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ABSTRACT (249/250 words) 44 

BACKGROUND: Although asthma is typically characterized by bronchodilator responsiveness (BDR), 45 

fixed airflow obstruction (FAO) occurs in ~50% of patients with severe asthma. 46 

OBJECTIVE: Do FAO/BDR associate with efficacy of omalizumab, a monoclonal antibody that targets 47 

IgE? 48 

METHODS: In EXTRA, patients aged 12-75 years with inadequately controlled severe allergic asthma 49 

despite high-dose inhaled corticosteroids plus long-acting β2-agonists were randomized to 50 

omalizumab (n = 427) or placebo (n = 423) for 48 weeks of treatment. In this post hoc analysis, 51 

high/low BDR were defined as ≥12%/<12% increases in baseline FEV1 following bronchodilator 52 

administration, respectively. FAO presence (+)/absence (-) were defined as baseline 53 

postbronchodilator FEV1/forced vital capacity <70%/≥70%, respectively. Poisson regression/analysis 54 

of covariance models were used to estimate exacerbation relative rate reductions (RRR)/least 55 

squares mean changes in FEV1, respectively. 56 

RESULTS: In patients with high BDR, omalizumab reduced exacerbations more than placebo over the 57 

48-week treatment period regardless of FAO status (RRR [95% CI]: FAO+, 59.8% [17.7-80.4%]; FAO-, 58 

44.3% [16.6-62.8%]). Omalizumab improved FEV1 compared with placebo in the FAO-, high BDR 59 

subgroup (FEV1 change from baseline [95% CI] for omalizumab vs placebo, 0.065 L [–0.071 to 0.201 60 

L] to 0.236 L [0.112-0.359 L]) across 48 weeks. This was not observed in patients with low BDR, 61 

irrespective of FAO. 62 

CONCLUSION: Omalizumab was more efficacious than placebo at reducing exacerbations in patients 63 

with high, but not low, BDR, regardless of presence of FAO. Lung function improvement primarily 64 

occurred in FAO-, high BDR patients, suggesting that asthma with low BDR may represent a difficult-65 

to-treat phenotype. 66 

CLINICAL TRIAL REGISTRATION: ClinicalTrials.gov registration number NCT00314574 67 

(https://clinicaltrials.gov/ct2/show/NCT00314574)  68 
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Highlights (max. 35 words) 70 

What is already known about the topic? Fixed airflow obstruction in patients with 

asthma has been associated with reduced 

responsiveness to asthma medications.  

What does this article add to our knowledge? Omalizumab reduced exacerbations in patients 

with high bronchodilator reversibility and fixed 

airflow obstruction and improved lung function 

in patients without fixed airflow obstruction 

and high bronchodilator reversibility.  

How does this study impact current 

management guidelines? 

Identifying patient characteristics associated 

with improved outcomes with omalizumab may 

help to define patient populations that are 

more likely to derive benefit from omalizumab.  

 71 

Key words: Asthma; Omalizumab; Airway obstruction 72 
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Abbreviations used 74 

+: Presence  75 

-: Absence 76 

BDR: Bronchodilator responsiveness 77 

FAO: Fixed airflow obstruction 78 

ICS: Inhaled corticosteroids 79 

LABA: Long-acting β2-agonist 80 

OCS: Oral corticosteroids 81 

RRR: Relative rate reduction  82 
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INTRODUCTION 83 

 Asthma is a chronic disease in which inflammation and bronchospasm of the respiratory 84 

tract lead to episodic airflow obstruction.1 Most patients with asthma demonstrate bronchodilator 85 

responsiveness (BDR) of airflow obstruction following bronchodilator administration, generally 86 

defined and used for clinical trial enrollment as a >12% increase and ≥200-mL increase in FEV1.2 87 

