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1 | INTRODUCTION

Abstract

Dupilumab, a fully human monoclonal antibody against interleukin-4 receptor a, is ap-
proved as add-on maintenance treatment for inadequately controlled type 2 severe
asthma. This systematic review evaluated the efficacy, safety and economic impact
of dupilumab compared to standard of care for uncontrolled severe asthma. PubMed,
EMBASE and Cochrane Library were searched for RCTs and health economic evaluations.
Critical and important asthma-related outcomes were evaluated. The risk of bias and the
certainty of the evidence were assessed using GRADE. Three RCTs including 2735 sub-
jects >12 years old and 24-52 weeks of follow-up were included. Dupilumab reduced with
high certainty severe asthma exacerbations (Incidence rate ratio 0.51; 95% Cl 0.45-0.59)
and the percentage use of oral corticosteroid use (mean difference (MD) -28.2 mg/d; 95%
Cl -40.7 to -15.7). Asthma control (ACQ-5), quality of life (AQLQ) and rescue medication
use [puffs/d] improved, without reaching the minimal important clinical difference: ACQ-5
MD -0.28 (95% Cl -0.39 to -0.17); AQLQ MD +0.28 (95% Cl 0.20-0.37); and rescue
medication MD -0.35 (95% CI -0.73 to +0.02). FEV, increased (MD +0.15; 95% ClI +0.11
to +0.18) (moderate certainty). There was an increased rate of dupilumab-related adverse
events (AEs) (moderate certainty) and of drug-related serious AEs (low certainty). The in-
cremental cost-effectiveness ratio of dupilumab versus standard therapy was 464 000$/
QALY (moderate certainty). More data on long-term safety are needed both for children

and for adults, together with more efficacy data in the paediatric population.
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still a small proportion of patients with severe asthma insufficiently
controlled with the current medications, with a significant burden

The main goal in the management of patients with severe asthma is due to high morbidity and costs.®>® Current guidelines support the

achieving disease control and reducing risk of attacks while avoiding targeted approach in uncontrolled severe asthma, and several bio-

harm from controller therapies."? Despite extensive efforts, there is logicals are approved for use in these patients.’?
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IL-4 and IL-13 are key cytokines in driving the initiation and chro-
nicity of type 2 (T2) inflammation, an important inflammatory pathway
in severe asthma.”** Dupilumab is a fully human anti-IL-4 receptor «
(IL-4Ra) monoclonal antibody that blocks both IL-4- and IL-13-mediated
signalling pathways. It has been recently approved for adults and ad-
olescents 12 years and older as add-on maintenance treatment for
severe asthma. According to the European Medicines Agency (EMA),
dupilumab is recommended for severe asthma with T2 inflammation
characterized by raised blood eosinophils and/or fractional exhaled ni-
tric oxide (FeNO), inadequately controlled with high-dose inhaled cor-
ticosteroids (ICS) plus another maintenance treatment.!? The US Food
and Drug Administration (FDA) recommends dupilumab for an eosino-
philic phenotype or for oral corticosteroid (OCS)-dependent asthma.*®

The European Academy of Allergy and Clinical Immunology
(EAACI) is developing clinical practice guidelines for the use of bio-
logicals in patients with severe asthma. To inform key clinical recom-
mendations, a systematic review (SR) evaluated the effectiveness and

safety of dupilumab for patients with uncontrolled severe asthma.

2 | METHODS

2.1 | Guideline Development Group

The EAACI Asthma Voting Panel and Steering Committee included
clinicians and researchers with different backgrounds (the complete
list of experts is available from the EAACI website) who voluntarily
participate in the EAACI biologics guideline. They are referred to as
the Guideline Development Group (GDG).

2.2 | Structured question and outcome prioritization

The GDG framed the clinical question as “Is the treatment with
dupilumab efficacious and safe for patients with severe asthma?”

The population was defined as subjects with confirmed diagnosis

TABLE 1 Structured clinical question

of asthma inadequately controlled on ICS and additional controllers.
The outcomes were prioritized by the GDG using a 1-to-9 scale (7-9:
critical; 4-6: important; 1-3: of limited importance), as suggested by
the GRADE approach. The critical outcomes were exacerbations,
asthma control, quality of life (QoL) and safety (drug-related adverse
events (AEs) and drug-related serious AE (SAEs)), and the impor-
tant outcomes were lung function (forced expiratory volume in 1's
[FEV,]), OCS and ICS use and rescue medication use (Table 1).

The GDG also framed a cost-effectiveness question to assess the
economic impact of dupilumab versus standard of care. The selected
outcomes of interest were costs, resource use and the incremen-
tal cost-effectiveness ratios (ICERs) per quality-adjusted life-years
(QALYs).

2.3 | Search methodology

Electronic algorithms in combination with controlled vocabulary and
search terms were used to identify relevant randomized controlled
trials (RCTs) and economic evaluations in (a) MEDLINE (via PubMed,
January 2019), (b) Cochrane Controlled Trials Register (via The
Cochrane Library, January 2019) and (c) EMBASE (via Ovid, January
2019). Search algorithms were adapted to the requirements of each
database, and validated filters were used to retrieve appropriate de-
signs (Table S1). Additional studies provided by the GDG and previ-
ous SR were also evaluated.

2.4 | Eligibility criteria and selection of studies

The SR included RCTs comparing dupilumab versus placebo added
to usual care/standard of care in patient with severe asthma, and
reporting one of the outcomes of interest as formulated by the GDG.
The SR excluded studies with dose or route not approved by the
EMA or FDA, papers published as abstract or conference communi-

cations or those not published in English. After initial calibration, two

Population Intervention Comparison Outcomes

Adults and e Aninitial dose of 400 mg Placebo or Critical
adolescents (two 200 mg injections) usual care/ e Exacerbation rate. Measured by annualized rate of severe exacerbation
(212 y old) followed by 200 mg standard of (number of exacerbations per person year), defined as a deterioration
with confirmed given every other week, care of asthma requiring: (a) the use of systemic corticosteroids for >3 d or
diagnosis of or (b) hospitalization/emergency room visit because of asthma, requiring
severe asthma e Aninitial dose of 600 mg systemic corticosteroids
not adequately (two 300 mg injections) e Asthma control: assessed by Asthma Control Questionnaire (ACQ-5)
controlled on ICS followed by 300 mg e Quality of life: assessed by asthma quality of life questionnaire (AQLQ)
and additional given every other week e Safety (drug-related adverse events; drug-related serious adverse events)

controllers

Important

Reduction in inhaled corticosteroid (ICS) and oral corticosteroid (OCS)
doses

Reduction in rescue medication

Improvement in Prebronchodilator forced expiratory volume in 1's (FEV,,
L)

Reduction in Fraction of exhaled nitric oxide (FeNO)
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reviewers independently screened the search results based on the
title and abstract, followed by independent assessment of the eligi-
bility based on the full text. In case of disagreement, a third reviewer
was consulted. References were managed with Endnote version X7

software (Thomson Reuters).

2.5 | Data extraction and risk of bias assessment

One reviewer independently extracted the main characteristics of
eligible studies (study design, patient population, mean age of pop-
ulation, follow-up and outcomes of interest), and a second reviewer
double-checked and confirmed. If needed, authors of included
studies were contacted to provide additional data. The Cochrane
Risk of Bias tool for randomized trials was used to assess the risk
of bias (ROB) of the included studies.’* The ROB was judged as low,
high or unclear for each domain: random sequence generation, al-
location concealment, blinding of participants and personnel, blind-
ing of outcome assessment, incomplete outcome data and selective
reporting.

