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ABSTRACT

Five biologicals have been approved for severe eosinophilic asthma, a well-recognised
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 (3 RCTs for benralizumab, 3 RCTs for dupilumab, 3 RCTs for mepolizumab, 4 RCTs for
omalizumab, and 5 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 rate ratio
(RR) 0.53 (95% CI 0.39 to 0.72), dupilumab RR 0.43 (95% CI 0.32 to 0.59), mepolizumab RR
0.49 (95% CI 0.38 to 0.66), omalizumab RR 0.56 (95% CI 0.40 to 0.77), and reslizumab RR 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 evaluated 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-effectiveness ratio per quality adjusted life-years value is above the willingness to pay
threshold for all biologicals (moderate certainty). Potential savings are driven by decrease in
hospitalisations, emergency and primary care visits.

There is high certainty that all approved biologicals reduce the rate of severe asthma
exacerbations and for benralizumab, dupilumab and mepolizumab for reducing OCS. There is
moderate certainty for improving asthma control, QoL, FEV, and cost-effectiveness. More data on

long term safety are needed together with more efficacy data in the paediatric population.

This article is protected by copyright. All rights reserved



Abbreviations

ACQ = asthma control questionnaire

AQLQ = asthma related quality of life questionnaire
AE = adverse events

CHEC = Consensus health economic criteria

CIl = confidence interval

EAACI = European Academy of Allergy and Clinical Immunology
EMA = European Medicine Agency

EURONHEED = European Network of Health Economic Evaluation Databases
FDA = Food and Drug administration

FeNO = fractional exhaled nitric oxide

FEV, = forced expiratory volume in one second
GDG = Guideline Development Group

GINA = Global Initiative for Asthma

GRADE = Grading of Recommendations Assessment, Development and Evaluation
ICS = inhaled corticosteroids

ICER = Incremental cost-effectiveness ratio

Ig = immunoglobulin

IL = interleukin

IRR = incidence rate ratios

IV= intravenous

MD = mean difference

MID = minimal important difference

OCS = oral corticosteroids

QALY = Quality adjusted life-years

QoL = quality of life

RCT = randomised controlled trial

ROB = risk of bias

SGRQ = St George’s Respiratory Questionnaire
SOC= standard of care

RR= rate ratio

SC= subcutaneous

SR = systematic review

TASS = Total Asthma Symptoms Scores

T2 =type 2
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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 health-care
resources (1,2,3,4). Severe asthma is defined as inadequate control of asthma under high-
intensity treatment with inhaled corticosteroids (ICS) and additional controllers (including oral
corticosteroid (OCS)) for at least six months per year, or by loss of asthma control on the attempt
to reduce the high-intensity treatment (5). Before any further treatments are evaluated, differential
diagnoses of asthma should be ruled out, comorbidities should be treated, persistent triggers
should be eliminated, and patient adherence should be optimised (2,5,6). Considering the
availability of specific targeted therapies for type 2 (T2) asthma, the management approach to
severe asthma currently includes a phenotyping step for the identification of allergic, eosinophilic
and non-T2 phenotypes (7,8).

Eosinophils are prominent pathogenic cells involved in asthma. Increased blood or sputum
eosinophils were related to frequent asthma exacerbations and disease severity and are used to
guide treatment decisions (9,10,11). Most human diseases accompanied by elevated 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
production (12,13,14,15,16). This over-lap between the key pathogenetic pathways (IL-5, IL-4/IL-
13 and IgE driven eosinophilic inflammation) toughen the choice of a biological for the
eosinophilic asthma phenotype. Therefore, future novel approaches to better identify predominant
pathways at the molecular level (endotypes) are demanded.

In the last decades, new add-on therapies for severe asthma have been developed, and
may be applied depending on asthma phenotype and endotype (7, 8, 13). Anti-IL-5 monoclonal
antibodies (mepolizumab and reslizumab) are approved for severe asthma and peripheral
eosinophilia (17,18,19,20). Benralizumab, a monoclonal antibody that binds to the a subunit of IL-
5 receptor (IL-5Ra) was also recently approved for eosinophilic asthma (21,22). 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
(23,24). Omalizumab, a humanised monoclonal anti-IgE antibody, was the first biological
approved for IgE-mediated persistent allergic asthma (25,26).

The European Academy of Allergy and Clinical Immunology (EAACI) is developing clinical

practice guidelines for the use of biologicals in patients with severe asthma. Three interlinked
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systematic 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 (i.e. benralizumab, dupilumab,

omalizumab, mepolizumab, and reslizumab, in alphabetical order).
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METHODS

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) whom voluntarily participate in the development of EAACI clinical practice guidelines for
the use biologicals in severe asthma. They are referred to as the Guideline Development Group
(GDG).

Structured question and outcome prioritisation

The GDG framed the clinical question as: “Is the treatment with biologicals (i.e., 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 (27). The outcomes were prioritised 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 included 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 patients with uncontrolled severe eosinophilic asthma. The
outcomes of interest were costs and resource use, as well as the incremental cost-effectiveness
ratios (ICERs) per both quality adjusted life-years (QALY) and per asthma-specific outcomes.
Data sources and searches

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

Study selection

Randomised 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
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approved by the European Medical Agency (EMA) or by U.S. Food and Drug administration
(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 tittle and abstract. Then, two reviewers
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.

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 second reviewer. If needed, requested additional data from the
authors of the included studies was requested. The risk of bias (ROB) was assessed using the
Cochrane Risk of Bias Assessment tool (28). The ROB was judged as low, high or unclear risk
the for each domain: random sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment, incomplete outcome data, and
selective reporting.

For the health economics analysis, two reviewers extracted the main characteristics of included
studies (e.g. type of economic evaluation, perspective, time horizon, discounting, sources of
information, model type), relevant outcomes and costs (e.g. ICERs, sensitivity analyses results),
sources of funding, and conflict of interest. Two reviewers assessed the methodological
limitations using the consensus on health economics criteria (CHEC) checklist (29).
Transferability to the European context was assessed using the European Network of Health
Economic Evaluation Databases (EURONHEED) checklist (30,31).

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 ratios (IRR) and risk ratios (RR). For
continuous data mean differences, with 95% confidence intervals were used. Change in the
observed asthma related outcomes were assessed between biologicals 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 errors
were adjusted to avoid the unit of analysis error (32).

Statistical heterogeneity beyween 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, FeENO) and ROB. Additionally, post hoc subgroup analysis by
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baseline use of OCS was performed. To estimate the absolute effects for each comparison the
median estimate reported in the control arms was used as baseline risk. For the economic
evidence, results are summarised narratively and tabulated, including the ICERs and the degree
of uncertainty.

Certainty of evidence

The certainty (quality) of the evidence of efficacy, safety and economic impact for each outcome
was rated as high, moderate, low or very low considering the standard GRADE domains: ROB,
imprecision, inconsistency, indirectness and publication bias (33,34). For the evaluation of
imprecision for each asthma related outcome evaluated, where available, the minimal important
difference (MID) thresholds were considered (35, 36,37, 38). For FEV,; a MID of 0.20 L was

considered as recommended by consensus by the GDG.

RESULTS

Search results

The eligibility process is summarized in a PRISMA flowchart (Figure 1). A total of 3441 unique
citations were retrieved from data base searches, and 145 were appraised as full text. 135
publications were excluded due to differences in population, outcomes of interest, design or
regulatory unapproved dose and/or route (Table S3). 28 publications from 19 RCTs were
evaluate. These included 3 RCTs for benralizumab (39,40,41); 3 for dupilumab (42,43,44); 3 for
mepolizumab (45,46,47); 4 for omalizumab (48,49,50,51); and 5 for reslizumab (52,53,54,55).
Characteristic of included studies

The characteristics of studies evaluated for evidence of efficacy and safety are detailed in Table
1. All studies randomised 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 to 75 years old
and studies of omalizumab also included children from 6 years old. The characteristics of the

health economics studies included are available in Table 2.

