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Fig. S1 Summary of risk of bias in the included publications according to the revised Cochrane Collaboration’s tool for assessing risk of bias in

randomized ftrials

Reference Study Biologic D1 D2 D3 D4 D5 Overall

Menzies-Gow et al, 2021  NAVIGATOR Tezepelumab e . @ Lowrisk

Corren et al, 2017 PATHWAY phase 2b Tezepelumab . . ‘ . . . ! Some concerns

Unpublished data PATHWAY phase 2b + NAVIGATOR pooled Tezepelumab ® 66 606 @ @ @ o sk

Castro et al, 2020 LIBERTY ASTHMA QUEST Dupilumab a6 O

Castro et al, 2018 LIBERTY ASTHMA QUEST Dupilumab ® ® ® ® ® @ o1 Randomizaton process
Wenzel et al, 2016 Phase 2b trial Dupilumab . . . . . . D2 Deviations from the intended interventions
Harrison et al, 2021 ANDHI Benralizumab . . . . . . D3 Missing outcome data
O'Quinn et al, 2019 SIROCCO + CALIMA pooled Benralizumab . . . . ! @ D4  Measurement of the outcome
FitzGerald etal, 2018 SIROCCO + CALIMA pooled Benralizumab @ ® ® ® ' (1) D5 selectionof the reported resut
Bleecker et al, 2018 SIROCCO + CALIMA pooled Benralizumab ® 6 6 e @

Goldman et al, 2017 SIROCCO and CALIMA (assessed separately) Benralizumab ® 6 6 6 @

Bleecker et al, 2016 SIROCCO Benralizumab A ‘

FitzGerald etal, 2016 CALIMA Benralizumab N

Castro et al, 2015 Study 1 and 2 (assessed separately) Reslizumab . . ‘ ‘ . .

Castro et al, 2011 Phase 2b trial Reslizumab ’ . ‘ ‘ ! @

Yancey et al, 2019 DREAM phase 2b, MENSA, MUSCA (assessed separately) Mepolizumab ® @ ® 6 @

Chupp et al, 2017 MUSCA Mepolizumab o000 06

Ortega et al, 2016 DREAM and MENSA (assessed separately; pooled doses)  Mepolizumab . . ‘ . ! @

Ortega et al, 2014 MENSA Mepolizumab R .

Pavord et al, 2012 DREAM phase 2b Mepolizumab o006 06

Hanania et al, 2013 EXTRA Omalizumab e+ (e

All trials are phase 3 unless otherwise specified.



Fig. S2 AAER by biologic therapy across baseline BEC subgroups by (i) phase 2b and

(if) phase 3 trials

i) Phase 2b studies
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In the 0 to < 300 cells/pL panel for phase 3 trials (ii), QUEST data are from

www.clinicaltrials.gov; reported for the 300 mg dose only. Patient numbers for MUSCA and

MENSA in the 150 to < 300 cells/pL panel for phase 3 trials (ii) are the overall population
(breakdown by treatment group not given).

aPooled trials or doses; PBEC = 400 cells/uL; “BEC = 500 cells/uL; “BEC = 260 cells/uL;
*BEC < 260 cells/pL.

AAER annualized asthma exacerbation rate, BEC blood eosinophil count, C/ confidence
interval, IgE immunoglobulin E, /V intravenous, NR not reported, Q2W every 2 weeks, Q4W

every 4 weeks, Q8W every 8 weeks, SC subcutaneous.


https://clinicaltrials.gov/ct2/show/results/NCT02414854

Table S1 PubMed search strategy

(asthma([Title] OR asthmaticftitle])

AND

(severe[Title/Abstract] OR uncontrolled[Title/Abstract] OR poorly controlled[Title/Abstract] OR
inadequately controlled[Title/Abstract])

AND

(tezepelumab([Title] OR dupilumab[Title] OR benralizumab[Title] OR mepolizumab[Title] OR
reslizumab([Title] OR omalizumab[Title] OR REGN3500[Title] OR SAR440340[Title] OR
biologic[Title] OR monoclonal[Title] OR anti-[Title])

AND

(eosinophil[Title/Abstract] OR eosinophils[Title/Abstract] OR eosinophilic[Title/Abstract])
AND

(exacerbation[Title/Abstract] OR exacerbations[Title/Abstract] OR FEV1[Title/Abstract] OR

ACQ([Title/Abstract] OR AQLQ[Title/Abstract] OR SGRQ[Title/Abstract])

