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Email: ibrumaru@unitbv.ro 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% Cl 0.39 to 0.72), dupilumab (IRR) 0.43 (95% Cl 0.32 to 0.59), mepolizumab IRR
0.49 (95% Cl1 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 FEV,, 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, FEV,. More data on long-term safety are needed

together with more efficacy data in the paediatric population.
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1 | INTRODUCTION

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.™ 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.’> 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.?>® 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.”™! 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.?2% 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.”®'® Anti-IL-5 monoclonal antibodies
(mepolizumab and reslizumab) are approved for severe asthma
and peripheral eosinophilia.}”?° Benralizumab, a monoclonal an-
tibody that binds to the o subunit of IL-5 receptor (IL-5Ra), was
also recently approved for eosinophilic asthma.?*?2 Dupilumab,
a monoclonal antibody directed against the a subunit of the IL-4
receptor (IL-4Ra) acting as a dual inhibitor of both IL.-4- and IL-13-
mediated signalling pathways, was approved for T2 asthma.?®%
Omalizumab, a humanized monoclonal anti-IgE antibody, was
the first biological approved for IgE-mediated persistent allergic

asthma.?>%¢

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 21% or an asthma-
related peripheral blood eosinophil count of 2150 cells/pL, or a
fractional exhaled nitric oxide (FeNO) of 220 ppb.?” 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—
FEV,), 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.?® 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.?? Transferability to
the European context was assessed using the European Network of
Health Economic Evaluation Databases (EURONHEED) checklist.3%3!

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.%?

Statistical heterogeneity between studies was assessed using the
Cochrane chi-square test and the magnitude of heterogeneity with
the I? 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.®®3* For
the evaluation of imprecision for each asthma-related outcome
evaluated, where available, the minimal important difference (MID)
thresholds were considered.>>"%8 For FEV, aMID 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 benralizumab®?#%; three for dupilumab42'44;
three for mepolizumab45'47; five for omalizumab®®>!; and five for

reslizumab.’?>°
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FIGURE 1 Study flow chart for the
selecting evidence for efficacy and safety
of the biologicals in severe eosinophilic
asthma
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[
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Screening

3441 records identified from databases
(MEDLINE; EMBASE; CENTRAL)

3296 records excluded after
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title/abstract screening
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(mepolizumab = 30; reslizumab:25;
benralizumab = 18; dupilumab = 12; and
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(Omalizumab)

Eligibility

Secondary references

suggested by experts: 18

135 full-text articles excluded
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\ 4
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A 4

Different comparison of interest

Included

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-

394 three dupilumab trials,*> 44

48,50,51

three mepolizumab tri-
52-55

zumab trials,
als,*>**’ three omalizumab trials and five reslizumab trials.
All biologicals reduced asthma exacerbations rate compared to
standard of care with high certainty of evidence: benralizumab IRR

0.53; 95% C1 0.39 to 0.72; dupilumab IRR 0.44; 95% Cl 0.32 to 0.59;

Diferent outcome of interest

Different dose (Non-FDA approved )
28 publications from 19 individual RCTs
Different population

Mepolizumab: 7 publications from 3 RCTs
Benralizumab: 6 publications from 3 RCTs
Reslizumab: 8 publications from 5 RCTs
Dupilumab: 3 publications from 3 RCTs

Omalizumab: 4 publications from 5 RCTs

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

A separate analysis of the studies****% 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% Cl 0.17 to
0.53; dupilumab IRR 0.42; 95%CI 0.25 to 0.69; and mepolizumab IRR
0.68; 95%Cl 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 ***4
omalizumab (TASS) MD -0.16; 95% -0.51 to 0.19 *¢* and mepolizumab
(ACQ-5) MD -0.43; 95% Cl -0.56 to -0.31.*%” 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 trials®?*; two dupilumab

trials*2*3; three mepolizumab trials**#”; one omalizumab trial*®
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AGACHE ET AL.

TABLE 3 Summary of findings for Benralizumab compared to standard of care for eosinophilic asthma

No. of Anticipated absolute effects
participants Certainty of the
(studies) evidence Relative effect Risk with standard Risk difference with
Outcomes Follow-up (range)  (GRADE) (95% ClI) of care benralizumab
Exacerbations 1373 DOPDD Incidence rate 1500 exacerbations 705 fewer
Assessed with annualized asthma (3 RCTs)%7 HIGH®2b ratio 0.53 per 1000 patients exacerbations per
exacerbation rate 28 to 56 weeks (0.39 to 0.72)%¢ per year 1.000 patients per
year
(915 fewer to 420
fewer)
Asthma Control 1373 DOPDD — mean
Assessed with ACQ-6 score (3 RCTs)%7 4 HIGH34b-ef difference—0.26
between-group difference at the 28 to 56 weeks (-0.46 to - 0.07
end of the study fewer)“®
Quality of life 1333 DODD — mean
Assessed with Asthma Quality of (3 RCTs)*7 4 HIGH3¢Pik difference + 0.23
Life Questionnaire for 12 years 28 to 52 weeks (+0.11 to + 0.36)°
and older
Any drug-related adverse event 478 DSDPO Risk ratio 1.41 105 per 1.000 43 more per 1.000
(AE) (1 RCT)* MODERATE**"  (0.87 to 2.27) (14 fewer to 133
Assessed with number of events 56 wk more)
Any serious adverse event (SAE) 148 DDOO Risk ratio 0.56 147 per 1.000 65 fewer per 1.000
unrelated to asthma exacerbation (1 RCT)* Low?3b! (0.22 to 1.44) (114 fewer to 65
Assessed with number of events 28 wk more)
Decrease in OCS use 148 DODHD Risk ratio 1.76 373 per 1.000 284 more per 1.000
Assessed with reduction in daily (1 RCT)* HIGH®® (1.26 to 2.47) (97 more to 549
OCS dose of 250% 28 wk more)
Lung function 1370 DSDPO — mean
Assessed with prebronchodilator (3 RCTs)% 4 MOD_ERATEs' difference + 140 mL
FEV1 (mL) between-group 28 to 56 wk Sbhi (+90 to + 190)°
difference at the end of the study
Rescue medication use 0 studies - Not estimable

Assessed with puffs/day

*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% Cl).

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 (12 = 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.”®

c. The pooled data were assessed at 28 wk %! and at 48-52 wk.”* 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% Cl 0.03-1.72; see full-text report).

e. Statistically significant (1> = 61%) but probably unimportant heterogeneity.
f. The minimal important difference (MID) for ACQ-6 is 0.5 points.*®

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 (95CI1% -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.”?

i. The panel agreed that minimal important difference for FEV1 is 0.20 L.

j. Statistically significant (12 = 55%) but probably unimportant heterogeneity.

k. For AQLQ(S)+12 the MID is 0.5.%7

I. The effect may both be harmful or beneficial. Small sample size and number of events.
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TABLE 4 Summary of findings of Dupilumab compared to standard of care for eosinophilic asthma

Anticipated absolute effects
No. of participants  Certainty of the

(studies) evidence Relative effect  Risk with Risk difference with
Outcomes Follow-up (range) (GRADE) (95% ClI) standard of care dupilumab
Exacerbations 1712 DPODD Incidencerate 1570 894 fewer exacerbations
Assessed with annualized (3 RCTs)*%44 HIGH*2b ratio 0.44 exacerbations per 1000 patients per
asthma exacerbation rate 24 to 52 wk (0.32t0 0.59) per 1000 year
patients per year (1086 fewer to 655 fewer)®
Asthma control 507 SPPO - mean difference—0.48
assessed with: Asthma Control (1 RCT)*2 MODERATE*8:20€ (-0.88 lower to —0.09)
Questionnaire -5 24 wk
Scale from: 1 to 5
Quality of life 958 SPPpO — mean difference + 0.42
Assessed with asthma Quality (2 RCTs)*3*4 MODERATE*?b:n (+0.25 to +0.59)
of Life Questionnaire 24 to 52 wk
Scale from: 1 to 7
Treatment-related adverse 264 DDDO Risk ratio 1.00 794 per 1.000 0 fewer per 1.000
events (AE) (1 RCT)*? MODERATE***™  (0.88 t0 1.13) (95 fewer to 103 more)
Assessed with number of events 24 wk
Treatment-related serious 264 o 0®) Risk ratio 1.46 59 per 1.000 27 more per 1.000
adverse events (SAE) (1 RCT)*? Low*ab.m (0.60 to 3.54) (24 fewer to 149 more)
Assessed with number of events 24 wk
Decrease in OCS dose 150 CDDD = mean difference—29.4%
Assessed with percentage (1 RCT)*? HIGH*?P (-43.23 to -15.57)
of reduction compared to 24 wk
baseline
Lung function 1030 SO0 — mean difference + 180 mL
Assessed with FEV1 in mL (3 RCTs)*2 44 LOW*7abdef (+110 to +250)
24 to 52 wk
Fraction of exhaled nitric oxide 150 DSDOO - mean difference—40.11%
Assessed with mean % change (1 RCT)*? LOW*10-12.2bij (-78.68 to -1.55)
(ppb) from baseline 24 wk
Rescue medication use 143 SDPO — mean difference—0.56
Assessed with puffs/day (1 RCT)*? MODERATE*72b:k! puff/day
24 to 52 wk (-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% Cl).

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. Allincluded studies had a high risk of selective reporting bias.*>** 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.”®

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.”?

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 Cl is less than the MID(0.5 points).%”

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

(Continues)
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TABLE 4 (Continued)
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.®®

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

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

TABLE 5 Summary of findings of mepolizumab compared to standard of care for eosinophilic asthma

Anticipated absolute effects

No. of participants  Certainty of the Risk with
(studies) evidence Relative effect standard of Risk difference with
Outcomes Follow-up (range) (GRADE) (95% ClI) care mepolizumab
Exacerbations 1071 DPDDD Incidence rate 1700 870 fewer exacerbations
Exacerbation rate ratio (3 RCTs)*> % HIGH*>2b< ratio 0.49 exacerbations per 1000 patients per
Assessed with the annualized rates 24 to 32 wk (0.38 to 0.66) per 1000 year
of asthma exacerbations patients per (592 fewer to 1079
year fewer)
Exacerbations leading to (2 RCTs)*47 [asYarTasYar) Incidence rate 100 70 fewer exacerbations
hospitalization 24 to 32 wk HIGH*® ratio 0.30 exacerbations per 1000 patients per
Assessed with the annualized rate (0.13 to 0.71) per 1000 year
of asthma exacerbations leading patients per (29 fewer to 87 fewer)
to hospitalization year
Asthma control 912 SDPO — mean difference—0.43
Assessed with: ACQ-5 score (3 RCTs)*>#7 MODERATE*52¢i (-0.56 to -0.31)
between-group difference at the
end of the study
Scale from: O to 67
Quality of life 1045 SPPpO — mean difference—7.14
Assessed with St. George's (3 RCTs)**7 MODERATE*>2¢! (-9.07 to -5.21)
Respiratory Questionnaire 24 to 32 wk1oK
between-group difference at the
end of the study
Treatment-related adverse events 1071 DPODD Risk ratio 1.35 796 per 1.000 279 more per 1.000
(AE) (3 RCTs)*#7 HIGH*>¢ (1.01 to 1.80) (8 more to 637 more)
Assessed with number of events
Treatment-related serious adverse 385 DOOO Risk ratio 0.98 5 per 1.000 0 fewer per 1.000
events (SAE) (1RCT)¥ VERY LOW*><™ (0,06 to 15.63) (-5 fewer to 77 more)
Assessed with number of events
Lung function 1043 SDPO — mean
assessed with prebronchodilator (3 RCTs)* ¥ MODERATE*>72¢f difference + 110.9 mL
FEV1 (mL) between-group 24 to 32 wké*® (+58.91 to +162.89)
difference at the end of the study
Lung function 936 SPOO - mean difference + 22.46
assessed with AM peak expiratory (2 RCTs)”’ LowHSehi (+13.98 to +30.94)
flow (PEF) 24 wké€
Rescue medication use (1RCT)® fasYarTasYan) - mean difference
assessed with puffs/day 21 to 24 wks® HIGH*>< -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% Cl).

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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TABLE 5

(Continued)

Explanations

a. Two of three studies had a high risk of attrition bias.*>*’ 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.”®””

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 FEV1is 0.20 L.

f. Downgraded because FEV1 is considered a surrogate outcome of asthma control of symptoms, with a variable correlation with asthma symptoms.”

g. The MID of PEF is 18.8 L/min.*®

2

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

publication.””

i. Downgraded because the lower Cl boundary crosses the MID threshold
j. 0.5 points is the minimal important difference for the Asthma Control Questionnaire (ACQ-5 score).
k.>-4.0 was considered the threshold for the MID for quality of life measured with the St. George's Respiratory Questionnaire.