Evidence of efficacy and safety

Tables 3 to 7 present the summary of the results and certainty of evidence for asthma related
outcomes evaluated. The metanalysis plots can be found in the supplementary file.

Severe asthma exacerbation rate

The annualized exacerbation rates were reported in 3 benralizumab trials (39,40,41); 3 dupilumab
trials (42,43,44), 3 mepolizumab trials (45,46,47), 3 omalizumab trials (48,50,51) and 5
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reslizumab trials (52,53,54,55). All biologicals reduced asthma exacerbations rate compared to
standard of care with high certainty of evidence: benralizumab RR 0.53; 95% CI 0.39 to 0.72;
dupilumab RR 0.44; 95% CI 0.32 to 0.59; mepolizumab RR 0.49 95% CI 0.38 to 0.66;
omalizumab RR 0.56; 95% CI 0.40 to 0.77; and reslizumab RR 0.46; 95% CI 0.37 to 0.58.

A separate analysis of the studies (41,44,46) designed to assess as primary outcome the OCS
sparing effect of the biological compared to standard of care was performed. All three studies
significantly reduced the rate of exacerbations in the OCS sparing protocol with high certainty of
evidence: benralizumab RR 0.30; 95% CI 0.17 to 0.53; dupilumab RR 0.42; 95%CI 0.25 to 0.69;
and mepolizumab RR 0.68; 95%CI 0.47 to 0.98.

Asthma control

The change in asthma control following biologicals addition was evaluated using Asthma Control
Questionnaires (ACQ) scores and the Total Asthma Symptoms Scores (TASS). Dupilumab,
omalizumab and mepolizumab probably improve asthma control with moderate certainty of
evidence: dupilumab (ACQ-5) MD -0.48; 95% -0.88 to -0.09 (42,43,44); omalizumab (TASS) MD -
0.16; 95% -0.51 to 0.19 (48,49,50,51) and mepolizumab (ACQ-5) MD -0.43; 95% CI -0.56 to -
0.31 (45,46,47). Nevertheless, none of the biologicals showed an improvement above the MID
threshold of 0.5.

Quality of life

QoL was reported in 3 benralizumab trials (39,40,41); 2 dupilumab trials (42,43); 3 mepolizumab
trials (45,46,47); 1 omalizumab trial (48) and 3 reslizumab trials (53, 54, 55). Changes in QoL
were evaluated using the Asthma Quality of Life Questionnaire (AQLQ) for all biologicals, except
for mepolizumab that used the St. George's Respiratory Questionnaire (SGRQ) score. All The
addition of all biologicals improved QoL with moderate to high certainty, although below the MID:
benralizumab MD +0.23 (95% CI 0.11 to 0.36); dupilumab MD +0.42 (95% CI +0.25 to +0.59);
mepolizumab (SGRQ) MD -7.14 (95% CI -9.07 to -5.21); omalizumab MD +0.13 (95% CI +0.11 to
+0.37); and reslizumab MD +0.17 (95% CI +0.08 to +0.25).

Safety

Drug-related AE were assessed in 2 trials for benralizumab (40,41), 1 trial for dupilumab (42), 3
mepolizumab trials (45,46,47), 1 trial for omalizumab (48) and 3 trials for reslizumab (52,53,55).
For mepolizumab there is an increased likelihood of drug-related AE (RR 1.35; 95% CI 1.01 to
1.80; high certainty of evidence. Benralizumab and reslizumab probably increases drug-related
AE (moderate certainty of evidence): benralizumab RR 1.41, 95% CI 0.87 to 2.27; reslizumab RR
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1.18, 95% CI 0.89 to 1.56. For dupilumab and omalizumab the RR is rather small: dupilumab RR
of 1.00, 95% CI1 0.88 to 1.13; omalizumab RR 1.01, 95% C1 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
benralizumab and mepolizumab results are inconclusive: benralizumab RR 0.56 (95% CI 0.22 to
1.44); 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.

Reduction of oral corticosteroids use

Benralizumab, dupilumab and mepolizumab showed with high certainty of evidence a reduction in
daily OCS: benralizumab > 50% (RR 1.76, 95%CI 1.26 to 2.47; dupilumab 29.4% (95% CI 43.2
lower to 15.57 lower); and mepolizumab > 50% (RR 1.61; 95%CI 1.07-2.41) (41,44,46).
Mepolizumab showed a reduction of OCS to 5mg/day or less (crude RR 1.71; 95%CI 1.11 to
2.55, p=0.01) and a reduction of 100% in daily OCS (crude RR 1.91; 95% CI 0.69 to 5.30, p=0.2)

compared to placebo.

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)
(45).

Lung function - FEV/,

The change from baseline of FEV, were assessed for benralizumab (39,40,41), mepolizumab
(45,46,47), omalizumab (48) and reslizumab (52,53,54,55). Compared to standard of care, there
was an increase of FEV, but below the MID agreed by the GDG (moderate certainty of evidence):
benralizumab MD +140mL (95% CI +90 to +190); mepolizumab MD +110.9 mL (95% CI +58.91
to +162.89), reslizumab MD +141.82 mL (95% CIl +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/ul dupilumab may increase FEV,; compared to
standard of care [MD +180mL (95% CI 110 to 250)].

Evidence of resource use and cost-effectiveness
After screening 1884 hits and reviewing 36 full text articles, five economic evaluations were
included (Figure 2). Two studies evaluated benralizumab (56,57), 1 dupilumab (57), 1

mepolizumab (58) and 2 reslizumab (59,60) (Table 2). Most of excluded studies evaluated
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allergic patients (Table S4). Overall, the resources needed for adding the biological to standard
asthma therapy are mainly the cost of the drug and its administration. The potential savings are
related to decreased rate of hospitalisation, emergency department care, and primary care visits
(Table S5). The evaluation of the cost-effectiveness of benralizumab shows important variation in
ICER from 39,135 £/QALY (low certainty of the evidence) to 412,000$/QALY (moderate certainty
of the evidence). The key driver for this difference is unclear since there is missing information in
the Tikhonova et al report (Table S6). For dupilumab the reported ICER is 401,000 $/QALY in
patients with = 300 eosinophils/ uL (moderate certainty of the evidence). The results are uncertain
for the utility estimates for the non-exacerbation 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 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 favourable ICER towards
mepolizumab was 160,000 $ in the responder group of patients (Table S6). The reslizumab base-
case analyses demonstrate important variation across studies in terms of the cost-effectiveness
results. The ICER/QALY varied from 23,081 $/ QALY (low certainty of the evidence) to 697,403 $
/ QALY (moderate certainty of the evidence). The key driver for this difference was the cost of
reslizumab. The study not funded by industry (60) reported a higher cost of reslizumab
(approximately 4,000 $ per month) compared to the study funded by industry (991 $ per month)
(59). It has to be noted that there is a lack of proper studies to drive firm conclusions due to the
heterogeneity of published studies. Furthermore, modelling cost-effectiveness studies considering

direct and indirect costs applicable to each context are needed (Table S6).

DISCUSSION

Main findings

Our systematic review of efficacy shows high certainty for reducing the rate of severe asthma
exacerbations for all the biologicals evaluated (benralizumab, dupilumab, mepolizumab,
omalizumab, 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;)
improvement, not reaching the MID. Only benralizumab, dupilumab and mepolizumab provided
data about the use of OCS, showing a reduction in the daily dose of OCS compared to standard

of care (high certainty of evidence).
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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 studies 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 omalizumab there is scarce data on the
efficacy of the evaluated biologicals 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 potential savings are explained by
the decreased rate of hospitalisation, 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 countries (30,000 €/QALY).The certainty of the
economic evidence is moderate derived from studies with low ROB but with important imprecision
(large variations in the ICER values) and indirectness (differences 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.