For the health economic analysis, two reviewers extracted
the main characteristics of included studies (eg type of economic
evaluation, perspective, time horizon, discounting, sources of in-
formation, model type), relevant outcomes and costs (eg ICERs,
sensitivity analysis results), sources of funding and conflict of in-
terest. Methodological limitations of the complete economic eval-
uation were evaluated by 2 reviewers using the Consensus on
Health Economic Criteria (CHEC) checklist.*® Transferability to
the European context was assessed using the European Network
Databases (EURONHEED)

of Health Economic Evaluation

checklist.}¢%”

2.6 | Data synthesis and analysis

The main results of the SR are described narratively and tabulated
as summary of findings. Data were pooled and meta-analysed using
Review Manager (Review Manager V.5.3; Cochrane Collaboration)
using the random-effects model approach. For dichotomous vari-
ables, data were pooled as incidence rate ratios (IRR) or risk ratios
(RRs). For continuous outcomes, mean differences (MDs) with 95%
confidence intervals (Cl) were used. If mean or standard deviations
(SD), or changes of mean and SDs from baseline, were not reported,
standard errors (SE), Cl or the correlation coefficient was used.
Where multiple arms were compared to a common placebo arm, SE
were adjusted to avoid the unit of analysis error.®

The magnitude of heterogeneity between the included studies was
calculated using the Higgins 1? statistic interpreted according to the
Cochrane Handbook guidelines.* To account for clinical heterogene-
ity, subgroup analysis was predefined if possible by different doses of
dupilumab (200 mg or 300 mg), baseline eosinophil counts, biomark-
ers (FeNO) and ROB. The median estimate reported in the control
arms was used as baseline risk to estimate absolute effects. For the

economic evidence, results are summarized narratively and tabulated,

including the incremental ratios and the degree of uncertainty.

2.7 | Certainty of the evidence

The certainty (quality) of the evidence of efficacy, safety and
economic impact was rated for each outcome as high, moderate,
low or very low, following the GRADE approach and the standard
GRADE domains (risk of bias, imprecision, inconsistency, indirect-
ness and publication bias).?>?! For the evaluation of imprecision
for each outcome, the following thresholds for the minimal im-
portant difference (MID) were considered when available: 0.5 for
ACQ and AQLQ (with disclaimer as calculated pre-/post-treat-
ment), 0.81 puff/d for use of rescue medication and 20% for ex-
haled NO.?%"2° For FEV1, the applied MID was 0.2 L, as agreed by
consensus by the GDG.

3 | RESULTS

3.1 | Studies included and excluded from the
systematic review

As per the Cochrane Handbook for Systematic Reviews of
Interventions, the eligibility process of the original studies is sum-
marized using the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) flow chart (Figure 1A,B).

The current search identified in total 3441 citations. After ex-
cluding duplicates and screening the title and abstract, 12 full-text
papers were evaluated for the efficacy and safety; 9 were excluded
due to different population of interest, nonrandomized double-blind
study design or dose not approved by the regulatory authorities,
and three RCTs were included.?¢?®For the economic evidence, 35
full papers were evaluated and only one cost-effectiveness analysis

was considered suitable for inclusion (Figure 1B).%’

3.2 | Characteristic of included studies

The key characteristics of studies included are detailed in Table 2
and the ones excluded are described in Table S2. The RCTs evalu-
ated included 2735 patients with severe asthma uncontrolled under
treatment with 1CS,2%?7 or with OCS,?® plus up to two additional
controllers. All studies included subjects aged 12 or older, mean age
(SD) 47.9 years (15.3-51.3). The follow-up under dupilumab treat-

ment ranged from 24 weeks?®?® to 1 year.?’

3.3 | Evidence of efficacy and safety

The summary of the results and certainty of evidence per outcome is
included in Tables 3 and 4.
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FIGURE 1 Study flow chart. A, Studies
evaluating the clinical efficacy. B, Studies
evaluating the economic impact of
dupilumab
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TABLE 2 Characteristics and summary of results of the studies included for the evaluation of dupilumab efficacy, safety and economic

impact
Study design
(number of
Author, year, trial subjects Age (y)
number and name included) Mean (SD) Population Intervention Control Follow-up
Studies evaluating clinical efficacy
Castro 2018 %/ Multicentre 47.9 (15.3) Patients with asthma Dupilumab 200 mg s.c. every ~ Matching 52 wk
NCT02414854 RCT (N = 1902) uncontrolled under 2 wk (loading dose, 400 mg). placebo
Liberty Asthma medium- to high-dose ICS or
Quest plus up to two additional Dupilumab 300 mg s.c. every
controllers 2 wk (loading dose, 600 mg)
Rabe 201828 Multicentre 51.3(12.6) Patients with severe Dupilumab 300 mg s.c. every Matching 24 wk
NCT02528214 RCT (N = 210) asthma on maintenance 2 wk (loading dose, 600 mg) placebo
Liberty Asthma oral corticosteroids (OCS)
Venture and high-dose ICS in
combination with a second
controller
Wenzel 2016%° Multicentre 48.0(12.8) Patients with moderate-to- Dupilumab 200 mg s.c. every ~ Matching 24 wk
NCT01854047 RCT (N = 776) severe asthma uncontrolled 2 wk (loading dose, 400 mg). placebo
DRI12544 on high-dose ICS/long- or
acting beta-2 agonist Dupilumab 300 mg s.c. every
2 wk (loading dose, 600 mg)
Difference Risk
Time in cost of bias
Author, Design, horizon, (year Difference (CHEC Transferability Source of
year country Intervention Control perspective  value) inoutcome ICER score) score funding
Studies evaluating the economic evidence for dupilumab
ICER Cost-utility Lifetime Lifetime Lifetime, US 704 000$ 1.51 464 000%/ 17.5/20 13.5/16 Government
2019 Markov dupilumab standard healthcare (2018 US QALYs QALY grants and
model, in addition treatment  perspective.  dollars) nonprofit
USA to standard Societal foundations
treatment in the
sensitivity
analysis

3.3.1 | Severe asthma exacerbations

Each of the three RCTs reported the annualized severe exacerba-

42928 and week

tion rate assessed at different time points: week 2
52.27 Overall, dupilumab reduced with high certainty of evidence the
rate of severe exacerbations compared to placebo (IRR 0.51; 95% Cl
0.45-0.59). There were no differences between the dupilumab dose
subgroups (200 mg vs. 300 mg) (P = .91). The decrease in asthma
exacerbations rate was significantly higher in the subgroup of pa-
tients with 2300 eosinophils/uL at baseline (P = .001): IRR 0.35 (95%
Cl 0.28-0.44) versus 0.63 (95% Cl 0.48-0.83) in the subgroup with
<300 eosinophils/pL. Similarly, patients with high levels of FeNO
responded better to dupilumab with a significantly higher decrease
in exacerbations rate (P < .0001): IRR 0.76 (95% CI 0.61-0.95 in the
low FeNO subgroup (<25 ppb), 0.38 (95% Cl 0.28-0.53) in the sub-
group with intermediate increase in FeNO (25 ppb < FeNO <50 ppb)

and 0.33 (95% Cl 0.24-0.46) in the high FeNO subgroup (250 ppb)
(Figure S1).

3.3.2 | Asthma control

All three RCTs measured asthma control using the ACQ-5 scores.
The pooled results showed that dupilumab improved asthma control
(MD -0.28; 95% Cl -0.39 to -0.17; high certainty of evidence), but
did not reach the MID threshold of 0.5.%2

3.3.3 | Quality of life

Two RCTs reported on the QoL outcome measured by AQLQ.2%?7 The
pooled analysis showed improvement in the QoL (MD +0.28; 95% Cl
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TABLE 3 Summary of available evidence for the outcomes of interest (listed by outcome)

Dupilumab compared to standard of care for asthma

Population: patients with severe asthma uncontrolled under ICS/OSC and 1-2 additional controllers