However, a subgroup of patients with asthma have fixed airflow obstruction (FAO).3 FAO is typically 88 

defined as a postbronchodilator FEV1/forced vital capacity <70%, and may be present in 89 

approximately half of patients with severe asthma.3,4  90 

 FAO in asthma develops over many years, resulting from airway inflammation and continued 91 

remodeling that results in thickening of the airway walls and parenchymal lung damage, leading to 92 

loss of elastic recoil.5,6 These changes are associated with significant reductions in the size of the 93 

airway lumen and increased resistance to airflow.5,6 Thickening of the airway walls are at least in 94 

part due to changes to the bronchial smooth muscle cells, including smooth muscle cell hypertrophy 95 

and hyperplasia, and increased deposition of extracellular matrix.7-9 Early life factors, including in 96 

utero or postnatal viral infection, and exposure to air pollution or tobacco smoking, are also believed 97 

to be important contributors to these airway structural changes.10 Additional risk factors associated 98 

with FAO include increased age, African American race, male sex, smoking, long duration of asthma, 99 

high fraction of exhaled nitric oxide (FeNO), elevated levels of IgE, and ongoing eosinophilic 100 

inflammation.11-13 The presence of FAO (FAO+) in patients with asthma is associated with increased 101 

exacerbation frequency, decreased lung function, and greater mortality compared with those 102 

without FAO (FAO-).14,15 103 

 FAO is difficult to treat with current treatments.3 No prospective studies have investigated 104 

the differential effect of biologics in FAO+ patients with asthma compared with FAO- patients. 105 

Because FAO is associated with elevated IgE levels,16 we examined whether blocking IgE in FAO+ 106 

patients with asthma would be beneficial.  107 
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 Omalizumab is a recombinant humanized monoclonal antibody that selectively binds to free 108 

IgE and subsequently inhibits IgE-dependent cellular events.17 In patients with moderate-to-severe 109 

asthma, omalizumab improves asthma symptoms and consistently and significantly reduces the 110 

frequency of exacerbations.18-22 Additionally, multiple studies have demonstrated modest 111 

improvements in lung function with omalizumab.20,21,23  112 

 In this post hoc analysis of data from the EXTRA study,18 we examined the efficacy of 113 

omalizumab in terms of exacerbation reduction and lung function in patients with severe, 114 

uncontrolled asthma by FAO status. Patients were further analyzed using subgroups of BDR.  115 
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METHODS 116 

Study design and patient population 117 

 Full details of the study design and patient population for EXTRA (NCT00314574) have been 118 

described previously.18 Briefly, patients were included if they were aged 12-75 years and had a 119 

history of severe, persistent allergic asthma for >1 year before screening. Patients were also 120 

required to have baseline prebronchodilator FEV1 of 40-80% of predicted values, serum IgE level of 121 

30-700 IU/mL, and body weight of 30-150 kg. BDR was not an inclusion criterion for EXTRA, allowing 122 

for enrollment of patients with high and low BDR. After a 2- to 4-week run-in period, eligible patients 123 

were randomized in a 1:1 ratio to receive omalizumab or placebo (in addition to high-dose inhaled 124 

corticosteroids [ICS] and long-acting β2-agonists [LABAs], with or without additional controller 125 

medications) for 48 weeks. To account for baseline asthma controller medication, the randomization 126 

included a single concomitant asthma medication stratification factor with 3 strata: M1 (ICS plus 127 

LABAs alone), M2 (ICS plus LABAs plus ≥1 additional asthma controller medication, but excluding oral 128 

corticosteroids [OCS]), and M3 (ICS plus LABAs plus OCS). Omalizumab dose and dosing regimen 129 

were determined based on serum total IgE level (IU/mL) and body weight (kg) at screening, 130 

according to the US omalizumab dosing table (ensuring a minimum dose of 0.008 mg/kg/IgE [IU/mL] 131 

every 2 weeks or 0.016 mg/kg/IgE [IU/mL] every 4 weeks). No modifications to the doses of 132 

omalizumab or concomitant asthma medications were allowed during the study.4 133 

 EXTRA was conducted according to US Food and Drug Administration regulations, 134 

