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Supplementary methods 

Study design and participants 

After 3- to 6-week screening/run-in periods, patients with uncontrolled asthma (defined below) were 

randomized to receive active treatment or placebo for 48 to 56 weeks [1–5]. Patients enrolled in 

SIROCCO, CALIMA, STRATOS 1, STRATOS 2, and PATHWAY were required to demonstrate 

adequate adherence with usual asthma controller medication during the run-in period [1, 2, 4, 6]. 

Patients continued to receive background asthma controller medications at stable dosages throughout all 

seven studies. 

 

Patients were required to have had ≥2 asthma exacerbations within the 12 months prior to study entry 

(or ≥1 severe exacerbation resulting in hospitalization for PATHWAY) and an Asthma Control 

Questionnaire 6 (ACQ-6) score of ≥1.5 at screening. For the Phase IIb tralokinumab study, patients were 

permitted to have either screening ACQ-6 score of ≥1.5 or a morning pre-bronchodilator forced 

expiratory volume in 1 second value between 40% and 80% of predicted [5]. An ACQ-6 score of 1.5 

indicates uncontrolled asthma [7]. 

 

Exacerbation definitions 

In SIROCCO, CALIMA, STRATOS 1, STRATOS 2, and PATHWAY, an asthma exacerbation was 

defined as a worsening of asthma symptoms resulting in (1) use of systemic corticosteroids or a 

temporary increase in stable background oral corticosteroid dosage; (2) an emergency department or 

urgent care center visit due to asthma that required systemic corticosteroid treatment; and/or (3) an 

inpatient hospital stay due to asthma. For the remaining studies, an asthma exacerbation was defined as 

an increase in asthma symptoms requiring use of systemic corticosteroids or an increase in their dosages 

for ≥3 consecutive days. 

 

Measurements and categorizations 

Categorization of medium- or high-dosage for inhaled corticosteroids followed definitions used within 

the individual studies. Atopic status, where assessed, was determined using a Phadiatop/ 

immunoglobulin E fluorescence enzyme immunoassay. Regional designations are as follows: 

 

Region Included countries 

Asia Japan Philippines South Korea Taiwan Vietnam 

Eastern Europe Bulgaria  Czech Republic Hungary Latvia Lithuania 

Poland  Romania Russian Federation Serbia 

 Slovakia Turkey Ukraine 

Western Europe Belgium France Germany  Italy Spain 

Sweden United Kingdom 

North America Canada  Mexico United States 

Rest of World Argentina  Australia Brazil Chile Colombia 

Israel Peru South Africa 

 

For studies in which baseline blood eosinophil counts were collected both centrally and locally, the 

primary measure at baseline within each individual study was used regardless of how it was collected. In 
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studies for which biomarker measures were performed post-baseline, presence of type 2 inflammation 

was assessed at baseline and post-baseline to define persistent vs. fluctuating status. 

 

Statistical analyses 

Pearson and Spearman correlation coefficients were calculated for comparisons between baseline 

demographics and clinical characteristics for the overall study population, which included patients in 

both the active treatment and placebo arms. Correlations were characterized by their coefficients as 

weak (0 to 0.3), moderate (0.4 to 0.6), or strong (0.7 to 1.0) [8].  

 

For the negative binomial model used in the calculation of annualized asthma exacerbation rates 

(AAERs) and 95% confidence intervals (CIs), the logarithm of the patient’s corresponding follow-up 

time was used as an offset variable in the model to adjust for differences in duration of exposure at the 

time of the event. We used locally estimated scatterplot smoothing (LOESS) regression plots with 

corresponding 95% CIs as well as linear regression to model AAER vs. each biomarker. Data analyses 

were performed using SAS® (SAS Institute Inc., Cary, NC) Version 9.4. 
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Supplementary table S1. Methodology of included studies 

Study/ 

Design Treatment groups Key inclusion criteria Endpoints 

SIROCCO 

(NCT01928771)a 

 

48-week, randomized, 

double-blind, parallel-

group, placebo-

controlled, Phase III 

clinical trial 

Benralizumab 30 mg Q4W 

(n=400) 

Benralizumab 30 mg Q8W (first 

three doses Q4W) (n=398) 

Placebo Q4W (n=407) 

 

Patients continued to receive 

background asthma controller 

medication at a stable dosage 

• Age 12‒75 years; weight ≥40 kg 

• Physician-based diagnosis of asthma 

for ≥1 year 

• ≥2 exacerbations while on medium- 

or high-dosage ICS and LABA in the 

prior year 

• Pre-bronchodilator FEV1 <80% 

predicted (<90% for patients aged  

12‒17 years) 

• Post-bronchodilator reversibility 

≥12% and ≥200 mL in FEV1 

• ACQ-6 score ≥1.5 

Primary endpoint 

• Annual exacerbation rate ratio versus 

placebo 

 

Key secondary endpoints  

• Pre-bronchodilator FEV1 

• Total asthma symptom score 

 

For patients with blood eosinophil counts 

≥300 cells/μL 

CALIMA 

(NCT01914757)b 

 

56-week, randomized, 

double-blind, parallel-

group, placebo-

controlled, Phase III 

clinical trial 

Benralizumab 30 mg Q4W 

(n=425) 