ACQ Asthma Control Questionnaire, AQLQ Asthma Quality of Life Questionnaire, FEV/; forced

expiratory volume in 1 s, SGRQ St George’s Respiratory Questionnaire



Table S2. Articles included and excluded from literature screen

Ineligible Exacs not Not | Noeligible .
T . @ e Included/ r— include | Notrer | Meta- [Extension smgdv Protocol | Wrong 1ojze | Piscontinue | e £0s subggmup Duplicat | Fulltext
exclude analysis | study only | population : ddrug edata |acquired
design endpoint dose data
for Dependent ic Asthma  Adatia A, Allen CJ, Wald J, Richards CD, Waserman S, Nair P.  Chest. 2021 Apr;159(4):e181-184. doi:  https://pubmed.nchinl  Exclude Case report(s)
Associated With Novel STAT3 Loss of Function Mutation 10.1016/j.chest.2020.11.042. Epub 2021 m.nih.gov/34022014 1
Apr 6.
Dual biologic therapy in a patient with severe asthma and other Caskey JR, Kaufman D. BMJ Case Rep. 2021 May https://pubmed.nchinl | Exclude Case report(s)
allergic disorders 20;14(5):€242211. doi: 10.1136/bcr-2021-  m.nih.gov/34016636 1
242211.
Monoclonal antibodies in type 2 asthma: an updated network  Edris A, Lahousse L. Minerva Med. 2021 May 14. doi: https://pubmed.ncbi.nl  Exclude Meta-analysis
meta-analysis 10.23736/50026-4806.21.07623-0. Online  m.nih.gov/33988014 1
ahead of print.
Tezepelumab in Adults and Adolescents with Severe, Menzies-Gow A, Corren J, Bourdin A, Chupp G, Israel E, N Engl J Med. 2021 May 13;384(19):1800-  https://pubmed.nchinl  Included NAVIGATOR study
Uncontrolled Asthma Wechsler ME, Brightling CE, Griffiths JM, Hellqvist A, Bowen  1809. doi: 10.1056/NEJM0a2034975. m.nih.gov/33979488 1 1
K, Kaur P, Almquist G, Ponnarambil S, Colice G.
Benralizumab Improves Symptoms of Patients with Severe,  Canonica GW, Harrison TW, Chanez P, Menzella F, Louis R, Allergy. 2021 May 12. doi: https://pubmed.ncbi.nl | Exclude Nasal polyps subanalysis of ANDHI
Eosinophilic Asthma with a Diagnosis of Nasal Polyposis Cosio BG, Lugogo NL, Mohan A, Burden A, Garcia Gil E. 10.1111/all.14902. Online ahead of print.  m.nih.gov/33978983 trial 1
Benefit of switching to mepolizumab from omalizumab in Liu MC, Chipps B, Munoz X, Devouassoux G, Bergna M, Smith Respir Res. 2021 May 10;22(1):144. doi:  https://pubmed.nchinl  Exclude Switch study
severe eosinophilic asthma based on patient characteristics SG, Price RG, Galkin DV, Azmi J, Mouneimne D, Albers FC, 10.1186/512931-021-01733-9. m.nih.gov/33971856 1
Chapman KR.
The inflammatory profile of exacerbations in patients with McDowell PJ, Diver S, Yang F, Borg C, Busby J, Brown V, Lancet Respir Med. 2021 May 7:52213-  https://pubmed.ncbi.nl  Exclude Observational study
severe refractory eosil ilic asthma receiving i Shrimanker R, Cox C, Brightling CE, Chaudhuri R, Pavord ID, ~ 2600(21)00004-7. doi: 10.1016/52213- m.nih.gov/33971168
(the MEX study): a prospective observational study Heaney LG; Medical Research Council: Refractory Asthma  2600(21)00004-7. Online ahead of print. 1
Stratification Programme (RASP-UK Consortium).
Real-World Effectiveness of Mepolizumab in Severe Li H, Zhang Q, Wang J, Gao S, Li C, Wang J, Zhang S, Lin J. Clin Ther. 2021 May 4:50149- https://pubmed.ncbi.nl  Exclude Observational study
il ilic Asthma: A ic Review and M lysi: 2918(21)00158-2. doi: m.nih.gov/33962763 1
10.1016/j.clinthera.2021.03.023. Online
ahead of orint.
Effectiveness of mepolizumab therapy on symptoms, asthma  Yilmaz I, Nazik Bahgecioglu S, Tiirk M, Tutar N, Pagaci Getin  Turk J Med Sci. 2021 May 2. doi: https://pubmed.ncbi.nl | Exclude Observational study
exacerbations, steroid dependence and small airways in G, Arslan B. 10.3906/sag-2009-41. Online ahead of m.nih.gov/33932968 1
patients with severe eosinophilic asthma orint.
[Impact of reslizumab on the course of chronic rhinosinusitis in  Boiko NV, Lodochkina OE, Kit MM, Kuleshova VG, Vestn Otorinolaringol. 2021;86(2):43-48. https://pubmed.ncbi.nl  Exclude Observational study
patients with eosinophilic asthma] Nedashkovskaya NG. doi: 10.17116/0torin020218602143. m.nih.gov/33929151 1