International Conference on Harmonisation E6 Guidelines for Good Clinical Practice, the Declaration 135 

of Helsinki, and other national requirements. Institutional review board approval was obtained by all 136 

sites and all patients provided signed informed consent to receive treatment and for their medical 137 

data to be used in a study. 138 

 139 
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Assessments 140 

 In this post hoc analysis, the efficacy of omalizumab was evaluated in FAO+ and FAO- 141 

patients and in those who did or did not show reversibility after bronchodilator administration. FAO+ 142 

and FAO- were defined as baseline postbronchodilator FEV1/forced vital capacity <70% and ≥70%, 143 

respectively. High and low BDR were defined as changes of ≥12% and <12% in baseline FEV1 144 

following albuterol administration, respectively. 145 

 The endpoints evaluated in this analysis were the rate of exacerbations and change from 146 

baseline in prebronchodilator FEV1 over the 48-week study period. Protocol-defined asthma 147 

exacerbations were defined as worsening asthma symptoms requiring treatment with systemic 148 

corticosteroids for ≥3 days, or for patients receiving long-term OCS, an ≥20-mg increase in the 149 

average daily dose of oral prednisone (or a comparable dose of another systemic corticosteroid). 150 

Prebronchodilator FEV1 was measured every 4 weeks from weeks 0-48.  151 

 152 

Statistical analyses 153 

 Adjusted relative rate reductions (RRR) in exacerbations for omalizumab versus placebo, and 154 

95% CIs, were examined using Poisson regression analysis for all patients and by FAO status (+/-) and 155 

BDR (high/low). The model included the following covariates: treatment (omalizumab, placebo), 156 

dosing schedule (every 2 weeks, every 4 weeks), concomitant medication (M1, M2, and M3 groups), 157 

and number of exacerbations in the past year. Data were normalized by patient-time on study at 158 

risk. 159 

 Analysis of covariance models were used to calculate the least squares mean treatment 160 

differences (omalizumab vs placebo) and 95% CIs for absolute FEV1 change from baseline at each 161 

postbaseline study week. The analysis of covariance models included baseline FEV1, treatment 162 

(omalizumab, placebo), and their interaction as covariates.  163 
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RESULTS 164 

 Of the 848 modified intention-to-treat patients in the EXTRA study, 813 patients were 165 

included in this subgroup analysis. Thirty-five patients were excluded from this subgroup-specific 166 

analysis due to missing baseline FAO and/or BDR data. Baseline demographic and clinical 167 

characteristics of patients by FAO and BDR status are presented in Table I. Notably, 279/813 (34%) 168 

patients met the criteria for FAO+ and 513/813 (63%) had low BDR. The FAO+ subgroup had more 169 

male patients, and on average, FAO+ patients were older, had a longer history of asthma, and worse 170 

prebronchodilator FEV1 compared with FAO- patients. History of exacerbations, blood eosinophil 171 

counts, and total IgE levels were similar between subgroups. 172 

 173 

Asthma exacerbation rate 174 

 In the overall sample, exacerbation RRR (95% CI) for omalizumab versus placebo was 24.8% 175 

(7.9-38.6%; Figure 1). For both the FAO+ and FAO- subgroups, exacerbation RRRs were greater in 176 

those with high BDR (59.8% [17.7-80.4%] and 44.3% [16.6-62.8%], respectively) than in those with 177 

low BDR (6.0% [–46.8% to 39.8%] and 17.4% [–13.3% to 39.8%], respectively).  178 

 179 

Lung function change 180 

 In the overall sample, omalizumab showed benefit over placebo in lung function (FEV1) 181 

improvements as early as week 4, which was maintained across the entire 48 weeks of treatment 182 

(Figure 2A). Distinct benefits in lung function improvement with omalizumab compared with placebo 183 

were only observed in the FAO- subgroup with high BDR. In this subgroup, least squares mean 184 

difference (95% CI) in FEV1 change from baseline for omalizumab versus placebo ranged from 0.065 185 