Intervention: dupilumab

Comparison: standard of care

No. of participants
evaluated for a
particular outcome
(no. of studies

Anticipated absolute effects*

pooled for the SR) Certainty of the Relative effect Risk with Risk difference with
Outcomes Follow-up range evidence (GRADE) (95% Cl) placebo dupilumab
Exacerbation Rate Ratio 2735 (& arlare>) IRR0.51
Assessed with annualized asthma (3 RCTs)?628 High*? (0.45-0.59)° 90 per 1000 757 fewer per 1000
exacerbations rate 24-52 wk (from 836 fewer to
655 fewer)
Lung Function 2577 SDPO - - MD +0.15 (+0.11 to
Assessed with FEV1 in L (3 RCTs)?628 Moderate*2<4 +0.18)°
24-52 wk
Asthma Control 2516 DPDDD - - MD -0.28 (-0.39 to
Assessed with Asthma Control (3 RCTs)?728 High*2¢ -0.17)°
Questionnaire-5 (ACQ-5) 24-52 wk
Scale from1to 5
Quality of life 2046 PPPD . . MD +0.28 (+0.2 to
Assessed with Asthma Quality of (2 RCTs) 2627 High*2f +0.37)°
Life Questionnaire (AQLQ) 24-52 wk
Scale from 1 to 7
Safety 356 DODO RR 1.12 711 per 1000 85 more per 1000
Treatment-related adverse events (1 RCT)? Moderate*®} (0.98-1.28) (14 fewer to 199
(AEs) Mean 24 wk more)
Safety 356 SDO0 RR 1.23 56 per 1000 13 more per 1000
Treatment-related serious adverse (1 RCT)? Low™?k (0.54-2.77) (26 fewer to 98
events (SAEs) Mean 24 wk more)
Reduction in rescue medication use 568 (& arlarle) - - MD -0.35 (-0.73 to
Assessed with puffs/d (1 RCT)? High*? +0.02)
24-52 wk
Reduction of oral corticosteroid use 210 DPHPD - - MD -28.2 (-40.7 to
Assessed with percentage of (1 RCT)?® High*? -15.7)
reduction decrease Mean 24 wk
Fraction of exhaled nitric oxide 2375 SPPpO - - MD -38.57 (-48.83
(FeNO) (2 RCTs)6:%7 Moderate® 2" to -28.31)¢
Assessed with mean % change (ppb) Mean 24 wk

Note: GRADE Working Group grades of evidence.
High certainty: High confidence: 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: Very limited confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

Abbreviations: Cl, confidence interval; MD, mean difference; RR, risk ratio.

Explanations

*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).

aAll three trials in our meta-analysis were industry-funded, all by the same company (Sanofi-Regeneron Pharmaceuticals), and all showed positive
results. No observational or industry-independent randomized trials were identified to compare with the results derived from the included RCTs.

"There was no relevant subgroup effect by dupilumab dose.

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

(Continues)
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TABLE 3 (Continued)

9Minimal important difference (MID) of 0.23 L.22
The MID of ACQ-5 is 0.5 points.?

The MID of AQLQ is 0.5 points.?

8The MID decrease of the FENO value is defined as a difference larger than 20% for values over 50 ppb or more than 10 ppb for values lower than

50 ppb from one visit to the next.?®

PDowngraded because FeNO is not consistently considered a good surrogate of inflammation.

iFor rescue medication use, the MID is a reduction by 0.81 puffs/d.??
IThe effect may be both harmful and beneficial.

36,37

KFew events were reported in both intervention and control arms, and the effect may be both harmful and beneficial.

+0.2 to +0.37; high certainty of evidence), but without reaching the
MID of 0.5.24

3.3.4 | Safety

Dupilumab probably increases (moderate certainty) drug-related AEs
at 24 weeks: RR 1.12; 95% CI 0.98-1.28; 85 more per 1000 patients;
from 14 fewer to 199 more. Dupilumab may slightly increase (low cer-
tainty) drug-related SAEs (RR 1.23; 95% Cl 0.54-2.77; 13 more AEs
per 1000 patients from 26 fewer to 98 more) (Figure S2).

3.3.5 | Oral corticosteroids use

Rabe et al?® reported a decrease in OCS use following dupilumab. The
pooled analysis of the two doses included showed that dupilumab
reduces with high certainty the percentage use of OCS compared to
the placebo (MD -28.2 mg/d; 95% CI -40.7 to -15.7).

3.3.6 | Use of rescue medication

Dupilumab reduces the use of rescue medication (MD -0.35 puffs/d;
95% Cl -0.73 to +0.02; high certainty of evidence), without reaching
the MID of 0.81 puffs/d.??

3.3.7 | Lung function

All three RCTs included reported an increase in FEV, from base-
line at 12 weeks?” and 24 weeks.?®?® The pooled analysis showed
that dupilumab increases FEV, (MD + 0.15 L; 95% ClI +0.11 to
+0.18; moderate certainty), without reaching the MID of 0.2 L.
There was no difference between dose (200 mg vs. 300 mg) sub-
groups (P = .79). There was better efficacy for patients with >300
eosinophils/uL (P < .0001): 0.23 (95% CI 0.18-0.29) increase in
FEV, in the subgroup 2300 eosinophils/uL at baseline versus 0.08
(95% Cl 0.04-0.13) increase in patients with <300 eosinophils/pL.
Similarly, FEV, increased significantly higher (P < .0001) in the sub-
group with high level of FeNO: FEV, increase 0.07 (95% CI -0.01 to
0.15) in the FeNO < 25 ppb subgroup, 0.16 (95% Cl 0.09-0.22) in the

25 ppb < FeNO <50 ppb subgroup and 0.34 (95% CI 0.25-0.43) in the
FeNO 2 50 ppb subgroup.

34 | FeNO

Two RCTs reported the mean percentage change of FeNO at 24 weeks
compared to baseline.?®?” The pooled analysis showed that dupilumab
probably reduces (moderate certainty) FeNO levels (MD -38.57%;
95% CI -48.83 to -28.31 lower), above the MID of 20% (File 51).2°

3.5 | Paediatric subgroup analysis

The data from the paediatric subgroup (12-18 years old) were not

different from those of the adult group.

3.6 | Evidence of cost-effectiveness

The Markov model assessing dupilumab versus standard therapy was
tested for the United States.?? The cost of dupilumab 300 mg by sub-
cutaneous injection once every 2 weeks was 2774.65% (2018 US dol-
lars). The base case analysis reported an ICER of 464 000$/QALY. The
deterministic sensitivity analysis showed large variations in the ICER
value from 300 000% to 1 000 000$ (0.85-0.81 utilities gained). At a
threshold for willingness to pay of 50 000$, dupilumab is not cost-
effective. The same holds true for the ICER of 269 000$ in the “re-
sponder to treatment” scenario (moderate certainty) (Table 4). The
moderate certainty derives from limitations in utility estimates for the
biological and the standard therapy for the nonexacerbation health
state, in the annual exacerbation rates for standard therapy, and in the
costs of chronic OCS use. There was also significant indirectness since

these results may not be applicable outside high-income countries.

4 | DISCUSSION
4.1 | Main findings

The current systematic review shows that dupilumab as an add-on

treatment for severe asthma uncontrolled under ICS plus a second
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TABLE 4 Summary of available evidence on economic impact. Comparison: Dupilumab in addition to standard therapy vs. standard

therapy

Quality assessment

Summary of resources and costs

No.of Study

studies design Limitations

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

1 Cost-utility, Not serious® Not serious Serious®
Markov

model

Inconsistency Indirectness Imprecision bias

Serious

Incremental Incremental

Publication cost per effect per
patient® patient® ICER Quality
Not serious 704 000$  1.51 QALYs 464 000$/ BHDO
(lifetime (lifetime QALY Moderate
horizon) horizon)

Abbreviations: $, US dollar;ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year.

dIncremental cost and effect due to the addition of dupilumab.
bMarkov model study with low risk of bias (CHEC score 13 or higher).

‘One single study performed in the United States. The results may not be applicable to other countries.

4The deterministic sensitivity analysis showed large variations in the ICER value from 300 000$ to 1 000 000$ (0.85-0.81 utilities gained,
respectively). Furthermore, at a threshold of 50 000, the probability for dupilumab to be cost-effective was 0%.

controller reduces with high certainty the rate of asthma exacerba-
tions and the use of OCS. Although asthma control, quality of life
and FEV, are improved and use of rescue medication is reduced,
dupilumab does not reach above the MID threshold. However, in
the subgroup with high blood eosinophils and high FeNO the im-
provement in FEV1 is above the MID threshold. Dupilumab probably
increases short-term drug-related AEs and may increase drug-re-
lated SAEs. With an ICER as add-on therapy of 464 000 (above the
50 000% threshold for willingness to pay), it may not be cost-effec-
tive (moderate certainty). However, this threshold has been recently
contested and the value of individual thresholds was suggested to be
referred to instead.3%%?

Overall, the risk of bias across the included studies was of no
important concerns for the quality of the evidence. All the studies
included in the SR were funded by the same company and reported
positive results raising a concern of publication bias. Moderate cer-
tainty of evidence for the economic impact was available from one
single study with low risk of bias but with important indirectness
(single study performed in the United States that may not be appli-
cable to other countries).