Mepolizumab improves sino-nasal symptoms and asthma Detoraki A, Tremante E, D'Amato M, Calabrese C, Casella C,  Ther Adv Respir Dis. 2021 Jan- https://pubmed.ncbi.nl  Exclude Observational study
control in severe eosinophilic asthma patients with chronic Maniscalco M, Poto R, Brancaccio R, Boccia M, Martino M,  Dec;15:17534666211009398. doi: m.nih.gov/33910399 1
rhinosinusitis and nasal polyps: a 12-month real-life study Imperatore C, Spadaro G. 10.1177/17534666211009398.
Astegolimab (anti-ST2) efficacy and safety in adults with severe  Kelsen SG, Agache 10, Soong W, Israel E, Chupp GL, Cheung  J Allergy Clin Immunol. 2021 Apr 16:50091-  https://pubmed.ncbi.nl | Exclude Astegolimab development
asthma: A randomized clinical trial DS, Theess W, Yang X, Staton TL, Choy DF, Fong A, Dash A, 6749(21)00609-6. doi: m.nih.gov/33872652 discontinued i
Dolton M, Pappu R, Brightling CE. 10.1016/}jaci.2021.03.044. Online ahead
of print.
The signific of phil and eosinophil ratio  Ozgen H, Tepetam FM, Bulut |, Orgen C. Tuberk Toraks. 2021 Mar;69(1):39-48. doi:  https://pubmed.ncbi.nl  Exclude Observational study
(ELR) in predicting response to omalizumab treatment in 10.5578/t.20219905. m.nih.gov/33853304 |
patients with severe allergic asthma
Efficacy of mepolizumab in elderly patients with severe asthma Isoyama S, Ishikawa N, Hamai K, Matsumura M, Kobayashi H, Respir Investig. 2021 Apr 10:52212- https://pubmed.ncbi.nl  Exclude Observational study
and overlapping COPD in real-world settings: A retrospective  Nomura A, Ueno S, Tanimoto T, Maeda H, wamoto H, 5345(21)00041-1. doi: m.nih.gov/33849780 |
observational study Hattori N. 10.1016/j.resinv.2021.02.009. Online ahead
of print.
Early responders within seven days of dupilumab treatment for Tani N, Kataoka N, Kunimatsu Y, Tachibana Y, Sugimoto T, Multidiscip Respir Med. 2021 Mar https://pubmed.ncbi.nl  Exclude Observational study
severe asthma evaluated by patient-reported outcome: a pilot ~ Sato |, Ogura Y, Hirose K, Takeda T. 17;16(1):736. doi: 10.4081/mrm.2021.736. m.nih.gov/33815789 1
study eCollection 2021 Jan 15.
Clinical and economic consequences of switching from Carpagnano GE, Resta E, Povero M, Pelaia C, D'Amato M, Sci Rep. 2021 Mar 9;11(1):5453. doi: https://pubmed.ncbi.nl  Exclude Observational study
i to i in severe Crimi N, Scichilone N, Scioscia G, Resta O, Calabrese C, Pelaia 10.1038/s41598-021-84895-2. m.nih.gov/33750842 1
eosinophilic asthma G, Barbaro MPF.
May mepolizumab used in asthma correct subfertility? Ozden G, Pinar Deniz P. Ann Med. 2021 Dec;53(1):456-458. doi:  https://pubmed.ncbinl | Exclude Case report(s)
10.1080/07853890.2021.1900591. m.nih.gov/33739210 1
of distinct related to YYamada H, Nakajima M, Matsuyama M, Morishima Y, Arai N, PLoS One. 2021 Mar 11;16(3):e0248305. https://pubmed.ncbi.nl  Exclude Observational study
responsiveness in patients with severe eosinophilic asthma  Hida N, Nakaizumi T, Masuko H, Yatagai Y, Saito T, Hizawa N.  do: 10.1371/journal.pone.0248305. m.nih.gov/33705484 .
eCollection 2021.
Real-World Effectiveness of Anti-IL-5/5R Therapy in Severe Dhariwal J, Hearn AP, Kavanagh JE, d'Ancona G, Green L, J Allergy Clin Immunol Pract. 2021 Mar https://pubmed.ncbi.nl  Exclude Observational study
Atopic Eosinophilic Asthma with Fungal Sensitization Fernandes M, Thomson L, Roxas C, Kent BD, Nanzer AM, 6:52213-2198(21)00291-9. doi: m.nih.gov/33689868 1
Jackson DJ. 10.1016/j.jaip.2021.02.048. Online ahead
of print.
Effectiveness of Benralizumab in Improving the Quality of Life  Scioscia G, Carpagnano GE, Quarato CMI, Lacedonia D, Front Pharmacol. 2021 Feb 12;12:631660.  https://pubmed.ncbi.nl  Exclude Observational study
of Severe Eosinophilic Asthmatic Patients: Our Real-Life Santamaria S, Soccio P, Depalo A, Fuso P, Foschino Barbaro  doi: 10.3389/fphar.2021.631660. m.nih.gov/33679414 1
Experience MP. eCollection 2021.
Spontaneous resolution of atopic dermatitis incidental to Pham DN. J Med Case Rep. 2021 Mar 6;15(1):103. doi: https:/pubmed.nchinl  Exclude Case report(s)
participation in benralizumab clinical trial for severe, 10.1186/513256-021-02663-2. m.nih.gov/33673870 1