Current results in the context of previous results

Aligned with our results, previous SR of benralizumab, dupilumab, mepolizumab, omalizumab
and reslizumab in severe asthma reported a reduction to approximately half of exacerbations,
and an improvement in health related QoL scores, asthma control and FEV, (61, 62, 63, 64, 65,
66, 67, 68). However, there are some important differences that need to be mentioned. Previous
mepolizumab SR allowed the inclusion of non-approved doses (64,65), while, the current SR
included only licensed doses and routes of administration making the results more applicable 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 relevance of the change (i.e. 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
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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 8 benralizumab trials showed a lower risk of both AE (RR
0.94; 95% CI 0.90-0.98) and serious AE (RR 0.82; 95% CI 0.68-0.98) (61). The possible
explanation for this difference is that we limited our assessment to drug-related AE and excluded
asthma worsening events, assessed solely as efficacy measures.

Another review assessing the cost-effectiveness of mepolizumab 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 drivers of cost-effectiveness included day-to-
day health-related QoL, asthma-related mortality, acquisition price of the biological therapy, and

time horizon. These results are similar to our evaluation for mepolizumab (69).

Strengths and limitations

The current systematic review has several strengths. An exhaustive evaluation of both desirable
and undesirable effects 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 included 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 optimal presentation format for patients, clinicians and policy makers
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/analysis. However, we did not perform a subgroup or sensitivity analysis
based on that variable (basal exacerbation rate), as it was not pre-defined or requested in the
protocol or during the systematic review. The systematic review included only English language
articles, 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 include
observational studies that could have been informative for some of the outcomes with low or very
low-quality evidence from RCTs (e.g. serious AE). We did not conduct a de novo economic
analysis for the cost-effectiveness outcomes. However, we followed 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
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eosinophilic asthma which restricted the number and scope of studies analysed, especially for

omalizumab and dupilumab.

Implications for practice and research

All evaluated biologicals (benralizumab, dupilumab, mepolizumab, omalizumab, reslizumab)
showed a significant improvement in critical and important related asthma outcomes such as
exacerbation rate and for benralizumab, dupilumab and mepolizumab also an OCS dose
reduction. However, the systematic review confirms 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 very specific circumstances such as patients with
severe uncontrolled asthma where the desired outcome is to decrease the exacerbation rate or
the OCS use. In this context, panels are more likely to formulate conditional recommendations as
opposed to strong.

Although short term safety data is reassuring, more accurate reporting from clinical trials is
warranted in combination with long-term safety and cost-effectiveness evaluations, including real-
world studies, registries and big data analysis. There is limited data available to support the
efficacy and safety in the paediatric population (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 predominant 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 biologic for the right patient.

CONFLICT OF INTEREST:

IA serves as associate editor of Allergy. JB reports funding from EAACI. CA reports 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, Astra Zeneca, Scibase, and is on the Sanofi/Regeneron advisory
board. CC-A reports funding from EAACI. T Casale reports grants and/or personal fees from
Genentech, Novartis, Sanofi Regeneron, and GSK. JC declares 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; serves as associate editor

This article is protected by copyright. All rights reserved



for Allergy and in the local advisory board of ALK. JG reports personal fees from Regeneron, Ena
Theraputics, 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 reports grants from Gerolymatos and
personal fees from Hal Allergy B.V., Novartis Pharma AG, Menarini, Hal Allergy B.V., and Mylan.
AP has received grants, personal fees, non-financial support or other from GlaxoSmithKline,
AstraZeneca, Boehringer Ingelheim, Chiesi Farmaceutici, TEVA, Mundipharma, Zambon, Novartis,
Menarini, Sanofi/Regeneron, Roche, Fondazione Maugeri, Fondazione Chiesi, Edmond Pharma.
LP reports grants, personal fees or non-financial 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 non-financial 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 has received funding from EAACI. OP received
research grants from Inmunotek S.L. and Novartis; received fees for giving scientific lectures
from: Allergy Therapeutics, Amgen, AstraZeneca, Diater, GSK, Inmunotek S.L, Novartis, Sanofi-
Genzyme and Stallergenes; participated in advisory boards from Novartis and Sanofi-Genzyme.
MK reports personal fees from ALK-Abello, Allergopharma , Stallergenes, Anergis, Allergy
Therapeutics, Circassia, Leti, Biomay, HAL, Astra-Zeneca, GSK, Novartis, Teva, Vectura, UCB,
Takeda, Roche, Janssen, Medimmune, and Chiesi. All other authors have no conflict of interest

within the scope of the submitted work.

This article is protected by copyright. All rights reserved



References

10.

11.

12.

13.
14.

http://www.globalasthmareport.org/burden/burden.php; accessed at 16.12.2019

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

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

Pérez de Llano L, Martinez-Moragén E, Plaza Moral V, Trisan Alonso A, Sanchez CA,
Callejas FJ, 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.

Chung KF, Wenzel SE, Brozek JL, Bush A, Castro M, Sterk PJ, et al. International
ERS/ATS guidelines on definition, evaluation and treatment of severe asthma. Eur Respir
J 2014, 43: 343-373

Corren J, Yawn BP. Advancing the Care of Severe Asthma: Differential Diagnosis,
Multidisciplinary Management, and Patient Engagement. Am J Med. 2019 Feb 20. pii:
S0002-9343(19)30146-9. doi: 10.1016/j.amjmed.2019.02.002.
https://ginasthma.org/wp-content/uploads/2019/06/GINA-2019-main-report-June-2019-
wmes.pdf; accessed at 16.12.2019

Seys SF, Quirce S, Agache |, Akdis CA, Alvaro-Lozano M, Antolin-Amérigo D, 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
Green RH, Brightling CE, McKenna S, Hargadon B, Parker D, Bradding P, et al. Asthma
exacerbations and sputum eosinophil counts: a randomised controlled trial. Lancet.
2002;360(9347):1715-21.

Nair P, O'Byrne PM. Measuring Eosinophils to Make Treatment Decisions in Asthma.
Chest. 2016;150(3):485-7.

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

Stokes JR, Casale TB. Characterization of asthma endotypes: implications for therapy.
Ann Allergy Asthma Immunol. 2016;117(2):121-5.

Agache |. Severe asthma phenotypes and endotypes. Semin Immunol. 2019; 46:101301.
Agache |, Akdis CA. Precision medicine and phenotypes, endotypes, genotypes,

regiotypes, and theratypes of allergic diseases. J Clin Invest. 2019;130:1493-1503

This article is protected by copyright. All rights reserved


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

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.
26.

27.

28.

29.

30.

Agache |, Strasser DS, Klenk A, Agache C, Farine H, Ciobanu C, et al. Serum IL-5 and IL-
13 consistently serve as the best predictors for the blood eosinophilia phenotype in adult
asthmatics. Allergy. 2016;71(8):1192-202.

Palomares O, Sanchez-Ramén S, Davila |, Prieto L, Pérez de Llano L, Lleonart M, et al.
dlvergEnt: 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 at 16.12.2019
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/761122s0001Ibl.pdf; accessed
at 16.12.2019

https://www.ema.europa.eu/en/medicines/human/EPAR/cinqaero; accessed at
16.12.2019
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/761033Ibl.pdf; accessed at

16.12.2019

https://www.ema.europa.eu/en/medicines/human/EPAR/fasenra; accessed at 16.12.2019
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2017/7610700rig1s000Approv.pdf;
accessed at 16.12.2019
https://www.ema.europa.eu/en/medicines/human/summaries-opinion/dupixent-0;
accessed at 16.12.2019
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/761055s0071bl.pdf; accessed
at 16.12.2019

https://www.ema.europa.eu/en/medicines/human/EPAR/xolair; accessed at 16.12.2019
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/103976s5225Ibl.pdf;
accessed at 16.12.2019

Walford HH, Doherty TA. Diagnosis and management of eosinophilic asthma: a US
perspective 2014;7:53-65.