37

36

I. 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

0. The minimal important difference for rescue medication use is —0.81 puffs/d.%®

and three reslizumab trials.>3>> 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% Cl + 0.25 to + 0.59); mepolizumab
(SGRQ) MD -7.14 (95% Cl -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,*%4!

4547 one trial

one trial for dupilumab,42 three mepolizumab trials,
for omalizumab *® and three trials for reslizumab.5°*5% For me-
polizumab, there is an increased likelihood of drug-related AE (RR
1.35;95% Cl1.01 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% Cl 0.87 to 2.27;
reslizumab RR 1.18, 95% CI1 0.89 to 1.56. For dupilumab and omali-
zumab, the RR is rather small: dupilumab RR of 1.00, 95% Cl 0.88
to 1.13; and omalizumab RR 1.01, 95% Cl 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% Cl1 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%Cl 1.26 to 2.47); dupilumab 29.4% (95% Cl 43.2 lower to 15.57
lower); and mepolizumab >50% (RR 1.61; 95%Cl 1.07-2.41).414446
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% Cl 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; Cl 95% -0.35 to 0.15).*

3.3.7 | Lung function-FEV,

The change from baseline of FEV, was assessed for benrali-

b, 374 b,%"4” omalizumab “® and reslizumab.?%>>

zuma mepolizuma
Compared to standard of care, there was an increase in FEV, 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% ClI +58.91 to +162.89), reslizumab
MD + 141.82 mL (95% Cl +89.23 to +194.41); and omalizumab
mean percentage change + 3.7% (95% Cl 2.1% to 9.5%). There is
low certainty of evidence that for patients with baseline eosinophils
2300 cells/pL dupilumab may increase FEV, compared to standard

of care [MD + 180 mL (95% CI 110 to 250)].
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TABLE 6 Summary of findings of Omalizumab compared to standard of care for eosinophilic asthma

Anticipated absolute effects
No. of participants  Certainty of the

(studies) evidence Relative effect Risk with standard  Risk difference with
Outcomes Follow-up (range) (GRADE) (95% ClI) of care omalizumab
Exacerbations 779 DODHD Incidence rate 660 exacerbations 290 fewer exacerbations
Assessed with annual asthma (3 RCTs)*&50:51 HIGH*2P ratio 0.56 per 1000 patients  per 1.000 patients per
exacerbations rate 16 to 48 wk (0.40t0 0.77) per year year
(396 fewer to 152 fewer)
Asthma Control 414 DDOO - mean difference—0.16
Assessed with Total Asthma (1 RCT)*® Low*abed (-0.51 to +0.19)%f
Symptoms Score 48 wk
Quality of Life 414 SPPO — mean difference + 0.13
Assessed with Asthma (1 RCT)*® MODERATE*2bd (-0.11 to +0.37)'
Quality of Life 48 wk
Questionnaire
Any adverse event 414 SPDO Risk ratio 1.01 794 per 1.000 8 more per 1.000
Assessed with number of (1 RCT)*® MODERATE**?4 (0.91 to 1.11) (71 fewer to 87 more)
events 48 wk
Lung Function (2 RCTs)*850 DDOPO — Mean difference + 3.7%
Assessed with % 24 to 48 wk MODERATE*>2b:&hi (-2.1 lower to +9.5)
prebronchodilator FEV1
between-group difference
at the end of the study
Rescue medication use 414 SPPO = Mean difference—0.34
Assessed with puffs/day (1 RCT)*® MODERATE*#4d (-0.83 to +0.15)4™"
change from baseline 48 wk

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.”®

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 2260/uL. This study also reported total asthma symptoms score for the subgroup of
FeNO >24ppb, the mean difference is -0.25 (Cl 95% -0.77 to 0.27).

f. In the current systematic review, we also included one study®’ 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 (12 = 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.”?

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: 2200 cells/uL,’! 2300 cells/pL *° and =260 cells/pL.*®

k. One of the included studies *® also reported the effect on FEV1% change for a population with FeNO 224 ppb, the LS mean difference is 3.20 (CI
95% -0.74 to 0.27). The pooled effect evaluated at 48 wk*® and 24 wk.*°

|. Data from subgroup of patients with blood eosinophil count 2260/pL. This study also reported AQLQ for the subgroup of FeNO 224 ppb, the mean
difference is 0.37 (Cl 95% 0.01 to 0.73).

m. This study also reported the effect on rescue medication use for the subgroup of FeNO 224 ppb, the mean difference is -0.49 (Cl 95% -0.88 to -0.11).
n. The MID for rescue medication use is 0.81 puffs/d.%°

3.4 | Evidence of resource use and cost-effectiveness evaluated benralizumab,>®” one dupilumab,®” one mepolizumab>®
and two reslizumab®?® (Table 2). Most of the excluded stud-
After screening 1884 hits and reviewing 36 full-text articles, ies evaluated allergic patients (Table S4). Overall, the resources

five economic evaluations were included (Figure 2). Two studies needed for adding the biological to standard asthma therapy are
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TABLE 7 Summary of findings of Reslizumab compared to standard of care for eosinophilic asthma

No. of Anticipated absolute effects
participants
(studies) Certainty of the
Follow-up (mean evidence Relative effect  Risk with standard of Risk difference with
Outcomes or range) (GRADE) (95% ClI) care reslizumab
Exacerbations 1059 DODHD Rateratio 0.46 1800 exacerbations 972 fewer exacerbations
Assessed with annualized (3 RCTs)*? HIGH®® (0.37 to 0.58)° per 1000 patients per  per 1000 patients per
rate of asthma 52 wk year year
exacerbations?® (1134 fewer to 756
fewer)
Exacerbations leadingto ER 953 DDDO Rate ratio 0.67 120 exacerbations per 40 fewer exacerbations
visit or hospitalization (2 RCTs) MODERATE>?4 (0.39to 1.17) 1000 patients per per 1000 patients per
Assessed with annualized 52 wk year year
rate of asthma (73 fewer to 20 more)
exacerbations
Asthma control 1359 DODHD — mean difference—0.25
Assessed with Asthma (5 RCTs)1243 HIGH38h (-0.34 to -0.16)

Control Questionnaire-7 15 to 16 wk
Scale from: 0 to 6

Quality of life 1153 DHEPHD — mean difference + 0.17
assessed with Asthma (3 RCTs)M* HIGH310.bk (+0.08 to + 0.25)'
Quality of Life 15 to 16 wk

Questionnaire
Scale from: 1 to 7

Treatment-related adverse 1269 SPPO Rateratio 1.18 125 per 1.000 22 more per 1.000
events (4 RCTs)124 MODERATE®P° (0.89 to 1.56)° (14 fewer to 70 more)?
Assessed with number of 15 to 52 wk
events
Treatment-related serious 1269 SPOO Rateratio4.71 O per 1.000 0 fewer per 1.000
adverse events (4 RCTs)b24 Low?SPa (0.54 to 41.31) (0 fewer to O fewer)
Assessed with number of 15 to 52 weeks”
events
Decrease in inhaled 0 studies - - - -

corticosteroid (ICS) and
oral corticosteroid (OCS)

dose
Lung function 1360 DPDO — mean
Assessed with: FEV, in mL (5 RCTs)b245 MODERATE?¢7bef difference + 141.82 mL
15 to 16 wk (+89.23 to 194.41)8"
Rescue medication use 1251 DOPD — mean difference—0.24
Assessed with puffs/day (4 RCTs)14> HIGH37bn (-0.46 to -0.02)
16 wk
Asthma symptoms 1157 DDDD — mean difference + 0.05
Assessed with: Asthma (3 RCTs)M* HIGH3%b (+0.03 to +0.07 higher)
Symptom Utility Index 16 to 16 wk
Scale from: O to 1
Changes in blood eosinophil 1264 SDPO — mean
counts (4 RCTs)12# MODERATE 311bm difference—468.58
Assessed with: cells/uL 15 to 16 wk (-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% Cl).

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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TABLE 7

Explanations

(Continued)

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.”®

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

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 FEV1is 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
525455 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.”’

k. MID of AQLQ is 0.5 points.*’

|. 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.&°
n. MID for rescue medication use is a reduction by 0.81 puffs/d.*

0. The effect may both be harmful or beneficial.

p. Data regarding this outcome was extracted from www.clinicaltrials.gov for ref. °2 and ref. >3

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

] FIGURE 2 Study flow chart for
() Number of studies (n = 1884) . . .
. selecting the economic evidence for
2 biologicals in severe eosinophilic asthma
8
s
-
% Duplicate records removed (n =
S 122)
_
v
—
Records screened
(o)} =
S (n=1762)
S Records excluded (n = 1728)
]
S >
0 i * No relevant to biologic
Studies identified only treatment for asthma
— through manual revision of
the references of the g
included studies (n = 2)
v
2
E Full-text articles assessed for
S eligibility (n = 36
L% 8 v ) Excluded at full text level: 31
* Non-eosinophilic patients: 20
— ® Conference abstract: 3
— 5  Health outcomes not
reported: 3
® Systematic review used as
8 source of primary studies: 2
3 v * No economic evaluation: 2
§ 5 studies included in the SR
_J

mainly the cost of the drug and its administration. The potential information in the Tikhonova et al report (Table Sé). For dupilumab,

savings are related to decreased rate of hospitalization, emergency the reported ICER is 401 000 $/QALY in patients with >300 eo-

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

sinophils/pL (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


http://www.clinicaltrials.gov
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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 Sé). 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 industry®®
reported a higher cost of reslizumab (approximately 4000 $ per
month) compared to the study funded by industry (991 $ per
month).>? 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 Sé6).

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 (FEV,) 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 | Currentresults 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
FEV,.5"%® However, there are some important differences that need
to be mentioned. Previous mepolizumab SR allowed the inclusion of

nonapproved doses,’*%°

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 FEV,): 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% Cl 0.90-0.98) and se-
rious AE (RR 0.82; 95% Cl 0.68-0.98).°! 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.®’

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.

CONFLICT OF INTEREST

IA serves as Associate editor of Allergy. JB reports funding from
EAACI. CAreports grants from Allergopharma, Idorsia, Swiss National
Science Foundation, Christine Kiihne-Center for Allergy Research
and Education, European Commission Horizon 2020 Framework
Programme, Cure, Novartis Research Institutes, AstraZeneca and
SciBase and is on the Sanofi/Regeneron advisory board. CC-A re-
ports funding from EAACI. T Casale reports grants and/or personal
fees from Genentech, Novartis, Sanofi Regeneron and GSK. JC de-
clares grants or personal fees from AZ, Genentech/Roche, Novartis,
Optinose, Sanofi, Stallergenes and TEVA. SG reports personal fees
from AstraZeneca, GSK and Novartis. TE has received grants or
other from DBV, Innovation Fund Denmark, Regeneron, the Allergy
and Anaphylaxis Program SickKids and serves as Associate editor for
Allergy and in the local advisory board of ALK. JG reports personal
fees from Regeneron, Ena Therapeutics, Medlmmune/AstraZeneca
and stock options from Meissa Vaccines Inc NH reports funding,
honoraria or personal fees from GSK, AstraZeneca, Boehringer
Ingelheim, Novartis and Sanofi Genzyme, Regeneron, Genentech,
Sunovion and Mylan. PN reports grants and/or personal fees from
AZ, Novartis, Teva, Sanofi, Roche, Novartis, Merck and Equillium.
LOM reports grants from GSK and personal fees from AHL. NP re-
ports grants from Gerolymatos and personal fees from Hal Allergy
BV, Novartis Pharma AG, Menarini, Hal Allergy BV and Mylan. AP
has received grants, personal fees, nonfinancial support or other
from GlaxoSmithKline, AstraZeneca, Boehringer Ingelheim, Chiesi
Farmaceutici, TEVA, Mundipharma, Zambon, Novartis, Menarini,
Sanofi/Regeneron, Roche, Fondazione Maugeri, Fondazione Chiesi
and Edmond Pharma. LP reports grants, personal fees or nonfinan-
cial support from Novartis, AstraZeneca, GSK, TEVA, Boehringer
Ingelheim, Chiesi, Sanofi, Menarini, Mundipharma and Esteve. MP
and CR received funding from EAACI. SQ reports personal fees and
nonfinancial support from GSK, AZ, Sanofi, Novartis, Mundipharma,
Teva and Allergy Therapeutics. JS declares personal fees from
Novartis, GSK, AstraZeneca and Sanofi. MS reports personal fees or
research funding from ASIT Biotech.sa, Allergy Therapeutics, ALK,
Regeneron, Merck, Immune Tolerance Network, Leti Laboratorios and
Allergopharma. YS and PA-C have received funding from EAACI. OP
received research grants from Inmunotek SL and Novartis; received
fees for giving scientific lectures from Allergy Therapeutics, Amgen,
AstraZeneca, Diater, GSK, Inmunotek S.L, Novartis, Sanofi Genzyme

and Stallergenes; and participated in advisory boards from Novartis



AGACHE ET AL.