uncontrolled asthma: a case report
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Therapeutic Effects of Benralizumab Assessed in Patients with
Severe Eosinophilic Asthma: Real-Life Correlated
with Allergic and Non-Allergic Phenotype Expression

Real-World Experience with Benralizumab in Patients with
Severe Eosinophilic Asthma: A Case Series

Results in clinical practice in the treatment of severe
eosinophilic asthma with mepolizumab: a real-life study

Benralizumab for adolescent patients with severe, eosinophilic
asthma: Safety and efficacy after 3 years of treatment

Regulatory T cell monitoring in severe eosinophilic asthma
patients treated with mepolizumab

Economic impact of mepolizumab in uncontrolled severe
eosinophilic asthma, in real life

Efficacy of Tezepelumab in Patients with Severe, Uncontrolled
Asthma with and without Nasal Polyposis: A Post Hoc Analysis
of the Phase 2b PATHWAY Study

Tezepelumab as an Emerging Therapeutic Option for the
Treatment of Severe Asthma: Evidence to Date

Serum microRNAs as Tool to Predict Early Response to
Benralizumab in Severe Eosinophilic Asthma

Rapid effect of benralizumab in exacerbation of severe
ic asthma associated with i
granulomatosis with polyangiitis

Changes in Type 2 Biomarkers After Anti-ILS Treatment in
Patients With Severe Eosinophilic Asthma

Tezepelumab Reduces Exacerbations Across All Seasons in
Patients with Severe, Uncontrolled Asthma: A Post Hoc Analysis
of the PATHWAY Phase 2b Study

No difference in omalizumab efficacy in patients with asthma
by number of asthma-related and allergic comorbidities

Targeting the IL-5 pathway in eosinophilic asthma: a
comparison of mepolizumab to benralizumab in the reduction
of peripheral eosinophil counts

Onset of effect and impact on health-related quality of life,
exacerbation rate, lung function, and nasal polyposis symptoms
for patients with severe eosinophilic asthma treated with

benralizumab (ANDHI): a randomised, controlled, phase 3b trial

Clinical Outcomes and Health-Care Resource Use Associated
With Reslizumab Treatment in Adults With Severe Eosinophilic
Asthma in Real-World Practice

Effect of Benralizumab in Patients With Severe Eosinophilic
Asthma and Chronic Rhinosinusitis With Nasal Polyps: A Case
Series
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Unmet need in severe, uncontrolled asthma: can anti-TSLP
therapy with tezepelumab provide a valuable new treatment
option?