Benralizumab 30 mg Q8W (first 

three doses Q4W) (n=441) 

Placebo Q4W (n=440) 

 

Patients continued to receive 

background asthma controller 

medication at a stable dosage 

• Age 12‒75 years; weight ≥40 kg 

• Physician-based diagnosis of asthma 

for ≥1 year 

• ≥2 exacerbations while on medium- 

or high-dosage ICS and LABA in the 

prior year 

• Pre-bronchodilator FEV1 <80% 

predicted (<90% for patients aged  

12‒17 years) 

• Post-bronchodilator reversibility 

≥12% and ≥200 mL in FEV1 

• ACQ-6 score ≥1.5 

Primary endpoint 

• Annual exacerbation rate ratio versus 

placebo 

 

Key secondary endpoints 

• Pre-bronchodilator FEV1 

• Total asthma symptom 

Phase IIb 

(NCT01238861)c 

 

1-year, randomized, 

controlled, double-blind, 

Eosinophilic individuals 

Benralizumab 2 mg (n=81) 

Benralizumab 20 mg (n=81) 

Benralizumab 100 mg (n=82) 

Placebo (n=80) 

• Age 18‒75 years 

• Medium- or high-dosage ICS and 

LABA for ≥1 year 

• 2‒6 exacerbations in the prior year 

• Pre-bronchodilator FEV1 ≥40% and 

<90% predicted 

Primary endpoint 

• Annual exacerbation rate in 

eosinophilic individuals at 1 year 
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Study/ 

Design Treatment groups Key inclusion criteria Endpoints 

dose-ranging, Phase IIb 

clinical trial 

Non-eosinophilic individuals 

Benralizumab 200 mg (n=142) 

Placebo (n=143) 

 

Study drugs were administered 

Q4W for first three doses and 

Q8W thereafter 

• ACQ-6 score ≥1.5 on ≥2 occasions 

during screening 

• Post-bronchodilator FEV1 

reversibility of ≥12% and 200 mL, or 

a positive response to a methacholine 

challenge 

Key secondary endpoints* 

• FEV1 

• Mean ACQ-6 score 

• Overall symptom score 

• Mean AQLQ score 

 

*In eosinophilic individuals 

STRATOS 1 

(NCT02161757)d 

 

52-week, randomized, 

double-blind, parallel-

group, placebo-

controlled, Phase III 

clinical trial 

Tralokinumab 300 mg Q2W 

(n=398) 

Tralokinumab 300 mg Q4W 

(n=404) 

Placebo (n=400) 

 

Patients continued to receive 

stable dose of ICS and LABA 

• Age 12‒75 years; weight ≥40 kg 

• Physician-based diagnosis of asthma 

for ≥1 year 

• Medium- or high-dosage ICS and 

LABA for ≥3 months 

• ≥2 exacerbations in the prior year 

• Pre-bronchodilator FEV1 <80% 

predicted (<90% for patients aged  

12‒17 years) 

• ACQ-6 score ≥1.5 

• Post-bronchodilator FEV1 

reversibility of ≥12% and ≥200 mL 

Primary endpoint 

• Annualized asthma exacerbation rate in 

the all-comers population 

 

Key secondary endpoints 

• Pre-bronchodilator FEV1 

• Bi-weekly daily asthma symptom score 

• AQLQ total score 

• ACQ-6 score 

STRATOS II 

(NCT02194699)d 

 

52-week, randomized, 

double-blind, parallel-

group, placebo-

controlled, Phase III 

clinical trial 

Tralokinumab 300 mg Q2W 

(n=427) 

Placebo (n=422) 

 

Patients continued to receive 

stable dose of ICS and LABA 

• Age 12‒75 years; weight ≥40 kg 

• Physician-based diagnosis of asthma 

for ≥1 year 

• Medium- or high-dosage ICS and 

LABA for ≥3 months 

• ≥2 exacerbations in the prior year 

• Pre-bronchodilator FEV1 <80% 

predicted (<90% for patients aged  

12‒17 years) 

• ACQ-6 score ≥1.5 

• Post-bronchodilator FEV1 

reversibility of ≥12% and ≥200 mL 

Primary endpoint 

• Annualized asthma exacerbation rate in 

biomarker-positive population 

 

Key secondary endpoints 

• Pre-bronchodilator FEV1 

• Bi-weekly daily asthma symptom score 

• AQLQ total score 

• ACQ-6 score 
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Study/ 

Design Treatment groups Key inclusion criteria Endpoints 

Phase IIb 

(NCT01402986)e 

 

52-week, randomized, 

double-blind, placebo-

controlled, parallel-

group, Phase IIb clinical 

trial 

Tralokinumab 300 mg Q2W 

(n=150) 

Tralokinumab 300 mg Q2W for 

12 weeks, then Q4W (n=151) 

Placebo (n=151) 

 

Patients received high-dose 

fluticasone and salmeterol and 

continued pre-study controller 

medication(s) 