4.2 | Results in the context of previous published SR

The current SR shows a similar effect of dupilumab for reduc-
ing asthma exacerbation rate, improving quality of life, asthma
control and FEV, as compared to previous SRs.?>*3 These two
previous SRs showed little to no difference for the AE rate,3%%%
while this systematic review found that dupilumab probably in-
creases the risk of AEs. The difference can be explained by the
fact that in the current analysis, only drug-related AEs were
included, excluding AEs related to uncontrolled asthma (ie the
asthma worsening).

There are some differences between these previous reviews and
ours. Previous systematic reviews®?>? did not assess the use of rescue

medication. Only one systematic review examined oral corticosteroid

use as an outcome.** This SR reported fewer patient-reported out-
comes® and included also non-FDA/EMA-approved doses.’?% The
current systematic review considered patient-related important out-
comes (ie quality of life) as critical and only included the regulatory
approved doses. Different from the systematic review published by
Zayed et al, the current SR did not include exclusively studies on
patients with blood eosinophil counts more than 300/uL. Another
systematic review published recently only described the results of in-
cluded trials.®*

Another important difference is that previous systematic re-
views only assessed the risk of bias and heterogeneity without
further interpretation. We assessed the certainty of evidence
using the GRADE approach, considering the heterogeneity of
the results, imprecision and indirectness. As examples for sur-
rogate outcomes (ie FEV,, FeNO), the evidence was rated down
for indirectness and MID was considered when evaluating for

imprecision.

4.3 | Limitations and strengths

The current review has several strengths. An exhaustive search from
three main databases was conducted for both desirable and undesira-
ble effects as well as the cost-effectiveness. Rigorous methods follow-
ing the Cochrane Handbook for Systematic Reviews of Interventions
were used, including the GRADE approach to rate the certainty of the
evidence. Only regulatory approved doses were included, together
with the most updated results available from RCTs. Patient-related
important outcomes were prioritized. Results are provided in friendly
tabulated summaries using optimal presentation formats for patients,
clinicians and policymakers.

There are limitations as well to the current SR. Only studies
published in English were included. However, we screened studies
included in previous SR and obtained additional studies through
the GDG, which made it unlikely that key studies were missed.

Observational studies that could inform outcomes with low quality
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of evidence (ie serious adverse events) were not included. We did
not conduct a “the novo” economic analysis for the cost-effective-
ness outcomes. Instead, a rigorous and explicit critical appraisal of
the economic evidence was done, which might be useful for the de-

cision of using dupilumab in different countries.

4.4 | Implications for practice and research

While dupilumab shows an improvement for all the important out-
comes for patients with uncontrolled severe asthma, there is a disso-
ciated effect with significant improvement in exacerbation rate and
OCS use and modest improvement in asthma control, quality of life
and rescue medication use. The subgroup analysis showed a better
efficacy for patients with strong T2 inflammation signature (blood
eosinophils > 300/pL and/or FeNO > 50 ppb). There are limited data
on the economic impact. In this context, panels are likely to formulate
conditional rather than strong recommendations for dupilumab use.

Although short-term safety data are reassuring, more accurate
AE reporting is warranted, in combination with long-term safety
evaluation, including observational studies and registries. There are
limited data available to support the efficacy and safety in the pae-
diatric population, highlighting the urgent unmet need for rigorous

trials with biologicals in children with uncontrolled severe asthma.
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Table S1: Search Strategies

S1A. Search strategy for evidence of efficacy and safety

CLINICAL QUESTION
Is the treatment with dupilumab efficacious and safe for patients with severe asthma?
MEDLINE
PubMed #12 Add Search #5 OR #8 OR #11 770 07:35:20
30/01/2019 #11 Add Search #9 AND #1013 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
benralizumabl[tiab] OR dupilumab[tiab] OR omalizumab[tiab] OR lebrikizumabltiab] OR
tralokinumabltiab] OR tezepelumab[tiab] OR brodalumabtiab] OR ligelizumabtiab] 47689
07:32:25
#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 dermaititis[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
<1974 to 1 exp asthma/ (237991)
2019 January | 2 exp allergic rhinitis/ (36816)
29> 3 *rhinitis/ (5649)
30/01/2019 4 exp sinusitis/ (39314)
5 *nose polyp/ (5041)
6 exp atopic dermatitis/ (38417)
7  *dermatitis/ (9465)
8  exp urticaria/ (40115)
9 exp eosinophilic esophagitis/ (5319)
10 exp food allergy/ (31742)
11 allergy.ti,ab. (92943)
12  allergic.ti,ab. (146253)
13 asthma*.ti,ab. (206208)
14  atopic dermatitis.ti,ab. (28752)
15 dermatitis.ti. (36058)
16 urticaria.ti. (8720)
17  erythema.ti. (7091)
18 rhinosinusitis.ti. (5540)
19 allergic rhinitis.ti,ab. (24674)
20 (food adj5 (allerg* or react*)).ti,ab. (23811)
21 eosinophilic esophagitis.ti,ab. (4268)
22  esophagitis.ti. (7426)
23 eosinophil*.ti. (30459)
24 lor2or3ord4or5or6or7or8or9orl0orllorl2orl3orl4orl5orl6orl7orl8or19
or 20 or 21 or 22 or 23 (548337)
25 mepolizumab.ti,ab. (677)
26  reslizumab.ti,ab. (226)
27  benralizumab.ti,ab. (194)
28  dupilumab.ti,ab. (396)
29 omalizumab.ti,ab. (3891)
30 lebrikizumab.ti,ab. (103)
31 tralokinumab.ti,ab. (69)
32 tezepelumab.ti,ab. (12)
33 brodalumab.ti,ab. (275)




34 ligelizumab.ti,ab. (13)

35 25o0r 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 (5365)

36 limit 35 to "systematic review" (175)

37 35not 36 (5190)

38 limit 37 to "therapy (best balance of sensitivity and specificity)" (1491)
The #1 MeSH descriptor: [Asthma] explode all trees 10851
Cochrane #2 MeSH descriptor: [Rhinitis, Allergic] explode all trees 2786
Library #3 MeSH descriptor: [Rhinitis] explode all trees 3553
30/01/2019 #4 MeSH descriptor: [Sinusitis] explode all trees 888
Cochrane #5 MeSH descriptor: [Nasal Polyps] explode all trees 319
Central #6 MeSH descriptor: [Dermatitis, Atopic] explode all trees 1518
Register of #7 MeSH descriptor: [Dermatitis] explode all trees 3660
Controlled #8 MeSH descriptor: [Urticaria] explode all trees 674
Trials Issue 1 | #9 MeSH descriptor: [Eosinophilic Esophagitis] explode all trees57
of 12, #10 MeSH descriptor: [Food Hypersensitivity] explode all trees 825
January 2019 | #11 allerg*:ti,ab 17766
[1180 hits] #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):tibab 5127

#19 (food NEARS react*):ti,ab 80023

#20 (eosinophilic NEXT esophagitis):tiab 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:tiab 172

#25 reslizumab:ti,ab 70

#26 benralizumab:tiab 94

#27 dupilumab:ti,ab 141

#28 omalizumab:tiab 637

#29 lebrikizumab:tiab 49

#30 tralokinumab:ti,ab 41

#31 tezepelumab:tiab 8

#32 brodalumab:tiab 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




S1B. Search strategy for economic evidence

CLINICAL QUESTION
Is the treatment with dupilumab cost-effective for patients with severe asthma?

