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Abstract
Five biologicals have been approved for severe eosinophilic asthma, a well-recognized 
phenotype. Systematic reviews (SR) evaluated the efficacy and safety of benralizumab, 
dupilumab, mepolizumab, omalizumab and reslizumab (alphabetical order) compared 
to standard of care for severe eosinophilic asthma. PubMed, Embase and Cochrane 
Library were searched to identify RCTs and health economic evaluations, published in 
English. Critical and important asthma-related outcomes were evaluated for each of 
the biologicals. The risk of bias and the certainty of the evidence were assessed using 
GRADE. 19 RCTs (three RCTs for benralizumab, three RCTs for dupilumab, three RCTs 
for mepolizumab, five RCTs for omalizumab and five RCTs for reslizumab), including 
subjects 12 to 75 years old (except for omalizumab including also subjects 6-11 years 
old), ranging from 12 to 56 weeks were evaluated. All biologicals reduce exacerbation 
rates with high certainty of evidence: benralizumab incidence rate ratio (IRR) 0.53 
(95% CI 0.39 to 0.72), dupilumab (IRR) 0.43 (95% CI 0.32 to 0.59), mepolizumab IRR 
0.49 (95% CI 0.38 to 0.66), omalizumab (IRR) 0.56 (95% CI 0.40 to 0.77) and reslizumab 
(IRR) 0.46 (95% CI 0.37 to 0.58). Benralizumab, dupilumab and mepolizumab reduce 
the daily dose of oral corticosteroids (OCS) with high certainty of evidence. All evalu-
ated biologicals probably improve asthma control, QoL and FEV1, without reaching 
the minimal important difference (moderate certainty). Benralizumab, mepolizumab 
and reslizumab slightly increase drug-related adverse events (AE) and drug-related 
serious AE (low to very low certainty of evidence). The incremental cost-effective-
ness ratio per quality-adjusted life year value is above the willingness to pay thresh-
old for all biologicals (moderate certainty). Potential savings are driven by decrease 
in hospitalizations, emergency and primary care visits. There is high certainty that all 
approved biologicals reduce the rate of severe asthma exacerbations and for benrali-
zumab, dupilumab and mepolizumab for reducing OCS. There is moderate certainty 
for improving asthma control, QoL, FEV1. More data on long-term safety are needed 
together with more efficacy data in the paediatric population.

mailto:ibrumaru@unitbv.ro
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1  | INTRODUC TION

There are still a significant proportion of patients with severe 
asthma having uncontrolled or partially controlled asthma despite 
correct management. These patients represent a special challenge 
related to extensive diagnostic evaluation and high consumption 
of healthcare resources.1-4 Severe asthma is defined as inadequate 
control of asthma under high-intensity treatment with inhaled 
corticosteroids (ICS) and additional controllers (including oral cor-
ticosteroid [OCS]) for at least six months per year, or by loss of 
asthma control on the attempt to reduce the high-intensity treat-
ment.5 Before any further treatments are evaluated, differential 
diagnoses of asthma should be ruled out, comorbidities should be 
treated, persistent triggers should be eliminated, and patient ad-
herence should be optimized.2,5,6 Considering the availability of 
specific targeted therapies for type 2 (T2) asthma, the manage-
ment approach to severe asthma currently includes a phenotyp-
ing step for the identification of allergic, eosinophilic and non-T2 
phenotypes.7,8

Eosinophils are prominent pathogenic cells involved in asthma. 
Increased blood or sputum eosinophils were related to frequent 
asthma exacerbations and disease severity and are used to guide 
treatment decisions.9-11 Most human diseases accompanied by el-
evated blood eosinophils are associated with increased interleukin 
(IL)-5 production. Although IL-5 plays a central role in eosinophil 
biology, it is neither necessary nor sufficient for fully inducing an 
eosinophil-mediated disease. In humans, IL-5 is often co-expressed 
with other T2 cytokines including IL-4 and IL-13 and associated in 
atopic individuals with increased immunoglobulin (Ig)-E produc-
tion.12-16 This overlap between the key pathogenetic pathways (IL-
5–, IL-4/IL-13– and IgE-driven eosinophilic inflammation) toughens 
the choice of a biological for the eosinophilic asthma phenotype. 
Therefore, future novel approaches to better identify predominant 
pathways at the molecular level (endotypes) are demanded.

In the last decades, new add-on therapies for severe asthma 
have been developed and may be applied depending on asthma 
phenotype and endotype.7,8,13 Anti–IL-5 monoclonal antibodies 
(mepolizumab and reslizumab) are approved for severe asthma 
and peripheral eosinophilia.17-20 Benralizumab, a monoclonal an-
tibody that binds to the α subunit of IL-5 receptor (IL-5Rα), was 
also recently approved for eosinophilic asthma.21,22 Dupilumab, 
a monoclonal antibody directed against the α subunit of the IL-4 
receptor (IL-4Rα) acting as a dual inhibitor of both IL-4– and IL-13–
mediated signalling pathways, was approved for T2 asthma.23,24 
Omalizumab, a humanized monoclonal anti-IgE antibody, was 
the first biological approved for IgE-mediated persistent allergic 
asthma.25,26

The European Academy of Allergy and Clinical Immunology 
(EAACI) is developing clinical practice guidelines for the use of bi-
ologicals in patients with severe asthma. Three interlinked system-
atic reviews (SR) were performed to inform the formulation of key 
clinical recommendations. The current SR is focusing on eosinophilic 
asthma assessing the current evidence regarding efficacy, safety and 
economic impact of the biologicals with current regulatory approval 
for patients with uncontrolled severe asthma (ie benralizumab, dup-
ilumab, omalizumab, mepolizumab and reslizumab, in alphabetical 
order).

2  | METHODS

2.1 | Guideline Development Group

The EAACI Asthma Voting Panel and Guidelines Steering 
Committee includes clinicians and researchers with different 
backgrounds (the complete list of experts is available from the 
EAACI website) who voluntarily participate in the development 
of EAACI clinical practice guidelines for the use of biologicals in 
severe asthma. They are referred to as the guideline development 
group (GDG).

2.2 | Structured question and outcomes prioritization

The GDG framed the clinical question as follows: “Is the treat-
ment with biologicals (ie benralizumab, dupilumab, mepolizumab, 
omalizumab and reslizumab) efficacious and safe for patients with 
uncontrolled severe eosinophilic asthma?” For the purpose of this 
SR, the population of interest was defined as subjects with any 
of the following: a sputum eosinophil count of ≥1% or an asthma-
related peripheral blood eosinophil count of ≥150  cells/μL, or a 
fractional exhaled nitric oxide (FeNO) of ≥20 ppb.27 The outcomes 
were prioritized by the GDG using a 1 to 9 scale (7 to 9 critical; 
4 to 6 important; 1 to 3 of limited importance), as suggested by 
the GRADE approach. The critical outcomes were exacerbations, 
asthma control, QoL and safety and the important outcomes in-
cluded lung function (forced expiratory volume in one second—
FEV1), OCS and ICS use and rescue medication use (Table S1). 
Safety was assessed evaluating the rate of drug-related adverse 
events (AE) or drug-related serious AEs.

The GDG also framed a cost-effectiveness question to assess the 
economic impact of these biologicals versus standard of care for pa-
tients with uncontrolled severe eosinophilic asthma. The outcomes 
of interest were costs and resource use, as well as the incremental 
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cost-effectiveness ratios (ICERs) per both quality-adjusted life years 
(QALY) and per asthma-specific outcomes.

2.3 | Data sources and search methodology

MEDLINE (via PubMed, January 2019), Embase (via Ovid, January 
2019) and CENTRAL (via The Cochrane Library, January 2019) da-
tabases were searched using predefined algorithms for individual 
studies for evidence of effects and economic evaluations, includ-
ing systematic reviews as source of individual studies. Search terms 
were adapted to each database, and validated filters were used to 
retrieve appropriate designs (table S2). Members of the GDG were 
requested to provide additional studies for evaluation.

2.4 | Study selection

Randomized controlled trials (RCTs) of patients with uncontrolled 
severe eosinophilic asthma that compared benralizumab, dupilumab, 
mepolizumab, omalizumab or reslizumab versus standard of care were 
included in the SR. Separate searches for each of the five biologicals 
evaluated were performed. The SR excluded studies in which the 
dose or the route of the biological was not approved by the European 
Medical Agency (EMA) or by Unites States Food and Drug administra-
tion (FDA). Abstracts or conference communications not published as 
full articles in peer-reviewed journals were also excluded. Only studies 
published in English were considered. Two reviewers independently 
assessed the references based on title and abstract. Then, two review-
ers independently assessed the eligibility of the studies according to 
inclusion criteria. Discrepancies were solved either by consensus or 
with the help of a third reviewer. All citations retrieved were imported 
into the bibliographic reference software (EndNote X5; Thomson 
Reuters) to discard duplicates and record screening decisions.

2.5 | Data extraction and risk of bias assessment

Details of the study design, patient population, setting, follow-up 
and results were extracted by one reviewer and confirmed by a sec-
ond reviewer. If needed, requested additional data from the authors 
of the included studies were requested. The risk of bias (ROB) was 
assessed using the Cochrane risk of bias assessment tool.28 The ROB 
was judged as low, high or unclear risk for each domain: random se-
quence generation, allocation concealment, blinding of participants 
and personnel, blinding of outcome assessment, incomplete out-
come data and selective reporting.

For the health economics analysis, two reviewers extracted the 
main characteristics of included studies (eg type of economic evalu-
ation, perspective, time horizon, discounting, sources of information, 
model type), relevant outcomes and costs (eg ICERs, sensitivity anal-
yses results), sources of funding and conflict of interest. Two review-
ers assessed the methodological limitations using the consensus 

on health economics criteria (CHEC) checklist.29 Transferability to 
the European context was assessed using the European Network of 
Health Economic Evaluation Databases (EURONHEED) checklist.30,31

2.6 | Data synthesis and analysis

The main results of the SR are described narratively and tabulated as 
summary of findings. For dichotomous variables, data were pooled as 
incidence rate ratio (IRR) and risk ratios (RR). For continuous data, mean 
differences (MD), with 95% confidence intervals, were used. Change in 
the observed asthma-related outcomes was assessed between biologi-
cals and placebo from baseline to the end of the treatment. A random-
effects model was used to pool data (Review Manager V5.3). Where 
multiple arms were compared to a common placebo arm, standard er-
rors were adjusted to avoid the unit of analysis error.32

Statistical heterogeneity between studies was assessed using the 
Cochrane chi-square test and the magnitude of heterogeneity with 
the I2 statistic. To account for clinical heterogeneity, the analyses were 
stratified whenever possible by different doses of the biological, age, 
relevant biomarkers (blood eosinophils, FeNO) and ROB. Additionally, 
post hoc subgroup analysis by baseline use of OCS was performed. To 
estimate the absolute effects for each comparison, the median esti-
mate reported in the control arms was used as baseline risk. For the 
economic evidence, results are summarized narratively and tabulated, 
including the ICERs and the degree of uncertainty.

2.7 | Certainty of evidence

The certainty (quality) of the evidence of efficacy, safety and eco-
nomic impact for each outcome was rated as high, moderate, low 
or very low considering the standard GRADE domains: ROB, im-
precision, inconsistency, indirectness and publication bias.33,34 For 
the evaluation of imprecision for each asthma-related outcome 
evaluated, where available, the minimal important difference (MID) 
thresholds were considered.35-38 For FEV1, a MID of 0.20 L was con-
sidered as recommended by consensus by the GDG.

3  | RESULTS

3.1 | Search results

The eligibility process is summarized in a PRISMA flow chart 
(Figure 1). A total of 3441 unique citations were retrieved from da-
tabase searches, and 145 were appraised as full text. 135 publica-
tions were excluded due to differences in population, outcomes of 
interest, design or regulatory unapproved dose and/or route (Table 
S3). Twenty-eight publications from 19 RCTs were evaluated. These 
included three RCTs for benralizumab39-41; three for dupilumab42-44; 
three for mepolizumab45-47; five for omalizumab48-51; and five for 
reslizumab.52-55
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3.2 | Characteristic of included studies

The characteristics of studies evaluated for evidence of efficacy 
and safety are detailed in Table 1. All studies randomized to either 
an intervention arm or a standard of care/placebo arm. All were 
RCTs, conducted during the previous eight years (2011-2019). The 
follow-up under study medication ranged from 12 to 56 weeks. All 
studies included subjects aged 12-75 years old, and studies of omal-
izumab also included children from 6 years old. The characteristics 
of the health economics studies included are available in Table 2.

3.3 | Evidence of efficacy and safety

Tables 3-7 present the summary of the results and certainty of evi-
dence for asthma-related outcomes evaluated. The meta-analysis 
plots can be found in the supplementary file.