• Age 18‒75 years 

• History of asthma for ≥1 year 

• High-dosage ICS and LABA for ≥30 

days 

• 2‒6 exacerbations in the prior year 

• ACQ-6 score ≥1.5 or pre-

bronchodilator FEV1 ≥40% and <80% 

predicted on 2 screening visits 

• Post-bronchodilator FEV1 

reversibility of ≥12% and 200 mL, or 

a positive response to a methacholine 

challenge 

Primary endpoint  

• Annual asthma exacerbation rate 

 

Key secondary endpoints  

• Pre-bronchodilator FEV1 

• ACQ-6 score 

• AQLQ standardized version score 

PATHWAY 

(NCT02054130)f 

 

52-week, randomized, 

double-blind, placebo-

controlled, Phase II 

clinical trial 

Tezepelumab 70 mg Q4W 

(n=138) 

Tezepelumab 210 mg Q4W 

(n=137) 

Tezepelumab 280 mg Q2W 

(n=137) 

Placebo (n=138) 

 

Patients continued to receive 

background asthma controller 

medication at a stable dosage 

• Age 18‒75 years 

• Current nonsmoker 

• Medium- or high-dosage ICS and 

LABA for ≥6 months 

• ≥2 exacerbations or ≥1 severe 

exacerbation resulting in 

hospitalization in the prior year 

• Pre-bronchodilator FEV1 ≥40% and 

<80% predicted 

• ACQ-6 score ≥1.5 on ≥2 occasions 

during screening 

• Post-bronchodilator FEV1 

reversibility of ≥12% and 200 mL 

Primary endpoint  

• Annualized asthma exacerbation rate 

 

Key secondary endpoints  

• Pre-bronchodilator FEV1 

• Post-bronchodilator FEV1 

• ACQ-6 score 

• AQLQ score 

• Asthma symptom score 

• Forced vital capacity 

ACQ-6: Asthma Control Questionnaire 6; AQLQ: Asthma Quality of Life Questionnaire; FEV1: forced expiratory volume in 1 second; ICS: inhaled corticosteroid; LABA: long-acting 

beta agonist; Q2W: every 2 weeks; Q4W: every 4 weeks; Q8W: every 8 weeks. 
aBleecker ER, et al. Lancet 2016; 388: 2115‒2127.  
bFitzGerald JM, et al. Lancet 2016; 388: 2128‒2141. 
cCastro M, et al. Lancet Respir Med 2014; 2: 879‒890. 
dPanettieri RA Jr, et al. Lancet Respir Med 2018; 6: 511‒525. 
eBrightling CE, et al. Lancet Respir Med 2015; 3: 692‒701. 
fCorren J, et al. N Engl J Med 2017; 377: 936‒946. 
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Supplementary table S2. Demographics and baseline clinical characteristics for individual studies 

Parameter 

SIROCCOa 

(N=1152) 

CALIMAb 

(N=1096) 

Phase IIbc 

(N=570) 

STRATOS 1d 

(N=1144) 

STRATOS 2d 

(N=803) 

Phase IIbe 

(N=412) 

PATHWAYf 

(N=524) 

Age, years, mean (SD) 48.8 (14.3) 48.9 (14.2) 48.8 (12.2) 50.6 (14.1) 48.0 (15.4) 50.4 (12.3) 51.7 (12.2) 

Female, n (%) 762 (66) 686 (63) 391 (69) 757 (66) 544 (68) 271 (66) 345 (66) 

BMI, kg/m2, mean (SD) 28.7 (6.7) 28.8 (6.7) 29.0 (5.8) 28.7 (6.3) 28.3 (6.8) 27.4 (4.9) 28.2 (5.2) 

Race 

White 

Black or African American 

Asian 

Other 

 

831 (72) 

41 (4) 

152 (13) 

128 (11) 

 

901 (82) 

37 (3) 

156 (14) 

    2 (<1) 

 

403 (71) 

22 (4) 

  4 (1) 

141 (25) 

 

829 (73) 

49 (4) 

153 (13) 

113 (10) 

 

541 (67) 

49 (6) 

166 (21) 

47 (6) 

 

224 (54) 

11 (3) 

149 (36) 

28 (7) 

 

478 (91) 

19 (4) 

19 (4) 

  8 (2) 

Smoking history, n (%) 

Current 

Former 

Never 

 

  6 (1) 

221 (19) 

925 (80) 

 

  5 (1) 

221 (20) 

870 (79) 

 

0 

  98 (17) 

472 (83) 

 

0 

214 (19) 

930 (81) 

 

0 

119 (15) 

682 (85) 

 

0 

115 (28) 

297 (72) 

 

0 

  97 (19) 

427 (82) 

Background ICS, n (%) 

Medium dosage 

High dosage 

 

457 (40) 

695 (60) 

 

507 (46) 

589 (54) 

 

297 (52) 

273 (48) 

 

574 (50) 

565 (49) 

 

364 (45) 

418 (52) 

 

0 

412 (100) 

 

271 (52) 

253 (48) 

Maintenance OCS use, n (%) 190 (17) 90 (8) 28 (5) 1 (<1) 0 66 (16) 45 (9) 

Number of exacerbations in 

previous 12 months, mean 

(SD) 