Higgins JP, Altman DG, Ggtzsche PC, Juni P, Moher D, Oxman AD, et al; Cochrane Bias
Methods Group; Cochrane Statistical Methods Group. 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):240-5.

Hutter F, Antofianzas F. Economic evaluations in the EURONHEED: a comparative

analysis. Pharmacoeconomics. 2009;27(7):561-70.

This article is protected by copyright. All rights reserved


https://www.ema.europa.eu/en/medicines/human/EPAR/nucala
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/761122s000lbl.pdf
https://www.ema.europa.eu/en/medicines/human/EPAR/cinqaero
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.ema.europa.eu/en/medicines/human/summaries-opinion/dupixent-0
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

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Nixon J, Rice S, Drummond M, Boulenger S, Uimann P, de Pouvourville G. Guidelines for
completing the EURONHEED transferability information checklists. Eur J Health Econ.
2009;10(2):157-65

Ricker G, Cates CJ, Schwarzer G. Methods for including information from multi-arm trials
in pairwise meta-analysis. Res Synth Methods. 2017;8(4):392-403.

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, Schinemann
HJ; GRADE Working Group. GRADE: an emerging consensus on rating quality of
evidence and strength of recommendations. BMJ. 2008;336(7650):924-6.

Guyatt GH, Oxman AD, Sultan S, Glasziou P, Akl EA, Alonso-Coello P, et al; GRADE
Working Group. GRADE guidelines. Rating up the quality of evidence. J Clin Epidemiol.
2011;64(12):1311-6

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):23-7.

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, Mork AC, Stahl E. Measurement properties and interpretation of
three shortened versions of the asthma control questionnaire. Respir Med.
2005;99(5):553-8

Dweik RA, Boggs PB, Erzurum SC, Irvin CG, Leigh MW, Lundberg JO, et al; American
Thoracic Society Committee on Interpretation of Exhaled Nitric Oxide Levels (FENO) for
Clinical Applications. An official ATS clinical practice guideline: interpretation of exhaled
nitric oxide levels (FENO) for clinical applications. Am J Respir Crit Care Med.
2011;184(5):602-15.

Bleecker ER, FitzGerald JM, Chanez P, Papi A, Weinstein SF, Barker P, et al; SIROCCO
study investigators. Efficacy and safety of benralizumab for patients with severe asthma
uncontrolled with high-dosage inhaled -corticosteroids and long-acting B2-agonists
(SIROCCO): a randomised, multicentre, placebo-controlled phase 3 trial. Lancet. 2016
;388(10056):2115-2127

FitzGerald JM, Bleecker ER, Nair P, Korn S, Ohta K, Lommatzsch M, et al; CALIMA study
investigators. Benralizumab, an anti-interleukin-5 receptor a monoclonal antibody, as add-
on treatment for patients with severe, uncontrolled, eosinophilic asthma (CALIMA): a
randomised, double-blind, placebo-controlled phase 3 trial. Lancet.
2016;388(10056):2128-2141

This article is protected by copyright. All rights reserved



41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Nair P, Wenzel S, Rabe KF, Bourdin A, Lugogo NL, Kuna P, et al; ZONDA Trial
Investigators. Oral Glucocorticoid-Sparing Effect of Benralizumab in Severe Asthma. N
Engl J Med. 2017;376(25):2448-2458.

Wenzel S, Castro M, Corren J, Maspero J, Wang L, Zhang B, et al. Dupilumab efficacy
and safety in adults with uncontrolled persistent asthma despite use of medium-to-high-
dose inhaled corticosteroids plus a long-acting 2 agonist: a randomised double-blind
placebo-controlled pivotal phase 2b dose-ranging trial. Lancet. 2016;388(10039):31-44
Castro M, Corren J, Pavord ID, Maspero J, Wenzel S, Rabe KF, et al.Dupilumab Efficacy
and Safety in Moderate-to-Severe Uncontrolled Asthma. N Engl J Med. 2018;
378(26):2486-2496.

Rabe KF, Nair P, Brusselle G, Maspero JF, Castro M, Sher L, et al. Efficacy and Safety of
Dupilumab in  Glucocorticoid-Dependent Severe Asthma. N Engl J Med.
2018;378(26):2475-2485.

Chupp GL, Bradford ES, Albers FC, Bratton DJ, Wang-Jairaj J, Nelsen LM, 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 randomised, double-blind, placebo-
controlled, parallel-group, multicentre, phase 3b trial. Lancet Respir Med. 2017;5(5):390-
400.

Bel EH, Wenzel SE, Thompson PJ, Prazma CM, Keene ON, Yancey SW, et al; SIRIUS
Investigators. Oral glucocorticoid-sparing effect of mepolizumab in eosinophilic asthma. N
Engl J Med. 2014;371(13):1189-97

Ortega HG, Liu MC, Pavord ID, Brusselle GG, FitzGerald JM, Chetta A, et al; MENSA
Investigators. Mepolizumab treatment in patients with severe eosinophilic asthma. N Engl
J Med. 2014 ;371(13):1198-207.

Hanania NA, Wenzel S, Rosén K, Hsieh HJ, Mosesova S, Choy DF, et al. Exploring the
effects of omalizumab in allergic asthma: an analysis of biomarkers in the EXTRA study.
Am J Respir Crit Care Med. 2013;187(8):804-11.

Sorkness CA, Wildfire JJ, Calatroni A, Mitchell HE, Busse WW, O'Connor GT, et al.
Reassessment of omalizumab-dosing strategies and pharmacodynamics in inner-city
children and adolescents. J Allergy Clin Immunol Pract. 2013;1(2):163-71

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):485-6

This article is protected by copyright. All rights reserved



51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Casale TB, Chipps BE, Rosén K, Trzaskoma B, Haselkorn T, Omachi TA, et al. Response
to omalizumab using patient enrichment criteria from trials of novel biologics in asthma.
Allergy. 2018;73(2):490-497.

Castro M, Mathur S, Hargreave F, Boulet LP, Xie F, Young J, et al; Res-5-0010 Study
Group. Reslizumab for poorly controlled, eosinophilic asthma: a randomized, placebo-
controlled study. Am J Respir Crit Care Med. 2011;184(10):1125-32

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

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 Elevated Blood Eosinophil Levels: A Randomized
Phase 3 Study. Chest. 2016;150(4):789-798
https://icer-review.org/wpcontent/uploads/2018/04/ ICER_Asthma_Final_Report_122018-
1.pdf; accessed at 18.12.2019

Tikhonova |, Long L, Ocean N, Barnish M, Robinson S, Nikram S, et al. Benralizumab for
treating severe eosinophilic asthma: NICE single technology appraisal. Value in health
2019; 22; suppl.2:358

Whittington MD, McQueen RB, Ollendorf DA, Tice JA, Chapman RH, Pearson SD, 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-agonists in South Korea. Current medical research and opinion. 2019;
10.1080/03007995.2019.1605159. [Epub ahead of print]

Lam J, Hay JW, Salcedo J, Kenyon NJ. A cost-effectiveness analysis 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 moderate to severe eosinophilic
asthma. A meta-analysis. Medicine (Baltimore). 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

This article is protected by copyright. All rights reserved



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

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
(1992). 2019;65(9):1223-1228

Yancey SW, Ortega HG, Keene ON, Mayer B, Gunsoy NB, Brightling CE, et al. Meta-
analysis of asthma-related hospitalization in mepolizumab studies of severe eosinophilic
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, Oselin M, Valentino MC, Bruno GM, et al.
Omalizumab and long-term quality of life outcomes in patients with moderate-to-severe
allergic asthma: a systematic review. Ther Adv Respir Dis. 2019;13:1753466619841350
Corren J, Kavati A, Ortiz B, Vegesna A, Colby JA, Ruiz K, 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, Du J, Xiao B, Du C, Sun J. The efficacy and safety of reslizumab for
inadequately controlled asthma with elevated blood eosinophil 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  Evaluations. = Pharmacoeconomics.
2018;36(8):957-971

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

Goldman M, Hirsch |, Zangrilli JG, Newbold P, Xu X. The association between blood
eosinophil count and benralizumab efficacy for patients with severe, uncontrolled asthma:
subanalyses of the Phase Il SIROCCO and CALIMA studies. Current Medical Research
and Opinion 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 difficult to control asthma. J Asthma.
2005;42(10):859-64.