© | wiLEy—Allergy

and Sanofi Genzyme. MK reports personal fees from ALK-Abelld,
Allergopharma, Stallergenes, Anergis, Allergy Therapeutics, Circassia,
Leti, Biomay, HAL, AstraZeneca, GSK, Novartis, Teva, Vectura, UCB,
Takeda, Roche, Janssen, Medlmmune and Chiesi. All other authors

have no conflict of interest within the scope of the submitted work.

ORCID
loana Agache https://orcid.org/0000-0001-7994-364X
Mubeccel Akdis https://orcid.org/0000-0003-0554-9943

Thomas Casale https://orcid.org/0000-0002-3149-7377
https://orcid.org/0000-0002-2914-7829
https://orcid.org/0000-0002-5768-391X
https://orcid.org/0000-0002-2996-8248
https://orcid.org/0000-0002-1041-9492
Liam O'Mahony https://orcid.org/0000-0003-4705-3583
Nikolaos G. Papadopoulos https://orcid.org/0000-0002-4448-3468
Hae-Sim Park https://orcid.org/0000-0003-2614-0303
Luis Pérez de Llano https://orcid.org/0000-0003-2652-6847
https://orcid.org/0000-0003-4689-6837
https://orcid.org/0000-0003-3425-3463
https://orcid.org/0000-0003-4516-0369

Thomas Eiwegger
Davide Firinu
Eckard Hamelmann

Parameswaran Nair

Joaquin Sastre
Mohamed Shamiji
Oscar Palomares

REFERENCES

1. http://www.globalasthmareport.org/burden/burden.php.
Accessed December 16, 2019.

2. Papi A, Brightling C, Pedersen SE, Reddel HK. Asthma. Lancet.
2018;391(10122):783-800.

3. Settipane RA, Kreindler JL, Chung Y, Tkacz J. Evaluating direct
costs and productivity losses of patients with asthma receiving
GINA 4/5 therapy in the United States. Ann Allergy Asthma Immunol.
2019;123(6):564-572.

4. Pérez de Llano L, Martinez-Moragén E, Plaza Moral V, et al. Unmet
therapeutic goals and potential treatable traits in a population of
patients with severe uncontrolled asthma in Spain. ENEAS study.
Respir Med. 2019;151:49-54.

5. Chung KF, Wenzel SE, Brozek JL, et al. International ERS/ATS guide-
lines on definition, evaluation and treatment of severe asthma. Eur
Respir J. 2014;43:343-373.

6. Corren J, Yawn BP. Advancing the care of severe asthma: differen-
tial diagnosis, multidisciplinary management, and patient engage-
ment. Am J Med. 2019, S0002-9343(19): 30146-30149.

7. https://ginasthma.org/wp-content/uploads/2019/06/GINA-2019-
main-report-June-2019-wms.pdf. Accessed December 16, 2019.

8. Seys SF,Quirce S, Agache |, et al. Severe asthma: entering an era of new
concepts and emerging therapies: highlights of the 4th International
Severe Asthma Forum, Madrid, 2018. Allergy. 2019;74(11):2244-2248.

9. Green RH, Brightling CE, McKenna S, et al. Asthma exacerbations
and sputum eosinophil counts: arandomised controlled trial. Lancet.
2002;360(9347):1715-1721.

10. Nair P, O'Byrne PM. Measuring eosinophils to make treatment deci-
sions in asthma. Chest. 2016;150(3):485-487.

11. Petsky HL, Li A, Chang AB. Tailored interventions based on spu-
tum eosinophils versus clinical symptoms for asthma in children and
adults. Cochrane Database Syst Rev. 2017;8:CD005603.

12. Stokes JR, Casale TB. Characterization of asthma endo-
types: implications for therapy. Ann Allergy Asthma Immunol.
2016;117(2):121-125.

13. Agache I. Severe asthma phenotypes and endotypes. Semin
Immunol. 2019;46:101301.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Agache |, Akdis CA. Precision medicine and phenotypes, endo-
types, genotypes, regiotypes, and theratypes of allergic diseases. J
Clin Invest. 2019;130:1493-1503.

Agache |, Strasser DS, Klenk A, et al. Serum IL-5 and IL-13 consis-
tently serve as the best predictors for the blood eosinophilia phe-
notype in adult asthmatics. Allergy. 2016;71(8):1192-1202.
Palomares O, Sanchez-Ramén S, Davila I, et al. divergEnt: how IgE
axis contributes to the continuum of allergic asthma and anti-IgE
therapies. Int J Mol Sci. 2017;18(6):pii:E1328.
https://www.ema.europa.eu/en/medicines/human/EPAR/nucala.
Accessed December 16, 2019.
https://www.accessdata.fda.gov/drugsatfda_docs/label/
2019/761122s000Ibl.pdf. Accessed December 16, 2019.
https://www.ema.europa.eu/en/medicines/human/EPAR/cinqa-
ero. Accessed December 16, 2019.
https://www.accessdata.fda.gov/drugsatfda_docs/label/
2016/761033Ibl.pdf. Accessed December 16, 2019.
https://www.ema.europa.eu/en/medicines/human/EPAR/fasenra.
Accessed December 16, 2019.
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2017/
7610700rig1sO00Approv.pdf. Accessed December 16, 2019.
https://www.ema.europa.eu/en/medicines/human/summaries-
opinion/dupixent-0. Accessed December 16, 2019.
https://www.accessdata.fda.gov/drugsatfda_docs/label/
2018/761055s0071bl.pdf. Accessed December 16, 2019.
https://www.ema.europa.eu/en/medicines/human/EPAR/xolair.
Accessed December 16, 2019.
https://www.accessdata.fda.gov/drugsatfda_docs/label/
2016/103976s5225Ibl.pdf. Accessed December 16, 2019.

Walford HH, Doherty TA. Diagnosis and management of eosino-
philic asthma: a US perspective. J Asthma Allergy. 2014,7:53-65.
Higgins JP, Altman DG, Ggtzsche PC, et al. The Cochrane
Collaboration's tool for assessing risk of bias in randomised trials.
BMJ. 2011;343:d5928.

Evers S, Goossens M, de Vet H, van Tulder M, Ament A. Criteria list
for assessment of methodological quality of economic evaluations:
Consensus on Health Economic Criteria. Int J Technol Assess Health
Care. 2005;21(2):240-245.

Hutter F, Antofianzas F. Economic evaluations in the EURONHEED:
a comparative analysis. Pharmacoeconomics. 2009;27(7):561-570.
NixonJ,RiceS,Drummond M, BoulengerS,UlmannP,de Pouvourville
G. Guidelines for completing the EURONHEED transferability in-
formation checklists. Eur J Health Econ. 2009;10(2):157-165.
Riicker G, Cates CJ, Schwarzer G. Methods for including infor-
mation from multi-arm trials in pairwise meta-analysis. Res Synth
Methods. 2017;8(4):392-403.

Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consen-
sus on rating quality of evidence and strength of recommendations.
BMJ 2008;336(7650):924-926.

Guyatt GH, Oxman AD, Sultan S, et al. GRADE guidelines. Rating up
the quality of evidence. J Clin Epidemiol. 2011;64(12):1311-1316.
Santanello NC, Zhang J, Seidenberg B, Reiss TF, Barber BL. What
are minimal important changes for asthma measures in a clinical
trial? Eur Respir J. 1999;14(1):23-27.

Jones PW. Interpreting thresholds for a clinically significant change in
health status in asthma and COPD. Eur Respir J. 2002;19(3):398-404.
Juniper EF, Svensson K, Moérk AC, Stahl E. Measurement properties
and interpretation of three shortened versions of the asthma con-
trol questionnaire. Respir Med. 2005;99(5):553-558.

Dweik RA, Boggs PB, Erzurum SC, et al. An official ATS clinical prac-
tice guideline: interpretation of exhaled nitric oxide levels (FENO) for
clinical applications. Am J Respir Crit Care Med. 2011;184(5):602-615.
Bleecker ER, FitzGerald JM, Chanez P, et al. Efficacy and safety of
benralizumab for patients with severe asthma uncontrolled with


https://orcid.org/0000-0001-7994-364X
https://orcid.org/0000-0001-7994-364X
https://orcid.org/0000-0003-0554-9943
https://orcid.org/0000-0003-0554-9943
https://orcid.org/0000-0002-3149-7377
https://orcid.org/0000-0002-3149-7377
https://orcid.org/0000-0002-2914-7829
https://orcid.org/0000-0002-2914-7829
https://orcid.org/0000-0002-5768-391X
https://orcid.org/0000-0002-5768-391X
https://orcid.org/0000-0002-2996-8248
https://orcid.org/0000-0002-2996-8248
https://orcid.org/0000-0002-1041-9492
https://orcid.org/0000-0002-1041-9492
https://orcid.org/0000-0003-4705-3583
https://orcid.org/0000-0003-4705-3583
https://orcid.org/0000-0002-4448-3468
https://orcid.org/0000-0002-4448-3468
https://orcid.org/0000-0003-2614-0303
https://orcid.org/0000-0003-2614-0303
https://orcid.org/0000-0003-2652-6847
https://orcid.org/0000-0003-2652-6847
https://orcid.org/0000-0003-4689-6837
https://orcid.org/0000-0003-4689-6837
https://orcid.org/0000-0003-3425-3463
https://orcid.org/0000-0003-3425-3463
https://orcid.org/0000-0003-4516-0369
https://orcid.org/0000-0003-4516-0369
http://www.globalasthmareport.org/burden/burden.php
https://ginasthma.org/wp-content/uploads/2019/06/GINA-2019-main-report-June-2019-wms.pdf
https://ginasthma.org/wp-content/uploads/2019/06/GINA-2019-main-report-June-2019-wms.pdf
https://www.ema.europa.eu/en/medicines/human/EPAR/nucala
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/761122s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/761122s000lbl.pdf
https://www.ema.europa.eu/en/medicines/human/EPAR/cinqaero
https://www.ema.europa.eu/en/medicines/human/EPAR/cinqaero
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/761033lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/761033lbl.pdf
https://www.ema.europa.eu/en/medicines/human/EPAR/fasenra
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2017/761070Orig1s000Approv.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2017/761070Orig1s000Approv.pdf
https://www.ema.europa.eu/en/medicines/human/summaries-opinion/dupixent-0
https://www.ema.europa.eu/en/medicines/human/summaries-opinion/dupixent-0
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/761055s007lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/761055s007lbl.pdf
https://www.ema.europa.eu/en/medicines/human/EPAR/xolair
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/103976s5225lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/103976s5225lbl.pdf

AGACHE ET AL.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

583.

54.

55.

56.

high-dosage inhaled corticosteroids and long-acting p2-agonists
(SIROCCO): a randomised, multicentre, placebo-controlled phase 3
trial. Lancet. 2016;388(10056):2115-2127.

FitzGerald JM, Bleecker ER, Nair P, et al. Benralizumab, an an-
ti-interleukin-5 receptor « monoclonal antibody, as add-on treat-
ment for patients with severe, uncontrolled, eosinophilic asthma
(CALIMA): a randomised, double-blind, placebo-controlled phase 3
trial. Lancet. 2016;388(10056):2128-2141.

Nair P, Wenzel S, Rabe KF, et al. Oral glucocorticoid-spar-
ing effect of benralizumab in severe asthma. N Engl J Med.
2017;376(25):2448-2458.

Wenzel S, Castro M, Corren J, et al. Dupilumab efficacy and safety
in adults with uncontrolled persistent asthma despite use of medi-
um-to-high-dose inhaled corticosteroids plus a long-acting 2 ago-
nist: a randomised double-blind placebo-controlled pivotal phase
2b dose-ranging trial. Lancet. 2016;388(10039):31-44.

Castro M, Corren J, Pavord ID, et al. Dupilumab efficacy and
safety in moderate-to-severe uncontrolled asthma. N Engl J Med.
2018;378(26):2486-2496.

Rabe KF, Nair P, Brusselle G, et al. Efficacy and safety of dupi-
lumab in glucocorticoid-dependent severe asthma. N Engl J Med.
2018;378(26):2475-2485.

Chupp GL, Bradford ES, Albers FC, et al. Efficacy of mepolizumab
add-on therapy on health-related quality of life and markers of
asthma control in severe eosinophilic asthma (MUSCA): a ran-
domised, double-blind, placebo-controlled, parallel-group, multi-
centre, phase 3b trial. Lancet Respir Med. 2017;5(5):390-400.

Bel EH, Wenzel SE, Thompson PJ, et al. Oral glucocorticoid-spar-
ing effect of mepolizumab in eosinophilic asthma. N Engl J Med.
2014;371(13):1189-1197.

Ortega HG, Liu MC, Pavord ID, et al. Mepolizumab treat-
ment in patients with severe eosinophilic asthma. N Engl J Med.
2014;371(13):1198-1207.