3.3.1 | Severe asthma exacerbation rate

The annualized exacerbation rates were reported in three benrali-
zumab trials,39-41 three dupilumab trials,42-44 three mepolizumab tri-
als,45-47 three omalizumab trials48,50,51 and five reslizumab trials.52-55 
All biologicals reduced asthma exacerbations rate compared to 
standard of care with high certainty of evidence: benralizumab IRR 
0.53; 95% CI 0.39 to 0.72; dupilumab IRR 0.44; 95% CI 0.32 to 0.59; 

mepolizumab IRR 0.49 95% CI 0.38 to 0.66; omalizumab IRR 0.56; 
95% CI 0.40 to 0.77; and reslizumab IRR 0.46; 95% CI 0.37 to 0.58.

A separate analysis of the studies41,44,46 designed to assess as 
primary outcome the OCS sparing effect of the biological compared 
to standard of care was performed. All three studies significantly 
reduced the rate of exacerbations in the OCS sparing protocol with 
high certainty of evidence: benralizumab IRR 0.30; 95% CI 0.17 to 
0.53; dupilumab IRR 0.42; 95%CI 0.25 to 0.69; and mepolizumab IRR 
0.68; 95%CI 0.47 to 0.98.

3.3.2 | Asthma control

The change in asthma control following biologicals addition was evalu-
ated using Asthma Control Questionnaires (ACQ) scores and the Total 
Asthma Symptoms Scores (TASS). Dupilumab, omalizumab and me-
polizumab probably improve asthma control with moderate certainty 
of evidence: dupilumab (ACQ-5) MD −0.48; 95% −0.88 to −0.09 42-44; 
omalizumab (TASS) MD −0.16; 95% −0.51 to 0.19 48-51 and mepolizumab 
(ACQ-5) MD −0.43; 95% CI −0.56 to −0.31.45-47 Nevertheless, none of 
the biologicals showed an improvement above the MID threshold of 0.5.

3.3.3 | Quality of life

QoL was reported in three benralizumab trials39-41; two dupilumab 
trials42,43; three mepolizumab trials45-47; one omalizumab trial48 

F I G U R E  1   Study flow chart for the 
selecting evidence for efficacy and safety 
of the biologicals in severe eosinophilic 
asthma
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TA B L E  3   Summary of findings for Benralizumab compared to standard of care for eosinophilic asthma

Outcomes

No. of 
participants
(studies)
Follow-up (range)

Certainty of the 
evidence
(GRADE)

Relative effect
(95% CI)

Anticipated absolute effects

Risk with standard 
of care

Risk difference with 
benralizumab

Exacerbations
Assessed with annualized asthma 

exacerbation rate

1373
(3 RCTs)39-41

28 to 56 weeks

⨁⨁⨁⨁
HIGH3,a,b

Incidence rate 
ratio 0.53

(0.39 to 0.72)c,d

1500 exacerbations 
per 1000 patients 
per year

705 fewer 
exacerbations per 
1.000 patients per 
year

(915 fewer to 420 
fewer)

Asthma Control
Assessed with ACQ-6 score 

between-group difference at the 
end of the study

1373
(3 RCTs)39-41

28 to 56 weeks

⨁⨁⨁⨁
HIGH3,4,b,e,f

—   mean 
difference—0.26

(−0.46 to − 0.07 
fewer)c,g

Quality of life
Assessed with Asthma Quality of 

Life Questionnaire for 12 years 
and older

1333
(3 RCTs)39-41

28 to 52 weeks

⨁⨁⨁⨁
HIGH3,6,b,j,k

—   mean 
difference + 0.23 

(+0.11 to + 0.36)c

Any drug-related adverse event 
(AE)

Assessed with number of events

478
(1 RCT)40

56 wk

⨁⨁⨁◯
MODERATE3,b,l

Risk ratio 1.41
(0.87 to 2.27)

105 per 1.000 43 more per 1.000
(14 fewer to 133 

more)

Any serious adverse event (SAE) 
unrelated to asthma exacerbation

Assessed with number of events

148
(1 RCT)41

28 wk

⨁⨁◯◯
LOW3,b,l

Risk ratio 0.56
(0.22 to 1.44)

147 per 1.000 65 fewer per 1.000
(114 fewer to 65 

more)

Decrease in OCS use
Assessed with reduction in daily 

OCS dose of ≥50%

148
(1 RCT)41

28 wk

⨁⨁⨁⨁
HIGH3,b

Risk ratio 1.76
(1.26 to 2.47)

373 per 1.000 284 more per 1.000
(97 more to 549 

more)

Lung function
Assessed with prebronchodilator 

FEV1 (mL) between-group 
difference at the end of the study

1370
(3 RCTs)39-41

28 to 56 wk

⨁⨁⨁◯
MODERATE3-

5,b,h,i

—   mean 
difference + 140 mL

(+90 to + 190)c

Rescue medication use
Assessed with puffs/day

0 studies — Not estimable    

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect 
of the intervention (and its 95% CI).

GRADE Working Group grades of evidence
High certainty: High confidence that the true effect lies close to that of the estimate of the effect
Moderate certainty: Moderate confidence in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a 

possibility that it is substantially different
Low certainty: Limited confidence in the effect estimate: The true effect may be substantially different from the estimate of the effect
Very low certainty: Little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

Explanations
a. Statistically significant (I2 = 65%) but probably unimportant heterogeneity.
b. All included studies were funded by industry, and all showed positive results. No industry-independent observational or randomized studies were 
identified to contrast results. Therefore, the quality of the evidence was downgraded for potential publication bias.70

c. The pooled data were assessed at 28 wk 41 and at 48-52 wk.71 Goldman 2017 included patients aged 12-17 y old.
d. In the current systematic review, 2 studies reporting the effect on exacerbation leading to emergency room visits or hospitalizations were also 
included. The pooled risk ratio was 0.24 (95% CI 0.03-1.72; see full-text report).
e. Statistically significant (I2 = 61%) but probably unimportant heterogeneity.
f. The minimal important difference (MID) for ACQ-6 is 0.5 points.35

g. In the current systematic review 3, studies reporting the effect on total asthma control score change were also included. The pooled mean 
difference was −0.19 (95CI% −0.31 to −0.08), see full-text report.
h. Quality of the evidence was downgraded because FEV1 is considered a surrogate outcome for asthma control, with a variable correlation with 
asthma symptoms.72

i. The panel agreed that minimal important difference for FEV1 is 0.20 L.
j. Statistically significant (I2 = 55%) but probably unimportant heterogeneity.
k. For AQLQ(S)+12 the MID is 0.5.37

l. The effect may both be harmful or beneficial. Small sample size and number of events.
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TA B L E  4   Summary of findings of Dupilumab compared to standard of care for eosinophilic asthma

Outcomes

No. of participants
(studies)
Follow-up (range)

Certainty of the 
evidence
(GRADE)

Relative effect
(95% CI)

Anticipated absolute effects

Risk with 
standard of care

Risk difference with 
dupilumab

Exacerbations
Assessed with annualized 

asthma exacerbation rate

1712
(3 RCTs)42-44

24 to 52 wk

⨁⨁⨁⨁
HIGH4,a,b

Incidence rate 
ratio 0.44

(0.32 to 0.59)

1570 
exacerbations 
per 1000 
patients per year

894 fewer exacerbations 
per 1000 patients per 
year

(1086 fewer to 655 fewer)c

Asthma control
assessed with: Asthma Control 

Questionnaire −5
Scale from: 1 to 5

507
(1 RCT)42

24 wk

⨁⨁⨁◯
MODERATE4,8,a,b,g

—   mean difference—0.48
(−0.88 lower to −0.09)

Quality of life
Assessed with asthma Quality 

of Life Questionnaire
Scale from: 1 to 7

958
(2 RCTs)43,44

24 to 52 wk

⨁⨁⨁◯
MODERATE4,9,a,b,h

—   mean difference + 0.42 
(+0.25 to +0.59)

Treatment-related adverse 
events (AE)

Assessed with number of events

264
(1 RCT)42

24 wk

⨁⨁⨁◯
MODERATE4,a,b,m

Risk ratio 1.00
(0.88 to 1.13)

794 per 1.000 0 fewer per 1.000
(95 fewer to 103 more)

Treatment-related serious 
adverse events (SAE)

Assessed with number of events

264
(1 RCT)42

24 wk

⨁⨁◯◯
LOW4,a,b,m

Risk ratio 1.46
(0.60 to 3.54)

59 per 1.000 27 more per 1.000
(24 fewer to 149 more)

Decrease in OCS dose
Assessed with percentage 

of reduction compared to 
baseline

150
(1 RCT)42

24 wk

⨁⨁⨁⨁
HIGH4,a,b

—   mean difference—29.4%
(−43.23 to −15.57)

Lung function
Assessed with FEV1 in mL

1030
(3 RCTs)42-44

24 to 52 wk

⨁⨁◯◯
LOW4-7,a,b,d,e,f

—   mean difference + 180 mL
(+110 to +250)

Fraction of exhaled nitric oxide
Assessed with mean % change 

(ppb) from baseline

150
(1 RCT)42

24 wk

⨁⨁◯◯
LOW4,10-12,a,b,i,j

—   mean difference—40.11%
(−78.68 to −1.55)

Rescue medication use
Assessed with puffs/day

143
(1 RCT)42

24 to 52 wk

⨁⨁⨁◯
MODERATE4,7,a,b,k,l

—   mean difference—0.56 
puff/day

(−2.28 to +1.16)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect 
of the intervention (and its 95% CI).

GRADE Working Group grades of evidence
High certainty: High confidence that the true effect lies close to that of the estimate of the effect
Moderate certainty: Moderate confidence in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a 

possibility that it is substantially different
Low certainty: Limited confidence in the effect estimate: The true effect may be substantially different from the estimate of the effect.
Very low certainty: Little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect.

Explanations
a. All included studies had a high risk of selective reporting bias.42-44 However, the evidence quality was not downgraded because most of the 
outcomes of interest for our analysis were reported.
b. All included studies were founded by industry and the same company (Sanofi and Regeneron Pharmaceuticals), and all showed positive results. 
No industry-independent observational or randomized trials were identified to contrast the results. Therefore, the quality of the evidence was 
downgraded for potential publication bias.70

c. Two studies (Rabe 2018, Wenzel 2016) assessed exacerbations at 24 wk and Castro 2018 at 52 wk.
d. The quality of the evidence was downgraded because FEV1 is considered a surrogate outcome of asthma control, with a variable correlation with 
asthma symptoms.72

e. The panel agreed that minimal important difference (MID) for FEV1 is 0.20 L and considered the effect as imprecise.
f. The panel agreed that minimal important difference (MID) for FEV1 is 0.20 L and thus the effect was considered as imprecise.
g. Downgraded because the effect of dupilumab is beneficial but the lower side of the CI is less than the MID(0.5 points).37

h. Downgraded because the effect of dupilumab is beneficial but the lower side of the CI is less than the MID(0.5 points).37

(Continues)
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i. Downgraded because FeNO is not consistently considered a good surrogate of eosinophilic inflammation.73,74

j. From one visit to the next, a change greater than 20% for basal values over 50 ppb or more than 10 ppb for basal values lower than 50 ppb may 
indicate significant response.38

k. Downgraded because the effect may both be beneficial and harmful.
l. The MID for rescue medication use is a reduction by 0.81 puffs/d.35

m. The effect may both be harmful or beneficial. Small number of events.