Wagener AH, de Nijs SB, Lutter R, Sousa AR,Weersink EJ , Bel EH, et al. External
validation of blood eosinophils, FE(NO) and serum periostin as surrogates for sputum
eosinophils in asthma. Thorax 2015, 70(2):115-20

This article is protected by copyright. All rights reserved



74. Hastie A, Moore W,Li H,Rector B,Ortega V, Pascual R, et al. Biomarker Surrogates Do
Not Accurately Predict Sputum Eosinophils and Neutrophils in Asthma. J Allergy Clin
Immunol 2013; 132(1):72-80.

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

76. 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: Results of a single-centre observational study. Pulm Pharmacol
Ther. 2018;53:1-5.

77. Ortega H, Menzies-Gow A, Llanos JP, Forshag M, Albers F, Gunsoy N, 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.

78. Pelaia C, Calabrese C, Barbuto S, Busceti MT, Preiand M, Gallelli L, et al. Omalizumab
lowers asthma exacerbations, oral corticosteroid intake and blood eosinophils: Results of
a 5-YEAR single-centre observational study. Pulm Pharmacol Ther. 2019;54:25-30.

79. 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):1078-84

80. Brussino, L, Heffler, E, Bucca, C, Nicola, S, Rolla, G. Eosinophils Target Therapy for
Severe Asthma: Critical Points. BioMed Research International; 2018. 7582057

This article is protected by copyright. All rights reserved



Figure 1. Study flowchart for the selecting evidence for

biologicals in severe eosinophilic asthma

efficacy and safety of the

\ 4

3296 records excluded after

title/abstract screening

135 full-text articles excluded
Reasons:

Different study design

Different comparison of interest
Diferent outcome of interest
Different dose (Non-FDA approved )

Different population

3441 records identified from databases
(- (MEDLINE; EMBASE; CENTRAL)
o
.FU‘
=
=
9
=
o
~
—J
\4
) 145 records assessed for eligibility
(mepolizumab=30; reslizumab:25;
o))
E benralizumab=18; dupilumab=12; and
% omalizumab=60)
S
n
~—
)
> Secondary references -~
E suggested by experts: 18
D
= Omalizumab
i (Omalizumab) >
v
—J
28 publications from 19 individual RCTs
o]
% Mepolizumab: 7 publications from 3 RCTs
S . L.
S Benralizumab: 6 publications from 3 RCTs
c
= Reslizumab: 8 publications from 5 RCTs
Dupilumab: 3 publications from 3 RCTs
—J
Omalizumab: 4 publications from 5 RCTs

This article is protected by copyright. All rights reserved




)

Identification

[

Screening

Eligibility

Included

Figure 2. Study flowchart for selecting the economic evidence for biologicals in severe

eosinophilic asthma

Number of studies (n=1884)

v

Records screened
(n=1762)

Studies identified only
through manual revision of
the references of the
included studies (n= 2)

\ 4

Duplicate records removed (n=
122)

\ 4

v

Full-text articles assessed for
eligibility (n=36)

\4

Records excluded (n=1728)

e No relevant to biologic
treatment for asthma

\4

5 studies included in the SR

This article is protected by copyright. All rights reserved

v

Excluded at full text level: 31

e Non-eosinophilic patients: 20
e Conference abstract: 3
e Health outcomes not
reported: 3
e Systematic review used as
source of primary studies: 2
e No economic evaluation: 2




Table 1. Summary of the characteristics of the included studies evaluating clinical efficacy of benralizumab, mepolizumab, omalizumab and

reslizumab as add-on for uncontrolled severe asthma

Author. vear Outcomes Age (years) Intervention
(Trial N’a):ne) assessment | Mean * SD | Population (N) Type Control
Range Number of patients exposed (N)
Benralizumab
Benralizumab: 30 mg SC Q8W
Bleecker 2016 (39) 48 47.6 £14.5 Severe, uncontrolled asthma (N=398) Standard of
(SIROCCO) 12-75 (N=1205) Benralizumab: 30 mg SC Q4W | care (SOC)
(N=400)
Benralizumab: 30 mg SC Q8W
Fg;fﬁ\;aAl;j 2016 (40) 56 49.0 £14.3 Severe, uncontrolled asthma I(BI\:-:;A;:I?z)umab 30m SC Q4w SOC
12-75 (N= 13086) (Net25) 9
Nair 2017 (41) Benralizumab 30mg SC Q8W (N=73)
24 52.9 +10.1 Severe uncontrolled asthma . _
(ZONDA) 18-75 receiving daily OCS (N=220) Benralizumab 30mg SC Q4W (N=72) | SOC
Dupilumab
Castro 2018 (43) Dupilumab 200 rrlg SC Q2W (loading
(Liberty Asthma dose, 400mg) (N=631)
QUEST) 52 47.9+153 Uncontrolled asthma SOC
>12 (N=1902) Dupilumab 300 mg SC Q2W (loading
dose, 600mg) (N=633)
Rabe 2018 (44) 24 5134126 Oral glucocorticoid-treated Dupilumab 300 mg SC Q2W | SOC
>1g | sthma (N=103)
(N=210)
Moderate to severe .
_ ’ | Dupilumab 200 mg SC Q2W
Wenzel 2016 (42) o 48.0+12.8 uncontrolled asthma (N=776) Dupilumab 300 mg SC Q2W SOC
>18 Dupilumab 200 mg SC Q4W

Dupilumab 300 mg SC Q4W

Mepolizumab
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Bel 2014 (46)

Severe eosinophilic asthma

(SIRIUS) 24 N receiving daily OCS 100 mg SC Q4W (N=69) SOC
(N=135)
75-mg IV Q4W (N-191)
Ortega 2014 (47) . . SOC
(MENSA) 32 ?;-81 ?l\?:g;%) eosinophilic asthma 100-mg SC Q4W (N=194)
Chupp 2017 (45) 24 socC
(MUSCA) 49.8 Severe eosinophilic asthma 100 mg SC Q4W (N=274)
>12 (N=551)
Omalizumab
SC Q2W or Q4W at a dose
calculated based on body weight and
. . baseline serum IgE levels (150 mg or | SOC
Casale 2018 (51) 16 orr1es Eﬁi‘?g;’?;"c asthma 300 mg Q4W or 225 mg, 300 mg, or
375 mg Q2W) (N=542)
Dose determined by the European
Uncontrolled severe persistent omalizumab dosing table, ensuring a
allergic asthma (N=850) minimum omalizumab dose of 0.008
Hanania 2013 (48) 48 44 £ 15 Subgrou high blood mg/kg/lgE  (lU/mL) Q2W or a | SOC
12-75 eosi%ophpi‘ls (N= 491 4) or high | Minimum of 0.016 mg/kg/IgE (1U/mL)
FeNO (N=101) Q4W.
Moderate to severe persistent | Dose determined the expanded FDA soC
Sorkness 2013 (49) 48 10.7 £ 3.6 allergic asthma dosage table, ensuring a minimum
6-20 Subgroup with high FeNO | dose of 0.016 mg/kg/IgE (IU/mL)
(N=155) every month
Dose determined by the European
Patients with atopic asthma %Tn?rl':wzlrr;n?)?’rgcl)iihnn%a:ibclj%singfu gn(?og SOC
Busse 2013 (50) 28 12-75 Subgroup  with  eosinophilic ka/lgE . (IU/mL)  Q2W )
asthma (N=51) mg/kg/lgE  (IW/mL) or a
minimum of 0.016 mg/kg/IgE (1U/mL)
Q4W
Reslizumab
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Inadequately controlled