Hanania NA, Wenzel S, Rosén K, et al. Exploring the effects of
omalizumab in allergic asthma: an analysis of biomarkers in the
EXTRA study. Am J Respir Crit Care Med. 2013;187(8):804-811.
Sorkness CA, Wildfire JJ, Calatroni A, et al. Reassessment of
omalizumab-dosing strategies and pharmacodynamics in in-
ner-city children and adolescents. J Allergy Clin Immunol Pract.
2013;1(2):163-171.

Busse W, Spector S, Rosén K, Wang Y, Alpan O. High eosinophil
count: a potential biomarker for assessing successful omalizumab
treatment effects. J Allergy Clin Immunol. 2013;132(2):485-486.
Casale TB, Chipps BE, Rosén K, et al. Response to omalizumab using
patient enrichment criteria from trials of novel biologics in asthma.
Allergy. 2018;73(2):490-497.

Castro M, Mathur S, Hargreave F, et al. Reslizumab for poorly con-
trolled, eosinophilic asthma: a randomized, placebo-controlled
study. Am J Respir Crit Care Med. 2011;184(10):1125-1132.

Castro M, Zangrilli J, Wechsler ME, et al. Reslizumab for in-
adequately controlled asthma with elevated blood eosinophil
counts: results from two multicentre, parallel, double-blind, ran-
domised, placebo-controlled, phase 3 trials. Lancet Respir Med.
2015;3(5):355-366.

Corren J, Weinstein S, Janka L, Zangrilli J, Garin M. Phase 3 study
of reslizumab in patients with poorly controlled asthma: effects
across a broad range of eosinophil counts. Chest. 2016;150(4):
799-810.

Bjermer L, Lemiere C, Maspero J, Weiss S, Zangrilli J, Germinaro
M. Reslizumab for inadequately controlled asthma with ele-
vated blood eosinophil levels: a randomized phase 3 study. Chest.
2016;150(4):789-798.
https://icer-review.org/wpcontent/uploads/2018/04/I1CER_
Asthma_Final_Report_122018-1.pdf. Accessed December 18, 2019.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Tikhonova I, Long L, Ocean N, et al. Benralizumab for treating se-
vere eosinophilic asthma: NICE single technology appraisal. Value
Health. 2019;22(suppl 2):358.

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

Han S, Kim S, Kim H, Suh HS. Cost-utility analysis of reslizumab for
patients with severe eosinophilic asthma inadequately controlled
with high-dose inhaled corticosteroids and long-acting beta2-ago-
nists in South Korea. Curr Med Res Opin. 2019; 35(9):1597-1605
Lam J, Hay JW, Salcedo J, Kenyon NJ. A cost-effectiveness analy-
sis of reslizumab in the treatment of poorly controlled eosinophilic
asthma. J Asthma. 2019;56(8):872-881.

Liu W, Ma X, Zhu W. Adverse events of benralizumab in moder-
ate to severe eosinophilic asthma. A meta-analysis. Medicine.
2019;98(22):e15868.

Tian BP, Zhang GS, Lou J, Zhou HB, Cui W. Efficacy and safety
of benralizumab for eosinophilic asthma: a systematic review
and meta-analysis of randomized controlled trials. J Asthma.
2018;55(9):956-965.

Bassani C, Rossi L, Siveris K, Sferelli RL, Saraiva L, Tanno LK.
Use of dupilumab on the treatment of moderate-to-severe
asthma: a systematic review. Rev Assoc Med Bras. 2019;65(9):
1223-1228.

Yancey SW, Ortega HG, Keene ON, et al. Meta-analysis of asth-
ma-related hospitalization in mepolizumab studies of severe eosin-
ophilic asthma. J Allergy Clin Immunol. 2017;139(4):1167-1175.
Powell C, Milan SJ, Dwan K, Bax L, Walters N. Mepolizumab
versus placebo for asthma. Cochrane Database Syst Rev.
2015;(7):CD010834.

Colombo GL, Di Matteo S, Martinotti C, et al. Omalizumab and
long-term quality of life outcomes in patients with moderate-to-se-
vere allergic asthma: a systematic review. Ther Adv Respir Dis.
2019;13:1753466619841350.

Corren J, Kavati A, Ortiz B, et al. Patient-reported outcomes in
moderate-to-severe allergic asthmatics treated with omalizumab:
a systematic literature review of randomized controlled trials. Curr
Med Res Opin. 2018;34(1):65-80.

Li J, Wang F, Lin C, et al. The efficacy and safety of reslizumab
for inadequately controlled asthma with elevated blood eosin-
ophil counts: a systematic review and meta-analysis. J Asthma.
2017;54(3):300-307.

McQueen RB, Sheehan DN, Whittington MD, van Boven JFM,
Campbell JD. Cost-effectiveness of biological asthma treatments: a
systematic review and recommendations for future economic eval-
uations. Pharmacoeconomics. 2018;36(8):957-971.

Lundh A, Lexchin J, Mintzes B, Schroll JB, Bero L. Industry spon-
sorship and research outcome. Cochrane Database Syst Rev.
2017;2:MR000033.

Goldman M, Hirsch I, Zangrilli JG, Newbold P, Xu X. The associ-
ation between blood eosinophil count and benralizumab efficacy
for patients with severe, uncontrolled asthma: subanalyses of
the Phase Il SIROCCO and CALIMA studies. Curr Med Res Opin.
2017;3(9):1605-1613.

Aburuz S, McElnay J, Gamble J, Millership J, Heaney L. Relationship
between lung fuction and asthma symptoms in patients with diffi-
cult to control asthma. J Asthma. 2005;42(10):859-864.

Wagener AH, de Nijs SB, Lutter R, et al. External validation of blood
eosinophils, FE(NO) and serum periostin as surrogates for sputum
eosinophils in asthma. Thorax. 2015;70(2):115-120.

Hastie A, Moore W, Li H, et al. Biomarker surrogates do not ac-
curately predict sputum eosinophils and neutrophils in asthma.
J Allergy Clin Immunol. 2013;132(1):72-80.


https://icer-review.org/wpcontent/uploads/2018/04/ICER_Asthma_Final_Report_122018-1.pdf
https://icer-review.org/wpcontent/uploads/2018/04/ICER_Asthma_Final_Report_122018-1.pdf

2 | \wiLEy—Allergy

75.

76.

77.

78.

79.

AGACHE ET AL.

Strauss RA, Jawhari N. Mepolizumab in the treatment of severe eo-
sinophilic asthma: results from a physician in the field. Ann Allergy
Asthma Immunol. 2018;121(1):121-123.

Pelaia C, Busceti MT, Solinas S, Terracciano R, Pelaia G. Real-life
evaluation of the clinical, functional, and hematological effects
of mepolizumab in patients with severe eosinophilic asthma: re-
sults of a single-centre observational study. Pulm Pharmacol Ther.
2018;53:1-5.

Ortega H, Menzies-Gow A, Llanos JP, et al. Rapid and consistent
improvements in morning PEF in patients with severe eosinophilic
asthma treated with mepolizumab. Adv Ther. 2018;35(7):1059-1068.
Pelaia C, Calabrese C, Barbuto S, et al. Omalizumab lowers asthma
exacerbations, oral corticosteroid intake and blood eosinophils: re-
sults of a 5-YEAR single-centre observational study. Pulm Pharmacol
Ther. 2019;54:25-30.

Bime C, Wei CY, Holbrook JT, Sockrider MM, Revicki DA, Wise RA.
Asthma symptom utility index: reliability, validity, responsiveness
and the minimal important difference in adult asthma patients.
J Allergy Clin Immunol. 2012;130(5):1078-1084.

80. Brussino L, Heffler E, Bucca C, Nicola S, Rolla G. Eosinophils tar-
get therapy for severe asthma: critical points. BioMed Res Int.
2018;2018:1-6.

SUPPORTING INFORMATION
Additional supporting information may be found online in the
Supporting Information section.

How to cite this article: Agache |, Beltran J, Akdis C, et al.
Efficacy and safety of treatment with biologicals
(benralizumab, dupilumab, mepolizumab, omalizumab and
reslizumab) for severe eosinophilic asthma. Allergy.
2020;00:1-20. https://doi.org/10.1111/all.14221



https://doi.org/10.1111/all.14221

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 (FEV 1), decrease in ICS dose and OCS dose, healthcare resource
utilization, rescue medication use, FeENO




Table S2: Search Strategies

Search strategy for evidence of efficacy and safety

MEDLINE

PubMed #12 Add Search #5 OR #8 OR #11 770 07:35:20

30/01/2019 #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 omalizumabltiab] OR lebrikizumab[tiab] OR tralokinumab[tiab] OR tezepelumab[tiab] OR
brodalumab(tiab] OR ligelizumabltiab] 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 erythemal[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

Ovid Embase

<1974t02019 | 1 expasthma/(237991)

January 29> 2 exp allergic rhinitis/ (36816)

30/01/2019 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)

Juny
o

exp food allergy/ (31742)
allergy.ti,ab. (92943)

allergic.ti,ab. (146253)
asthma*.ti,ab. (206208)

atopic dermatitis.ti,ab. (28752)
dermatitis.ti. (36058)

urticaria.ti. (8720)

erythema.ti. (7091)

rhinosinusitis.ti. (5540)

allergic rhinitis.ti,ab. (24674)

(food adj5 (allerg* or react*)).ti,ab. (23811)
eosinophilic esophagitis.ti,ab. (4268)
esophagitis.ti. (7426)

eosinophil*.ti. (30459)

24 l1or2or3ordor5or6or7or8or9orl0orllorl2orl3orl4orl50rl6orl7orl18or19or20or21
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)
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33  brodalumab.ti,ab. (275)

34 ligelizumab.ti,ab. (13)

35 25o0r260r27or28or29or30or31or32or33or34(5365)

36 limit 35 to "systematic review" (175)

37 35not36(5190)

38 limit 37 to "therapy (best balance of sensitivity and specificity)" (1491)
The Cochrane #1 MeSH descriptor: [Asthma] explode all trees 10851
Library #2 MeSH descriptor: [Rhinitis, Allergic] explode all trees 2786
30/01/2019 #3 MeSH descriptor: [Rhinitis] explode all trees 3553
Cochrane #4 MeSH descriptor: [Sinusitis] explode all trees 888
Central #5 MeSH descriptor: [Nasal Polyps] explode all trees 319
Register of #6 MeSH descriptor: [Dermatitis, Atopic] explode all trees 1518
Controlled #7 MeSH descriptor: [Dermatitis] explode all trees 3660
Trials Issue 1 #8 MeSH descriptor: [Urticaria] explode all trees 674
of 12, January #9 MeSH descriptor: [Eosinophilic Esophagitis] explode all trees 57
2019 [1180 #10 MeSH descriptor: [Food Hypersensitivity] explode all trees 825
hits] #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 NEARS 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:tiab 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, Inmediate”[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 erythemalti]) 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 reslizumabl[tiab] OR benralizumab[tiab] OR
dupilumab[tiab] OR omalizumabltiab] 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

#Ha 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 expasthma/ (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

17

18

19

20

21

22

23

urticaria.ti. (8720)

erythema.ti. (7091)

rhinosinusitis.ti. (5540)

allergic rhinitis.ti,ab. (24674)

(food adj5 (allerg* or react*)).ti,ab. (23811)
eosinophilic esophagitis.ti,ab. (4268)
esophagitis.ti. (7426)

eosinophil*.ti. (30459)

24 lor2or3ord4or5or6or7or8or9orl0orllorl2ori13orl4orl15o0r16or17or18or19or20or21
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 25o0r260r27 or28or29or30o0r31or32or33or34(5365)

36 limit 35 to "systematic review" (175)

37 35not36(5190)

38 limit 37 to "therapy (best balance of sensitivity and specificity)" (1491)
The Cochrane #1 MeSH descriptor: [Asthma] explode all trees 10992
Library

#2 MeSH descriptor: [Rhinitis, Allergic] explode all trees 2837
27/08/2019

#3 MeSH descriptor: [Rhinitis] explode all trees 3627
Cochrane
Central #4 MeSH descriptor: [Sinusitis] explode all trees 925
Register of
Controlled #5 MeSH descriptor: [Nasal Polyps] explode all trees 335
Trials Issue 8
of 12, August #6 MeSH descriptor: [Dermatitis, Atopic] explode all trees 1613
2019