2.9 (1.7) 2.7 (1.6) 2.3 (0.6) 2.3 (0.7) 2.4 (1.0) 2.6 (1.0) 2.4 (1.3) 

ACQ-6 score, mean (SD) 2.8 (0.9) 2.7 (0.9) 2.6 (0.9) 2.6 (0.9) 2.5 (0.9) 2.6 (1.0) 2.7 (0.8) 

Nasal polyposis, n (%) 231 (20) 154 (14) 85 (15) 100 (9)   85 (11)   50 (12) 41 (8) 

Atopic status per Phadiatop/FEIA 

IgE test, n (%) 

673 (60) 714 (66) 270 (57) 655 (59) 485 (63) 270 (67) 280 (55) 

Pre-bronchodilator FEV1, % 

predicted normal, mean (SD) 

56.7 (14.6) 58.4 (14.9) 66.3 (15.0) 60.7 (13.3) 61.0 (14.1) 68.6 (18.1) 59.5 (12.9) 

Reversibility, %, mean (SD) 25.7 (23.4) 27.7 (41.8) 15.6 (16.7) 22.7 (20.5) 24.4 (21.1) 11.3 (15.3) 22.6 (19.7) 

Blood eosinophil count, cells/µL, 

median (range) 

330 

(0-3170) 

350 

(0-4150) 

220 

(0-4000) 

200 

(10-7510) 

210 

(0-3000) 

220 

(0-5330) 

290 

(0-3990) 

FeNO, ppb, median (range) NA NA 22.5 

(0.0-226.7) 

20.6 

(0.0-246.0) 

22.5 

(1.9-262.8) 

NA 22.0 

(2.0-312.5) 

Total serum IgE, kU/L, median 

(range) 

177.3 

(2.0-17317.0) 

196.2 

(2.0-46983.8) 

183.5 

(1.0-11771.0) 

150.3 

(0.3-8422.5) 

168.1 

(0.4-24749.4) 

198.0 

(1.0-5000.0) 

133.8 

(2.0-11859.6) 
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ACQ-6: Asthma Control Questionnaire 6; BMI: body mass index; FEIA: fluorescence enzyme immunoassay; FeNO: fractional exhaled nitric oxide; FEV1: forced expiratory volume in 1 

second; IgE: immunoglobulin E; NA: not available; SD: standard deviation. 

aBleecker ER, et al. Lancet 2016; 388: 2115‒2127.  
bFitzGerald JM, et al. Lancet 2016; 388: 2128‒2141. 
cCastro M, et al. Lancet Respir Med 2014; 2: 879‒890. 
dPanettieri RA Jr, et al. Lancet Respir Med 2018; 6: 511‒525. 
eBrightling CE, et al. Lancet Respir Med 2015; 3: 692‒701. 
fCorren J, et al. N Engl J Med 2017; 377: 936‒946. 
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Supplementary table S3. Pearson correlation coefficients between baseline variables (all patients) 

Variable Age BMI 

Blood 

eosinophil 

count FeNO 

Total 

serum IgE 

Pre-

bronchodilator 

FEV1 

Age (years)   1.0000   0.1288 –0.0585 –0.1352 –0.1060 –0.4513 

BMI (kg/m2)   0.1288   1.0000 –0.0811 –0.1192 –0.0656 –0.0761 

Blood eosinophil count (cells/μL) –0.0585 –0.0811   1.0000   0.2606   0.1135 –0.0380 

FeNO (ppb) –0.1352 –0.1192   0.2606   1.0000   0.0976   0.0955 

Total serum IgE (kU/L) –0.1060 –0.0656   0.1135   0.0976   1.0000   0.0482 

Pre-bronchodilator FEV1 (L) –0.4513 –0.0761 –0.0380   0.0955   0.0482   1.0000 

Pre-bronchodilator FEV1 (% predicted normal) –0.1614 –0.0352 –0.0680   0.0326   0.0186   0.7161 

Pre-bronchodilator FEV1:FVC ratio (%) –0.2331   0.0871 –0.0917 –0.0912 –0.0074   0.4230 

FEV1 reversibility (%) –0.0595 –0.0122 –0.0166   0.0448   0.0056 –0.2270 

Post-bronchodilator FEV1 (L) –0.4984 –0.0865 –0.0369   0.1255   0.0511   0.8885 

ACQ-6 score –0.0312   0.1015   0.0402   0.0286 –0.0120 –0.0852 

AQLQ score –0.0229 –0.0878 –0.0314 –0.0262   0.0066   0.1089 

Time since asthma diagnosis (years)   0.1827   0.1475 –0.0873 –0.0659   0.0359 –0.1692 

Age at asthma diagnosis (years)   0.6044 –0.0099   0.0232 –0.0631 –0.1111 –0.2182 

Number of exacerbations in past 12 months –0.0202   0.0258   0.1359   0.0878   0.0345 –0.0645 

Number of exacerbations resulting in a 

hospitalization or ED visit in the past 12 

months 

–0.0305   0.0659   0.0173   0.0404 –0.0209 –0.0310 

Smoker (nicotine pack-years)   0.1410 –0.0145 –0.0094 –0.0987   0.0039 –0.0483 

ACQ-6: Asthma Control Questionnaire 6; AQLQ: Asthma Quality of Life Questionnaire; BMI: body mass index; ED: emergency department; FeNO: fractional 

exhaled nitric oxide; FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity; IgE: immunoglobulin E. 
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Supplementary table S3. Pearson correlation coefficients between baseline variables (all patients) – continued 

