezepelumab¶

Biomarkers associated with reduction in exacerbation rate

Blood eosinophils, cells·μL−1 ≥260# ≥300 ≥400 ≥300 ≥300 ≥150

FENO, ppb ≥19.5 Not 
associated

Not 
associated

Not  
associated

≥25 ≥25

Outcomes

Exacerbation rate reduction+ 25%§ ∼50% ∼40% ∼50% ∼70% ∼70%

mOCS reduction ++ ++ ++

Quality of life improvement + + + + + ++

FEV1 improvementƒ +/− + +/− + ++ ++

Treatment of comorbidities

CRwNP## ++ ++ + ++¶¶

Atopic dermatitis ++

Chronic urticaria +

EGPA ++ + +

Practical considerations

Frequency 2–4 weekly 4 weekly 4 weekly 8 weekly 2 weekly 4 weekly

Route s.c. variable 
dose++

s.c. fixed  
dose

i.v. s.c. fixed  
dose

s.c. fixed 
dose

s.c. fixed  
dose

Where possible, information in this table relates to phase 3 trial populations with blood eosinophils ≥300 cells·μL−1 and using current 
licensed doses. Quality of life relates to AQLQ only. #: see Hanania et al. [25]. ¶: the data presented relate to the subgroup with blood 
eosinophils ≥300 cells·μL−1; this population had ≥3 exacerbations in the previous 12 months, which is higher than the other phase 
3 studies. +: exacerbation rate is difficult to compare across biologics due to differing study populations (e.g. moderate-to-severe 
asthma), different inclusion criteria (e.g. eosinophil count threshold) and size of placebo responses. §: see Normansell et al. [11].  
ƒ: FEV1 improvement: +/− indicates unclear or inconsistent results; + indicates improvement of ∼100 mL to <200 mL; ++ indicates 
improvement of ≥200 mL. ##: for CRwNP: + indicates significant improvement in SNOT-22 score or severity of disease; ++ indicates 
improvement in both. ¶¶: improvement with dupilumab larger magnitude than with mepolizumab/omalizumab. ++: this may result 
in more than one injection to achieve the correct dose.
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Key points

	● Biologic therapies target type 2 inflammatory pathways that are central to 
exacerbation pathogenesis in asthma.

	● Elevated blood eosinophil counts ± FENO are associated with greater clinical 
efficacy with all the asthma biologics.

	● All biologic therapies have been shown to reduce exacerbation frequency 
in controlled trials.

	● Mepolizumab, benralizumab and dupilumab are the only biologics  to 
achieve significant reductions in daily OCS use in large controlled trials.

	● Specific allergic and eosinophilic comorbidities, as well as patient 
preference and practicalities of drug delivery, will influence biologic choice.

What if first-line therapy fails?

Some patients continue to exacerbate or are 
unable to wean mOCS despite treatment with 
a biologic therapy. The MEX trial investigated 
exacerbations whilst on mepolizumab treatment 
and found approximately half of the exacerbations 
were associated with eosinophilic sputum [98]. 
The phase 2b dosing study of mepolizumab, 
DREAM, demonstrated that there was a dose 
related reduction in sputum eosinophils, with 
no statistically significant difference in sputum 
eosinophil count in the lowest dose mepolizumab 
arm compared with placebo [99]. This was not 
associated with worse clinical outcomes; however, 
it is recognised that the sputum eosinophil count 
is associated with exacerbation risk, and this raises 
the question as to whether some patients might 
benefit from more potent suppression of airway 
eosinophilia than the licensed 100 mg dose of 
mepolizumab. In this case, a switch to either 
reslizumab or benralizumab, which offers greater 
suppression of eosinophilia, may give a superior 
response [100, 101].

Decreased adherence to ICS can also play a 
role in a suboptimal response to biologic therapy. 
In a real-world analysis of 91 mOCS-dependent 
severe asthma patients treated with mepolizumab 
those who had poor adherence to ICS experienced 
significantly more exacerbations and less reduction 
in prednisolone dose than those with good 
adherence [102], although this was not the case 
with benralizumab [103], potentially due to its more 
complete eosinophil depletion.

The other half of exacerbations in the MEX 
trial (mepolizumab) were non-eosinophilic and 
likely to be infection related, i.e. they were likely 
to have neutrophilic sputum, a raised C-reactive 

protein and be treated with antibiotics. In these 
instances, appropriate antibiotic therapy followed 
by consideration of a maintenance antibiotic (if 
the infections are frequent), such as azithromycin, 
is likely to be of more benefit than a switch in 
biologic.

In the phase 3 studies of benralizumab, 
∼10% of subjects developed serum neutralising 
anti-drug antibodies during treatment with 
benralizumab [59, 60]. The authors reported that 
they could not detect any change in efficacy in 
this subgroup. There is no commercially available 
assay for detecting benralizumab; however, a 
detectable blood eosinophil count can be used as 
a surrogate marker. In a real-world analysis of 130 
patients treated with benralizumab, 18 patients 
had a suboptimal response and of these five had 
detectable eosinophils, suggesting that neutralising 
anti-drug antibodies could be a mechanism of drug 
failure in a minority of patients [66].

Conclusion

The care of patients with severe asthma has been 
transformed over recent years, with six biologic 
therapies reporting positive results in phase 
3 trials. As the number of available treatment 
options expands, decision making has become 
ever more complex. Without the benefit of head-
to-head trials, knowing which biologic to initiate 
first in a patient eligible for multiple options 
can be daunting. However, it is important to 
recognise that based on currently available data, 
for most patients with severe eosinophilic asthma 
the majority of these therapies are likely to be 
effective.
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