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

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




#9

#10

#11

#12

#13

#14

#15

#16

#17

#18

#19

#20

#21

#22

#23

#15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22

#24

#25

#26

#27

#28

#29

#30

#31

#32

#33

#34

#35

#36

#37

#38

#39

MeSH descriptor: [Eosinophilic Esophagitis] explode all trees

MeSH descriptor: [Food Hypersensitivity] explode all trees

allerg*:ti,ab 23024

asthma*:ti,ab 30618

(atopic NEXT dermatitis):ti,ab 3409

dermatitis:ti,ab 5674
urticaria:ti,ab 1624
erythema:ti,ab 5107

rhinosinusitis:ti,ab 1155

(allergic NEXT rhinitis):ti,ab 5852

(food NEARS react*):ti,ab 99337
(eosinophilic NEXT esophagitis):ti,ab 199
esophagitis:ti 1138

eosinophil*:ti 1199

62

869

#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

152516

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

mepolizumab:ti,ab 230

reslizumab:ti,ab 96

benralizumab:ti,ab 131

dupilumab:ti,ab 221

omalizumab:ti,ab 792

lebrikizumab:ti,ab 67

tralokinumab:ti,ab 64

tezepelumab:ti,ab 18

brodalumab:ti,ab 97

ligelizumab:ti,ab 21

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

#23 AND #35 1986

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

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

economic*:ti,ab 16322

9937




#40

#41

#42

#43

#44

#45

#46

cost*:ti 12210

cost:ti,ab 45833

costs:ti,ab 25393

cost effect*:ti,ab 41337

cost utility:ti,ab 2787

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

#36 AND #45 69

70316




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-Rdézyk 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

Martinez-Moragén 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 2,5006°
Asthma-related hospital stay 9,960 $°
Asthma-related emergency department visit 684 6°
Asthma-related outpatients visit 195 §°
Direct cost per patient

Annual cost of long-term oral corticosteroid use and adverse events 857§$°
Annual average cost of the standard therapy 5,7385°
Annual average cost of the intervention with Mepolizumab 32,5005 °
Reslizumab

Reslizumab drug and administration per cycle, 75 kg patient 2,000 $°
Chronic asthma management per cycle 92 Sb
Mild exacerbation per cycle 110 $b
Moderate exacerbation (outpatient) per cycle 202 $°
Moderate exacerbation (emergency department) per cycle 2,160 $°
Severe exacerbation 6,688 "
Severe exacerbation (no intubation) 5,489 $°
Severe exacerbation (intubation) 21,556 $ "
Short-acting beta-agonist per puff 0.14$°
Managing adverse events (anaphylaxis) 3,143 8"
Dupilumab

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

Benralizumab 30 mg by subcutaneous injection once every 4 weeks for 3 doses; 4,728.23 ¢

then every 8 weeks

a) Reported in 2014 US Dollars by Whittington et al (Whittington 2017).
b) Reportedin 2018 US Dollars by Lam et al (Lam 2019).




c) Reportedin 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
Ne2. of | Study | Limitation | Inconsistenc | Indirectnes | Imprecisio | Publicatio | Incrementa | Incrementa | ICER
studie | design s y s n n bias | cost per | | effect per
3 patient* patient*®
ICER per QALY (high quality study - not funded by Industry)
1° Cost- Not Not serious Serious’ Serious® Not 589,941 $ 1.53 QALY | 385,54 | &
utility, serious” serious (Lifetime (Lifetime 6S/ O
horizon) horizon) QALY
Marko LOW
v
model

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

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

Markov model study with low risk of bias. CHEC (consensus on health economics criteria checklist) score 16 out of 20.
One single study performed in the USA®. The results might not be directly applicable to European countries.

The ICER varied from 385,546 $ to 160,000 S 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

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
Ne. of | Study | Limitation | Inconsistenc | Indirectnes | Imprecisio | Publicatio | Increment | Increment ICER
studie | design s y S n n bias al cost per al effect
s patient*® per
patient*®
ICER per QALY (high quality study - not funded by Industry)
1° Cost- Not Not serious | Serious® Serious® Not 24,404 $ 0.035 697,40 | ®@@dO
utility, serious” serious (5-year QALYs 38/
horizon) (5-year QALY | MODERAT
Marko horizon) E
v
model
ICER per QALY (high quality study - funded by Industry)
1° Cost- Not Not serious Serious” Not Serious® | 119,394 $ | 5.17 QALYs 23,081 | OO
utility, serious’ serious® (lifetime (lifetime S/
horizon) horizon) QALY Low
Marko
v
model

*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 S, 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 S 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 S.

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 B2-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
Ne. of | Study | Limitation | Inconsistenc | Indirectnes | Imprecisio | Publicatio | Increment | Increment ICER
studie | design s y S n n bias al cost per al effect
s patient*® per
patient*®
ICER per QALY (high quality study - not funded by Industry)
1° Cost- Not Not serious Serious’ Serious® Not 704,000S | 1.51 QALYs | 464,00 GBGBGBQ
utility, serious” serious (lifetime (lifetime 0s/
horizon) horizon) QALY | MODERAT
Marko E
v
model

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

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

Markov model study with low risk of bias (CHEC score 13 or higher).
One single study performed in the USA. The results may not be applicable to other countries.
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

1
2.
3.
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
Ne. of | Study | Limitation | Inconsistenc | Indirectnes | Imprecisio | Publicatio | Increment | Increment | ICER
studie | design s y S n n bias al cost per al effect
s patient* per
patient*
ICER per QALY (high quality study - not funded by Industry)
1° Cost- Not Not serious Serious’ Serious® Not 581,000S | 1.41 QALYs | 412,00 GBGBGBQ
utility, serious” serious (lifetime (lifetime 0s/
horizon) horizon) QALY | MODERAT
Marko E
v
model
ICER per QALY (high quality study - funded by Industry)
1° Cost- Not Not serious Serious’ Serious® Not NR £ NR QALYs | 39,135 | (OO
utility, serious” serious (lifetime (lifetime £/
horizon) horizon) QALY Low
Marko
v
model

*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.
11.
12.

Markov model study with low risk of bias (CHEC score 13 or higher).
One single study performed in the USA. The results may not be applicable to other countries.
The deterministic sensitivity analysis showed large variations in the ICER value from 250,000 $ to 950,000 S (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.
14.

sensitivity analysis (zero asthma related mortality).

15.

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

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 |, 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

Exacerbation rate ratio (overal,

Rate Ratio Rate Ratio Risk of Bias
Study or Subgroup  log[Rate Ratio] SE Weight I, Random, 95% CI I, Random, 95% CI ABCDEFG
Bel EH 2014 -0,3847 0,1885 29,2% 0,68 [0,47, 0,99] —
Chupp GL 2017 -0,8675 01549 357% 042[031,0587 —®&—
Ortega HG 2014 -0,758 0,1578 351% 0,47 [0,35, 0,64] ——
Total (95% CI) 100,0% 0,50 [0,38, 0,66] il

Heterogeneity: Tau®= 0,03, Chi*= 407 df=2 (P=013); F=51%
Test for overall effect; 2= 5,02 (P = 0.00001}

05 o7 15 2
Favours Mepolizumab  Favours placeho

Risk of hias legend

() Random sequence generation (selection bias)

(B) Allocation concealment {selection bias)

(C) Blinding of participants and personnel (performance hias)
D} Elinding of outcome assessment {detection bias)

(E) Incomplete outcome data {attrition bias)

F) Selective reporting (reporting hias)

(G) Other hias

*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 23 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.

T 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

Rate Ratio Rate Ratio Risk of Bias
Study or Subgroup  log[Rate Ratio] SE Weight IV, Rand 05% Cl I, Rand, 05% Cl
Chupp GL 2017 -1,1712 06811 39,3% 0,31 (0,08, 1,20] —&—
Ortega HG 2014 -1,204 0,5557  B07% 0,30[0,10,0,89] —i—
Total (95% Cly 100,0% 0,30 [0,13, 0,71] ==
Heterogeneity: Tau®=0,00; Chi#= 0,00, df=1 (P=097);, F=0% oo oh 0 oo

Testfor overall effect: Z= 2,74 (F = 0,006) Favours [mepolizumab] Favours [placeba]



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

Mepolizumab Placeho Rate Ratio Rate Ratio
Study or Subgroup  log[Rate Ratio] SE Total Total Weight IV, Rand 05% Cl IV, Random, 95% Cl
3.1.2 150 to <300cclisul
Orteys 2014 -1,4463 0,2936 94 51 31,3% 0,34 [0,36,1,14] —
Subtotal (95% CI) 94 51 31,3% 0,64 [0,36, 1,14] B
Hetercgeneity: Mot applicahle
Testfcr overall effect Z=1,52 (F=013;
3.1.3 300 to 500 cellsiuL
Orteys 2014 -1,4943 0,2834 73 40 32.0% 0,31 [0,35,1,08] ——
Subtotal (Y54 Ul ] au F2u% U,61 [U,35, 1,U6] -
Hetercgeneity: Mot applicahle
Testfcr overall effect: 2= 1,74 (P = 0,08;
3.1.4 ==500 cellsiul
Urtegs 2014 1,0 U 2UEY 124 [T U247 U714, 1,41) i
Subtotal (95% Cly 124 66  36,7% 0,27 [0,18,0,41] -4
Hetercoeneity: Mot applicable
Testfcr overall effect Z= 6,33 (P = 0.000013
Total (95% Cly 206 157 100,0% 0,46 [0,25, 0,04] -
Hetercgeneity: Tau?= [,21; Chi*= 8,34, df= 2 (P= 0,023 = 76% ID = 051 150 1DD=

Testfcr overall effect Z= 2,54 (P = 0,01;

- : 2 Favours [mepolizumab]  Favours [placchal
Testfcr subgroup differences: Chi®= 8,34, df= 2 (P = 0,02), F= 76,0%

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

Maan Diffarence Moan Difference Rigk of Bias

Studyor Subgroup  Mean Diference SE Welght I, Random, 95% CI IV, Random, 95% CI
Bel =H 2014 114 7O7E47Z 11 4% 114,00 [ 40,22, 268,22 —
Chupp GL 2U1 7 120 3626145 83 % T2LUU 48,4z, 141 ,04] —a—
Ortaga HG 201+ 08 A43C126 240%  CO00[@,35, 19618 —a—
Tetal (950 CIy 0NN 111,61 |59,55, 163,71] <

TalE= CCE= = T n N \
Heterogenelty, Tau®= 0 00; GF= 0,15, d1= 2 (F = 0,531 F= 0% Bho ien Y o

Tes:forovaialiafect 2 =4 JLB<T:0001) Favours [placebol] Favours [repolizurmat]

Rizk of biag legand

() Randcm Sequence genraton iselecicn blas)

(B Allocalion conrealment (selzction b asg)

(C) Blirding u” panlivip=ls and persunme Coerfurnarn ce bidgs)
{0 Blinding o oulcorme ascezsrreat {detection biag)

(E) Fieimiplele vulcorine dala Callr Lo bizs)

{Fi Srlr-tive repniting (repnrting Fizs?

(G Otaer bias

*Qutcome definitions used in the included trials: Bel 2014: mean change from baseline in the FEV1 before bronchodilator: Between-
group difference: 114 (-44 - 273)% 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.

+95%CI data was not reported in Bel 2014. It was extracted from the FDA in the product statistical revi
(https://www.accessdata.fda.gov/drugsatfda docs/nda/2015/1255260rig1s000StatR.pdf).