Assessing the cost-effectiveness of mepolizumab as add-on
therapy to standard of care for severe eosinophilic asthma in
Singapore

NAVIGATOR: a phase 3 multicentre, randomized, double-blind,
placebo-controlled, parallel-group trial to evaluate the efficacy
and safety of inadults and with
severe, uncontrolled asthma

CASCADE: a phase 2, randomized, double-blind, placebo-
controlled, parallel-group trial to evaluate the effect of
tezepelumab on airway inflammation in patients with
uncontrolled asthma

Rapid effect of benralizumab for severe asthma with chronic
rhinosinusitis with nasal polyps

significant improvement in lung function and asthma control
after benralizumab treatment for severe refractory eosinophilic
asthma

Dupilumab is effective in type 2-high asthma patients receiving
high-dose inhaled corticosteroids at baseline

Real-life effectiveness of mepolizumab in patients with severe
refractory eosinophilic asthma and multiple comorbidities

Anti-IL5 Therapies for Severe Eosinophilic Asthma: Literature
Review and Practical Insights

Dupilumab Improves Asthma Control and Lung Function in
Patients with Insufficient Outcome During Previous Antibody
Therapy

Effectiveness of mepolizumab therapy in patients with severe
eosinophilic asthma: Austrian real-life data

Differential response to biologics in a patient with severe
asthma and ABPA: a role for dupilumab?

Clinical Development of Mepolizumab for the Treatment of
Severe Eosinophilic Asthma: On the Path to Personalized
Medicine

Real-World Effectiveness of Benralizumab in Severe

Eosinophilic Asthma

Case Report: Acute effect of benralizumab on asthma
exacerbation without concomitant corticosteroid use

Impact of mepolizumab on exacerbations in severe asthma:
Results from a U.S. insurance claims data base

Asthma exacerbations on benralizumab are largely non-
eosinophilic

[Anti-IL5 treatments in severe eosinophilic asthma: real life
datas]

Efficacy of benralizumab for patients with severe eosinophilic

asthma: a retrospective, real-ife study

Personalized Approach of Severe Eosinophilic Asthma Patients
Treated with Mepolizumab and Benralizumab

A Low Serum CCL4/MIP-1B Level May Predict a Severe
Asthmatic Responsiveness to Mepolizumab
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treatment of patients with severe allergic eosinophilic asthmal
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Real-Life effects of benralizumab on exacerbation number and
lung hyperinflation in atopic patients with severe eosinophilic
asthma

Anti-alarmins in asthma: targeting the airway epithelium with
next-generation biologics

Exacerbations of Severe Asthma While on Anti-IL-5 Biologics

Mepolizumab in Severe Eosinophilic Asthma: A 2-Year Follow-
Up in Specialized Asthma Clinics in Greece: An Interim Analysis

Massive atelectasis by mucoid impaction in an asthma patient
during treatment with anti-interleukin-5 receptor antibody

Efficacy of Reslizumab Treatment in Exacerbation-Prone
Patients with Severe Eosinophilic Asthma

Anti-IL-5 monoclonal antibodies for the treatment of asthma:
an update

COVID-19 in a severe eosinophilic asthmatic receiving
benralizumab - a case study

Efficacy of dupilumab on clinical outcomes in patients with
asthma and perennial allergic rhinitis

Effectiveness and safety of dupilumab for the treatment of
severe asthma in a real-life French multi-centre adult cohort

Efficacy and safety of mepolizumab in Korean patients with
severe eosinophilic asthma from the DREAM and MENSA
studies

Dupilumab efficacy and safety in Japanese patients with
uncontrolled, moderate-to-severe asthma in the phase 3
LIBERTY ASTHMA QUEST studv

Three cases of severe adolescent asthma treated with
mepolizumab: lung function trajectories

Mabs for treating asthma: omalizumab, mepolizumab,
reslizumab, benralizumab, dupilumab

Effectiveness and safety of benralizumab for severe asthma in
clinical practice (J-BEST): a prospective study

Bronchial versus I Ce ison of
outcomes in a severe asthma clinic

Real-life evaluation of mepolizumab efficacy in patients with
severe eosinophilic asthma, according to atopic trait and
allergic phenotvpe

In patients with severe asthma with eosinophilia in reslizumab
clinical trials, high peripheral blood eosinophil levels are
associated with low FEV(1) reversibility

Treatment Benefit with Omalizumab in Children by Indicators
of Asthma Severity

Real-World Effectiveness and the Characteristics of a "Super-
"to i in Severe Eosil ilic Asthma

ina ion with severe ilic asthma
and corticosteroid dependence: results from a French early
access programme
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Table S3. All published outcomes data demonstrating the efficacy of biologics in BEC subgroups by (i) individual trials and (ii) pooled analysis

i) Individual trial subgroup outcomes
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ii) Pooled analysis for subgroup outcomes
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