TA B L E  4   (Continued)

TA B L E  5   Summary of findings of mepolizumab compared to standard of care for eosinophilic asthma

Outcomes

No. of participants
(studies)
Follow-up (range)

Certainty of the 
evidence
(GRADE)

Relative effect
(95% CI)

Anticipated absolute effects

Risk with 
standard of 
care

Risk difference with 
mepolizumab

Exacerbations
Exacerbation rate ratio
Assessed with the annualized rates 

of asthma exacerbations

1071
(3 RCTs)45-47

24 to 32 wk

⨁⨁⨁⨁
HIGH4,5,a,b,c

Incidence rate 
ratio 0.49

(0.38 to 0.66)

1700 
exacerbations 
per 1000 
patients per 
year

870 fewer exacerbations 
per 1000 patients per 
year

(592 fewer to 1079 
fewer)

Exacerbations leading to 
hospitalization

Assessed with the annualized rate 
of asthma exacerbations leading 
to hospitalization

(2 RCTs)45,47

24 to 32 wk
⨁⨁⨁⨁
HIGH4,5

Incidence rate 
ratio 0.30

(0.13 to 0.71)

100 
exacerbations 
per 1000 
patients per 
year

70 fewer exacerbations 
per 1000 patients per 
year

(29 fewer to 87 fewer)

Asthma control
Assessed with: ACQ-5 score 

between-group difference at the 
end of the study

Scale from: 0 to 69,j

912
(3 RCTs)45,47

⨁⨁⨁◯
MODERATE4,5,a,c,i

—   mean difference—0.43
(−0.56 to −0.31)

Quality of life
Assessed with St. George's 

Respiratory Questionnaire 
between-group difference at the 
end of the study

1045
(3 RCTs)45-47

24 to 32 wk10,k

⨁⨁⨁◯
MODERATE4,5,a,c,l

—   mean difference—7.14
(−9.07 to −5.21)

Treatment-related adverse events 
(AE)

Assessed with number of events

1071
(3 RCTs)45-47

⨁⨁⨁⨁
HIGH4,5,c

Risk ratio 1.35
(1.01 to 1.80)

796 per 1.000 279 more per 1.000
(8 more to 637 more)

Treatment-related serious adverse 
events (SAE)

Assessed with number of events

385
(1 RCT)47

⨁◯◯◯
VERY LOW4,5,c,m,n

Risk ratio 0.98
(0.06 to 15.63)

5 per 1.000 0 fewer per 1.000
(−5 fewer to 77 more)

Lung function
assessed with prebronchodilator 

FEV1 (mL) between-group 
difference at the end of the study

1043
(3 RCTs)45-47

24 to 32 wk6,e

⨁⨁⨁◯
MODERATE4,5,7,a,c,f

—   mean 
difference + 110.9 mL

(+58.91 to +162.89)

Lung function
assessed with AM peak expiratory 

flow (PEF)

936
(2 RCTs)77

24 wk66,g

⨁⨁◯◯
LOW4,5,c,h,i

—   mean difference + 22.46
(+13.98 to +30.94)

Rescue medication use
assessed with puffs/day

(1 RCT)45

21 to 24 wkso
⨁⨁⨁⨁
HIGH4,5,c

—   mean difference 
−0.1 puff/d

(−0.35 to +0.15)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect 
of the intervention (and its 95% CI).

GRADE Working Group grades of evidence
High certainty: High confidence that the true effect lies close to that of the estimate of the effect
Moderate certainty: Moderate confidence in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a 

possibility that it is substantially different.
Low certainty: Limited confidence in the effect estimate: The true effect may be substantially different from the estimate of the effect.
Very low certainty: Little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect.

(Continues)
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and three reslizumab trials.53-55 Changes in QoL were evaluated 
using the Asthma Quality of Life Questionnaire (AQLQ) for all 
biologicals, except for mepolizumab that used the St. George's 
Respiratory Questionnaire (SGRQ) score. All the addition of all bio-
logicals improved QoL with moderate to high certainty, although 
below the MID: benralizumab MD  +  0.23 (95% CI 0.11 to 0.36); 
dupilumab MD  +  0.42 (95% CI  +  0.25 to  +  0.59); mepolizumab 
(SGRQ) MD −7.14 (95% CI −9.07 to −5.21); omalizumab MD + 0.13 
(95% CI +0.11 to +0.37); and reslizumab MD + 0.17 (95% CI +0.08 
to +0.25).

3.3.4 | Safety

Drug-related AE were assessed in two trials for benralizumab,40,41 
one trial for dupilumab,42 three mepolizumab trials,45-47 one trial 
for omalizumab 48 and three trials for reslizumab.52,53,55 For me-
polizumab, there is an increased likelihood of drug-related AE (RR 
1.35; 95% CI 1.01 to 1.80; high certainty of evidence). Benralizumab 
and reslizumab probably increases drug-related AE (moderate cer-
tainty of evidence): benralizumab RR 1.41, 95% CI 0.87 to 2.27; 
reslizumab RR 1.18, 95% CI 0.89 to 1.56. For dupilumab and omali-
zumab, the RR is rather small: dupilumab RR of 1.00, 95% CI 0.88 
to 1.13; and omalizumab RR 1.01, 95% CI 0.91 to 1.1.

There is low to very low certainty of evidence that drug-related 
serious AE may increase with the use of dupilumab RR 1.46 (95% 
0.60 to 3.54) and reslizumab RR 4.71 (95% 0.54 to 41.31). For benral-
izumab and mepolizumab, results are inconclusive: benralizumab RR 
0.56 (95% CI 0.22 to 1.44) and mepolizumab RR 0.98 (95% CI 0.06 to 
15.63). Data were not fully reported in all trials; thus, the certainty of 
evidence was downgraded due to the low number of events.

3.3.5 | Reduction in oral corticosteroids use

Benralizumab, dupilumab and mepolizumab showed with high certainty 
of evidence, a reduction in daily OCS: benralizumab >50% (RR 1.76, 
95%CI 1.26 to 2.47); dupilumab 29.4% (95% CI 43.2 lower to 15.57 
lower); and mepolizumab >50% (RR 1.61; 95%CI 1.07-2.41).41,44,46 
Mepolizumab showed a reduction in OCS to 5mg/day or less (crude 
RR 1.71; 95%CI 1.11 to 2.55, P = .01) and a reduction of 100% in daily 
OCS (crude RR 1.91; 95% CI 0.69 to 5.30, P = .2) compared to placebo.

3.3.6 | Reduction of rescue medication use

This end point was assessed only for mepolizumab and showed no 
clinically significant reduction in the daily use of rescue medication 
after 24 weeks (MD—0.1 puffs/day; CI 95% −0.35 to 0.15).45

3.3.7 | Lung function - FEV1

The change from baseline of FEV1 was assessed for benrali-
zumab,39-41 mepolizumab,45-47 omalizumab 48 and reslizumab.52-55 
Compared to standard of care, there was an increase in FEV1, but 
below the MID agreed by the GDG (moderate certainty of evi-
dence): benralizumab MD + 140mL (95% CI +90 to +190); mepoli-
zumab MD  +  110.9  mL (95% CI +58.91 to +162.89), reslizumab 
MD  +  141.82  mL (95% CI +89.23 to +194.41); and omalizumab 
mean percentage change  +  3.7% (95% CI 2.1% to 9.5%). There is 
low certainty of evidence that for patients with baseline eosinophils 
≥300 cells/μL dupilumab may increase FEV1 compared to standard 
of care [MD + 180 mL (95% CI 110 to 250)].

Explanations
a. Two of three studies had a high risk of attrition bias.45,47 Modified intention-to-treat analysis was conducted (ie patients were analysed as treated, 
not as randomized).
b. Probable unimportant heterogeneity
c. Included studies were all funded by industry, and all showed positive results. We identified two industry-independent observational trials that 
showed similar effects with our meta-analysis.76,77

d. Mean rates of exacerbation requiring hospitalization across studies were very low (ie from 0.02 to 0.10 exacerbations requiring hospitalization per 
person-year), both in the placebo and intervention arms
e. The panel agreed that minimal important difference (MID) for FEV1 is 0.20 L.
f. Downgraded because FEV1 is considered a surrogate outcome of asthma control of symptoms, with a variable correlation with asthma symptoms.72

g. The MID of PEF is 18.8 L/min.35

h. Potential attrition bias because PEF baseline values reported in the primary publication47 differed from values reported in post hoc analysis 
publication.77

i. Downgraded because the lower CI boundary crosses the MID threshold
j. 0.5 points is the minimal important difference for the Asthma Control Questionnaire (ACQ-5 score).37

k.>−4.0 was considered the threshold for the MID for quality of life measured with the St. George's Respiratory Questionnaire.36

l. The St. George's Respiratory Questionnaire SGRQ is not a disease-specific questionnaire for asthma.
m. Findings from only 1 RCT available. Downgraded due to publication bias
n. Very few numbers of events per arm
o. The minimal important difference for rescue medication use is −0.81 puffs/d.35

TA B L E  5   (Continued)
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3.4 | Evidence of resource use and cost-effectiveness

After screening 1884 hits and reviewing 36 full-text articles, 
five economic evaluations were included (Figure 2). Two studies 

evaluated benralizumab,56,57 one dupilumab,57 one mepolizumab58 
and two reslizumab59,60 (Table 2). Most of the excluded stud-
ies evaluated allergic patients (Table S4). Overall, the resources 
needed for adding the biological to standard asthma therapy are 

TA B L E  6   Summary of findings of Omalizumab compared to standard of care for eosinophilic asthma

Outcomes

No. of participants
(studies)
Follow-up (range)

Certainty of the 
evidence
(GRADE)

Relative effect
(95% CI)

Anticipated absolute effects

Risk with standard 
of care

Risk difference with 
omalizumab

Exacerbations
Assessed with annual asthma 

exacerbations rate

779
(3 RCTs)48,50,51

16 to 48 wk

⨁⨁⨁⨁
HIGH4,a,b

Incidence rate 
ratio 0.56

(0.40 to 0.77)

660 exacerbations 
per 1000 patients 
per year

290 fewer exacerbations 
per 1.000 patients per 
year

(396 fewer to 152 fewer)

Asthma Control
Assessed with Total Asthma 

Symptoms Score

414
(1 RCT)48

48 wk

⨁⨁◯◯
LOW4,a,b,c,d

—   mean difference—0.16
(−0.51 to +0.19)e,f

Quality of Life
Assessed with Asthma 

Quality of Life 
Questionnaire

414
(1 RCT)48

48 wk

⨁⨁⨁◯
MODERATE4,a,b,d

—   mean difference + 0.13
(−0.11 to +0.37)l

Any adverse event
Assessed with number of 

events

414
(1 RCT)48

48 wk

⨁⨁⨁◯
MODERATE4,a,b,d

Risk ratio 1.01
(0.91 to 1.11)

794 per 1.000 8 more per 1.000
(71 fewer to 87 more)

Lung Function
Assessed with % 

prebronchodilator FEV1 
between-group difference 
at the end of the study

(2 RCTs)48,50

24 to 48 wk
⨁⨁⨁◯
MODERATE4,5,a,b,g,h,i

—   Mean difference + 3.7%
(−2.1 lower to +9.5)j,k

Rescue medication use
Assessed with puffs/day 

change from baseline

414
(1 RCT)48

48 wk

⨁⨁⨁◯
MODERATE4,a,b,d

—   Mean difference—0.34
(−0.83 to +0.15)6,m,n

GRADE Working Group grades of evidence
High certainty: High confidence that the true effect lies close to that of the estimate of the effect
Moderate certainty: Moderate confidence in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a 

possibility that it is substantially different.
Low certainty: Limited confidence in the effect estimate: The true effect may be substantially different from the estimate of the effect.
Very low certainty: Little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect.

Explanations
a. Information of included studies from nonpredefined subgroup analysis.
b. Included studies were all funded by industry, and all showed positive results. We identified one industry-independent observational trial that 
showed similar effects with our meta-analysis.78

c. The total asthma symptoms score is an unvalidated scale.
d. The effect may both be harmful or beneficial.
e. Data from subgroup of patients with blood eosinophil count ≥260/μL. This study also reported total asthma symptoms score for the subgroup of 
FeNO ≥24ppb, the mean difference is −0.25 (CI 95% −0.77 to 0.27).
f. In the current systematic review, we also included one study49 reporting the effect on the symptom days over the previous 2 wk at 48 wk 
follow-up, the mean difference is −0.45 (P = .05; see full-text report).
g. Statistically significant (I2 = 70%), but probably unimportant heterogeneity.
h. Downgraded because FEV1 is considered a surrogate outcome of asthma control of symptoms, with a variable correlation with asthma 
symptoms.72

i. The panel agreed that minimal important difference (MID) for FEV1 is 0.20 L.
j. Population with different threshold of eosinophil counts across the studies: ≥200 cells/µL,51 ≥300 cells/µL 50 and ≥260 cells/µL.48

k. One of the included studies 48 also reported the effect on FEV1% change for a population with FeNO ≥24 ppb, the LS mean difference is 3.20 (CI 
95% −0.74 to 0.27). The pooled effect evaluated at 48 wk48 and 24 wk.50

l. Data from subgroup of patients with blood eosinophil count ≥260/μL. This study also reported AQLQ for the subgroup of FeNO ≥24 ppb, the mean 
difference is 0.37 (CI 95% 0.01 to 0.73).
m. This study also reported the effect on rescue medication use for the subgroup of FeNO ≥24 ppb, the mean difference is −0.49 (CI 95% −0.88 to −0.11).
n. The MID for rescue medication use is 0.81 puffs/d.35
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TA B L E  7   Summary of findings of Reslizumab compared to standard of care for eosinophilic asthma

Outcomes

No. of 
participants
(studies)
Follow-up (mean 
or range)

Certainty of the 
evidence
(GRADE)

Relative effect
(95% CI)

Anticipated absolute effects

Risk with standard of 
care

Risk difference with 
reslizumab

Exacerbations
Assessed with annualized 

rate of asthma 
exacerbationsa

1059
(3 RCTs)1,2

52 wk

⨁⨁⨁⨁
HIGH3,b

Rate ratio 0.46
(0.37 to 0.58)c

1800 exacerbations 
per 1000 patients per 
year

972 fewer exacerbations 
per 1000 patients per 
year

(1134 fewer to 756 
fewer)