Morning peak expiratory flow rate (PEF) *

Mepolizumak Placobo Mean Difference Mean Difference
Studyor Subgroun  Mean SU_lotal_Mean S0 _lotal Weught I, Handoin, Y% CI ¥, Handom, Y5t CI ABCDELG
Chupp GL 2017 22 71 TET 274 3 714663 277 60,3% 13,00 [7.08 3097 E 5 T T 1
Citega HG 5014 0 508021 104 1 B02082 191 404% 2600112,04 2208 - FEISGBE
Trtal (955 C1) AR 468 1NN 22 46 [13,98, 30,94] *

Heterogene ty lau<= JUU;, Cre=U55 di=1 (F= U4, "= U%

f f | f f
Teo: for ovrall cffecs 2= £,10 (F = 0.01001) oooo-40 0G0 100

Favours [Placebo| Favairs [Mepolizumrab]

Risk cf hias legend

() Rzndorm sequarce geqeration {selection kias)

By Allavaliv conealmenl seleclios bias)

{Ch Blindirg of pariciparts and pe-sarnel (pafomance biag)
(Lh Blindlrg of oJtcorme 3ssssment [etecton blas)

{E} Icompletc outccrr e data (atrifion aiag)

{Fi Se ective reparing {reporting bias)

(G Other bias

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



Asthma Control Questionnaire (ACQ-5)*

Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean Difference SE Weight IV, RBandom, 95% Cl I, Random, 95% CI ABCDEFG
Bel EH 2014 -052 01786 128% -0,52 [0,87,-0,17]
Chupp GL 2017 -0,4 00968 436% -0,40[-0,59,-0,21] —a—
Orntega HG 2014 -0,44 0,0969 436% -0,44 [0,63,-0,29] T
Total (95% CIy 100,0% -0,43[-0,56, -0,31] o
Heterogeneity: Tau® = 0,00; Chi# = 0,36, df= 2 (P =0,84), F=0% t f f

,
-1 -0.5 0 0.4 1
Favours [experimental] Favours [control]

Testfor averall effect Z=677 (P = 0.00001)
*Qutcome 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.
tScore from 0 to 6 (higher scores indicate poorer control. Minimal important difference: 0.5 points (Juniper EF et al. 2005))

St. George's Respiratory Questionnaire (SGRQ)*

Mepolizumab Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean 5D Total Mean S0 Total Weight IV, Random, 95% Cl IV, Rand 95% Cl ABCDEFG
Chupp GL 2017 -156 16,3659 265 -73 16365¢ 260 56,6% -7,70[10,50,-4,90] —— EE T 1T T3
Urtega HG 2014 Sl TE 0TS 19 -4 BT 1M1 dE A% -f U0 T 20, -3, 50 —a—

Total (95% I 150 151 100,0%  7.40[ 9,50, 5,29] st
Hetarogeneity: Tau?— 0,00; Chif—010, di—1 (P - 075);F- 0%
Testinr nverall ffert 7= R AR P =0 NNNN1Y

| | | |
-10 -5 C 3 10
Favuurs Mepulizurmab Favours placebo

Rizk of hias legend

(8 Randam sequence gereration (selection bias)

(B) Allocation concealrrent (selection bias)

(C) Blind ng of participants anc pe-sonne (performance bias)
(L) Blind ng 27 oJtcome assessment idetectian blas)

{E) Inzomplete outcome data (attrilion bias)

{Fr Seloctive reparting (reporting bias)

(G Zrher bias

Mepolizumah Placebo Mean Difference Mean Difference
Study or Subgrou Mean Difference SE Total Total Weight IV, Random, 95% CI I, Random, 95% CI
Bel EH 2014 -58 2449 69 66 16,2% -580[10,60,-1,00] —_—
Chupp GL 2017 =77 1,4286 265 260 47,5% -7,70-10,50,-4,90] ——
Ortega HG 2014 -7 1,6327 194 191 364% -7,00[10,20,-3,80] ——
Total (95% CI) 528 517 100,0% -7,14[-9,07,-521] E

Heterogeneity, Tau®*= 0,00, Chi*=0,46,df=2 (P=0,79), F= 0%
Testfor overall effect. Z= 7,25 (P < 0.00001)

A0 -5 0 s 10
Favours [Mepolizumab)] Favours [Placebo]

*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).

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

Treatment related adverse events

Mepolizumab Flaceho Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup  Events  Total Events Total Weight M-H Random, 95% CI M-H, Random, 95% CI ABCDEFG
Bel EH 2014 21 £ 12 B6 21.5% 16700,90,3.12] —— 00e ®
chupp &l 207 M 97 6 77R ALA% 1,7R[N,77,2.09] —
Crtega HG 201 4 a0 104 o 1e 446% 178087, 1,67] —_——
Total (95% CI} 536 535 100,0% 135[1,01, 1,801 e
Tota ewents a1 BT

Feteroceneity Tau®= 000; Chi*=0£8, df=2 P =075}, F=0%

Tectforoverall efiect 2= 203 (P = 0,143 s v - 15 2

Favours [M2pclizurmnab] Favours [Placedn]



Treatment related serious adverse events (SAE)

Mepolizumab Placebo

Risk Ratio

Study or Subgroup  Events  Total Events Total Weight M-H, Rand 05% CI

Risk Ratio
M-H, Random, 95% CI

Risk of Bias
ABCDEFG

Ortega HG 2014 1 19 1 181 100,0% 0,98 [0,06, 15,63]

Total {95% CI) 194 191 100,0% 0,98 [0,06, 15,63]

Total events 1 1
Heterogeneity: Mot applicable
Testfor overall effect: Z= 0,01 (P = 0,99)

Risk of hias leqend
() Random sequence generation (selection hias)
(B Allocation cancealment (selection aias)

(C) Blinding of participants and persannel (performance hias)

(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcame data (attrition hias)

(Fi Selective reparting {reporting hias)

(G) Other hias

Reduction of glucocorticoids use*

10
Favours [experimental]  Favours [contral]

.00z 0.1

I 500

Outcome

Mepolizumab
(n=69)

Placebo
(n=66)

RR*

(95% Cl)

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.

1 Only Bel 2014 assessed this outcome

Rescue medication use?

Daily brochodilator use at week 21-24

Placebo

(n=277)

Mean difference

Mepolizumab

(n=247)

(between groups)

MD (95% Cl)

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.

tMinimal important difference -0.81 puffs/day (Santanello 1999).




Benralizumab

Annual asthma exacerbation rate (Overall)*

Rate Ratio Rate Ratio
Study or Subgroup log[Rate Ratio] SE Weight IV, Random, 95% Cl IV, Randomm, 95% CI
Goldman2017- SIROCCO -0,5447 01183 41.2% 0,58 [0,46, 0,73] -
Goldrman2017-CALIMA -0, 4463 0,126 39,9% 0,64 [0,50, 0,82] i
Mair2017 -1,204 0,2898 18,9% 0,30 [0,17,0,53] e
Total (95% Cly 100,0% 0,53 0,39, 0.72] i
Heterogeneity: Tau® = 0,05, Chi®= 577, df= 2 (P = 0,06); F= 65% 1 0z s 5 P

Testfor overall effect Z= 4,03 (F = 0.0001) Favours [experimental] Fawours [control]

Risk of hias legend

(&) Random seguence generation (selection bias)

B3 Allocation concealment (selection bias)

(C) Blinding of padicipants and personnel (performance hias)
(D) Blinding of outcome assessment (detection hias)

(E) Incomplete outcome data (attrition hias)

(F) Selective reporting {reporing hias)

Gy Other bias

*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 2150 cells/IL.

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)*

Benralizumab Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup RMean S0 Total Mean 5D Total Weight R, Random, 95% CI ¥, Rand 95% Cl ABCDEFG
ColdmanZil - SIRCCCO 120 1,084, 321 113 10847 3L5  39.0%  -U1£ L3, U —a T )
Galdmanz01 7-CALIMA <13 1,0743 301 -1,08 1,0743 314 38,7% -0,22[0,39,-005] —— ®
Nair2017 442 0812 63 -057 0812 €7 206% -055[086,-02] —=—— PEEEPPEO

Total {95% Cly 687 686 100,0% -0.26 [-0,46,-0,07] e
Feterogeneity: Tau®= 0,12, Ch*=518, df=2 (P =0,07), F=61% I

: - -0 0 05 1
Testforoveral effect 2= 2,70 P =0,007) Favcurs [Bznralizumakb] Favours [control]

Liskofbias legend

(A Random szgquence generation {szlection b asg)

B Alocation conzezlment iselecion bias)

(C) Elinding of padicipants and personnel {perfarmance aias)
(D) Elinding of oulcome aszeszment {detection hias)

(kj Incomp ete outcome dala (atnnar bias)

{Fy Sele:tive reporting {reporting bias)

(G} Other b ag

*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 2150 cells/IL.

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)*

Benralizumah Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean S0 Total Mean 5D Total Weight N, Random, 95% Cl Y, Random, 95% CI
Goldman2017- SIRCCCO 1,57 112585 307 118 112585 32E4 423% 0,19 [C,01,0,37] i
Goldman2017-CALIMA 1,28 11217 292 119 11217 305 422% 0,20 [C,0Z, 0,38] —
halrzol7 1,08 09188 A7 0,63 09188 €8 157% 0,45 [C,14, 0,76
Total {95% Cly 665 667 100,0% 0,23 [0,11, 0,36] ‘
Feterogeneity: Tau®=0,10; Ch===222 df=2 (P =033);F=10% k |

a -05 ] 05 1

Testforoveral effect Z= 3,36 (P = 0,0003) Favaurs [control]  Favours [Benralizumal)

Eiskofbias legend

(&) Fandam sagLenze generation {s2lection b as]

(B) Allacation canzezlment (selecion bias)

(C) Elinding of padicipants and personnel {perarmance aias)
(@ Elinding of oulcome assessment (detectian blas)

{E) Incomp ete outco e dala (attritior bias)

{Fy Scloxtive reporting (reporting biagh

{5} Other b ag

*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 2150 cells/IL.
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)*

Benralizumah Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean S0 Total Mean 5D Total Weight N, Random, 95% Cl Y, Random, 95% CI
Goldmanill &~ SIRCCCD  Lded U436 324 16 Uedsh d3l 434% 0,16 LU, U24] E
Goldman201 7-CALIMA [,2E6 0,477% 283 0,108 0,772 308 43,9% 0,12 [C,04, 0,18] -
Pgir2017 [,220 04329 B3 0126 0438 73 1228 0,11 [-C,0%, 0,26] T
Total (95% Cly 689 681 100,0% 0,14 [0,09, 0,19] ¢
Feterogeneity: Tau®= 0,10; Ch®=0,82, df= 2 (P = 0,66); F= 0% 5_1 -DI.S s DIS 15

Testioroveral:efiect:2= 1932 ik« 00001, Fawaurs [control]  Favours [Benralizurnaby]
Liskofbias legend

(A Random szgquence generation {szlection b asg)

B Alocation conzezlment iselecion bias)

(C) Elinding of padicipants and personnel {perfarmance aias)

(D) Elinding of oulcome aszeszment {detection hias)

(kj Incomp ete outcome dala (atnnar bias)

{Fy Sele:tive reporting {reporting bias)

(G} Other b ag

*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 2150 cells/IL.

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

Benralizumab vs. P value
Outcome
Placebo*
Reduction from baseline in final oral glucocorticoid dose 250% 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* 1.77 (1.22 to 2.57) 0.0018

*Crude risk ratio (95% Cl) 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)*

Benralizumah Control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDEFG
Fitzgerald2016 4 230 26 248 100,0% 1,41 [0,87,2,27] FREEPE@
Total {95% CI) 230 248 100,0% 1,41[0,87, 2,27]
Total events 34 26

| , , |
om0 1 10 100
Favours [experimental] Fawours [contral]

Heterogeneity: Mot applicahle
Testfor overall effect Z=1,41 (P=0,16)

Risk of bias legend

(&) Random sequence generation (selection hias)

B Allocation concealment (selection hias)

(C3 BElinding of paricipants and personnel {perfarmance bias)
(D3 Elinding of outcome assessment {detection hias)

(E) Incomplete outcame data {attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

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

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

Experimental Control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDEF®G
Mair201 7 & 73 11 75 1000% 0,56 0,22, 1,44] ——T [(ITTIITII]
Total (95% Cl i3 75 100,0% 0,56 [0,22, 1.44] -*-—
Total events 3 1"
ity: i — | I —t
Heterogeneity: Mot applicable i1 oz 0E 5 2 10

Testioroverallefiect 2l liE= 0 i) Favours [Benralizumab]  Favours [control]
Risk ofhias legend

() Random segquence generation {selection bias)

B Allocation concealment (selection bias)

(C) Blinding of paricipants and personnel {performance bias)

(D) Blinding of outcome assessment (detection hias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting hias)

(G) Other bias

*Nair 2017 reported the annual exacerbation rate at 28 weeks in patients receiving high-dosage inhaled corticosteroids plus long-
acting B2-agonists and blood eosinophil count 2150 cells/pL.



Reslizumab

Clinically significant exacerbation rate ratio (Overall)* t

Rate Ratio Rate Ratio Risk of Bias
Study or Subgroup  log[Rate Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI1
Castro 2011 -09163 05734  4,2% 0,40[0,13,1,23] —
Castro 2015a -0,6931 01536 59,0% 0,50 [0,37, 0,68] —
Castro 2015k -0,8816 0,1946 36,5% 0,41 [0,28, 0,60] ——
Total (95% Cly 100,0% 0,46 [0,37, 0,58] ‘
Heterogeneity: Tau®= 0,00; Chif= 0,70, df= 2 (P = 0,70); F= 0% D= ] D=2 D=5 % % 1=D

Test for overall effect: £= 6,57 (F = 0.00001) Favours [reslizumab] Favours [placehal

Risk of bias legend

A) Random seguence generation (selection hias)

(B3 Allocation concealment (selection hias)

(Cy Blinding of participants and personnel {performance bias)
(D Blinding of outcome assessment (detection hias)

Ey Incomplete outcarne data (attrition bias)

{F) Selective reporting {reporting bias)

{G) Other bias

* 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.

tCastro 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)*

Reslizumah Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight v, Randorn, 95% CI I, Random, 95% C| G
Biermer 2016 286 5534529 102 126 5571741 113 10.3% 130000737, 312,031 @
Castro 2011 1€0 372 53 -0 413 33 1006% 2600001 0,36, 409,£4] e : @
Castro 20152 248 3271926 245 110 3271923 244 389% 133.00(80,00,196.C00 —- ®
Castro 2015k 167 3407004 232 94 3407004 232 364%  93,00[31,00 185.C00 = e @
Coren216 272 4887655 77 2 530,0421 19 3.8%  27000[7.35,532,14] el
Total {95% Cl) 709 651 100,0% 141,82 [£9,23, 194,41] &
Heterageneity: Tau®= 976,22; Chi®= 5,36, df= 4 (P=0,23), F= 28% t

; ;
o0 -2h0 0 250 00

Testfor overall 2ffect 2= 529 (P = C.O00CTY Tevours [placeho] [avors [reslizurak]

Eisk ofhigs legend

(&) Random sequence gereration (zelectior hias)

By Allccaion concea ment (selection kias)

(C) Blinding of pariciparts and pzrsoniel (pzrformance bias)
(@) Blinding af outcome assessment (detzcton bias)

(E) Incomalete outzome data tattriticn hias)

{F) Selective reporling (reporting bias)

@) Other dias

* 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 2400cells/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 FEV; at 16 weeks and Castro 2011 at week 15.