Variable 

Pre-

bronchodilator 

FEV1 

(% predicted) 

Pre-

bronchodilator 

FEV1:FVC ratio 

FEV1 

reversibility 

Post-

bronchodilator 

FEV1 

ACQ-6 

score 

AQLQ 

score 

Age (years) –0.1614 –0.2331 –0.0595 –0.4984 –0.0312 –0.0229 

BMI (kg/m2) –0.0352   0.0871 –0.0122 –0.0865   0.1015 –0.0878 

Blood eosinophil count (cells/μL) –0.0680 –0.0917 –0.0166 –0.0369   0.0402 –0.0314 

FeNO (ppb)   0.0326 –0.0912   0.0448   0.1255   0.0286 –0.0262 

Total serum IgE (kU/L)   0.0186 –0.0074   0.0056   0.0511 –0.0120   0.0066 

Pre-bronchodilator FEV1 (L)   0.7161   0.4230 –0.2270   0.8885 –0.0852   0.1089 

Pre-bronchodilator FEV1 (% predicted 

normal) 

  1.0000   0.5877 –0.3331   0.5456 –0.1433   0.0805 

Pre-bronchodilator FEV1:FVC ratio (%)   0.5877   1.0000 –0.1158   0.3757 –0.0653   0.0426 

FEV1 reversibility (%) –0.3331 –0.1158   1.0000   0.1463   0.0745 –0.0373 

Post-bronchodilator FEV1 (L)   0.5456   0.3757   0.1463   1.0000 –0.0519   0.0984 

ACQ-6 score –0.1433 –0.0653   0.0745 –0.0519   1.0000 –0.7368 

AQLQ score   0.0805   0.0426 –0.0373   0.0984 –0.7368   1.0000 

Time since asthma diagnosis (years) –0.0996 –0.0654 –0.0100 –0.1642   0.0460 –0.0412 

Age at asthma diagnosis (years) –0.0580 –0.1043 –0.0285 –0.2478 –0.0498   0.0213 

Number of exacerbations in past 12 months –0.0804 –0.0871   0.0372 –0.0535   0.0804 –0.0758 

Number of exacerbations resulting in a 

hospitalization or ED visit in the past 

12 months 

–0.0401 –0.0493   0.0254 –0.0207   0.1025 –0.1221 

Smoker (nicotine pack-years) –0.0745 –0.0975 –0.0598 –0.0790 –0.0180   0.0346 

ACQ-6: Asthma Control Questionnaire 6; AQLQ: Asthma Quality of Life Questionnaire; BMI: body mass index; ED: emergency department; FeNO: fractional 

exhaled nitric oxide; FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity; IgE: immunoglobulin E. 
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Supplementary table S3. Pearson correlation coefficients between baseline variables (all patients) – continued 

Variable 

Time since 

asthma 

diagnosis 

Age at asthma 

diagnosis 

Number of 

exacerbations in 

past 12 months 

Number of 

exacerbations 

resulting in a 

hospitalization or ED 

visit in the past 

12 months Smoker 

Age (years)   0.1827   0.6044 –0.0202 –0.0305   0.1410 

BMI (kg/m2)   0.1475 –0.0099   0.0258   0.0659 –0.0145 

Blood eosinophil count (cells/μL) –0.0873   0.0232   0.1359   0.0173 –0.0094 

FeNO (ppb) –0.0659 –0.0631   0.0878   0.0404 –0.0987 

Total serum IgE (kU/L)   0.0359 –0.1111   0.0345 –0.0209   0.0039 

Pre-bronchodilator FEV1 (L) –0.1692 –0.2182 –0.0645 –0.0310 –0.0483 

Pre-bronchodilator FEV1 (% predicted normal) –0.0996 –0.0580 –0.0804 –0.0401 –0.0745 

Pre-bronchodilator FEV1:FVC ratio (%) –0.0654 –0.1043 –0.0871 –0.0493 –0.0975 

FEV1 reversibility (%) –0.0100 –0.0285   0.0372   0.0254 –0.0598 

Post-bronchodilator FEV1 (L) –0.1642 –0.2478 –0.0535 –0.0207 –0.0790 

ACQ-6 score   0.0460 –0.0498   0.0804   0.1025 –0.0180 

AQLQ score –0.0412   0.0213 –0.0758 –0.1221   0.0346 

Time since asthma diagnosis (years)   1.0000 –0.6623 –0.0049 –0.0295 –0.1197 

Age at asthma diagnosis (years) –0.6623   1.0000 –0.0191 –0.0170   0.1642 

Number of exacerbations in past 12 months –0.0049 –0.0191   1.0000   0.3151 –0.0143 