Exacerbations leading to ER 
visit or hospitalization

Assessed with annualized 
rate of asthma 
exacerbations

953
(2 RCTs)1

52 wk

⨁⨁⨁◯
MODERATE3,b,d

Rate ratio 0.67
(0.39 to 1.17)

120 exacerbations per 
1000 patients per 
year

40 fewer exacerbations 
per 1000 patients per 
year

(73 fewer to 20 more)

Asthma control
Assessed with Asthma 

Control Questionnaire-7
Scale from: 0 to 6

1359
(5 RCTs)1,2,4,5

15 to 16 wk

⨁⨁⨁⨁
HIGH3,8,b,h

—   mean difference—0.25
(−0.34 to −0.16)

Quality of life
assessed with Asthma 

Quality of Life 
Questionnaire

Scale from: 1 to 7

1153
(3 RCTs)1,4

15 to 16 wk

⨁⨁⨁⨁
HIGH3,10,b,k

—   mean difference + 0.17
(+0.08 to + 0.25)l

Treatment-related adverse 
events

Assessed with number of 
events

1269
(4 RCTs)1,2,4

15 to 52 wk

⨁⨁⨁◯
MODERATE3,b,o

Rate ratio 1.18
(0.89 to 1.56)p

125 per 1.000 22 more per 1.000
(14 fewer to 70 more)p

Treatment-related serious 
adverse events

Assessed with number of 
events

1269
(4 RCTs)1,2,4

15 to 52 weeksp

⨁⨁◯◯
LOW3,b,q

Rate ratio 4.71
(0.54 to 41.31)

0 per 1.000 0 fewer per 1.000
(0 fewer to 0 fewer)

Decrease in inhaled 
corticosteroid (ICS) and 
oral corticosteroid (OCS) 
dose

0 studies — — — —

Lung function
Assessed with: FEV1 in mL

1360
(5 RCTs)1,2,4,5

15 to 16 wk

⨁⨁⨁◯
MODERATE3,6,7,b,e,f

—   mean 
difference + 141.82 mL

(+89.23 to 194.41)g+

Rescue medication use
Assessed with puffs/day

1251
(4 RCTs)1,4,5

16 wk

⨁⨁⨁⨁
HIGH3,7,b,n

—   mean difference—0.24
(−0.46 to −0.02)

Asthma symptoms
Assessed with: Asthma 

Symptom Utility Index
Scale from: 0 to 1

1157
(3 RCTs)1,4

16 to 16 wk

⨁⨁⨁⨁
HIGH3,9,b,j

—   mean difference + 0.05
(+0.03 to +0.07 higher)

Changes in blood eosinophil 
counts

Assessed with: cells/µL

1264
(4 RCTs)1,2,4

15 to 16 wk

⨁⨁⨁◯
MODERATE 3,11,b,m

—   mean 
difference—468.58

(−494.92 to −442.24)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect 
of the intervention (and its 95% CI).

GRADE Working Group grades of evidence
High certainty: High confidence that the true effect lies close to that of the estimate of the effect.
Moderate certainty: Moderate confidence in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a 

possibility that it is substantially different.
Low certainty: Limited confidence in the effect estimate: The true effect may be substantially different from the estimate of the effect.
Very low certainty: Little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect.

(Continues)
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mainly the cost of the drug and its administration. The potential 
savings are related to decreased rate of hospitalization, emergency 
department care and primary care visits (Table S5). The evalua-
tion of the cost-effectiveness of benralizumab shows important 
variation in ICER from 39 135 £/QALY (low certainty of the evi-
dence) to 412  000$/QALY (moderate certainty of the evidence). 
The key driver for this difference is unclear since there is missing 

information in the Tikhonova et al report (Table S6). For dupilumab, 
the reported ICER is 401 000 $/QALY in patients with ≥300 eo-
sinophils/μL (moderate certainty of the evidence). The results are 
uncertain for the utility estimates for the nonexacerbation health 
state for both the biological and standard of care asthma therapy, 
for the annual exacerbation rates for standard therapy and for 
the costs of chronic OCS use (Table S6). For mepolizumab, the 

F I G U R E  2   Study flow chart for 
selecting the economic evidence for 
biologicals in severe eosinophilic asthma

Number of studies (n = 1884)

S
cr
ee
ni
ng

In
cl
ud
ed

El
ig
ib
ili
ty

Duplicate records removed (n = 
122)

Records screened 
(n = 1762)

Records excluded (n = 1728)

No relevant to biologic 
treatment for asthma 

Full-text ar�cles assessed for 
eligibility (n = 36)

Excluded at full text level: 31

Non-eosinophilic pa�ents: 20
Conference abstract: 3
Health outcomes not 

reported: 3
Systema�c review used as 

source of primary studies: 2
No economic evalua�on: 2

5 studies included in the SR

Id
en
tif
ic
at
io
n

Studies iden�fied only 
through manual revision of 

the references of the 
included studies (n = 2)

Explanations
a. Clinically significant asthma exacerbations: episodes of asthma worsening with systemic corticosteroids for 3 or more days, a two-times increase in 
the dose of either inhaled corticosteroids or the need for asthma-related emergency treatment.
b. All included studies were funded by industry, and all showed positive results. No industry-independent observational or randomized studies were 
identified to contrast the results. Therefore, the quality of the evidence was downgraded for potential publication bias.70

c. The pooled effect of risk ratio was assessed at 15 wk,52 and the rate ratio was evaluated at 52 wk.53

d. Downgraded because the absolute effect includes both potential clinically meaningful benefits and harms.
e. Downgraded because FEV1 is considered a surrogate outcome of asthma control of symptoms, with a variable correlation with asthma 
symptoms.72

f. The panel agreed that minimal important difference (MID) for FEV1 is 0.20 L.
g. Castro 2015 also assessed FEV1 at 52 wk, and the mean difference from baseline was 122.28 mL (45.54, 199.02). We also included 3 studies 
52,54,55 reporting FVC (mL), and the pooled mean difference was 205.94 (88.69, 323.19); see full-text report.
h. MID for ACQ-7 is 0.5 points (Juniper 2005).
i. Castro 2015 also assessed ACQ-7 at 52 wk, and the mean difference from baseline of ACQ-7 was −0.25 (−0.34, −0.16), see full-text report.
j. MID for the Asthma symptoms utility index is an increase of 0.09 points.79

k. MID of AQLQ is 0.5 points.37

l. Castro 2015 also assessed AQLQ at 52 wk, the mean difference from baseline was 0.29 (0.18, 0.41), see full-text report.
m. Reduction in blood eosinophil counts is a surrogate end point and not validated as a valuable outcome for monitoring asthma therapy.80

n. MID for rescue medication use is a reduction by 0.81 puffs/d.35

o. The effect may both be harmful or beneficial.
p. Data regarding this outcome was extracted from www.clini​caltr​ials.gov for ref. 52 and ref. 53

q. Very few events in both arms, thus it is not possible to estimate precisely the effect size between arms.

TA B L E  7   (Continued)
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cost-utility Markov model with low risk of bias (high-quality study) 
reported an ICER/QALY value of 385 546 $ (low certainty of the 
evidence). There is also variation across patients. The most favour-
able ICER towards mepolizumab was 160 000 $ in the responder 
group of patients (Table S6). The reslizumab base-case analyses 
demonstrate important variation across studies in terms of the 
cost-effectiveness results. The ICER/QALY varied from 23 081 $/ 
QALY (low certainty of the evidence) to 697 403 $/ QALY (moder-
ate certainty of the evidence). The key driver for this difference 
was the cost of reslizumab. The study not funded by industry60 
reported a higher cost of reslizumab (approximately 4000 $ per 
month) compared to the study funded by industry (991 $ per 
month).59 It has to be noted that there is a lack of proper studies 
to drive firm conclusions due to the heterogeneity of published 
studies. Furthermore, modelling cost-effectiveness studies consid-
ering direct and indirect costs applicable to each context is needed 
(Table S6).

4  | DISCUSSION

4.1 | Main findings

Our systematic review of efficacy shows high certainty for reduc-
ing the rate of severe asthma exacerbations for all the biologicals 
evaluated (benralizumab, dupilumab, mepolizumab, omalizumab 
and reslizumab) as add-on treatment for patients with severe 
uncontrolled eosinophilic asthma. The certainty is moderate for 
improving asthma control, QoL and lung function (FEV1) improve-
ment, not reaching the MID. Only benralizumab, dupilumab and 
mepolizumab provided data about the use of OCS, showing a re-
duction in the daily dose of OCS compared to standard of care 
(high certainty of evidence).

The main reasons to downgrade the certainty of evidence were 
ROB, imprecision and indirectness. Overall, the included studies for 
the evidence of efficacy were of low ROB. Of note, all included stud-
ies were funded by industry and all showed positive results, which 
might raise concerns of on a potential sponsorship bias. Although 
short-term safety data are reassuring, the rate of drug-related AE 
was not comprehensibly reported; thus, there is low to very low 
certainty for drug-related serious AE. With the exception of omal-
izumab, there is scarce data on the efficacy of the evaluated biolog-
icals for eosinophilic asthma in the paediatric population. With the 
exception of omalizumab and mepolizumab, no data are available for 
long-term safety, both in children and in adults.

The resources needed for adding the biological treatment to 
asthma standard therapy are mainly driven by the cost of the drug 
and its administration. With the approval of autoinjectors for most 
of these agents, the costs for administration should decline. The po-
tential savings are explained by the decreased rate of hospitaliza-
tion, emergency department care and primary care visits. However, 
we cannot accurately assess the reductions in indirect costs such 
as improvements leading to improved work and school productivity 

and decreased absenteeism. The current SR of cost-effectiveness 
showed, for all the biologicals, an ICER per QALY value significantly 
above the willingness to pay threshold in most European coun-
tries (30 000 €/QALY). The certainty of the economic evidence is 
moderately derived from studies with low ROB but with important 
imprecision (large variations in the ICER values) and indirectness (dif-
ferences in healthcare systems and year of conduction of the study), 
impeding both the transferability and generalization of the results. 
Additional publication bias might be envisaged.

4.2 | Current results in the context of 
previous results

Aligned with our results, previous SR of benralizumab, dupilumab, 
mepolizumab, omalizumab and reslizumab in severe asthma re-
ported a reduction to approximately half of exacerbations, and an 
improvement in health-related QoL scores, asthma control and 
FEV1.61-68 However, there are some important differences that need 
to be mentioned. Previous mepolizumab SR allowed the inclusion of 
nonapproved doses,64,65 while the current SR included only licensed 
doses and routes of administration making the results more appli-
cable to the daily practice. Another important difference is that the 
certainty of the evidence was assessed using the GRADE approach. 
In contrast with the previous reviews assessing only the ROB of the 
trials, the current SR evaluated the heterogeneity, imprecision and 
indirectness of the included evidence. As an example, using the MID 
to assess for the imprecision, one can appreciate the clinical rele-
vance of the change (ie asthma control, QoL and FEV1): although the 
change was statistically significant it did not reach the MID. Last but 
not least, the current review assessed the effect of all the biologicals 
across a comprehensive compilation of asthma-related outcomes 
giving the clinicians a better perspective of the drug profile.

In contrast with our results, a SR of eight benralizumab trials 
showed a lower risk of both AE (RR 0.94; 95% CI 0.90-0.98) and se-
rious AE (RR 0.82; 95% CI 0.68-0.98).61 The possible explanation for 
this difference is that we limited our assessment to drug-related AE 
and excluded asthma worsening events, assessed solely as efficacy 
measures.

Another review assessing the cost-effectiveness of mepo-
lizumab for eosinophilic asthma showed that mepolizumab is 
cost-effective only when targeting specific subgroups with very 
severe asthma or by considerable price discounts. The key driv-
ers of cost-effectiveness included day-to-day health-related QoL, 
asthma-related mortality, acquisition price of the biological ther-
apy and time horizon. These results are similar to our evaluation for 
mepolizumab.69

4.3 | Strengths and limitations

The current systematic review has several strengths. An ex-
haustive evaluation of both desirable and undesirable effects 
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of the use of biologicals, as well as their economic impact was 
performed. The compilation of critical and important asthma-
related outcomes provides a more comprehensive perspective of 
the drug profile. The current SR used rigorous methods including 
the GRADE approach to rate the certainty of the evidence, with 
transparent judgements about the quality of evidence. We in-
cluded the most updated results available from the included RCTs 
and only considered licensed doses and routes of administration. 
We provided friendly tabulated summaries of findings using opti-
mal presentation format for patients, clinicians and policymakers 
supporting all the stakeholders in their endeavour to formulate 
recommendations for the use of biologicals in severe uncontrolled 
eosinophilic asthma.