MEDLINE #1 Add Search (“Hypersensitivity, Immediate”[Mesh]) OR “Asthma’[Mesh]) OR “Rhinitis,
PubMed Allergic’[Mesh]) OR “Rhinitis”[Majr]) OR “Sinusitis”[Mesh]) OR “Nasal Polyps”’[Majr]) OR “Dermatitis,
27/08/2019 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 reslizumab[tiab] OR benralizumab[tiab] OR
dupilumab[tiab] OR omalizumab]tiab] OR lebrikizumab][tiab] OR tralokinumab[tiab] OR tezepelumab[tiab] OR
brodalumabltiab] OR ligelizumabl[tiab]) 51477  12:57:47
#3 Add Search #1 AND #2 3851 12:59:59
#4 Add Search (((((((((((“Costs and Cost Analysis’[Mesh]))) OR “Health Care Costs"[Mesh]) OR
economic*[tiab]) OR ((cost*[ti] OR cost[tiab] OR costs[tiab] OR cost effect*[tiab] OR cost utility*[tiab]))) OR
((price[tiab] OR prices[tiab] OR pricing[tiab]))) OR pharmacoeconomic*[tiab]) OR budget*[tiab]))) 850194
13:03:29
#5 Add Search #3 AND #4 270 13:06:48
EMBASE Ovid Embase
Ovid Embase | 1 exp asthma/ (237991)
<1974 to 2 exp allergic rhinitis/ (36816)
2019 January | 3  “*rhinitis/ (5649)
29> 4 exp sinusitis/ (39314)
30/01/2018 5 *nose polyp/ (5041)
6 exp atopic dermatitis/ (38417)
7  *dermatitis/ (9465)
8  exp urticaria/ (40115)
9 exp eosinophilic esophagitis/ (5319)
10 exp food allergy/ (31742)
11 allergy.ti,ab. (92943)
12  allergic.ti,ab. (146253)
13 asthma*.ti,ab. (206208)
14  atopic dermatitis.ti,ab. (28752)
15 dermatitis.ti. (36058)
16 urticaria.ti. (8720)
17  erythema.ti. (7091)
18 rhinosinusitis.ti. (5540)
19 allergic rhinitis.ti,ab. (24674)
20 (food adj5 (allerg* or react*)).ti,ab. (23811)
21  eosinophilic esophagitis.ti,ab. (4268)
22  esophagitis.ti. (7426)
23 eosinophil*.ti. (30459)
24 lor2or3ord4or5o0r6or7or8or9oril0orllorl2orl3orl4orl5orl6orl7or18or19 or 20 or
21 or 22 or 23 (548337)
25 mepolizumab.ti,ab. (677)
26  reslizumab.ti,ab. (226)
27  benralizumab.ti,ab. (194)
28  dupilumab.ti,ab. (396)
29 omalizumab.ti,ab. (3891)
30 lebrikizumab.ti,ab. (103)
31 tralokinumab.ti,ab. (69)
32 tezepelumab.ti,ab. (12)
33 brodalumab.ti,ab. (275)
34 ligelizumab.ti,ab. (13)
35 250r 26 0or27or 28 or 29 or 30 or 31 or 32 or 33 or 34 (5365)
36 limit 35 to "systematic review" (175)
37 35 not 36 (5190)
38 limit 37 to "therapy (best balance of sensitivity and specificity)" (1491)
The #1 MeSH descriptor: [Asthma] explode all trees 10992
Cochrane #2 MeSH descriptor: [Rhinitis, Allergic] explode all trees 2837
Library #3 MeSH descriptor: [Rhinitis] explode all trees 3627
27/08/2019 #4 MeSH descriptor: [Sinusitis] explode all trees 925
Cochrane #5 MeSH descriptor: [Nasal Polyps] explode all trees 335
Central #6 MeSH descriptor: [Dermatitis, Atopic] explode all trees 1613
Register of #7 MeSH descriptor: [Dermatitis] explode all trees 3808
Controlled #8 MeSH descriptor: [Urticaria] explode all trees 698
Trials Issue 8 | #9 MeSH descriptor: [Eosinophilic Esophagitis] explode all trees62
of 12, August | #10 MeSH descriptor: [Food Hypersensitivity] explode all trees 869




2019 #11 allerg*:ti,ab 23024

#12 asthma*:ti,ab 30618

#13 (atopic NEXT dermatitis):ti,ab 3409
#14 dermatitis:ti,ab 5674

#15 urticaria:ti,ab 1624

#16 erythema:ti,ab 5107

#17 rhinosinusitis:ti,ab 1155

#18 (allergic NEXT rhinitis):tiab 5852
#19 (food NEARS react*):ti,ab 99337
#20 (eosinophilic NEXT esophagitis):tiab 199
#21 esophagitis:ti 1138

#22 eosinophil*:ti 1199

#23 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR
#14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22152516

#24 MeSH descriptor: [Antibodies, Monoclonal, Humanized] explode all trees 6142
#25 mepolizumab:tiab 230

#26 reslizumab:ti,ab 96

#27 benralizumab:tiab 131

#28 dupilumab:ti,ab 221

#29 omalizumab:tiab 792

#30 lebrikizumab:tiab 67

#31 tralokinumab:ti,ab 64

#32 tezepelumab:tiab 18

#33 brodalumab:tiab 97

#34 ligelizumab:ti,ab 21

#35 #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 7538
#36 #23 AND #35 1986

#37 MeSH descriptor: [Costs and Cost Analysis] explode all trees9937

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

#39 economic*:ti,ab 16322

#40 cost:ti 12210

#41 cost:ti,ab 45833

#42 costs:ti,ab 25393

#43 cost effect*:ti,ab 41337

#44 cost utility:ti,ab 2787

#45 #37 OR #38 OR #39 OR #40 OR #41 OR #42 OR #43 OR #44 70316
#46 #36 AND #45 69

Table S2: Studies excluded from the SR

Author/Year

Reasons of exclusion

Corren J, Castro M, Chanez P, et al. Dupilumab improves symptoms, quality of
life, and productivity in uncontrolled persistent asthma. Ann Allergy Asthma
Immunol. 2018

Pooled analysis, original trials were included

Iftikhar IH, Schimmel M, Bender W, Swenson C, Amrol D. Comparative Efficacy of
Anti IL-4, IL-5 and IL-13 Drugs for Treatment of Eosinophilic Asthma: A Network
Meta-analysis. Lung. 2018;196(5):517-530

Network meta-analysis

Weinstein SF, Katial R, Jayawardena S, et al. Dupilumab improves sinonasal
symptoms of perennial allergic rhinitis (PAR) in uncontrolled persistent asthma
patients with comorbid par. Allergy Asthma Proc. 2017;38(3):237.

Congress abstract

Weinstein SF, Katial R, Jayawardena S, et al. Efficacy and safety of dupilumab in
perennial allergic rhinitis and comorbid asthma. J Allergy Clin Immunol.
2018;142(1):171

Pooled analysis, original trials were included

Wenzel S, Ford L, Pearlman D, et al. Dupilumab in persistent asthma with elevated
eosinophil levels. N Engl J Med. 2013;368(26):2455-2466

Not an FDA/EMA approved dose

Xiong XF, Zhu M, Wu HX, Fan LL, Cheng DY. Efficacy and safety of dupilumab
forthe treatment of uncontrolled asthma: a meta-analysis of randomized clinical
trials. Respir Res. 2019 May 31;20(1):108

Meta analysis

Zayed Y, Kheiri B, Banifadel M, et al: Dupilumab safety and efficacy in
uncontrolled asthma: a systematic review and meta-analysis of randomized clinical
trials, Journal of Asthma2018

Meta analysis

Busse WW, Maspero JF, Rabe KF, et al. Liberty Asthma QUEST: Phase 3
Randomized, Double-Blind, Placebo-Controlled, Parallel-Group Study to Evaluate
Dupilumab Efficacy/Safety in Patients with Uncontrolled, Moderate-to-Severe
Asthma. Adv Ther. 2018;35(5):737-748

Study protocol

Bachert C, Hellings PW, Mullol J, et al. Dupilumab improves patient-reported
outcomes in patients with chronic rhinosinusitis with nasal polyps and comorbid
asthma. J Allergy Clin Immunol Pract. 2019;7(7):2447-2449

Different disease

Corren J, Castro M, Ford LB, et al. Dupilumab improves asthma outcomes
irrespective of frequency of previous asthma exacerbation history. Ann Allergy
Asthma Immunol. 2019;123(2):222-224

Pooled analysis, original trials were included




Corren J, Castro M, Chanez P, et al. Dupilumab improves symptoms, quality of
life, and productivity in uncontrolled persistent asthma. Ann Allergy Asthma
Immunol. 2019 Jan;122(1):41-49.e2

Pooled analysis, original trials were included

Laidlaw TM, Mullol J, Fan C, et al. Dupilumab improves nasal polyp burden and
asthma control in patients with CRSwWNP and AERD. J Allergy Clin Immunol Pract.
2019 ;7(7):2462-2

Different disease

Basu, A. Dalal, A. Canonica, G. et al. Economic analysis of the phase |l MENSA
study evaluating mepolizumab for severe asthma with eosinophilic phenotype.
Pharmacoeconomics. 2018; 36(2):131-144

The study assessed Mepolizumab

Bermejo, I. Stevenson, M. Cooper, K et al. Mepolizumab for Treating Severe
Eosinophilic Asthma: An Evidence Review Group Perspective of a NICE Single
Technology Appraisal. Pharmacoeconomics. 2018; 36 (2): 131-144

The study assessed Mepolizumab

Brown, R. Turk, F. Dale, P. Bousquet, J. Cost-effectiveness of omalizumab in
patients with severe persistent allergic asthma. Allergy. 2007; 62 (2): 149-53

The study assessed Omalizumab

Campbell, J. D. Spackman, D. E. Sullivan, S. D. The costs and consequences of
omalizumab in uncontrolled asthma from a USA payer perspective. Allergy. 2010;
65 (9): 1141-8.