Number of exacerbations resulting in a 

hospitalization or ED visit in the past 

12 months 

–0.0295 –0.0170   0.3151   1.0000 –0.0312 

Smoker (nicotine pack-years) –0.1197   0.1642 –0.0143 –0.0312   1.0000 

ACQ-6: Asthma Control Questionnaire 6; AQLQ: Asthma Quality of Life Questionnaire; BMI: body mass index; ED: emergency department; FeNO: fractional 

exhaled nitric oxide; FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity; IgE: immunoglobulin E. 
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Supplementary table S4. Spearman correlation coefficients between baseline variables (all patients) 

Variable Age BMI 

Blood 

eosinophil 

count FeNO 

Total serum 

IgE 

Pre-

bronchodilat

or FEV1 

Age (years)   1.0000 0.1288 –0.0585 –0.1352 –0.1060 –0.4513 

BMI (kg/m2)   0.1288   1.0000 –0.0811 –0.1192 –0.0656 –0.0761 

Blood eosinophil count (cells/μL) –0.0585 –0.0811   1.0000   0.2606   0.1135 –0.0380 

FeNO (ppb) –0.1352 –0.1192   0.2606   1.0000   0.0976   0.0955 

Total serum IgE (kU/L) –0.1060 –0.0656   0.1135   0.0976   1.0000   0.0482 

Pre-bronchodilator FEV1 (L) –0.4513 –0.0761 –0.0380   0.0955   0.0482   1.0000 

Pre-bronchodilator FEV1 (% predicted normal) –0.1614 –0.0352 –0.0680   0.0326   0.0186   0.7161 

Pre-bronchodilator FEV1:FVC ratio (%) –0.2331   0.0871 –0.0917 –0.0912 –0.0074   0.4230 

FEV1 reversibility (%) –0.0595 –0.0122 –0.0166   0.0448   0.0056 –0.2270 

Post-bronchodilator FEV1 (L) –0.4984 –0.0865 –0.0369   0.1255   0.0511   0.8885 

ACQ-6 score –0.0312   0.1015   0.0402   0.0286 –0.0120 –0.0852 

AQLQ score –0.0229 –0.0878 –0.0314 –0.0262   0.0066   0.1089 

Time since asthma diagnosis (years)   0.1827   0.1475 –0.0873 –0.0659   0.0359 –0.1692 

Age at asthma diagnosis (years)   0.6044 –0.0099   0.0232 –0.0631 –0.1111 –0.2182 

Number of exacerbations in past 12 months –0.0202   0.0258   0.1359   0.0878   0.0345 –0.0645 

Number of exacerbations resulting in a 

hospitalization or ED visit in the past 

12 months 

–0.0305   0.0659   0.0173   0.0404 –0.0209 –0.0310 

Smoker (nicotine pack-years)   0.1410 –0.0145 –0.0094 –0.0987   0.0039 –0.0483 

ACQ-6: Asthma Control Questionnaire 6; AQLQ: Asthma Quality of Life Questionnaire; BMI: body mass index; ED: emergency department; FeNO: fractional 

exhaled nitric oxide; FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity; IgE: immunoglobulin E. 
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Supplementary table S4. Spearman correlation coefficients between baseline variables (all patients) – continued 

Variable 

Pre-

bronchodilator 

FEV1 

(% predicted) 

Pre-

bronchodilator 

FEV1:FVC 

ratio 

FEV1 

reversibility 

Post-

bronchodilator 

FEV1 

ACQ-6 

score 

AQLQ 

score 

Age (years) –0.1614 –0.2331 –0.0595 –0.4984 –0.0312 –0.0229 

BMI (kg/m2) –0.0352   0.0871 –0.0122 –0.0865   0.1015 –0.0878 

Blood eosinophil count (cells/μL) –0.0680 –0.0917 –0.0166 –0.0369   0.0402 –0.0314 

FeNO (ppb)   0.0326 –0.0912   0.0448   0.1255   0.0286 –0.0262 

Total serum IgE (kU/L)   0.0186 –0.0074   0.0056   0.0511 –0.0120   0.0066 

Pre-bronchodilator FEV1 (L)   0.7161   0.4230 –0.2270   0.8885 –0.0852   0.1089 

Pre-bronchodilator FEV1 (% predicted 

normal) 

  1.0000   0.5877 –0.3331   0.5456 –0.1433   0.0805 

Pre-bronchodilator FEV1:FVC ratio (%)   0.5877   1.0000 –0.1158   0.3757 –0.0653   0.0426 

FEV1 reversibility (%) –0.3331 –0.1158   1.0000   0.1463   0.0745 –0.0373 

Post-bronchodilator FEV1 (L)   0.5456   0.3757   0.1463   1.0000 –0.0519   0.0984 

ACQ-6 score –0.1433 –0.0653   0.0745 –0.0519   1.0000 –0.7368 

AQLQ score   0.0805   0.0426 –0.0373   0.0984 –0.7368   1.0000 

Time since asthma diagnosis (years) –0.0996 –0.0654 –0.0100 –0.1642   0.0460 –0.0412 

Age at asthma diagnosis (years) –0.0580 –0.1043 –0.0285 –0.2478 –0.0498   0.0213 

Number of exacerbations in past 12 months –0.0804 –0.0871   0.0372 –0.0535   0.0804 –0.0758 