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

Reslizumab Placebo Mean Difference Mean Difference Risk of Bias

Study or Subaroup  Mean SD Total Mean SD Total Weight I, Random, 95% CI I, Random, 95% CI G
Bjermer 2016 -0,853 1,2391 101 -0,494 11,2493 113 66% -0,36[070,-003] ? @
Castro 2011 07 1,02 51 .02 1,00 53 53% -0,40[0,79,-0,01] el
Castro 2015a -094 07898 245 -068 17893 244 395% -026[040,-013] & el ]
Cactro 2015k 086 07144 232 0,66 12,7144 232 :58%  020[0,22, 0,07 - [ ]
Caren 2016 -0,858 09696 77 -0,368 1,0492 19 29% -C49[1,01,0,03] 7@
Total (95% Cl 70B 651 100,0% -0,25[-0,34, -0,16] »

Heleruygeeily, Tau™= 0,00, Chi®= 2,37 di=4 (P =06T), P=[%

| |
-1 -04 ]

05 1
Testfor overall effect Z=563 (P = 0.01001} Fawours [reslizurral] Favau-s [plecabo]

Risk of hias lecend

(&) Random sequence generation {selection bias)

(B) Allacation concealment {selection bias)

(C) Blinding of particizants and persarnel {ferformance bias!
(D) Blinding of outcome assessment idetecion bias)

(E) Incomplete sutcome data (attrition aias)

{F1 Selectve reporting (reporting bias)

(G) Dther hias

*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)

Reslizumah Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean 5D Total Mean S0 Total Weight IV, Rand 95% Cl IV, Random, 95% Cl ABCDETFG
Bjzrmer 2016 1038 1H188 WY UseY 18261 101 A% U6 U S, UEE —_— [I13T 3X ]
Castre 20° 5a 1,03 C6205 245 087 06200 244 O67% 0,16 [0,03, 0,27 E 3
Castre 20° 5b 0,85 C7144 232 078 07144 232 A06% 0,16 [0,03, 0,20 =
Total {(35% Cl) 576 577 100,0% 0,17 [0,08, 0,25] L 3

Hetercgeneity Tau?= C,00; Chi*= 0,58, df=2 (P= 0751 = 1% 51 -DIS e 355

Testfcr ovarall effect: 2= 3,91 (P = 0.00013 Favaurs [placebs] Favours Jreslizurmab]
[isk of bias legend

A Random sequence generaton (gelection biag)

B Allocation concealment{selzction hias)

(C) Blinding of patticipsnts and personnel {(performance hias)

(D Elinding of autcome assessment {dztecion hiag)

(k1 Incamglete outcome daa (attrtion bias)

{F, Selective reporting frepciting bias)

(G Othar kias

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)

Reslizumah Placebo Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Rand 95% Cl I, Rand 95% CI ABCDEFG
Bjermer 2016 -08 27269 102 -03 28279 102 E3%  -0BO[1,36,0,16] @207 0
Castro 20164 0,64 1,2052 245 0,36 1,2062 244 4E£8% 028 [0,80,0,04] 200870
Castro 2115h -05 1,9233 232 -0,4¢ 19233 232 3:2% -0,06 [-0,41, 0,29] [ B4 ]
Carren 2016 -0,8 16564 TE  -01 1,8243 18 £7% -0,70 [-1,62,0,22] = o= |
Total (9% Cly G55 596G 100,0%  -0,24 [-0,46, -0,02] 2
Heterogeneity: Tau*= 0,00; CH2= 289, df=3 {P=041); P=0% t |

. |
2 R 0 1 2

Testfor overall effect 2= 2,18 (P = 0,03) Favours [reslizumah] Favours [placeba]

Outcome definitions used in the included trials:

Bjermer 2016: Change in SABA (short acting R-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)*

Reslizumah Placebo Risk Ratio Risk Ratio
Study or Subgroup  Ewents Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Ejermer 2016 12 106 g 1058 107% 1,49100,63, 3,49]
Castro 2011 12 a3 g 53 118% 1,50[0,67, 3,37 ]
Castro 20154 36 245 36 243 42E6% 0,99 1[0,65,1,52] —
Castro 2015k 34 232 27 232 349% 1,261[0,79, 2,02 T
Total (95% Cly G636 633 100,0% 1,18 [0,89, 1,56] B 3
Total events 94 79
Heterogeneity: Tau®= 0,00, Chi*=1,33, df=3(P=072), F=0% os o7 PLP

JestiroverallBfectL el dBiR= Uty Favours [reslizumahb] Favours [placebao]
Risk of bias legend

) Random sequence generation (selection hias)

B Allocation concealment {selection hias)

(C) Blinding of participants and personnel {perfarmance bias)

D} Blinding of outcome assessment (detection bias)

(E) Incomplete outcame data (attrition bias)

(F) Selective reporting (reporing bias)

(G) Other hias

*Data extracted from clinicaltrials.gov

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

Reslizumah Placebo Risk Ratio Risk Ratio

Study or Subgroup  Ewvenis Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Bjermer 2016 ] 106 0 105 Mot estimahble
Castro 2011 0 43 0 63 Mot estimable
Castro 201 5a 3 245 0 243 5359% 6,94 [0,36, 133,71] ———
Castro 2015k 1 232 0 232 461% 300012, 73,26 —
Total (95% Cly G636 633 100,0% 4,71[0,54, 41,31] e
Total events 4 0

i = ARiE = L _ el | . . /
Heterogeneity: Tau®=0,00; Chi*=015,df=1{F=0,70); F=0% '0.001 0!1 1'D 1000'

JestiroverallBfect Lol alipiodhy Favaurs [reslizumab]  Favours [placebo]
Risk of bias legend

A Random sequence generation {selection hias)

(B3 Allocation concealment (selection hias)

(C3 Elinding of pardicipants and personnel {(performance hias)

D3 Elinding of outcome assessment {detection bias)

(E) Incomplete outcome data (attrition hias)

(F) Selective reporting (reporting bias)

(G) Other bias

*Data extracted from clinicaltrials.gov



Omalizumab

Exacerbation rate (Overall)*

Rate Ratio Rate Ratio Risk of Bias
Study or Subgroup  log[Rate Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI ABCDEFG
Busse 2013 08916 0,3663 17.0%  0,41(0,20,0,84] — T T
Casale2018 07985 02606 28,1% 0,45 [0,27, 0,75] —E— 7277778@
Hanania2013 -0,3857 0,1369 54,9% 0,68 [0,52, 0,89) —- e @
Total (95% CI) 100,0% 0,56 [0,40, 0,77] =
Heterogeneity: Tau®=0,03; Chi®= 313, df=2 (P =021}, F= 36% 012 015 % é

Testfor overall effect: 2= 3,49 (P = 0,0005) Favours [Omalizumak]  Favours [control]

Risk of bias legend

A) Random seguence generation (selection hias)

(B} Allocation concealment (selection hias)

(Cy Blinding of participants and personnel {performance bias)
(D Blinding of outcome assessment {detection hias)

(Ey Incomplete autcarme data (attrition bias)

{F) Selective reporting {reporting bias)

{G) Other bias

*Casale 2018 included patients with high eosinophil counts > 200/ul, Busse 2013 with atopy and high blood
eosinophil counts = 300/ul and Hanania 2013 also with atopy and high blood eosinophil counts > 260/pl.
Sorkness 2013 reported the exacerbation at 48 weeks for patients with FeNO 220 ppb and aged 6-20 years, OR:
2.57 (C195% 1.46-4.54).

Total Asthma Symptoms Score (TASS)*

TASS — patients with Blood eosinophil counts = 260/ul*

Omalizumab Placebo
Measure (Hanania 2013)
(n=214) (n=200)
LS mean change -1.63 -1.47
LS mean difference change vs placebo (95% Cl) -0.16 (-0.51 to 0.19) -

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

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

Fxperimantal Contrnl Mean Differenre Mean Nifferenre Risk nf Rias
Study or Subgroup  Mean Difference SC Total Total Weight IV, Random, 95% C1 IV, Rank 95 C1 ADCDCT G
Busse 2013 735 306 51 40 389B%  73E01,38,1332 ———— 00000860
Hansnia2012 1,2 1,3002 214 00 604% 1,30 (123 3,23 —— LI LT T 1T
| otal {454% C1) 265 240 U4 34U 2,10, Y.50] —eiveE———
Hetarogenety: Taw? — 12 £2; Cqi®— 3,34 df—1{P—-0,07; F—70% 1 }

EE L

Teslurueerdl eTe.l 2= 1,25F = 0,21) Fawrirs Jenntnll Fawnires [Dmaliz iman]

Rislofhias legene

i) Rardom s2guence Jeneratlon iselection Dlas)

B Allozaion concea ment (selection bias)

iCh Binding of participants and personnzl (perfarmance biag
D) B Inding oT outcIme assessment [detectior b as)

i) Incomalete autcome data (attrition bias)

Fi Selcetive reportine {reporting bics

G) Cther 21as

* Hanania 2013 assessed change of FEV1% for patients with eosinophil counts 2260/l at 48 weeks and Busse 2013
assessed patients with blood eosinophil counts > 300 /ul at 24 weeks.

Hanania 2013 also assessed an overlapping subgroup with FeNO>24 ppb, the LSMD for FEV1% was 3.20 (Cl 95% -
0.74 to 7.14).






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

Measure (Hanania2013) Omalizumab vs. Placebo (Cl 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 2260/l and FeNO >24 ppb.

Rescue medication use (Albuterol, puffs/day)*

Measure (Hanania2013) Omalizumab vs. Placebo (Cl 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 2260/ ul and FeNO
>24 ppb.

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

Outcome (Sorkness 2013) Omalizumab vs. Placebo P value

LS mean difference (FeNO 2 20 ppb) -164.2 pg/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

Experimental Control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI ABCDETFG
Harania2013 172 215 158 199 100,0% 1,01 (0,81, 1,11] 2090000
Total {(95% Cl) 215 199  100,0% 1,01 [0,91, 1,11]
Total events 172 148

Heterogeneity: Mot applicable
Testfor overall effect Z=0,15 (P = 0,88)

07 0gs 1 12 15
Favaurs [Omalizurmab]  Favours [control]

Riskofhias legend

) Random seguence generation (selection bias)

(B Allocation concealment {selection hias)

(C) Blinding of paricipants and personnel (performance hias)
(D) Blinding of outcome assessment (detection bias)

(E) Incormplete outcame data (attrition hias)

(Fi Selective reparting {reporing hias)

(G) Other hias

*Hanania 2013 evaluated subgroup population with blood eosinophil counts > 260/pl.



Dupilumab

Exacerbation rate ratio* ++

Dupilumah  Placebho Fale Ratio Rate Ratio
Study or Subyroup log[Rate Ratio] SE Total Total Weight v, Random, 974 Cl v, Random, 9574 Cl
~astn 2018 FN0M SLTRE M1 437 97 745%, 11, 4R 1.7, 1.F5] —_—
Zaslro 2010 $200m3) S1,0B7E 0,2647 457 297 234% 0,42 0,25, 0,71] —E—
~abe 2014 BRI 1t 21 4% U AL Uy T
‘Wienzel 20 B (pooled ard acjustad) J1,6447 10,2024 120 62 26,4% 0,58 10,22, * (5] —_—
Total (95% Ch 1066 678 100,0% 0,44 [0,32, 0,99] B
Heterogenaity Tau?—0,0; Ch=- 2,14, di— 2 (P — 0,543, F- 0% 052 DI‘ é é

Teslior cversll 2M2cl. 2= £ 40 iF = 0.000C1; Fawntrs [Dupilimat] = avours Plarehbnl

* 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 23 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).