There are several limitations. The basal exacerbation rate 
was used to estimate the absolute benefit for each drug/analy-
sis. However, we did not perform a subgroup or sensitivity analy-
sis based on that variable (basal exacerbation rate), as it was not 
predefined or requested in the protocol or during the systematic 
review. The systematic review included only English language ar-
ticles; however, the risk of selection bias is probably small because 
we screened previous systematic reviews and the GDG included 
several international experts in the field; thus, the possibility of 
missing results from non-English articles is unlikely. We did not in-
clude observational studies that could have been informative for 
some of the outcomes with low or very low-quality evidence from 
RCTs (eg serious AE). We did not conduct a de novo economic 
analysis for the cost-effectiveness outcomes. However, we fol-
lowed the global perspective on the use of biological treatment in 
different health systems, which may be useful for the decision of 
using the biologicals in different countries. Finally, this review is 
limited to patients with eosinophilic asthma which restricted the 
number and scope of studies analysed, especially for omalizumab 
and dupilumab.

4.4 | Implications for practice and research

All evaluated biologicals (benralizumab, dupilumab, mepolizumab, 
omalizumab and reslizumab) showed a significant improvement 
in critical and important related asthma outcomes such as exac-
erbation rate and for benralizumab, dupilumab and mepolizumab 
also an OCS dose reduction. However, the systematic review con-
firms the dissociated effect as these drugs have a modest effect 
on asthma control, quality of life and lung function. The health 
economics and ICER analyses demonstrate above the willingness 
to pay threshold. Given the high cost of these drugs, their use will 
probably be limited to specific circumstances such as patients with 
severe uncontrolled asthma where the desired outcome is to de-
crease the exacerbation rate or the OCS use. In this context, pan-
els are more likely to formulate conditional recommendations as 
opposed to strong.

Although short-term safety data are reassuring, more accu-
rate reporting from clinical trials is warranted in combination with 

long-term safety and cost-effectiveness evaluations, including re-
al-world studies, registries and big data analysis. There is limited data 
available to support the efficacy and safety in the paediatric pop-
ulation (with the exception of omalizumab), highlighting the urgent 
unmet need for rigorous trials with biologicals in severe eosinophilic 
asthma in this population. Finally, the better understanding of pre-
dominant and personalized asthma endotypes and well-controlled 
head-to-head, industry-independent comparisons would provide 
useful data to better inform clinicians about choosing the right bio-
logic for the right patient.
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Supplementary file 1: Outcomes

Table S1.  Outcome prioritization by GDG

Critical: exacerbations, asthma control (ACQ, ACT), quality of life (AQLQ, EQ5D), safety (drug-
related adverse events and serious adverse events)

Important: lung function (FEV1), decrease in ICS dose and OCS dose, healthcare resource
utilization, rescue medication use, FeNO



Table S2: Search Strategies

Search strategy for evidence of efficacy and safety
MEDLINE
PubMed
30/01/2019

#12 Add Search #5 OR #8 OR #11 770 07:35:20
#11 Add Search #9 AND #10 13 07:34:32
#10 Add Search “Vaccines”[Mesh] OR vaccin*[ti] 248570 07:34:22
#9 Add Search #6 NOT #8 2676 07:34:07
#8 Add Search #6 AND #7 680 07:33:51
#7 Add Search (“clinical trials as topic”[mesh: noexp] OR “randomized controlled trial”[pt] OR
“controlled clinical trial”[pt] OR randomized[tiab] OR placebo[tiab] OR randomly[tiab] OR trial[ti]) NOT
(“animals”[Mesh] NOT “humans”[Mesh]) 1107735 07:33:45
#6 Add Search #3 NOT #5 3356 07:33:37
#5 Add Search #3 AND #4 77 07:33:22
#4 Add Search systematic[sb]126175 07:33:11
#3 Add Search #1 AND #2 3433 07:32:42
#2 Add Search “Antibodies, Monoclonal, Humanized”[Mesh] OR “Omalizumab”[Mesh] OR
"mepolizumab"[Supplementary Concept] OR "reslizumab"[Supplementary Concept] OR
“benralizumab”[Supplementary Concept] OR “SAR231893”[Supplementary Concept] OR
"tezepelumab"[Supplementary Concept] OR “lebrikizumab”[Supplementary Concept] OR
“tralokinumab”[Supplementary Concept] OR “brodalumab”[Supplementary Concept] OR
“ligelizumab”[Supplementary Concept] OR mepolizumab [tiab] OR reslizumab[tiab] OR benralizumab[tiab] OR
dupilumab[tiab] OR omalizumab[tiab] OR lebrikizumab[tiab] OR tralokinumab[tiab] OR tezepelumab[tiab] OR
brodalumab[tiab] OR ligelizumab[tiab] 47689 07:32:25
#1 Add Search “Hypersensitivity, Immediate”[Mesh] OR “Asthma”[Mesh] OR “Rhinitis,
Allergic”[Mesh] OR “Rhinitis”[Majr] OR “Sinusitis”[Mesh] OR “Nasal Polyps”[Majr] OR “Dermatitis,
Atopic”[Mesh] OR “Dermatitis”[Majr] OR “Urticaria”[Mesh] OR “Eosinophilic Esophagitis”[Mesh] OR “Food
Hypersensitivity”[Mesh] OR allergy[tiab] OR allergic[tiab] OR asthma*[tiab] OR atopic dermatitis[tiab] OR
dermatitis[ti] OR urticaria[tiab] OR erythema[ti] OR rhinosinusitis[tiab] OR allergic rhinitis[tiab] OR (food[ti] AND
allerg*[ti]) OR (food[ti] AND react*[ti]) OR food allerg*[tiab] OR food reaction*[tiab] OR eosinophilic
esophagitis[tiab] OR esophagitis[ti] OR eosinophil*[ti] 447588 07:32:11

EMBASE
Ovid Embase
<1974 to 2019
January 29>
30/01/2019

Ovid Embase

1     exp asthma/ (237991)
2     exp allergic rhinitis/ (36816)
3     *rhinitis/ (5649)
4     exp sinusitis/ (39314)
5     *nose polyp/ (5041)
6     exp atopic dermatitis/ (38417)
7     *dermatitis/ (9465)
8     exp urticaria/ (40115)
9     exp eosinophilic esophagitis/ (5319)
10     exp food allergy/ (31742)
11     allergy.ti,ab. (92943)
12     allergic.ti,ab. (146253)
13     asthma*.ti,ab. (206208)
14     atopic dermatitis.ti,ab. (28752)
15     dermatitis.ti. (36058)
16     urticaria.ti. (8720)
17     erythema.ti. (7091)
18     rhinosinusitis.ti. (5540)
19     allergic rhinitis.ti,ab. (24674)
20     (food adj5 (allerg* or react*)).ti,ab. (23811)
21     eosinophilic esophagitis.ti,ab. (4268)
22     esophagitis.ti. (7426)
23     eosinophil*.ti. (30459)
24     1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21
or 22 or 23 (548337)
25     mepolizumab.ti,ab. (677)
26     reslizumab.ti,ab. (226)
27     benralizumab.ti,ab. (194)
28     dupilumab.ti,ab. (396)
29     omalizumab.ti,ab. (3891)
30 lebrikizumab.ti,ab. (103)
31     tralokinumab.ti,ab. (69)
32     tezepelumab.ti,ab. (12)



33     brodalumab.ti,ab. (275)
34     ligelizumab.ti,ab. (13)
35     25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 (5365)
36     limit 35 to "systematic review" (175)
37     35 not 36 (5190)
38     limit 37 to "therapy (best balance of sensitivity and specificity)" (1491)

The Cochrane
Library
30/01/2019
Cochrane
Central
Register of
Controlled
Trials Issue 1
of 12, January
2019 [1180
hits]

#1 MeSH descriptor: [Asthma] explode all trees 10851
#2 MeSH descriptor: [Rhinitis, Allergic] explode all trees 2786
#3 MeSH descriptor: [Rhinitis] explode all trees 3553
#4 MeSH descriptor: [Sinusitis] explode all trees 888
#5 MeSH descriptor: [Nasal Polyps] explode all trees 319
#6 MeSH descriptor: [Dermatitis, Atopic] explode all trees 1518
#7 MeSH descriptor: [Dermatitis] explode all trees 3660
#8 MeSH descriptor: [Urticaria] explode all trees 674
#9 MeSH descriptor: [Eosinophilic Esophagitis] explode all trees 57
#10 MeSH descriptor: [Food Hypersensitivity] explode all trees 825
#11 allerg*:ti,ab 17766
#12 asthma*:ti,ab 26324
#13 (atopic NEXT dermatitis):ti,ab 2555
#14 dermatitis:ti,ab 4394
#15 urticaria:ti,ab 1357
#16 erythema:ti,ab 4071
#17 rhinosinusitis:ti,ab 950
#18 (allergic NEXT rhinitis):ti,ab 5127
#19 (food NEAR5 react*):ti,ab 80023
#20 (eosinophilic NEXT esophagitis):ti,ab 152
#21 esophagitis:ti 997
#22 eosinophil*:ti 1029
#23 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR
#15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 124342
#24 mepolizumab:ti,ab 172
#25 reslizumab:ti,ab 70
#26 benralizumab:ti,ab 94
#27 dupilumab:ti,ab 141
#28 omalizumab:ti,ab 637
#29 lebrikizumab:ti,ab 49
#30 tralokinumab:ti,ab 41
#31 tezepelumab:ti,ab 8
#32 brodalumab:ti,ab 70
#33 ligelizumab:ti,ab 14
#34 #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 1466
#35 #23 AND #34 1180



Search strategy for economic evidence

MEDLINE

PubMed

27/08/2019

#1 Add Search (“Hypersensitivity, Immediate”[Mesh]) OR “Asthma”[Mesh]) OR “Rhinitis,
Allergic”[Mesh]) OR “Rhinitis”[Majr]) OR “Sinusitis”[Mesh]) OR “Nasal Polyps”[Majr]) OR “Dermatitis,
Atopic”[Mesh]) OR “Dermatitis”[Majr]) OR “Urticaria”[Mesh]) OR “Eosinophilic Esophagitis”[Mesh]) OR “Food
Hypersensitivity”[Mesh]) OR allergy[tiab]) OR allergic[tiab]) OR asthma*[tiab]) OR atopic dermatitis[tiab]) OR
dermatitis[ti]) OR urticaria[tiab]) OR erythema[ti]) OR rhinosinusitis[tiab]) OR allergic rhinitis[tiab])) OR
((food[ti]) AND AND allerg*[ti])) OR ((food[ti]) AND react*[ti])) OR food allerg*[tiab]) OR food reaction*[tiab]) OR
eosinophilic esophagitis[tiab]) OR esophagitis[ti]) OR OR eosinophil*[ti] 457361 12:53:56

#2 Add Search (“Antibodies, Monoclonal, Humanized”[Mesh] OR “Omalizumab”[Mesh] OR
"mepolizumab"[Supplementary Concept] OR "reslizumab"[Supplementary Concept] OR
“benralizumab”[Supplementary Concept] OR “SAR231893”[Supplementary Concept] OR
"tezepelumab"[Supplementary Concept] OR “lebrikizumab”[Supplementary Concept] OR
“tralokinumab”[Supplementary Concept] OR “brodalumab”[Supplementary Concept] OR
“ligelizumab”[Supplementary Concept] OR mepolizumab [tiab] OR reslizumab[tiab] OR benralizumab[tiab] OR
dupilumab[tiab] OR omalizumab[tiab] OR lebrikizumab[tiab] OR tralokinumab[tiab] OR tezepelumab[tiab] OR
brodalumab[tiab] OR ligelizumab[tiab]) 51477 12:57:47

#3 Add Search #1 AND #2 3851 12:59:59

#4 Add Search (((((((((((“Costs and Cost Analysis”[Mesh]))) OR “Health Care Costs”[Mesh]) OR
economic*[tiab]) OR ((cost*[ti] OR cost[tiab] OR costs[tiab] OR cost effect*[tiab] OR cost utility*[tiab]))) OR
((price[tiab] OR prices[tiab] OR pricing[tiab]))) OR pharmacoeconomic*[tiab]) OR budget*[tiab]))) 850194

13:03:29

#5 Add Search #3 AND #4 270 13:06:48

EMBASE

Ovid Embase
<1974 to 2019
January 29>

30/01/2018

Ovid Embase

1     exp asthma/ (237991)

2     exp allergic rhinitis/ (36816)

3     *rhinitis/ (5649)

4     exp sinusitis/ (39314)

5     *nose polyp/ (5041)

6     exp atopic dermatitis/ (38417)

7     *dermatitis/ (9465)

8     exp urticaria/ (40115)

9     exp eosinophilic esophagitis/ (5319)

10     exp food allergy/ (31742)