Number of exacerbations resulting in a 

hospitalization or ED visit in the past 

12 months 

–0.0401 –0.0493   0.0254 –0.0207   0.1025 –0.1221 

Smoker (nicotine pack-years) –0.0745 –0.0975 –0.0598 –0.0790 –0.0180   0.0346 

ACQ-6: Asthma Control Questionnaire 6; AQLQ: Asthma Quality of Life Questionnaire; BMI: body mass index; ED: emergency department; FeNO: fractional 

exhaled nitric oxide; FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity; IgE: immunoglobulin E. 
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Supplementary table S4. Spearman correlation coefficients between baseline variables (all patients) – continued 

Variable 

Time since 

asthma 

diagnosis 

Age at asthma 

diagnosis 

Number of 

exacerbations in 

past 12 months 

Number of exacerbations 

resulting in a 

hospitalization or ED visit 

in the past 12 months Smoker 

Age (years)   0.1827   0.6044 –0.0202 –0.0305   0.1410 

BMI (kg/m2)   0.1475 –0.0099   0.0258   0.0659 –0.0145 

Blood eosinophil count (cells/μL) –0.0873   0.0232   0.1359   0.0173 –0.0094 

FeNO (ppb) –0.0659 –0.0631   0.0878   0.0404 –0.0987 

Total serum IgE (kU/L)   0.0359 –0.1111   0.0345 –0.0209   0.0039 

Pre-bronchodilator FEV1 (L) –0.1692 –0.2182 –0.0645 –0.0310 –0.0483 

Pre-bronchodilator FEV1  

(% predicted normal) 

–0.0996 –0.0580 –0.0804 –0.0401 –0.0745 

Pre-bronchodilator FEV1:FVC ratio (%) –0.0654 –0.1043 –0.0871 –0.0493 –0.0975 

FEV1 reversibility (%) –0.0100 –0.0285   0.0372   0.0254 –0.0598 

Post-bronchodilator FEV1 (L) –0.1642 –0.2478 –0.0535 –0.0207 –0.0790 

ACQ-6 score   0.0460 –0.0498   0.0804   0.1025 –0.0180 

AQLQ score –0.0412   0.0213 –0.0758 –0.1221   0.0346 

Time since asthma diagnosis (years)   1.0000 –0.6623 –0.0049 –0.0295 –0.1197 

Age at asthma diagnosis (years) –0.6623   1.0000 –0.0191 –0.0170   0.1642 

Number of exacerbations in past 12 months –0.0049 –0.0191   1.0000   0.3151 –0.0143 

Number of exacerbations resulting in a 

hospitalization or ED visit in the past 

12 months 

–0.0295 –0.0170   0.3151   1.0000 –0.0312 

Smoker (nicotine pack-years) –0.1197   0.1642 –0.0143 –0.0312   1.0000 

ACQ-6: Asthma Control Questionnaire 6; AQLQ: Asthma Quality of Life Questionnaire; BMI: body mass index; ED: emergency department; FeNO: fractional 

exhaled nitric oxide; FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity; IgE: immunoglobulin E. 
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Supplementary table S5. Demographics and baseline clinical characteristics by exacerbation risk factor (all patients) 

Parameter 

Baseline eosinophil count, 

cells/μL  

Exacerbations in  

past 12 months  Background ICS dosage  Maintenance OCS 

≥300  

(n=2464) 

<300  

(n=3157)  

≥3 

(n=1642) 

≤2 

(n=4059)  

High 

(n=3205) 

Medium 

(n=2470)  

Yes 

(n=420) 

No 

(n=5281) 

Age, years, mean 

(SD) 

48.2 (14.2) 50.4 (13.7)  49.2 (13.5) 49.6 (14.1)  49.8 (13.5) 49.1 (14.4)  51.8 (11.0) 49.3 (14.1) 

Female, n (%) 1602 (65) 2103 (67)  1097 (67) 2659 (66)  2095 (65) 1645 (67)  26.7 (64) 3489 (66) 

Former smoker, n 

(%)  

455 (18) 608 (19)  383 (23) 702 (17)  662 (21) 419 (17)  121 (29) 964 (18) 

BMI, kg/m2, mean 

(SD) 

28.2 (6.3) 28.8 (6.4)  29.0 (6.6) 28.4 (6.2)  28.7 (6.3) 28.4 (6.3)  28.7 (6.7) 28.6 (6.3) 

≥3 exacerbations in 

past 12 months, 

n (%) 

821 (33) 797 (25)  1642 (100) 0  1034 (32) 601 (24)  228 (54) 1414 (27) 

≥1 exacerbation 

resulting in 

hospitalization 

or ED visit in 

past 12 months, 

n (%) 

845 (35) 1003 (32)  725 (45) 1152 (29)  1047 (33) 823 (34)  158 (38) 1719 (33) 

Age at asthma 

diagnosis, years, 

mean (SD) 

30.0 (18.5) 29.8 (18.9)  28.9 (18.3) 30.3 (18.8)  30.2 (18.4) 29.7 (19.0)  31.0 (16.6) 29.8 (18.9) 

Asthma diagnosed as 

an adult, n (%) 