Bjermer 2016 (55) 16 43 eosinophilic asthma (N=311) Reslizumab 3.0 mg/kg IV Q4W | SOC
(12-75) (N=106)
Inadequately controlled soc
Castro 2011 (52) 12 44.9 £ 13.94 | eosinophilic asthma (N=106) Reslizumab 3.0 mgkg IV Q4W
(18-75) (N=53)
Castro 2015 (53) 52 49 Inadequately controlled (R,\lejd'f'i%“ab 3 mgkg IV QW | g0
(12-75) eosinophilic asthma (N=953)
Inadequately controlled asthma
Corren 2016 (54) Reslizumab 3 mg/kg IV Q4W (N=77) | SOC
16 44.9 Sub ith baseli
(18-65) ubgroup wi aseline

eosinophils = 400 cells/uL
(n=96)

This article is protected by copyright. All rights reserved




Table 2. Summary of the characteristics of the included studies evaluating the economical impact of biologicals as add-on for uncontrolled
severe asthma

Author, Design, . Time horizon, | Difference in cost | Difference Risk of bias | Transferabil | Source of
Intervention Control . ICER . .
year Country perspective (year value) outcome (CHEC score) ity score funding
Benralizumab
ICER 2019 | Cost-utility Lifetime Lifetime SOC Lifetime, US | 581,000 $ (2018 US | 1.41 QALY 412,000 17.5/20 13.5/16 Government
(56) Markov Benralizumab in health care | Dollars) QALY grants and
model, US addition to SOC perspective. non-profit
Societal in the foundations
sensitivity
analysis.
Tikhonova Cost-utility Lifetime Lifetime SOC Lifetime, UK | Not Reported QALY 39,135 £/ QALY | 15.5/20 12.5/16 AstraZeneca
2018 (57) Markov Benralizumab in NHS reported financed the
model, UK addition to SOC perspective. original
Societal in the model
sensitivity critiqued by
analysis. the
University of
Exeter
Dupilumab
ICER 2019 | Cost-utility Lifetime Lifetime SOC Lifetime, US | 704,000 $ 1.51 QALY 464,000 17.5/20 13.5/16 Government
(56) Markov Dupilumab in health care QALY grants and
model, US addition to SOC perspective. (2018 US Dollars) non-profit
Societal in the foundations
sensitivity
analysis.
Mepolizumab
Whittington Cost-utility Lifetime Lifetime SOC Lifetime, health | 589,941 § 1.53 QALY 385,546 16/20 14/16 Institute  for
2017 (58) Markov Mepolizumab in system QALY Clinical and
model, US addition to SOC (2014 US Dollar) Economic
Review
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Author, Design, . Time horizon, | Difference in cost | Difference in Risk of bias | Transferabil | Source of
Intervention Control . ICER . .
year Country perspective (year value) outcome (CHEC score) ity score funding
Reslizumab
Cost-utility Lifetime Lifetime SOC Lifetime, 119,394 $ 5.17 QALY 23,081 $/ QALY | 16.5/20 13/16 Teva-
Markov Reslizumab in societal Handok
Han 2019 | model, addition to SOC (2018 US Dollars) Pharma
(59) South
Korea
Lam 2018 | Cost-utility 5-year 5-year SOC 5-year, societal | 24,404 $ 0.035 QALY 697,403 $ /| 16/20 12.5/16 University of
(60) Markov Reslizumab in QALY Southern
model, US addition to SOC (2017 US Dollar) California,
us
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Table 3: Summary of findings for Benralizumab compared to standard of care for eosinophilic asthma

Outcomes

Exacerbations

Ne of participants

(studies)

Follow-up (range)

1373

Certainty of the
evidence
(GRADE)

Relative effect
(95% ClI)

Anticipated absolute effects

Risk with standard of care

Risk difference with
benralizumab

705 fewer exacerbations

Assessed with annualised asthma (3 RCTs) 94041 DODD Rate ratio 0.53 1500 exacerbations per per 1.000 patients per
exacerbation rate 28 to 56 weeks HIGH 32® (0.3910 0.72) od 1000 patients per year year

(915 fewer to 420 fewer)
Asthma Control
Assessed with ACQ-6 score 1373 .
between-group-difference atthe (3 RCTs) %4 ﬁgﬁ?x,b,e,f - mean difference - O'ZGC .
end of the study 28 to 56 weeks (- 0.46 to - 0.07 fewer) ™
Quality of life
Assessed with Asthma Quality of 1333 OO0 mean difference+ 0.23
Life Questionnaire for 12 years (3 RCTs) 294041 HIGH 2653k - higher
and older 28 to 52 weeks (+0.11 to +0.36) ©
Any drug related adverse event 478
(AE) (1RCT) 40 1211 @) Rate ratio 1.41 105 per 1.000 43 more per 1.000
Assessed with number of events . 0 MODERATE **  (0.87 to 2.27) : (14 fewer to 133 more)
Any serious adverse event
(SAE) unrelated to asthma 148 .
exacerbation (1 RCT) *! 66039 Rate ratio 0.56 147 per 1.000 65 fewer per 1.000
Assessed with number of events 28 weeks LOW = (02210 1.44) (A ey 065 )
Decrease in OCS use 148
Assessed with reduction in daily 41 OODD Rate ratio 1.76 284 more per 1.000
OCS dose of 250% (rel) HIGH °° (1.26 to 2.47) T8 i 1Y (97 more to 549 more)
Lung function
Assessed with pre-bronchodilator 1370 1211 @) .
FEV1 (mL) between-group- (3 RCTs) 4041 MODERATE - TEE EMEREMES 11 ) il -

difference at the end of the study

28 to 56 weeks

3,4,5,b,h,i

(+90 to +190 higher) °

Rescue medication use
Asssessed with puffs/day

0 studies

not estimable
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Table 3: Summary of findings for Benralizumab compared to standard of care for eosinophilic asthma

Ne of participants Certainty of the Anticipated absoluts effects

Relative effect
(95% ClI)

Outcomes (studies) evidence
Follow-up (range) (GRADE)

Risk difference with

Risk with standard of care benralizumab

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

GRADE Working Group grades of evidence

High certainty: High confidence that the true effect lies close to that of the estimate of the effect

Moderate certainty: Moderate confidence in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different

Low certainty: Limited confidence in the effect estimate: The true effect may be substantially different from the estimate of the effect

Very low certainty: Little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

Explanations

a. Statistically significant (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 (70).

c. The pooled data were assessed at 28 weeks (41) and at 48-52 weeks (71). Goldman 2017 included patients aged 12-17 years 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%
Cl1 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 (35).

g. In the current systematic review 3 studies reporting the effect on total asthma control score change were also included. The pooled mean difference was -0.19 (95CI% -0.31 to -0.08), see
full text report.

h. Quality of the evidence was downgraded because FEV1 is considered a surrogate outcome for asthma control, with a variable correlation with asthma symptoms (72).