11     allergy.ti,ab. (92943)

12     allergic.ti,ab. (146253)

13     asthma*.ti,ab. (206208)

14     atopic dermatitis.ti,ab. (28752)

15     dermatitis.ti. (36058)



16     urticaria.ti. (8720)

17     erythema.ti. (7091)

18     rhinosinusitis.ti. (5540)

19     allergic rhinitis.ti,ab. (24674)

20     (food adj5 (allerg* or react*)).ti,ab. (23811)

21     eosinophilic esophagitis.ti,ab. (4268)

22 esophagitis.ti. (7426)

23     eosinophil*.ti. (30459)

24     1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21
or 22 or 23 (548337)

25     mepolizumab.ti,ab. (677)

26     reslizumab.ti,ab. (226)

27     benralizumab.ti,ab. (194)

28     dupilumab.ti,ab. (396)

29     omalizumab.ti,ab. (3891)

30     lebrikizumab.ti,ab. (103)

31     tralokinumab.ti,ab. (69)

32     tezepelumab.ti,ab. (12)

33     brodalumab.ti,ab. (275)

34     ligelizumab.ti,ab. (13)

35     25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 (5365)

36     limit 35 to "systematic review" (175)

37     35 not 36 (5190)

38     limit 37 to "therapy (best balance of sensitivity and specificity)" (1491)

The Cochrane
Library

27/08/2019

Cochrane
Central
Register of
Controlled
Trials Issue 8
of 12, August
2019

#1 MeSH descriptor: [Asthma] explode all trees 10992

#2 MeSH descriptor: [Rhinitis, Allergic] explode all trees 2837

#3 MeSH descriptor: [Rhinitis] explode all trees 3627

#4 MeSH descriptor: [Sinusitis] explode all trees 925

#5 MeSH descriptor: [Nasal Polyps] explode all trees 335

#6 MeSH descriptor: [Dermatitis, Atopic] explode all trees 1613

#7 MeSH descriptor: [Dermatitis] explode all trees 3808

#8 MeSH descriptor: [Urticaria] explode all trees 698



#9 MeSH descriptor: [Eosinophilic Esophagitis] explode all trees 62

#10 MeSH descriptor: [Food Hypersensitivity] explode all trees 869

#11 allerg*:ti,ab 23024

#12 asthma*:ti,ab 30618

#13 (atopic NEXT dermatitis):ti,ab 3409

#14 dermatitis:ti,ab 5674

#15 urticaria:ti,ab 1624

#16 erythema:ti,ab 5107

#17 rhinosinusitis:ti,ab 1155

#18 (allergic NEXT rhinitis):ti,ab 5852

#19 (food NEAR5 react*):ti,ab 99337

#20 (eosinophilic NEXT esophagitis):ti,ab 199

#21 esophagitis:ti 1138

#22 eosinophil*:ti 1199

#23 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR
#15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 152516

#24 MeSH descriptor: [Antibodies, Monoclonal, Humanized] explode all trees 6142

#25 mepolizumab:ti,ab 230

#26 reslizumab:ti,ab 96

#27 benralizumab:ti,ab 131

#28 dupilumab:ti,ab 221

#29 omalizumab:ti,ab 792

#30 lebrikizumab:ti,ab 67

#31 tralokinumab:ti,ab 64

#32 tezepelumab:ti,ab 18

#33 brodalumab:ti,ab 97

#34 ligelizumab:ti,ab 21

#35 #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 7538

#36 #23 AND #35 1986

#37 MeSH descriptor: [Costs and Cost Analysis] explode all trees 9937

#38 MeSH descriptor: [Health Care Costs] explode all trees 3299

#39 economic*:ti,ab 16322



#40 cost*:ti 12210

#41 cost:ti,ab 45833

#42 costs:ti,ab 25393

#43 cost effect*:ti,ab 41337

#44 cost utility:ti,ab 2787

#45 #37 OR #38 OR #39 OR #40 OR #41 OR #42 OR #43 OR #44 70316

#46 #36 AND #45 69



Table S3: Excluded studies (evidence of effects)

Author/Year Reasons of exclusion
Dupilumab
Busse 2014 Study protocol
Corren 2018 Post-hoc from Wenzel 2016, no subgroup analysis for eosinophilic asthma
Iftikhar 2018 NMA comparing IL-4, IL-5, IL-13
Weinstein 2017 Congress abstract
Weinstein 2018 Post-hoc from Wenzel 2016, no subgroup analysis for eosinophilic asthma
Wenzel 2013 Dupilumab not given at approved dose
Zayed 2018 Systematic review and meta-analysis
Omalizumab
Baena-cagnani 2015 Not RCT
Bang 2004 Not RCT
Brodlie 2012 Not RCT, Not interested population
Corren 2007 No comparison
Gevaert 2013 Different disease
Hanf 2006 No interested outcome
Humbert 2005 Only Abstract
Johansson 2009 No interested outcome
Lupinek 2017 Different intervention
Luskin 2005 Only Pooled data
Noga 2006 No interested outcome
Ohta 2010 No comparison
Schroeder 2009 Different objective, no interested outcome
Wahn 2009 No interested outcome
Zielen 2013 Not FDA approved doses
Nct 2016 Different intervention
Baker 2014 Different objective
Bousquet 2005 Pooled analysis, original RCT have already been included
Bousquet 2007 Pooled analysis, original RCT have already been included
Bousquet 2004 Pooled analysis, original RCT have already been included
Busse 2007 Meeting abstract
Corren 2003 Pooled analysis, original RCT have already been included
Harris 2011 Pooled analysis, original RCT have already been included; Different objective
Humbert 2008 Pooled analysis, original RCT have already been included; Different objective
Humbert 2009 Different objective
Iribarren 2017 Letter to editor
Karpel 2010 Meeting abstract
Lowe 2011 Pooled analysis, original RCT have already been included
Massanari 2010b Pooled analysis, original RCT have already been included



Massanari 2009a Pooled analysis, original RCT have already been included
Massanari 2009b Pooled analysis, original RCT have already been included
Maykut 2008 Pooled analysis, original RCT have already been included
Milgrom 2011 Pooled analysis, original RCT have already been included
Boulet 1997 Different objective
Boulet 2003 No full text detected
Reslizumab

Bourdin 2018
Different design (ITC)
Indirect comparison with reslizumab could not be performed because of
insufficient effective sample size

Nct 2015 (MEMORY) Different phenomenon/intervention of interest
Study terminated 2017

Busse 2019 Different design (ITC)

Cabon 2017 Different design (ITC)

Casale 2019 Different design (ITC)

Deeks 2017 Different design (review)

Emma 2018 Different design (review)

Farne 2017 Different design (systematic review)

He 2018 Different design (systematic review and NMA)

Henriksen 2018 Different design (systematic review)

Iftikhar 2018 Different design (systematic review and NMA)

Li 2017 Different design (systematic review)

Milosavljevic 2018 Different design (systematic review)

Mukherjee 2018 Different design (not randomized)

NCT 2015 Different design

Sharma 2016 Different design (systematic review and NMA)

Wang 2016 Different design (systematic review)



Benralizumab

Author/Year Reasons of exclusion

Brightling 2014 Different disease (COPD in general)

DuBuske 2018 Duplicate data included: pooled data from included RCTs

Busse 2019 No comparison

Castro 2014 NO FDA approved doses

Ferguson 2017 NO FDA approved doses

Laviolette 2013 NO FDA approved doses

Nowak 2015 NO FDA approved doses

Ohta 2018 Duplicate data included: pooled data from included RCTs

Park 2016 NO FDA approved doses

Pham 2016 NO FDA approved doses

Wang 2014 NO FDA approved doses

Zeitlin 2018 Different disease and no relevant outcomes

Mepolizumab

Ayars 2009 Different outcome of interest/ Different intervention (750 mg)

Busse 2019 Indirect treatment comparison (ITC)

Buttner 2003 Dose not approved by FDA (250 mg, 750 mg)

Cockle 2017 Indirect treatment comparison

Flood-Page 2003a Dose not approved by FDA (750mg)

Flood-Page 2003b Dose not approved by FDA (750mg)

Flood-Page 2007 Dose not approved by FDA (250 mg, 750 mg)

Gunsoy 2018a Different phenomenon/intervention of interest

Gunsoy 2018b Different design (Case study- Cost utility)

Haldar 2009 Dose not approved by FDA (750mg) /Different intervention

Katz 2014 Dose not approved by FDA

Leckie 2000 Dose not approved by FDA (2·5 mg/kg and 10 mg/kg) Different intervention

Liao 2017 Different outcome

Lukaszyk 2016 Review in Polish

Menzies-Gow 2003 Dose not approved by FDA (750 mg)/ Different intervention

Mukherjee 2018 Different phenomenon/intervention of interest (Reslizumab)

Nair 2009 Dose not approved by FDA

Pavord 2012 (DREAM) Dose not approved by FDA (75 mg, 250 mg, or 750 mg)/ Different intervention

Pouliquen 2015 Dose not approved by FDA (12.5, 125, or 250 mg SC or 75 mg IV)



Prazma 2019 Different design (Research letter)

Robinson 2013 Different design (Expert opinion)

Sabogal Pineros 2018 Dose not approved by FDA (750mg)

Sehmi 2016 Different design (Cross-sectional study)



Table S4: Excluded studies (economic evidence)

Author Reason for exclusion

Basu 2017 Did not report health consequences of each alternative. Reported direct costs
associated with an asthma related exacerbation

Bermejo 2017 No economic evaluation

Brown 2007 Did not evaluate eosinophilic patients

Campbell 2010 Did not evaluate eosinophilic patients

Cooper 2018 No economic evaluation
Dal Negro 2011 Did not evaluate eosinophilic patients

Dal Negro 2012 Did not evaluate eosinophilic patients

Dewilde 2006 Did not evaluate eosinophilic patients

Entrenas 2019 Did not evaluate eosinophilic patients

Faria 2014 Did not evaluate eosinophilic patients

Jahnz-Różyk 2018 Did not evaluate eosinophilic patients

Kolbin 2016 Conference abstract

Kolbin, A, Namazova-
Baranova, L  2016

Conference abstract

Likhar 2016 Conference abstract

Levy 2014 Did not evaluate eosinophilic patients

Martínez-Moragón 2019 Not published in English. Available full text only in Spanish.

McQueen 2018 Systematic review used as source of primary studies.

Menzella 2012 Did not evaluate eosinophilic patients

Morishima 2013 Did not evaluate eosinophilic patients

Norman 2013 Did not evaluate eosinophilic patients

Oba 2014 Did not evaluate eosinophilic patients

Rodriguez-Martinez 2018 Systematic review used as source of primary studies

Suzuki 2017 Did not evaluate eosinophilic patients

Tadrous 2017 Only reported costs. Did not report health consequences of each alternative.



Mentioned that there were not significant differences in clinically relevant outcomes

Van Nooten 2012 Did not evaluate eosinophilic patients

Vennera 2016 Did not evaluate eosinophilic patients

Yoshikawa 2016 Did not report health consequences of each alternative. Reported the cost saving due
to hospital-free days

Wu 2007 Did not evaluate eosinophilic patients

Zafari 2016 Did not evaluate eosinophilic patients

Zafari 2018 Did not evaluate eosinophilic patients

Zhou 2018 Did not evaluate eosinophilic patients



Table S5: Direct unitary cost per each type of biologic treatment

Mepolizumab Unitary cost

Direct unitary cost

Mepolizumab 100 mg, 1 vial 2,500 $ a

Asthma-related hospital stay 9,960 $ a

Asthma-related emergency department visit 684 $ a

Asthma-related outpatients visit 195 $ a

Direct cost per patient

Annual cost of long-term oral corticosteroid use and adverse events 857 $ a

Annual average cost of the standard therapy 5,738 $ a

Annual average cost of the intervention with Mepolizumab 32,500 $ a

Reslizumab

Reslizumab drug and administration per cycle, 75 kg patient 2,000 $ b

Chronic asthma management per cycle 92 $ b

Mild exacerbation per cycle 110 $ b

Moderate exacerbation (outpatient) per cycle 202 $ b

Moderate exacerbation (emergency department) per cycle 2,160 $ b

Severe exacerbation 6,688 $ b

Severe exacerbation (no intubation) 5,489 $ b

Severe exacerbation (intubation) 21,556 $ b

Short-acting beta-agonist per puff 0.14 $ b

Managing adverse events (anaphylaxis) 3,143 $ b

Dupilumab

Dupilumab 200 mg or 300 mg by subcutaneous injection once every 2 weeks 2,774.65 c

Benralizumab

Benralizumab 30 mg by subcutaneous injection once every 4 weeks for 3 doses;
then every 8 weeks

4,728.23 c

a) Reported in 2014 US Dollars by Whittington et al (Whittington 2017).

b) Reported in 2018 US Dollars by Lam et al (Lam 2019).



c) Reported in 2018 US Dollars by ICER (ICER 2018).