The study assessed Omalizumab

Cooper, K. Frampton, G. Harris, P. Rose, M. Chorozoglou, M. Pickett, K.
Dupilumab for Treating Asthma with Elevated Blood Eosinophils Inadequately
Controlled by Inhaled Corticosteroids: An Evidence Review Group Perspective of a
NICE Single Technology Appraisal. Pharmacoeconomics. 2018; 36 (5): 545-553

No economic evaluation

Dal Negro, R. W. Pradelli, L. Tognella, S. Micheletto, C. lannazzo, S. Cost-utility of
add-on omalizumab in difficult-to-treat allergic asthma in Italy. Eur Ann Allergy Clin
Immunol. 2011. 43 (2): 45-53

The study assessed Omalizumab

Dal Negro, R. W. Tognella, S. Pradelli, L. A 36-month study on the cost/utility of
add-on omalizumab in persistent difficult-to-treat atopic asthma in Italy. J Asthma.
2012; 49 (8): 843-8

The study assessed Omalizumab

Dewilde, S. Turk, F. Tambour, M. Sandstrom, T. The economic value of anti-IgE in
severe persistent, IgE-mediated (allergic) asthma patients: adaptation of
INNOVATE to Sweden. Curr Med Res Opin. 2006; 22 (9): 1765- 76

The study assessed Omalizumab

Entrenas Costa, L. M. Casas-Maldonado, F. Soto Campos, J. G. Et al. Economic
Impact and Clinical Outcomes of Omalizumab Add-On Therapy for Patients with
Severe Persistent Asthma: A Real-World Study. Pharmacoecon Open. 2019;
10.1007/s41669-019-0117-4.

. The study assessed Omalizumab

Faria, R. McKenna, C. Palmer, S. Optimizing the position and use of Omalizumab
for severe persistent allergic asthma using cost-effectiveness analysis. Value
Health. 2014; 17 (8): 772-82.

The study assessed Omalizumab

Han, S. Kim, S. Kim, H. Suh, H. S. Cost-utility analysis of reslizumab for patients
with severe eosinophilic asthma inadequately controlled with high-dose inhaled
corticosteroids and long-acting 32-agonists in South Korea. Current medical
research and opinion. 2019; 10.1080/03007995.2019.1605159

The study assessed Reslizumab

Jahnz-Rozyk, K. Lis, J. Warchol, M. Kucharczyk, A. Clinical and economic impact
of a one-year treatment with omalizumab in patients with severe allergic asthma
within a drug programme in Poland. BMC Pulm Med. 2018; 18 (1): 48

The study assessed Omalizumab

Kolbin, A, Frolov, M, Galankin, T. Pharmacoeconomic analysis of treatment of
adult patients with severe uncontrolled asthma with Dupilumab in Russia. Value in
health. 2016; 19(7): A555

Conference abstract

Kolbin, A. Namazova-Baranova, L. Vishneva, E, Frolov, M, Galankin, T,
Alekseeva, A, Dobrynina, E. Pharmacoeconomic analysis of treatment of children
with severe uncontrolled asthma with Dupilumab in Russia. Value in health. 2016;
19(7): A555

Conference abstract

Lam, J. Hay, J. W. Salcedo, J. Kenyon, N. J. A cost-effectiveness analysis of
reslizumab in the treatment of poorly controlled eosinophilic asthma. J Asthma.
2019; 56 (8): 872-881

The study assessed Reslizumab

Levy, A. N. Garcia, A. Ruiz A. J. Garcia-Agua Soler, N. Sanjuan, M. V. Cost-
effectiveness of omalizumab in severe persistent asthma in Spain: a real-life
perspective. J Asthma. 2015; 52 (2): 205-10.

Conference abstract

Likhar, N. Kanukula, R. Mothe, R. K. Vsn, M. Dang, A. Investigating the value of
omalizumab in the treatment of severe persistent allergic asthma: A systematic
review of cost-effectiveness studies. 2016; 19(3): A115

. The study assessed Omalizumab

Martinez-Moragon, E. Climent, M. Chiner, E. Fernandez-Aracil, C. Sanchez-Toril,
F. Lluch-Tortajada, I. Effectiveness and pharmacoeconomic analysis of the
treatment of severe asthma with omalizumab in clinical practice. Farm Hosp. 2019;
43 (3): 101-109

The study assessed Omalizumab .

McQueen, R. B. Sheehan, D. N. Whittington, M. D. van Boven, J. F. M. Campbell,
J. D. Cost-Effectiveness of Biological Asthma Treatments: A Systematic Review
and Recommendations for Future Economic Evaluations. Pharmacoeconomics.
2018; 36 (8): 957-971

Systematic review used as source of primary
studies.

Menzella, F. Facciolongo, N. Piro, R. Formisano, D. Roggeri, A. Simonazzi, A.
Castagnetti, C. Carbonelli, C. Zucchi, L. Clinical and pharmacoeconomic aspects
of Omalizumab: a 4-year follow-up. Ther Adv Respir Dis. 2012; 6 (2): 87-95

The study assessed Omalizumab




Morishima, T. Ikai, H. Imanaka, Y. Cost-Effectiveness Analysis of Omalizumab for
the Treatment of Severe Asthma in Japan and the Value of Responder Prediction
Methods Based on a Multinational Trial. Value Health Reg Issues. 2013; 2 (1): 29-
36

The study assessed Omalizumab

Norman, G. Faria, R. Paton, F. Llewellyn, A. et al. omalizumab for the treatment of
severe persistent allergic asthma: a systematic review and economic evaluation.
Health Technol Assess. 2013; 17 (52): 1-342.

The study assessed Omalizumab

Oba, Y. Salzman, G. A. Cost-effectiveness analysis of omalizumab in adults and
adolescents with moderate-to-severe allergic asthma. J Allergy Clin Immunol.
2004; 114 (2): 265-9.

The study assessed Omalizumab

Rodriguez-Martinez 2018 Rodriguez-Martinez, C. E. Sossa-Briceno, M. P. Castro-
Rodriguez, J. A. Cost Effectiveness of Pharmacological Treatments for Asthma: A
Systematic Review. Pharmacoeconomics. 2018; 36 (10): 1165- 1200

Systematic review used as source for primary
studies

Suzuki, C. Lopes da Silva, N. Kumar, P. Pathak, P. Ong, S. H. Cost-effectiveness
of omalizumab add-on to standard-of-care therapy in patients with uncontrolled
severe allergic asthma in a Brazilian healthcare setting. J Med Econ. 2017; 20 (8):
832-39.