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

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

k. For AQLQ(S)+12 the MID is 0.5 (37)

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

Outcomes

Exacerbations

Ne of participants

(studies)

Follow-up (range)

1712

Certainty of
the
evidence
(GRADE)

Anticipated absolute effects

Relative effect
(95% Cl)
care

Risk with standard of

Risk difference with
dupilumab

894 fewer exacerbations

Assessed with annualised asthma 42,4344 OODD Rate ratio 1570 exacerbations per -
exacerbation rate (2:1 TOC5T23 )weeks HIGH*a? 0.44(0.32t0 0.59) 1000 patients per year ?1&(;81601%3\/2?::)&2; r;:vrvgre)? r
Asthma control
assessed with: Asthma Control (510 ;CT) 42 ﬁzggaE% ATE - mean difference - 0.48
Questionnaire -5 24 weeks 482bg (-0.88 lower to - 0.09)
Scale from: 1to 5
Quality of life .
Assessed with asthma Quality of 958 43,44 ©000 m_ean difference + 0.42
Life Questionnaire (2RCTs) MODERATE - il iy
Scale from: 1 1o 7 24 to 52 weeks 4.9.abh (+0.25 to +0.59)
;r;gtment-related adverse events (2164;} e ® E/IB(GDBSBE(I)?ATE RR 1.00 794 per 1.000 0 fewer per 1.000

. 4abm (0.88 to 1.13) ’ (95 fewer to 103 more)
Assessed with number of events 24 weeks (il
Treatment-related serious 264

[1210]®) RR 1.46 27 more per 1.000
adverse events (SAE) (1RCT)® A 59 per 1.000
Assessed with number of events 24 weeks LOW (06010 3.54) (B8 Ui e P )
Decrease in OCS dose 150 n 0
Assessed with percentage of (1RCT)* ﬁgﬁe‘?“ - Et]:?? 2; |tf(f)e_r$ g c5e7-)29.4 i
reduction compared to baseline 24 weeks ’ ’
Lung function (1:,? ?F’QOCTS) 42,4344 EBSBWO O ) mean difference + 180 mL
Assessed with FEV1 in mL 24 10 52 weeks 456.7.abdef (+110 to +250)
Fraction of exhaled nitric oxide 150 [1210]®) . ) o
Assessed with mean % change (1RCT)* y - 2]795 gg |tf:)e_r$ nSCSe) o
(ppb) from baseline 24 weeks 410.11.12abiij : :
Rescue medication use 143 o0 mean difference - 0.56
Assessed with puffs/day (1 RCT) #? MODERATE - puffiday
,7,a,b,K,|

24 to 52 weeks

(-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% ClI).
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Table 4: Summary of findings of Dupilumab compared to standard of care for eosinophilic asthma

Certainty of Anticipated absolute effects
the Relative effect
evidence (95% ClI) Risk with standard of Risk difference with
(GRADE) care dupilumab

Ne of participants

Outcomes (studies)
Follow-up (range)

GRADE Working Group grades of evidence

High certainty: High confidence that the true effect lies close to that of the estimate of the effect

Moderate certainty: Moderate confidence in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that
it is substantially different

Low certainty: Limited confidence in the effect estimate: The true effect may be substantially different from the estimate of the effect

Very low certainty: Little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

Explanations

a. All included studies had a high risk of selective reporting bias (42,43,44). However, the evidence quality was not downgraded because most of the outcomes of interest for our analysis
were reported.

b. All included studies were founded by industry and the same company (Sanofi and Regeneron Pharmaceuticals), and all showed positive results. No industry-independent observational or
randomized trials were identified to contrast the results. Therefore, the quality of the evidence was downgraded for potential publication bias (70)

c. Two studies (Rabe 2018, Wenzel 2016) assessed exacerbations at 24 weeks, and Castro2018 at 52 weeks.

d. The quality of the evidence was downgraded because FEV1 is considered a surrogate outcome of asthma control, with a variable correlation with asthma symptoms (72).

e. The panel agreed that minimal important difference (MID) for FEV1 is 0.20 L and considered the effect as imprecise.

f. The panel agreed that minimal important difference (MID) for FEV1 is 0.20 L and thus the effect was considered as imprecise.

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

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

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

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

k. Downgraded because the effect may both be beneficial and harmful.

I. The MID for rescue medication use is a reduction by 0.81 puffs/day (35).

m. The effect may both be harmful or beneficial. Small number of events.
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Table 5: Summary of findings of mepolizumab compared to standard of care for eosinophilic asthma

Outcomes

Exacerbations

Ne of participants

(studies)

Follow-up (range)

Certainty of the

evidence
(GRADE)

Relative effect
(95% CI)

Anticipated absolute effects

Risk with standard of

care

Risk difference with
mepolizumab

Exacerbation rate ratio 1071 . . 870 fewer exacerbations per
Assessed witt the annualized rates of (3 RCTs) *>4647 ﬁ%ﬁ?s,a,b,c E)agz :?606%)4 9 1888 e);ﬁcei:ts)atgnsegfr 1000 patients per year
asthma exacerbations 24 to 32 weeks ' ’ P pery (592 fewer to 1079 fewer)
Exacerbations leading to

hospitalisation 4547 . . 70 fewer exacerbations per
Assessed with the annualized rate of (224 }35;28 )weeks ﬁ%ﬁ?&a,c,d E)a:g :2%07(})3 0 jlggoexitt:ieemztlo;s 22: 1000 patients per year
asthma exacerbations leading to ' ’ P pery (29 fewer to 87 fewer)
hospitalisation

Asthma control

Assessed with: ACQ-5 score 1211 @) . )
between-group-difference at the end 912 4547 MODERATE - TR ClEEES = Ui

(3 RCTs) 450 (- 0.56 to - 0.31)
of the study ) >80
Scale from: 0 to 6 !

Quality of life

Assessed with St. George's 1045 1211 @) . )
Respiratory Questionnaire between- (3 RCTs) “>4°4’ MODERATE - E?Zagft'g?rgnzie) W
group-difference at the end of the 24 to 32 weeks ' 4520l : :

study

(T'&Ea)“me“t"e'ated adverse events 7, e e Rate ratio 1.35 OGS 279 more per 1.000
Assessed with number of events (3 RCTs) ™™ HIGH ™ (1.01 to 1.80) (8 more to 637 more)
Treatment-related serious adverse o000 .

385 Rate ratio 0.98 0 fewer per 1.000
events (SAE) (A1RCT)¥ VERY LOW (0.06 to 15.63) RO (-5 fewer to 77 more)
Assessed with number of events >em
Lung function
assessed with pre-bronchodilator (139 ‘IEZ?E)TS) 45,4647 Eﬂaggaé% ATE _ mean difference +110.9 mL
FEV1 (mL) between-group-difference 6e 457act (+58.91 to +162.89)

24 to 32 weeks
at the end of the study
Lung function 936 .
assessed with AM peak expiratory (2RCTs)”’ ?gvggh, - E?gngglifgfgg ZZ)Z e
flow (PEF) 24 weeks *° : :
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Table 5: Summary of findings of mepolizumab compared to standard of care for eosinophilic asthma

Anticipated absolute effects

Ne of participants Certainty of the Relative effect
Outcomes fg:g‘:‘jﬂ — '(3(‘;"'.\?':3‘; (95% Cl) Risk with standard of  Risk difference with
P 9 care mepolizumab
Rescue medication use (1RCT)*® foYaYe T ) mean difference -0.1 puff/day
assessed with puffs/day 21 to 24 weeks ° HIGH ¢ (-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% ClI).