+ Castro 2018 assessed patients with = 150 eosinophils/uL count; Wenzel 2016 and Rabe 2018 assessed patients
with = 300 eosinophils/pL count.

t Wenzel 2016 reported multiple treatment arms compared to the same control arm, thus, we corr
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)”

Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean Difference SE Weight IV, Random, 95% CI I, Rand 05% Cl ABCDEFG
5.1.1 Dose 200 g2w
Wenzel 20160 + -0,42 02797 518%  -042[097,0,13] —— a1 ]
Subtotal (95% CI 51,9%  -0,42[-0,97,0,13] =l
Heterogeneity: Mot applicahle
Test for overall effect Z=150 P =013}
5.1.2 Dose 300 g2w
Wienzel 2016a -0,55 0,2806 481%  -0,55[1,12,0,02] —— a1 ]
Subtotal 95% ¢l) 48,1%  -0,55[-1,12, 0,02] i
Heterogeneity: Mot applicahle
Test for overall effect Z=1,88 (P = 0,06}
Total (95% CI) 100,0%  -0,48 [-0,88, -0,09] -
Heterogeneity: Tau®=0,00; Chi#=010, df=1(P=0,73), F=0% t

A4 05 0 05 1

Testfor overall effect £= 2,38 (P = 0,02 Favours [dupilumah] Favours [placebo]

Testfor subgroup differences: Chi= 010, df=1{P=0748), F=0%
Eisk of hias legend

(A Randaom segquence generation (selection bias)

(B} Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance hias)

(D) Blinding of outcome assessment (detection hias)

(E) Incormplete outecorme data (attrition bias)

(F) Selective reporing (reparing bias)

(G) Other bias

*Wenzel 2016 assessed ACQ in patients with eosinophil count =300 cells/mm? 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.

tWenzel 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)*

Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean Difference SE Weight IV, Random, 95% CI IV, Random, 95% CI ABCDEFG
5.4.1 Dose 200 g2w
Castro 2018k 0,42 01127 452% 0,42 (0,20, 0,64] - R T
Wenzel 201 GkE 067 02806 858% 0,67 [0,10,1,24] R
Subtotal (95% CI) 53,9% 0,45 [0,25, 0,66] &
Heterogeneity: Tau®=0,00; Chi*= 0,64, df=1 (P = 0,42); F= 0%
Testfor overall effect £= 4,31 (P = 0.0001)
5.4.2 Dose 300 g2w
Castro 2018a 0,28 01278 373% 0,28 [0,03, 0,53] i
Wianzal 2016 0,78 0,2906 88% 0,78[0,21,1,35] —
Subtotal (95% CI) 46,1% 0,46 [-0,01, 0,93] -‘-—
Heterogeneity: Tau®=0,07; Chi*= 248, df=1 {F=012);, F=60%
Testfor overall effect Z=1,92 (P =0,05)
Total (95% CI) 100,0% 0,42 [0,25, 0,59] ‘
Heterogeneity: Tau®= 0,00; Chi*= 3,46, df= 3 (P = 0,33); F=13% 5_2 51 . ' 25

Testfor overall effect £= 4,77 (P = 0.00001)

Testfor subgroup differences: Chi*= 000, df=1 {P=0597), F=0%

Risk of hias legend

(A) Random sequence generation (selection bias)

B) Allocation concealment (selection bias)

(C) Blinding of padicipants and personnel {performance hias)
(D) Blinding of outcome assessment {detection bias)

(E) Incomplete outcome data ¢attrition bias)

(F) Selective reporting (reporting bias)

(G) Other hias

Favours [placeho]

Fawours [dupilumab]

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

tWenzel 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)*

Dupilumak Placeho Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI ABCDEFG
9.1.1 Dose 200 g2w
Wienzel 2016h 48 6 54 BR 439% 0,94 [0,78,1,14] @ePE000
Subtotal (95% CI) 64 68 439% 0,94 [0,78, 1,14]
Total events 438 54
Heterageneity: Mot applicable
Testfor overall effect: £= 0,60 (P =0,595)
9.1.2 Dose 300 g2w
Yenzel 2016a 53 B4 54 B8 561% 1,04 (0,88, 1,23] t eo00000
Subtotal {95% Cly 64 68 56,1% 1,04 [0,88, 1,23]
Total events 53 54
Heterageneity: Mot applicable
Testfor overall effect: Z=050 (P =0,62)
Total (95% Cly 128 136 100,0% 1,00 [0,88, 1,13] e
Total events 101 108
Heterageneity, Tau®=0,00; Chi*=062 df=1 (P =0,43), F=0% D!? D.'SS 1!2

Testfar overall effect: Z=0,02 (P = 0,98)

Testfar subgroup differences: Chi®= 0,61, df=1 (P=043), F=0%
Eisk of hias legend

i Randam sequence generation {selection bias)

(B Allocation concealment {zelection bias)

(C) Blinding of participants and personnel (perfarmance hias)

(D} Blinding of outcome assessment (detection hias)

(E) Incomplete outcame data {attrition bias)

(F) Selective reporting {reporting bias)

(G) Other hias

*Wenzel 2016 assessed AE in patients with eosinophil’s count 2300 cells/mm? at 24 weeks.

Any treatment-emergent serious adverse events (SAE)*

Fawours [dupilumahb] Favours [placeho]



Dupilumak Placeho Risk Ratio Risk Ratio Risk of Bias

Study or Subgroup  Events Total BEvents Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI ABCDEFG
0.2.1 Dose 200 g2w
Wienzel 2016h 4 6 4 BE 436% 1,06 [0,28, 4,07] @ePE000
Subtotal (95% CI) 64 68  43,6% 1,06 [0,28, 4,07]
Total events 4 4
Heterageneity: Mot applicable
Testfor overall effect: Z=0,09 (F=0,93)
9.2.2 Dose 300 g2w
Wenzel 201 6a 7 B4 4 BB 564% 1,86 [0,57, 6,05] —— (1111 T1]J)]
Subtotal {95% Cly 64 68 56,4% 1,86 [0,57, 6,05] -'*'-
Total events T 4
Heterageneity: Mot applicable
Testfor overall effect: Z=1,03 (P =0,30)
Total (95% Cly 128 136 100,0% 1,46 [0,60, 3,54] B
Total events 1 8
Heterogeneity: Tau=0,00; Chi*= 0,38, df=1 (P = 0,54); F= 0% ID 0 051 150 1DD=
Testfor overall effect 7= 0,83 (P = 0,41) Favours [dupilumah] Favaurs [placebao]
Testfor subgroup differences: Chi®= 0,38, df=1 (P=054), F=0%
Eisk of hias legend
i Randam sequence generation {selection bias)
(B Allocation concealment {zelection bias)
(C) Blinding of participants and personnel (perfarmance hias)
(D} Blinding of outcome assessment (detection hias)
(E) Incomplete outcame data {attrition bias)
(F) Selective reporting {reporting bias)
(G) Other hias
. . . . . 3
*Included studies evaluated patients with eosinophils count 2 300/mm” at 24 weeks.
. . 3 *
FEV 1 (L) — eosinophil count > 150 cells/mm° (Overall)
Dupilumab  Control Mezn Difference Mean Difference
Studhy or Subgroup Mean Difference SE Todal Total Weight N, Random, 95% C1 N, Random, 95% CI
Zastn S0 A (N IME Nk NN4£q 475 M A A% 1R [N.N07, N.246] —a—
Zastra Z0° 0 (100mg) 012 01172 414 234 £2%  01240,11,025) —
~abe 214 Ud2 U126 15 R W32 U, Ui
‘fizrzel 2018('Jc0-llled zhd adiuzted) 0,23 0,07E8 15 58 21,0% 0,22[0,02,0,28] —
Total (95%Cl) 4 1020 550 100,0% 0,18 (0,11, D,24] -
Hetaroganaity: TaL? - 0,00; ChP- 207, d*= 2 (P - 0,56} F—- 0% -DIS _0525 b 0525 :II5

Teslfur avz2rallefecl 2= 514 (F = 2.000011 Fawnurs [Mupi umab] Fawaers [Placehn]

*All studies assessed patients with eosinophils count 2 150 cells/mm?

t 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)’

Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean Difference SE Weight I, Random, 95% Cl IV, Random, 95% CI ABCDEFG
6.2.1 Dose 200 g2w
wenzel 20160 T 23331 277716 50,2% -3331 L8774, 21,17 —a— e T
Subtotal (95% CI) 50,2% -33,31[-B7.,74,21,12] ——eEEFEERwe—
Heterogeneity; Mot applicable
Testfor overall effect: Z=120(P=10,23)
6.2.2 Dose 300 g2w
Wenzel 20163 + -46,97 27,977 498% -4607 [10181,767] — @ — ey 1]
Subtotal (95% Cly 49.8% -46,97 [-101,61, 7,67] —-*—-
Heterogeneity: Mot applicable
Testfor overall effect: £=1,68 (P = 0,09)
Total (95% Cly 100,0% -40,11 [-78,68, -1,55] e
Heterogeneity: Tau®=0,00; Chi*=012,df=1 (F=0,73); F=0%

-100 -a0 0 a0 100

Testfor overall effect: Z= 2,04 (P= 0,04} Favours [dupilumak] Favours [placeho]

Testfor subgroup differences: Chi*=012, df=1{F=073), F= 0%
Risk of hias legend

(&) Random sequence generation (selection bias)

B) Allacation concealment (selection hias)

(C) Blinding of padicipants and personnel {perfarmance hias)

(D) Blinding of outcome assessment (detection hias)

(E) Incomplete outcome data {attrition bias)

{F) Selective reporing {reporting bias)

(G) Other bias

*Wenzel 2016 assessed FeNO in patients with eosinophil count 2300 cells/mm? at 24 weeks. Outcome defined as
percentage change from baseline.

tWenzel 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 2300 cells/mm?® (puffs/day)”

Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean Difference SE Weight IV, Random, 95% CI ¥, Random, 95% CI ABCDEFG
7.2.1 Dose 200 g2w
Wenzel 2016a * -0,44 12374 501%  -0,44 [-287,1,88] B BTt L)
Subtotal (95% Clj 50,1%  -0,44[-2,87,1,99] “——
Heterogeneity: Mot applicable
Testfor overall effect Z=0,36 (P=0,72)
7.2.2 Dose 300 g2w
Wenzel 2016at 0,66 12384 499%  -0,68[311,1,74] B BTt L)
Subtotal (95% CI) 49,9%  0,68[-3,11,1,75] e —
Heterogeneity: Mot applicable
Test for overall effect 2= 0,55 (P =0,58)
Total (95% CIy 100,0%  -0,56 [-2,28, 1,16]

Heterogeneity: Tau®= 0,00; Chi*=0,02, df=1 (P = 0,85); F= 0% 52 51 . 1’ é
Testfor overall effect Z= 0,64 (P = 0,52) Favours [dupilumab] Fawvours [placebol
Testfor subgroup differences: Chif= 002, df=1{P=089), F=0%

Risk of hias legend

() Random segquence generation {(selection hias)

B) Allocation concealment (selection bias)

(C) Blinding of padicipants and personnel {performance hias)

(D) Blinding of outcome assessment (detection bias)

{E} Incamplete outcome data (attrition bias)

(F) Selective reporing {reporting hias)

(G) Other hias

*Wenzel 2016 assessed rescue medication use in patients with eosinophil’s count 2300 cell/mm? at 24 weeks.
Rescue medication use was defined as number of salbutamol/albuterol or levosalbutamol/levalbuterol inhalations
recorded daily by the patients.

tWenzel 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)* +



Dupilumab  Placeho Mean Difference Mean Difference Rigk of Bizs

Study or Subgroup  Mean Difference SE Todal Total Weight I, Random, 95% CI I, Random, 3574 Cl AECDEFAG
3.2.1 Epsinophil counds =300/mm3

Qabe 2018 6827 0,299¢ 18 41 100,0% 36,93[55.04, 19,62 1 2002000
Subtotal (95% Cly 48 41 100,0% -26,6D [-55.04, -18,62]

eterogeneits: Mot zpplicaale
Testfor cverall effzct: 2= 296 " < 0.0001)

8.2.2 Epsinophil counts =150/mm3

Sake 2010 294 7,057 0 £ 100,0% -2940[43,20,-15,57 t 29020009
Subtutal (95% CIy 81 69 100,0% -29,40[-43,23, -15,57]

Hrterngrneite Kot zpplicanle

Testfor cverall effzck: Z= 417 " < 0.0001}

430 -A) 0 50 130
Faroars [Hupiumab]l =avours placeho
Testfor subg-oup diferences: ChE= 141 dfi=1{F=0452), F= 0% Ciun ! b !

Sizkofb as legard

A Randur segquence cenealio tseleclun Ligs)

Bi Alccation concealment (selection bias)

i) Elinding of padicipants and persoancl {peformance Eias)
i Elinding of CUCOMme aSSESsment(datecion bizs)

E: Incompletz oucorre dsta (stiition bias)

Fi Sclective repodirg {reporing bics

G Other blas

* We will use eosinophil counts > 150 cell/mm? as an overall population (as defined by
protocol).

+ 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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