The study assessed Omalizumab

Tadrous, M. Khuu, W. Lebovic, G. Stanbrook, M. B. Martins, D. Paterson, J. M.
Mamdani, M. M. Juurlink, D. N. Gomes, T. Real-world health care utilization and
effectiveness of omalizumab for the treatment of severe asthma. Ann Allergy
Asthma Immunol. 2018; 120 (1): 59-65

The study assessed Omalizumab

van Nooten, F. Stern, S. Braunstahl, G. J. Thompson, C. Groot, M. Brown, R. E.
Cost-effectiveness of Omalizumab for uncontrolled allergic asthma in the
Netherlands. J Med Econ. 2013; 16 (3). 342-8

The study assessed Omalizumab

Vennera Mdel, C. Valero, A. Uria, E. Forne, C. Picado, C. Cost-Effectiveness
Analysis of Omalizumab for the Treatment of Severe Persistent Asthma in Real
Clinical Practice in Spain. Clin Drug Investig. 2016; 36 (7): 567-78

The study assessed Omalizumab

Whittington, M. D. McQueen, R. B. Ollendorf, D. A. Tice, J. A. Chapman, R. H.
Pearson, S. D. Campbell, J. D. Assessing the value of mepolizumab for severe
eosinophilic asthma: a cost-effectiveness analysis. Ann Allergy Asthma Immunol.
2017; 118 (2): 220-225

The study assessed Mepolizumab

Wu, A. C. Paltiel, A. D. Kuntz, K. M. Weiss, S. T. Fuhlbrigge, A. L. Cost-
effectiveness of omalizumab in adults with severe asthma: results from the Asthma
Policy Model. J Allergy Clin Immunol. 2007; 120 (5): 1146-52.

The study assessed Omalizumab

Yoshikawa, H. lwata, M. Matsuzaki, H. et al Impact of Omalizumab on medical
cost of childhood asthma in Japan. Pediatr Int. 2016; 58 (5): 425-8.

The study assessed Omalizumab

Zafari, Z. Sadatsafavi, M. Marra, C. A. Chen, W. FitzGerald, J. M. Cost-
Effectiveness of Bronchial Thermoplasty, Omalizumab, and Standard Therapy for
Moderate-to-Severe Allergic Asthma. PLoS One. 2016; 11 (1): e0146003.

The study assessed Omalizumab

Zhou, H. Lu, Y. Wu, B. Che, D. Cost-effectiveness of omalizumab for the treatment
of inadequately controlled severe allergic asthma in Chinese children. J Asthma.
2018; 1-8.

The study assessed Omalizumab




Figure S1: Efficacy of dupilumab — subgroup analysis per dose, blood eosinophils and FeNO
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Castro 2018 (300ma) -1,1874 02469 124 75 12,0% 0,31 [019, 0,49] e
Rabe 2018 -0,6311 04323 24 29 73% 0,53[0,23,1,24] -
Subtotal (95% CI) 267 175  30,8% 0,33 [0,24, 0,46] ‘
Heterogeneity: Tau®=0,00; Chi*= 1,39, df= 2 (F=050), F= 0%
Testfor overall effect. Z= 6,60 (P = 0.00001)
Total (95% CI) 1352 730 100,0% 0,47 [0,35, 0,64] L=
Heterogeneity, Tau?= 0,14; Chi*= 26,42, df = & (P = 0,0009); F= 70% u=1 n=2 DIS 2 5 1’0

Testfor overall effect Z= 4,85 (P = 0.00001)

. . Favours [experimental] Favours [contral]
Testfar subaroup differences: Chi®= 22,449, df=2 (P = 0.00013, P=91.1%

B. Asthma control - ACQ-5 change from baseline



Fapmaimental €

Study or Subgraup Mean Difference SC Total
Dooto 2018 (220ma) 0,3 00632 62
Cctn 3018 (320ro) -01E 00653 633
Rele 2018 -047 0148 103
wihzal 216 goolec ane adusted) NIR RN TNIIE T ']
| otal {usts Cly 1646

Heteogaaeihe TaL== 0,01 ThIE= S, 1= 2 P= 23, B F=41%
Tzstfor ave-all efiect: Z- 4,99 {F < 0.00C01)
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) Incoraplece JUteome c5ta et on biasi

Ty Se ectve epoting (-epoting kias)
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C. Asthma quality of life — AQLQ change from baseline

Fdezan DT emce
I, Random, 95% Cl

Mezan Dl nce
A, Nandom, 95% C1

Rixk nl Riax

026[0,43 0,27 —a—
-0,19 [-0,32, -0,CE] —-—
047 0,75, -0,18]
U AL, UL —
L2H U5, U A
05 0725 125 05

Favouss [expecimentall Tavours lecnt-all

Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mcan Differcnce SE Weight IV, Rand 5% Cl IV, Band D5% Cl ABCDEFG
Castro 2018 (200mg) 0,29 0,0714 37,3%  0,28[0,15,0,43] —— EITTITIT]
Castro 2018 (300mg) 0,26 0,0714 37,3% 026012, 0,40] —— PEPPR00
wichzel 2016 (pooled and adjusted) 0,2 0,0967 253% 0,20 [0,12, 0,47] — 20000
Total (95% CI) 100,0% 0,28 [0,20, 0.37] -
Hermgrneity TarF=F00; Chif= 015, df= 2 (P=0493); F=N% -U'_t -UIZE: B U_Q': Ufb

Test foroverall effect: 2= 6,25 (F = 0.00001)

Rizk of hias leaend

) Random sequence generation {selection bias)

B Allocation concealment iselection hias)

(C) Blinding of padicipsnts end parsonnel iperfcrmance hias)
(D) Blinding of outzome assessment idetection hias]
{E}Incomplete oulcorme data (attrition hias)

(Fi Selective repoting freporing bias)

(G) Other bias

D. FEV; (L) change from baseline

Fxpriirnenlal Cordionl

Wean Nl pra

Favours [exaerimental]  Favours [coatrol]

Hezan Dl oz Rixk 10 Rias

ar Subgrou) Mran Difference Todal  Total Wi I, Bandom, 05% CI I, Bandom, 05% CI
Cactro 201£ 1200mg) C4 00206 631 17 MAE 0,14 0,28, 0,20] —=—
Pl FE S0 Mgy rA3 nress fis3 37 Lef nas T8 0, A] [ ]
Rakc 201£ £,22 00662 102 177 BE% 0,22 '0,29,0,25]
wianzal 201 A cannlad and ar) 13ted; rIf nreng anz A 17 A% 01 1,10, 0,76 ——
Total (95% Ch 1674 1051 100,0% 0,1500,11, 0,181 >
lleteragens ty: "auw?= 0,00 ChF= 2,06, d1= 2 = 0 £0% F=C% -nls _n=1 : n51 nl?
lazt-or ovarsil etess 2 — 4 56 (F < LULLU ) Favoucs [placeko] Favours dupilumah)
Riskafbias |23cnc
) RAFCAI SRYURECE J30RET1N R0 hlas)
Oy Allozaizn concealment {2 ecton bias
iC) B qcing crpaticlpanis aad personne [peromsroe Aas)
DY B incling of cutzome ssses: nent idetection b zs)
ik} Incomaleta oulccrie dals jatnion K1as)
i Selective epoiting mepori 1 bias)
iGY Othar sias

Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean Difference SE Total Total Weight , R 1, 95% CI IV, Random, 95% C1
2.5.1 »=300 eosinophils
Castro 2018 {200ma) 021 00408 2486 144 195% 0,21[0,13,0,249] o
Castro 2018 (300mo) 0,24 0,0408 266 138 19,5% 0,24 [0,16, 0,32 —
Rabe 2018 032 01122 15 39 Th5% 0,32[0,10,0,54]
Subtotal (95% Cly 567 322  46,5% 0,23 [0,18, 0,29] <
Heterogeneity: Tau?=0,00; Chi*=094, df=2(P=062; F=0%
Test for overall effect: £= 8,26 (P < 0.00001)
2.5.2 <300 eosinophils
Castro 2018 (200ma) 0,08 00357 362 165 20,7% 0,08 [0,01,0,14] e
Castro 2018 (300ma) 0,08 00357 362 165 20,7% 0,08 [0,01,0,15] e
Rabe 2018 013 00765 52 65 121% 013 [0,02,0,28] o A T
Subtotal (95% Cly 776 395 53,5% 0,08 [0,04,0,13] L3
Heterogeneity: Tau*=0,00; Chi*=0238, df=2(P=082 F=0%
Test for overall effect: £= 3,54 (P =0,0004)
Total (95% Cl) 1343 717 100,0% 0,16 [D,09, 0,23] sl
Heterogeneity: Tau?= 0,01; Chi®= 17,04, df= 8 (P = 0,004); F= 71% -uls _0125 . ulzs DIS