Table S6: Evidence profiles of the economic evidence

Mepolizumab in addition to standard therapy vs. standard therapy

Quality assessment Summary of resources and costs Quality

Nº. of
studie

s

Study
design

Limitation
s

Inconsistenc
y

Indirectnes
s

Imprecisio
n

Publicatio
n bias

Incrementa
l cost per
patient*

Incrementa
l effect per

patient*

ICER

ICER per QALY (high quality study - not funded by Industry)

1a Cost-
utility,

Marko
v

model

Not
serious1

Not serious Serious2 Serious3 Not
serious

589,941 $
(Lifetime
horizon)

1.53 QALY
(Lifetime
horizon)

385,54
6 $ /
QALY

⨁⨁◯
◯

LOW

*Incremental cost and effect due to the addition of Mepolizumab.

ICER: Incremental cost-effectiveness ratio. QALY: Quality adjusted life years. $: US Dollar.

1. Markov model study with low risk of bias. CHEC (consensus on health economics criteria checklist) score 16 out of 20.
2. One single study performed in the USAa. The results might not be directly applicable to European countries.
3. The ICER varied from 385,546 $ to 160,000 $ in the group of responder patients. However, the ICERs obtained from the sensitivity analyses

were not lower than 30,000 € (the willingness to pay threshold in most European countries).

References

a. Whittington, M. D. et al. Assessing the value of mepolizumab for severe eosinophilic asthma: a cost-effectiveness analysis. Ann Allergy
Asthma Immunol. 2017; 118 (2): 220-225.



Reslizumab in addition to standard therapy vs. standard therapy

Quality assessment Summary of resources and costs Quality

Nº. of
studie

s

Study
design

Limitation
s

Inconsistenc
y

Indirectnes
s

Imprecisio
n

Publicatio
n bias

Increment
al cost per
patient*

Increment
al effect

per
patient*

ICER

ICER per QALY (high quality study - not funded by Industry)

1a Cost-
utility,

Marko
v

model

Not
serious1

Not serious Serious2 Serious3 Not
serious

24,404 $
(5-year

horizon)

0.035
QALYs
(5-year

horizon)

697,40
3 $ /
QALY

⨁⨁⨁◯
MODERAT

E

ICER per QALY (high quality study - funded by Industry)

1b Cost-
utility,

Marko
v

model

Not
serious1

Not serious Serious4 Not
serious5

Serious6 119,394 $
(lifetime
horizon)

5.17 QALYs
(lifetime
horizon)

23,081
$  /

QALY

⨁⨁◯◯
LOW

*Incremental cost and effect due to the addition of Reslizumab.

ICER: Incremental cost-effectiveness ratio. QALY: Quality adjusted life years. $: US Dollar.

4. Markov model studies with low risk of bias (CHEC score 13 or higher).
5. One single study performed in the USA. The results may not be applicable to other countries.
6. The sensitivity analysis showed large variations in the ICER value. However, all of them were higher than 100,000 $, which is

the willingness to pay threshold in most countries. Increasing 20% the quality of life with reslizumab would drop the ICER to
154,352 $, and it was 467,010 $ where non-responders had the same quality of life and exacerbations rates as the standard
therapy group. Furthermore, in 95% of the iterations the ICER varied between 378,534 $ and 2,082,379 $.

7. One single study performed in South Korea. The results may not be applicable to other countries.
8. The ICER varied from 18,465 $ to 30,005 $. In the deterministic sensitivity analysis. Also, the ICER had 99% probability of

being cost-effective at a 38,275 $ threshold.
9. Teva-Handok Pharma financed the study.

References

b. Lam, J. et al. A cost-effectiveness analysis of reslizumab in the treatment of poorly controlled eosinophilic asthma. J
Asthma. 2019; 56 (8): 872-881.

c. Han, S. et al. Cost–utility analysis of reslizumab for patients with severe eosinophilic asthma inadequately controlled with
high-dose inhaled corticosteroids and long-acting β2-agonists in South Korea. Current medical research and opinion. 2019;
10.1080/03007995.2019.1605159.



Dupilumab in addition to standard therapy vs. standard therapy

Quality assessment Summary of resources and costs Quality

Nº. of
studie

s

Study
design

Limitation
s

Inconsistenc
y

Indirectnes
s

Imprecisio
n

Publicatio
n bias

Increment
al cost per
patient*

Increment
al effect

per
patient*

ICER

ICER per QALY (high quality study - not funded by Industry)

1a Cost-
utility,

Marko
v

model

Not
serious1

Not serious Serious2 Serious3 Not
serious

704,000 $
(lifetime
horizon)

1.51 QALYs
(lifetime
horizon)

464,00
0 $ /
QALY

⨁⨁⨁◯
MODERAT

E

*Incremental cost and effect due to the addition of Dupilumab.

ICER: Incremental cost-effectiveness ratio. QALY: Quality adjusted life years. $: US Dollar.

1. Markov model study with low risk of bias (CHEC score 13 or higher).
2. One single study performed in the USA. The results may not be applicable to other countries.
3. The deterministic sensitivity analysis showed large variations in the ICER value from 300,000 $ to 1,000,000 $ (0.85 to 0.81

utilities gained, respectively). Furthermore, at a threshold of 50,000, the probability for Dupilumab to be cost-effective was
0%.

References

d. ICER. Institute for Clinical and Economic Review. Biologic Therapies for Treatment of Asthma Associated with Type 2
Inflammation: Effectiveness, Value, and Value-Based Price Benchmarks. Available at: https://icer-
review.org/material/asthma-final-evidence-report/. Accessed Sept, 2019.



Benralizumab in addition to standard therapy vs. standard therapy

Quality assessment Summary of resources and costs Quality

Nº. of
studie

s

Study
design

Limitation
s

Inconsistenc
y

Indirectnes
s

Imprecisio
n

Publicatio
n bias

Increment
al cost per
patient*

Increment
al effect

per
patient*

ICER

ICER per QALY (high quality study - not funded by Industry)

1a Cost-
utility,

Marko
v

model

Not
serious1

Not serious Serious2 Serious3 Not
serious

581,000 $
(lifetime
horizon)

1.41 QALYs
(lifetime
horizon)

412,00
0 $ /
QALY

⨁⨁⨁◯
MODERAT

E

ICER per QALY (high quality study - funded by Industry)

1b Cost-
utility,

Marko
v

model

Not
serious4

Not serious Serious5 Serious6 Not
serious

NR £
(lifetime
horizon)

NR QALYs
(lifetime
horizon)

39,135
£  /

QALY

⨁⨁◯◯
LOW

*Incremental cost and effect due to the addition of Benralizumab.

ICER: Incremental cost-effectiveness ratio. QALY: Quality adjusted life years. $: US Dollar. £: British pounds. NR: Not reported.

10. Markov model study with low risk of bias (CHEC score 13 or higher).
11. One single study performed in the USA. The results may not be applicable to other countries.
12. The deterministic sensitivity analysis showed large variations in the ICER value from 250,000 $ to 950,000 $ (0.85 to 0.81

utilities gained, respectively). Furthermore, at a threshold of 50,000, the probability for benralizumab to be cost-effective
was 0%.

13. One single study performed in the UK. The results may not be applicable to other countries.
14. The ICER varied from 34,270 £ reported by AstraZeneca to 73,560 £ found by the University of Exter in the deterministic

sensitivity analysis (zero asthma related mortality).
15. AstraZeneca financed the original model critiqued by the University of Exeter. The University explored ICER sensitivity

through changes in the age-stratified probabilities for hospitalised patients, oral corticosteroids use at baseline (42%),
administration cost of benralizumab, and treatment discontinuation rate (0.0041/cycle).

References

e. ICER. Institute for Clinical and Economic Review. Biologic Therapies for Treatment of Asthma Associated with Type 2
inflammation: Effectiveness, Value, and Value-Based Price Benchmarks. Available at: https://icer-
review.org/material/asthma-final-evidence-report/. Accessed Sept, 2019.

f. Tikhonova I, et al. Benralizumab for treating severe asthma: A Single Technology Appraisal. Peninsula Technology
Assessment Group (PenTAG), 2018.



Supplementary files: metanalysis plots and risk of bias

Mepolizumab

*Outcome definitions used in the included trials: Bel 2014: annualized rates of asthma exacerbations. A clinically significant
exacerbation was defined as worsening of asthma leading to at least the doubling of the existing maintenance dose of oral
glucocorticoids for 3 or more days or hospital admission or an emergency department visit for asthma treatment; Chupp 2017:
annual rate of clinically significant exacerbations, defined as worsening of asthma requiring systemic corticosteroids administered
intravenously or orally for ≥3 days or as a single intramuscular dose, or an emergency room visit or admission to hospital; Ortega
2014: annualized frequency of clinically significant exacerbations, defined as worsening of asthma. For example administration of
systemic glucocorticoids for at least 3 days by the treating physician, the patient visiting an emergency department or being
hospitalized.
† Exacerbation rate ratio was not reported in Ortega 2014, it was extracted from results reported in clinical trial.gov, defined as the
number of exacerbations per year in the mepolizumab 100 mg SC arm divided by the number of exacerbations per year in the
placebo arm (Source: https://clinicaltrials.gov/ct2/show/results/NCT01691521).

Exacerbation leading to hospitalization



Exacerbation rate ratio (subgroup: blood eosinophil’s counts at baseline)

Pre-bronchodilator Forced Expiratory Volume in 1 s (FEV1) (overall)* †

*Outcome definitions used in the included trials: Bel 2014: mean change from baseline in the FEV1 before bronchodilator: Between-
group difference: 114 (-44 - 273)1; p =0.15 at week 24; Chupp 2017: mean change from baseline in pre-bronchodilator FEV1 at week
24: Between-group difference: 120 (47-192); p =0.001 at week 24; Ortega 2014: mean change from baseline in FEV1 (ml) before
bronchodilator: Between-group difference: 98 (11-84); p =0.03 at week 32.

(https://www.accessdata.fda.gov/drugsatfda_docs/nda/2015/125526Orig1s000StatR.pdf).

Morning peak expiratory flow rate (PEF) *

*Post Hoc analysis of MENSA and MUSCA trials from Ortega 2018.



Asthma Control Questionnaire (ACQ-5)*

*Outcome definitions used in the included trials: Bel 2014: mean change from baseline in the ACQ-5 score: Between-group
difference: -0.52 (-0.87 to -0.17); p =0.004 at week 24; Chupp 2017: mean change from baseline in the ACQ-5 score: between-group
difference: -0.4 (-0.6 to -0.2); p <0.0001 at week 24; Ortega 2014: mean change from baseline in the ACQ-5 score: Between-group
difference: -0.44 (-0.63 to -0.25); p <0.0001 at week 32.
†Score from 0 to 6 (higher scores indicate poorer control. Minimal important difference: 0.5 points (Juniper EF et al. 2005))

*Outcome definitions used in the included trials: Bel 2014: mean change from baseline in the SGRQ score: Between-group difference:
-5.8 (-10.6 to -1.0); p =0.02 at week 24); Chupp 2017: mean change from baseline in the SGRQ score: between-group difference: -7.7
(-10.5 to –4.9); p <0.0001 at week 24); Ortega 2014: mean change from baseline in the SGRQ score: Between-group difference: -7.0 (-
10.2 to -3.8); p <0.0001 at week 32).

† Minimal important difference: > -0.4 points which corresponds to a slightly effective change (Jones PW. 2002).

Treatment related adverse events



Treatment related serious adverse events (SAE)

Outcome
Mepolizumab

(n=69)
Placebo
(n=66)

RR*

(95% CI)
P value

Reduction in oral glucocorticoid dose of
≥ 50%,  n (%)

37 (54) 22 (33) 1.61 (1.07-2.41) 0.02

Reduction in daily oral glucocorticoid
dose to a level ≤5mg, n(%)

37 (54) 21 (32) 1.69 (1.11-2.55) 0.01

Reduction in oral glucocorticoid dose of
100%, n(%)

10 (14) 5 (8) 1.91 (0.69-5.30) 0.2

*Calculated crude RR.

† Only Bel 2014 assessed this outcome

Daily brochodilator use at week 21-24
Placebo

(n=277)

Mepolizumab

(n=247)

Mean difference

(between groups)

MD (95% CI)

Change from baseline, mean (SD) -0.4 (1.5) -0.5 (1.4) -0.10 (-0.35 to 0.15)

*Chupp 2017 assessed with puffs/day.
†Minimal important difference -0.81 puffs/day (Santanello 1999).



Benralizumab

Annual asthma exacerbation rate (Overall)*

*Nair 2017 reported the annual exacerbation rate at 28 weeks, and Goldman 2017 reported a pooled analysis from SIROCCO (week
48) and CALIMA (week 56), both in patients with blood eosinophil count of ≥150 cells/lL.