1732 (70) 2167 (69)  1127 (69) 2835 (70)  2257 (70) 1692 (69)  327 (78) 3635 (69) 

Pre-bronchodilator 

FEV1,  

% predicted 

normal, mean 

(SD) 

59.7 (14.9) 61.1 (14.8)  58.9 (15.5) 61.1 (14.6)  60.5 (15.4) 60.5 (14.2)  55.5 (14.6) 60.9 (14.8) 

Reversibility, %, 

mean (SD) 

23.3 (21.5) 22.8 (29.7)  23.4 (29.5) 22.7 (24.9)  23.1 (29.5) 22.7 (21.5)  21.7 (21.7) 23.0 (26.6) 

Blood eosinophil 

count, cells/μL, 

median (range)a 

480 

(300‒7510) 

160 

(0‒290) 

 300 

(0‒5880) 

240 

(0‒7510) 

 270 

(0‒5330) 

250 

(0‒7510) 

 330 

(0‒2820) 

260 

(0‒7510) 
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FeNO, ppb, median 

(range)b 

31.0 

(0‒312.5) 

18.3 

(0‒262.8) 

 24.0 

(3.1‒169.3) 

21.0 

(0‒312.5) 

 22.7 

(0‒312.5) 

20.5 

(0‒262.8) 

 28.7 

(4.7‒276.3) 

21.4 

(0‒312.5) 

Total serum IgE, 

kU/L, median 

(range)c 

236.0 

(0.3‒46983.8) 

125.7 

(0.5‒11859.6) 

 173.7 

(0.3‒24749.4) 

169.3 

(0.4‒46983.8) 

 172.2 

(0.3‒24749.4) 

167.2 

(0.5‒46983.8) 

 119.2 

(1.0‒ 

9632.4) 

175.6 

(0.3‒

46983.8) 

ACQ-6 score, mean 

(SD) 

2.7 (0.9) 2.6 (0.9)  2.7 (1.0) 2.6 (0.9)  2.7 (0.9) 2.6 (0.9)  2.9 (1.0) 2.6 (0.9) 

Diagnosis of AR, n 

(%)d 

523 (44) 752 (34)  366 (44) 931 (36)  726 (38) 557 (37)  34 (24) 1263 (38) 

Nasal polyposis, n 

(%) 

495 (20) 232 (7)  301 (18) 445 (11)  458 (14) 288 (12)  131 (31) 615 (12) 

Atopic status per 

Phadiatop/FEIA, 

n (%)e 

1509 (63) 1804 (60)  975 (61) 2372 (61)  1877 (61) 1454 (62)  205 (50) 3142 (62) 

Background high-

dosage ICS use, 

n (%) 

1430 (58) 1727 (55)  1034 (63) 2171 (54)  3205 (100) 0  310 (74) 2895 (55) 

Maintenance OCS 

use, n (%) 

224 (9) 191 (6)  228 (14) 192 (5)  310 (10) 110 (4)  420 (100) 0 

History of 

omalizumab 

treatment, n (%)f 

74 (4) 55 (2)  83 (7) 47 (2)  81 (4) 49 (3)  57 (20) 73 (2) 

ACQ-6: Asthma Control Questionnaire 6; BMI: body mass index; ED: emergency department; FEIA: fluorescence enzyme immunoassay; FeNO: fractional exhaled nitric 

oxide; FEV1: forced expiratory volume in 1 second; ICS: inhaled corticosteroid; IgE: immunoglobulin E; OCS: oral corticosteroid; SD, standard deviation. 
a-fData were available for 5621, 3014, 5528, 3453, 5482, and 4188 patients, respectively, overall, and for 1993, 1111, 1957, 1255, 1926, and 1536 patients, respectively, in 

the placebo group. 
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Supplementary figure S1. Baseline distribution of (A) blood eosinophil counts, (B) fractional 

exhaled nitric oxide (FeNO) concentration, and (C) serum immunoglobulin E (IgE) 

concentration. Data were derived from four studies: benralizumab (Phase IIb), tralokinumab 

(STRATOS 1 and 2), and tezepelumab (PATHWAY). Data exclude values exceeding the 

following thresholds: eosinophil counts >2,000 cells/μL, FeNO >200 ppb, and IgE >2,000 kU/L.  
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Supplementary figure S2. Annualized asthma exacerbation rates (AAERs) for baseline 

eosinophil count and fractional exhaled nitric oxide (FeNO) concentration subgroups, sensitivity 

analysis. Data are AAERs (number of patients who experienced an exacerbation/number of 

patients per subgroup, percentage of patients with an exacerbation) in the pooled placebo group. 

Data are derived from four studies in which FeNO concentration was measured: benralizumab 

(Phase IIb), tralokinumab (STRATOS 1 and 2), and tezepelumab (PATHWAY). 
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Supplementary figure S3. Biomarkers as joint predictors of annualized asthma exacerbation rates in the placebo group. Data were 

derived from four studies: benralizumab (Phase IIb), tralokinumab (STRATOS 1 and 2), and tezepelumab (PATHWAY). EOS: 

eosinophils; FeNO: fractional exhaled nitric oxide; IgE: immunoglobulin E.  

 