Test for overall effect: £= 4,42 (P = 0.00001)

Test for subgroup differences: Chi®=14872, df=1 (P = 0.0001), I*= 93 6%

Favours [experimental] Favours [control]



Experimental Control

Mean Difference

Mean Difference

Study or Subgroup Mean Difference SE Tatal Total Weight [, Random, 95% Cl IV, Random, 95% CI
2.9.1 FeNO <25pph
Castro 2018 (2C0mo) 0.5 00357 bl 144 143% 005002, 012 T
Castro 2018 (3C0m) 0,13 00357 =09 141 143% 0,03 [-0,04,010] =T
Rabe 2013 0,23 00867 41 4 9.7% 0,23 [0.06, 0.40] = e
Subtotal (5% Cl) 66 330 383% 0,07 [-0,01, 0,15] -
Heterngreneity Ta@=N00; Chif=4 58, df= 2 P =01M; F= AR%
Tes: for overall effect Z=1,74 (P =0,08)
2.9.2 FeN0 »=25 to <50pph
Casten P8 (2T Nm nia  nnat 174 a8 130% n,19 [N, 0,74] e
Castro 2018 {3C0m) 012 00459 182 94 134% 0,12 [0,03,0,21] ==
Rabe 2012 0,23 01225 21 25 T0% 0,23 [-0,04, 0,47]
Subtotal (5% Cl) 87 210 335% 0,15 [0,09, 0,27] i
Heterogeneity: Tau?=0,00; Chi®=1 42 df=2 P =049); F= 0%
Tes for overall effect: Z= 4,78 (P = 0.00001}
2.9.3 FeNO »= 50pph
Castro 2018 (200ma) 0,2 00662 114 7111 5% 0,20 [0,17, 0,43] —_—
Castro 2018 (3C0m) 0,39 00663 113 Tio116% 0,39 [0,26, 0,52 o
Raba 2012 0,28 01582 befe] 7 E1% 0,28 [-0,02, 0,59] T—
Subtotal (5% Cl) 250 171 283% 0,34 [0,25, 0,43] L 2
Hetarogeneity: Tau?—0,00; Chi®—1,08 df—- 2 P - 058); F- 0%
Tes: for overall effect Z= 7, £6 (P = 0.00001}
Total {95% CI) 1303 711 100,0% 0,19 [0,10, 0,27] i
Heterogoneity: Tau? = 0,01 ;f;hi== 20,156 di= 8 (P = 0.00001); F= 20% -Dl.s _0_525 i 0_525 0?5
Tes:for erall effec.t: Z=423(F - 0.0001) Favours [experimental] Favours [contral]
Teoofor subgroup differcnces: Chf= 2031, df= 2 (F = 0.0J01), F=0802%
E. Rescue Medication use change from baseline
Cxperimental  Control Mean Difference Mean Difference Nisk of Dias
Study or Subgroup Mean Difference 5C Tatal Total Weight I, Random, 95% C1 IV, Randorm, 85% €1 ADCDELCT G
Yidr 261 2013 (3C0ML) -0.29 0,667 145 142 F10% 0231082 0,24] u 9995000
Wikr el 2013 (2C0rnu) -0,42 02743 136 142 459% -042[096 0,12] |
Total (95% CI) 204 204 100,0%  -0,35[-0,73,0,02] il
Helerogerneily, Tau™=0,00, Chi"=C, 11, di= " F=0,74), "=0% " -DIS le |
Teslfurvv2idll eifel. 2= 34 (F = 2,07 [ evaurs [dupilurnab] Favcirs [ acebe]
Elsk othlas legend
() RardaT sequance ceneratlon seleclor blas)
(B) Allozation cancea mert(selection blas)
(CIEIING g of parlcipants anc persorne mamrnance blas
(@ Blind ng of outeome assessment @eteston blss
(E) Incornglete otcom = data catrtlan 2133
(F1 Selective r2poring report ng bias
) Ut Klas
F. Oral corticosteroid use change from baseline
Dupilumab Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean Difference SE Total  Total Weight IV, Random, 95% CI IV, Random, 95% CI ABCDEFG
Rabe 2018 -282 63777 103 107 100,0% -28,20 -40,70,-15,70] EEEEEY 1)
Total (95% CI) 103 107 100,0% -28,20(-40,70, -15,70] -
Heterogeneity. Not applicable + 1 Y +
Test fnrgove:;l eﬂettpg_: 4,42 (P <0,00001) 50 25 0 25 50
¢ Favours [dupilumab] Favours [control]
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and perso efformance bias)
{D) Blinding of oulcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
G. FeNO levels change from baseline
Dupilumakb Placeho Moaan Difference Mean Difference Rigk of Bias
Siudy ar Subliroup Mean S0 lotal Mean S0 lotal Wewiht 1%, Handom, Y54 I 1Y, Handom, Y5% C1 ABCDEERGS
Casliu 2016 (200my) 24 117 49,684  E31 9,792 70543 313 415% -390 -£3,63,-2518] ] @
Castro 2012 (200my)  -Z6930 &7 855 E32 4510 72324 331 A0D0% -3142 -00,30,-22,53] —-— [ ]
wienzel 207 B izl -41.46 d4bE4d 114 UM HAMETE 1kl Y1% -Zd07 -51.41,-7 4,14 .
Wenzel 2006 (IC0WMg)  -23,09 BOSTFI 124 1091 026951 120 94% -4022 -50,60,-21,92] —— ®
Total (95% Cly 1501 074 100,0% -33,41 [-39,03,-27,70] &>
Hatarageneity: Tau®— 0,00; Cif- 0,75, df- 2 'P- 0,96 F- 0% -rin _;l‘ﬁ 23 ?I_:, ﬁlﬂ

lestfor overall effec 2= 11,k 0F = LULUIUT)

R =< ofhias legend

() Tardam Sequerce gen2raton (selection hlag)

By Moozctior concealmznt (seloction bias)

(Ch Slinding of parlicipants and personnel (percrmance hias)
(D Slinding of outeome assessment (deteclion hias)

{E) Ineorrp ete oatzcrme data (attition hias)

() Selecilva eporing (rporting blas)

(G Mherboas

[zsvours [dupilurraa] “avours [alacean]



Figure S2: Safety of Dupilumab

A. Any treatment-related adverse events

Experimerital Control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Rand 95% CI M-H, Rand 95% Cl ABCDEFG
Wenzal 2016 {200mc) Il a4 64 90 54.6% 1,18 [1,01, 1,400 ——
Werzzl 2016 (300mc) 6@ 92 B4 00 454% 1,04 [0,67,1,24] — PPPPO000
1otal [Y5% C 146 18U UL, 1,12 |U,Y%, 1,28] b o
Total 2vents 139 128
Heterageneity; lau<= UUU; Chis=121, dt=1 (F= U2 <=1/ % o ks T e

estREveralete ke S AR S0 Favours [dupilumah] Favours [placeho]
Elskorblas legend

A Randurn sequence gene-aliun seleclion bias)

(B Allocation concealment {(selection hias)

{C) Ol nding of participants and personnel (performance bias)

(D) Blnding of outcoric asscssmen: (detection hias)

{E} Incomplets outcome data (attrition bias)

{F) Selective reporting {reporing biag)

(G) Other hias

B. Treatment related serious adverse events

Experimental Control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Rand 05% CI M-H, Random, 95% CI
VWenzel 2016 (200mg) [ 84 5 90 501% 1,291[0,41, 4,06]
YWenzel 2016 (300mo) [ 92 5 90 499% 1,17 [0,37, 3,71]
Total {95% Cl) 176 180 100,0% 1,23 [0,54, 2,77]
Total events 12 10

Heterogeneity: Tau®=0,00; Chi*= 0,01, df=1 {FP=0913 F=0%

Testfor overall effect Z=050 (P =062 1,01 o 1 10 100

Favours [dupilumah] Favours [control]
Risk of hias legend

() Random seguence generation {zelection hias)

(B) Allocation concealment (selection bias)

(C) Blinding of paticipants and perzonnel {performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcame data {attrition hias)

(Fi Selective reporting {reparting bias)

(G) Other bias
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