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. Two of three studies had a high risk of attrition bias (45,47). Modified intention-to-treat analysis was conducted (i.e. patients were analysed as treated, not as randomized).

b. Probable unimportant heterogeneity

c. Included studies were all funded by industry, and all showed positive results. We identified two industry-independent observational trials that showed similar effects with our meta-analysis
(76,77).

d. Mean rates of exacerbation requiring hospitalization across studies were very low (i.e. 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 (72).

g. The MID of PEF is 18.8 L/min (35)

h. Potential attrition bias because PEF baseline values reported in the primary publication (47) differed from values reported in post-hoc analysis publication (77)

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) (37)

k. >-4.0 was considered the threshold for the MID for quality of life measured with the St.George's Respiratory Questionnaire (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/day (35)
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Table 6: Summary of findings of Omalizumab compared to standard of care for eosinophilic asthma

Ne of participants Certainty of the Anticipated absoluts effects

Relative effect
Risk with standard of  Risk difference with
care omalizumab

Outcomes (studies) evidence .
Follow-up (range) (GRADE) (95% Cl)

Exacerbations 779 . . 290 fewer exacerbations
Assessed with annual asthma exacerbations rate (3 RCTs) “4%°' ﬁ%ﬁ%,b E)aj'% ';2%0707')5 6 ?ggoexaafit;bt:tlo;rs 22: per 1.000 patients per year
16 to 48 weeks ’ ’ P pery (396 fewer to 152 fewer)
414 ;
Asthma Control (1 RCT) *® 21:10]@) ) mean difference - 0.16
Assessed with Total Asthma Symptoms Score 48 woeks LOW “4abed (- 0.51 to +0.19) *f
Quality of Life 414 .
Assessed with Asthma Quality of Life (1RCT)® o000 - ETD LGS £ O
Questionnaire 48 weeks MODERATE ™™™ (-0.11 to + 0.37)
Any adverse event 414 .
) 48 o111 @) Rate ratio 1.01 8 more per 1.000
Assessed with number of events %Fjv(éll)(s MODERATE 4254 (0.91 0 1.11) 794 per 1.000 (71 fewer to 87 more)
Lung Function diff + 3.7 %
! ) . VY10 mean difference + 3.7 %
Assessed with % pre-bronchodilator FEV1 (2 RCTs) % 45ab.0h - -
between-group-difference at the end of the study 24 weeks to 48 weeks MODERATE (-2.1lower to +9.5)"
I 414 .
Rescue medication use (1RCT) 48 111 @) } mean difference - 0.34
Assessed with puffs/day change from baseline 48 woeks MODERATE *°¢ (-0.83 to +0.15) ™"

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 non-predefined subgroup analysis.

b. Included studies were all funded by industry, and all showed positive results. We identified one industry-independent observational trial that showed similar effects with our meta-analysis
(78).

c. The total asthma symptoms score is an unvalidated scale.

d. The effect may both be harmful or beneficial.

e. Data from subgroup of patients with blood eosinophil count = 260/ul. This study also reported total asthma symptoms score for the subgroup of FeNO = 24ppb, the mean difference is -0.25
(Cl1 95% -0.77 to 0.27).
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f. In the current systematic review we also included one study (49) reporting the effect on the symptom days over the previous 2 weeks at 48 weeks follow up, the mean difference is -0.45
(p=0.05) (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 (72)

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

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

|. Data from subgroup of patients with blood eosinophil count = 260/ul. This study also reported AQLQ for the subgroup of FeENO = 24ppb , 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 = 24 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/day (35).
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Table 7: Summary of findings of Reslizumab compared to standard of care for eosinophilic asthma

Outcomes

Ne of participants

(studies)

Follow-up (mean or range)

Certainty of the
evidence
(GRADE)

Relative effect
(95% ClI)

Anticipated absolute effects

Risk with standard of
care

Risk difference with
reslizumab

972 fewer exacerbations

E)s(:::sr::t\:v?t?msannualise d rate of asthma (139 5Rg(:Ts) 12 DODD Rate ratio 0.46 1800 exacerbations per per 1000 patients per
exacerbations® 52 weeks HIGH 3° (0.37 t0 0.58) ° 1000 patients per year  year

(1134 fewer to 756 fewer)
Exacerbations leading to ER visit or 953 40 fewer exacerbations
hospitalisation (2 RCTs) 1 1Y 1@) Rate ratio 0.67 120 exacerbations per  per 1000 patients per
Assessed with annualised rate of asthma 52 weeks MODERATE *b¢ (0.39t0 1.17) 1000 patients per year  year
exacerbations (73 fewer to 20 more)
Asthma control 1359 .
Assessed with Asthma Control Questionnaire-7 (5 RCTs) "#** ﬁ%ﬁ?&b,h - ?_uaa:r; 4dt|:)f(fr8n1%e) e
Scale from: 0 to 6 15 weeks to 16 weeks ’ ’
Quality of life 1153
assessed with Asthma Quality of Life (3 RCTS) 14 DPODD ) mean difference + 0.17
Questionnaire 15 10 16 weeks HIGH *'00k (+0.08 to + 0.25)"
Scale from: 1to 7
T 1269 .

reatment-related adverse events (4 RCTs) 24 1211 @) Rate ratio 1.18 125 per 1.000 22 more per 1.000
Assessed with number of events 15 to 52 weeks MODERATE *°° (0.89 to 1.56) ° pert. (14 fewer to 70 more) °
Treatment-related serious adverse events 1269 .
Assessed with number of events (4 RCTs) "4 66039] %a;i :at:ﬁ ?317 1 0 per 1.000 OOf?wer rt’e'(')1f'°0°
15 to 52 weeks ? LOW (0.54 t0 41.31) (0 fewer to O fewer)

Decrease in inhaled corticosteroid (ICS) and 0 studies i} ) B B
oral corticosteroid (OCS) dose
Lung function 1360 e mean difference +141.82

Assessed with: FEV4in mL

(5 RCTs) 245
15 to 16 weeks

MODERATE 387pef

mL
(+89.23 to 194.41) ¢*

Rescue medication use
Assessed with puffs/day

1251
(4 RCTs) "*
16 weeks

OOOD
HIGH ®7®"

mean difference - 0.24
(-0.46 to - 0.02)

This article is protected by copyright. All rights reserved



Table 7: Summary of findings of Reslizumab compared to standard of care for eosinophilic asthma

Anticipated absolute effects

Ne of participants Certainty of the Relative effect

Outcomes (studiss) evidence (95% Cl) Risk with standard of  Risk difference with
Follow-up (mean or range) (GRADE) care reslizumab

Asthma syr.np.toms 3 1157 .

Assessed with: Asthma Symptom Utility Index (3 RCTs) ™ OO0 mean difference +0.05

. ,9,0,) - i
Scale from: 0 to 1 16 weeks to 16 weeks HIGH (+0.03 to +0.07 higher)
Changes in blood eosinophil counts 1264 .
i 124 Llelele) ) mean difference - 468.58
Assessed with: cells/pL (4 RCTs) MODERATE "6:m (-494.92 t0 - 442.24)

15 weeks to 16 weeks

*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% ClI).

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. Clinically significant asthma exacerbations: episodes of asthma worsening with systemic corticosteroids for 3 or more days, a two-times increase in the dose of either inhaled
corticosteroids or the need for asthma-related emergency treatment.

b. All included studies were funded by industry, and all showed positive results. No industry-independent observational or randomized studies were identified to contrast the results.
Therefore, the quality of the evidence was downgraded for potential publication bias (70).

c. The pooled effect of risk ratio was assessed at 15 weeks (52) and the rate ratio was evaluated at 52 weeks (53)

d. Downgraded because the absolute effect includes both potential clinically meaningful benefits and harms.

e. Downgraded because FEV1 is considered a surrogate outcome of asthma control of symptoms, with a variable correlation with asthma symptoms (72).

f. The panel agreed that minimal important difference (MID) for FEV1 is 0.20 L g. Castro 2015 also assessed FEV1 at 52 weeks, the mean difference from baseline was 122.28 mL(45.54,
199.02). We also included 3 studies (52,54, 55) reporting FVC (mL), 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 weeks, the mean difference from baseline of ACQ-7 was -0.25 (-0.34, -0.16), see full text report.

j. MID for the Asthma symptoms utility index is an increase of 0.09 points (79).

k. MID of AQLQ is 0.5 points (37).

|. Castro 2015 also assessed AQLQ at 52 weeks, the mean difference from baseline was 0.29 (0.18, 0.41), see full text report.

m. Reduction of blood eosinophil counts is a surrogate endpoint and not validated as a valuable outcome for monitoring asthma therapy (80).

n. MID for rescue medication use is a reduction by 0.81 puffs/day (35).

o. The effect may both be harmful or beneficial.

p. Data regarding this outcome was extracted from www.clinicaltrials.gov for ref.52 and ref.53

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