Goldman 2017 defined the annual asthma exacerbation rate as the total number of exacerbations multiply by 365.25 and devided by
the total duration of follow-up within the treatment group (days); An exacerbation was defined as a worsening of asthma that led to
one of the following: (1) use of systemic corticosteroids (or a temporary increase in a stable oral corticosteroids background dosage)
for at least 3 days or a single, injected dose of corticosteroids, (2) emergency department (ED)/urgent care visit (<24 hours) related to
asthma that required systemic corticosteroids, or (3) inpatient hospitalization (24 hours) related to asthma. Nair 2017 did not report
the definition of the annual exacerbation rate.

Change of Asthma Control Questionnaire-6 (ACQ-6) from baseline to End of treatment (EOT) (Overall)*

*Nair 2017 reported the change of ACQ-6 at 28 weeks, and Goldman 2017 reported a pooled analysis from SIROCCO (week 48) and
CALIMA (week 56) studies, both in patients with blood eosinophil count of ≥150 cells/lL.

For ACQ-6, lower score indicate better control of symptoms.



Asthma Quality of Life Questionnaire for age ≥ 12 years old (AQLQ) from baseline to EOT (Overall)*

*Nair 2017 reported the change of AQLQ from baseline at 28 weeks, and Goldman 2017 reported a pooled analysis from SIROCCO
(week 48) and CALIMA (week 56) studies, both in patients with blood eosinophil count of ≥150 cells/lL.
For AQLQ, higher scores indicate better quality of life.

Change of Prebronchodilator Forced Expiratory Volume in 1 s (FEV1, L) from baseline to EOT (Overall)*

*Nair 2017 reported the annual exacerbation rate at 28 weeks, and Goldman 2017 reported a pooled analysis from SIROCCO (week
48) and CALIMA (week 56) studies, both in patients with blood eosinophil count of ≥150 cells/lL.

The reduction (%) of OCS from baseline (Overall)*

Outcome
Benralizumab vs.

Placebo*

P value

Reduction from baseline in final oral glucocorticoid dose ≥50% 1.76 (1.26 to 2.47) 0.0005

Reduction from baseline in final oral glucocorticoid dose 100% 2.75 (1.38 to 5.47) 0.0014

Final oral glucocorticoid dose of ≤5.0 mg/day 1 1.77 (1.22 to 2.57) 0.0018

*Crude risk ratio (95% CI) was calculated by Revman
1 All patients with a final oral glucocorticoid dose of 5.0 mg or less per day also had a reduction of at least 25% from baseline in the
final oral glucocorticoid dose.



Any drug-related adverse events (AE)*

*Fitzgerald 2018 reported pooled data analysis from SIROCCO (week 48) and CALIMA (week 56) studies.

Any serious adverse event (SAE) unrelated to asthma exacerbation*

*Nair 2017 reported the annual exacerbation rate at 28 weeks in patients receiving high-dosage inhaled corticosteroids plus long-
acting β2-agonists and blood eosinophil count ≥150 cells/µL.



Reslizumab

Clinically significant exacerbation rate ratio (Overall)* †

* Castro 2015a and Castro 2015b (reported results from two trials, see table 1) assessed exacerbation rates at 52 weeks and
Castro 2011 at 15 weeks.

†Castro 2015a, b defined annual rate of clinical asthma exacerbations (number of exacerbations per person year),
defined as worsening of asthma that resulted in use of systemic corticosteroids in patients not already receiving
treatment, or a two-times increase in the dose of either inhaled corticosteroids or systemic corticosteroids for 3 or
more days, or the need for asthma-related emergency treatment. Castro et al. 2011 defined a clinical asthma
exacerbation as a 20% or more decrease from baseline in FEV1 or worsening of asthma requiring emergency
treatment, hospital admission, or three or more days of oral corticosteroid treatment. In this study exacerbations
where reported as “percentage of patients with clinical asthma exacerbations” at week 15, and the effect was
estimated as a risk ratio.

Forced Expiratory Volume (FEV1) change (mL) (Overall)*

* FEV1 is considered a surrogate outcome of asthma control of symptoms, with a variable correlation with asthma
symptoms (Aburuz 2005); included studies evaluated eosinophil patients with blood eosinophil counts ≥400cells/ul.
Castro 2015 also assessed FEV1 at 52 weeks, the mean difference from baseline was 122.28 (45.54, 199.02).
Bjermer 2016, Castro 2015 a/b and Corren 2016 assessed change in FEV1 at 16 weeks and Castro 2011 at week 15.



Change from baseline of Asthma Control Questionnaire (ACQ-7) (Overall)*

*Higher scores indicate poorer control. Minimal important difference: 0.5 points)
Bjermer 2016, Castro 2015 a/b and Corren 2016 assessed change in ACQ-7 at 16 weeks and Castro 2011 at week
15.
Castro 2015 a/b also assessed ACQ-7 at 52 weeks, the mean difference from baseline of ACQ-7 was -0.25 (-0.34, -
0.16)

AQLQ Changes from baseline (Overall)

Bjermer 2016 assessed change in AQLQ at 16 weeks and Castro 2015 a/b at 15 weeks.
Castro 2015 a/b also assessed AQLQ at 52 weeks, the mean difference from baseline was 0.29 (0.18, 0.41), see full
text report.

Rescue medication use (puffs/day) between-group-difference at week 16(Overall)

Outcome definitions used in the included trials:
Bjermer 2016: Change in SABA (short acting ß-agonist) use from baseline (puffs/day). Rescue inhaler use was
assessed via patient recall of the number of inhalations over the preceding 3 days.
Castro 2015a/b: Change in SABA use from baseline (puffs/day). Rescue inhaler use was assessed via patient recall of
the number of inhalations over the preceding 3 days.



Corren 2016: Change in SABA use from baseline (puffs/day). Rescue inhaler use was assessed
via patient recall of the number of inhalations over the preceding 3 days.

Treatment-related adverse events (AE) at 15 to 52 weeks (Overall)*

*Data extracted from clinicaltrials.gov

Treatment-related serious adverse events (SAE) at 15 to 52 weeks (Overall)

*Data extracted from clinicaltrials.gov



Omalizumab

Exacerbation rate (Overall)*

*Casale 2018 included patients with high eosinophil counts ≥ 200/µl, Busse 2013 with atopy and high blood
eosinophil counts ≥ 300/µl and Hanania 2013 also with atopy and high blood eosinophil counts ≥ 260/µl.
Sorkness 2013 reported the exacerbation at 48 weeks for patients with FeNO ≥20 ppb and aged 6-20 years, OR:
2.57 (CI 95% 1.46-4.54).

Total Asthma Symptoms Score (TASS)*

TASS – patients with Blood eosinophil counts ≥ 260/ul*

Measure (Hanania 2013)
Omalizumab

(n=214)

Placebo

(n=200)

LS mean change -1.63 -1.47

LS mean difference change vs placebo (95% CI) -0.16 (-0.51 to 0.19) -

* Hanania 2013 assessed change of TASS for patients with eosinophil counts ≥260/µl at 48 weeks.
LS: least square

Predicted Forced Expiratory Volume in 1s (FEV1%) Change from baseline *

* Hanania 2013 assessed change of FEV1% for patients with eosinophil counts ≥260/µl at 48 weeks and Busse 2013
assessed patients with blood eosinophil counts ≥ 300 /µl at 24 weeks.
Hanania 2013 also assessed an overlapping subgroup with FeNO≥24 ppb, the LSMD for FEV1% was 3.20 (CI 95% -
0.74 to 7.14).





Asthma Quality of Life Questionnaire(S) + 12 score (AQLQ)

Measure (Hanania2013) Omalizumab vs. Placebo (CI 95%)

LS mean difference (eosinophil counts ≥ 260/ul) 0.13 (-0.11 to 0.37)

LS mean difference (FeNO >24 ppb) 0.37 (0.01 to 0.73).

*Hanania 2013 assessed AQLQ at 48 weeks f in patients with eosinophil counts ≥260/µl and FeNO >24 ppb.

Rescue medication use (Albuterol, puffs/day)*

Measure (Hanania2013) Omalizumab vs. Placebo (CI 95%)

LS mean difference (eosinophil counts ≥ 260/ul) -0.34 (-0.83 to 0.15)

LS mean difference (FeNO >24 ppb) -0.49 (-0.88 to -0.11).

*Hanania 2013 assessed rescue medication use at 48 weeks in patients with eosinophil counts ≥260/µl and FeNO
>24 ppb.

Inhaled corticosteroid (ICS) taken (Budesonide, μg/day)*

Outcome (Sorkness 2013) Omalizumab vs. Placebo P value

LS mean difference (FeNO ≥ 20 ppb) -164.2 μg/day 0.03

*Sorkness 2013 assessed reduction of Budesonide at 48 weeks in patients with FeNO≥20 ppb and aged 6-20 years
old.

Drug related adverse events

*Hanania 2013 evaluated subgroup population with blood eosinophil counts ≥ 260/µl.



Dupilumab

Exacerbation rate ratio* ɫ†

* Annualized rate of severe exacerbation was defined as number of severe exacerbations per person year. Severe
exacerbation was defined as a deterioration of asthma requiring: 1) the use of systemic corticosteroids for ≥3 days
and or 2) hospitalization/emergency room visit because of asthma, requiring systemic corticosteroids. Outcome
assessment timepoints ranges from week 24 (Rabe 2018), week 40 (Wenzel 2016) to week 52 (Castro 2018).

ɫ Castro 2018 assessed patients with ≥ 150 eosinophils/µL count;  Wenzel 2016 and Rabe 2018 assessed patients
with ≥ 300 eosinophils/µL count.

standard errors to take into account the data correlation in each comparison (unit of analysis errors) (Rucker 2017).

Asthma Control Questionnaire-5 (AQC-5) (Subgroup: dosage)*

*Wenzel 2016 assessed ACQ in patients with eosinophil count ≥300 cells/mm 3 at 24 weeks. Higher ACQ-5 scores
indicate poorer control: scale from 0 (no impairment) to 6 (maximum impairment). Minimal important difference:
0.5 points.

†Wenzel 2016 reported multiple treatment arms compared to the same control arm, thus, we corrected the
standard errors to take into account the data correlation in each comparison (unit of analysis errors) (Rucker 2017).

†

†



AQLQ change from baseline (Subgroup: dose)*

*Included studies assessed AQLQ in patients with eosinophils count ≥ 300 cells/mm 3 at 24 weeks. Higher AQLQ
scores indicate better quality of life. Minimal important difference: 0.5 points.

†Wenzel 2016 reported multiple treatment arms compared to the same control arm, thus, we corrected the
standard errors to take into account the data correlation in each comparison (unit of analysis errors) (Rucker 2017).

Any treatment-emergent Adverse Events (AE) (Overall)*

*Wenzel 2016 assessed AE in patients with eosinophil’s count ≥300 cells/mm3 at 24 weeks.

Any treatment-emergent serious adverse events (SAE)*

†

†



*Included studies evaluated patients with eosinophils count ≥ 300/mm3 at 24 weeks.

FEV 1 (L) – eosinophil count ≥ 150 cells/mm3 (Overall)*

*All studies assessed patients with eosinophils count ≥ 150 cells/mm3

† Wenzel 2016 reported multiple treatment arms compared to the same control arm, thus, we corrected the
standard errors to take into account the data correlation in each comparison (unit of analysis errors) (Rucker 2017).

Fractional exhaled nitric oxide (FeNO)

†
†



FeNO (ppb) (Subgroup: dose)*

*Wenzel 2016 assessed FeNO in patients with eosinophil count ≥300 cells/mm3 at 24 weeks. Outcome defined as
percentage change from baseline.

†Wenzel 2016 reported multiple treatment arms compared to the same control arm, thus, we corrected the
standard errors to take into account the data correlation in each comparison (unit of analysis errors) (Rucker 2017).

Rescue medication use - eosinophil count ≥300 cells/mm3 (puffs/day)*

*Wenzel 2016 assessed rescue medication use in patients with eosinophil’s count ≥300 cell/mm 3 at 24 weeks.
Rescue medication use was defined as number of salbutamol/albuterol or levosalbutamol/levalbuterol inhalations
recorded daily by the patients.

†Wenzel 2016 reported multiple treatment arms compared to the same control arm, thus, we corrected the
standard errors to take into account the data correlation in each comparison (unit of analysis errors) (Rucker 2017).

Oral corticosteroid use % (Subgroup: Eosinophilic counts)* ɫ

†

†

†

†



* We will use eosinophil counts ≥ 150 cell/mm3 as an overall population (as defined by
protocol).

ɫ Systemic corticosteroid use defined as percentage of reduction in systemic corticosteroid use
at 24 weeks. Overall estimate not shown given the overlapping between the subgroups.
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