L (–0.071 to 0.201 L) to 0.236 L (0.112-0.359 L) across 48 weeks (Figure 2E). No lung function 186 

improvement was observed in patients who were FAO- with low BDR (Figure 2D) or for FAO+ 187 

patients, irrespective of BDR status (Figure 2B-C). Placebo patients with low BDR showed no change 188 

from baseline in either the FAO+ or FAO- groups, whereas there was an improvement in lung 189 
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function in placebo-treated patients that was similar to patients treated with omalizumab in FAO+ 190 

patients with high BDR.   191 
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DISCUSSION 192 

 In this post hoc analysis of data from the EXTRA study, omalizumab was associated with 193 

lower exacerbation rates and larger improvements in FEV1 throughout the study when compared 194 

with placebo. Improvements in lung function were observed as early as week 4. Examination of 195 

omalizumab effectiveness in FAO+ and FAO- patients with high or low BDR demonstrated that 196 

omalizumab was more efficacious than placebo in reducing exacerbations in patients with high BDR, 197 

irrespective of FAO status, but was no more efficacious than placebo in patients with low BDR. Lung 198 

function improvement was primarily seen in FAO- patients with high BDR. Neither omalizumab-199 

treated nor placebo-treated patients with low BDR, regardless of FAO status, showed improvement 200 

in FEV1. 201 

 In this analysis of EXTRA data, we examined response to omalizumab by FAO status. 202 

Interestingly, improvements in exacerbations occurred in patients with high BDR irrespective of FAO 203 

status, whereas lung function improvements over placebo were only observed in the FAO- subgroup 204 

with high BDR. This disparity in response for exacerbation reduction and lung function 205 

improvements can possibly be explained by the underlying mechanisms. For instance, acute 206 

exacerbations are thought to be related to an acute inflammatory response owing to the increase in 207 

inflammatory markers preceding the exacerbation24 and reductions in exacerbations following 208 

reductions in inflammatory cells.25 However, previous studies by Tonga et al suggest that FAO may 209 

relate to structural changes in the lung.6 Additionally, the numbers in some of the groups were small 210 

and may have influenced the ability to observe a difference between omalizumab and placebo.  211 

 The current analysis was unique in being able to assess the effectiveness of omalizumab in 212 

patients with asthma based on BDR subgroups because most placebo-controlled trials for 213 

omalizumab have only included patients who demonstrate high BDR (typically ≥12%).20-22 In this 214 

analysis, lung function improvement with omalizumab compared with placebo was only 215 

demonstrated in FAO- patients with high BDR. These findings concur with previous studies 216 

demonstrating larger improvements following ICS initiation in patients with asthma26 with a 217 
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reversible phenotype. Larger lung function improvements are thought to be due to patients with 218 

high BDR having lower baseline lung function, which allows for greater improvements in FEV1 with 219 

treatment. In this study, patients with high BDR had lower mean baseline percent predicted FEV1 220 

than their respective low BDR subgroups, supporting this observation. However, it should be noted 221 

that BDR and response to treatment remains a controversial topic, with limited available data in 222 

patients with asthma. It should also be noted that the improvements in FEV1 with omalizumab 223 

compared with placebo in the FAO- patients with high BDR were small (0.065 to 0.236 L) and may 224 

not be clinically important, if a minimal clinically important difference of 0.23 L is used.27 225 

 Another interesting observation in this analysis was that placebo-treated patients with high 226 

BDR demonstrated large improvements from baseline in FEV1 (0.2-0.3 L) over the course of the 227 

study. The improvements were similar to those achieved by omalizumab-treated FAO+ patients, but 228 

were substantially lower than those achieved by omalizumab-treated FAO- patients. It is possible 229 

that these improvements reflect improved adherence to and/or an optimized dose of ICS that was 230 

initiated during the run-in period of EXTRA; however, dose optimization was accounted for because 231 

patients were already on high-dose corticosteroids before enrollment.28 Furthermore, the response 232 

was confined to patient populations with high BDR, suggesting that it may be due to inherent 233 

characteristics related to bronchomotor tone. It is also the case that FEV1 was measured before 234 

bronchodilator use; if postbronchodilator FEV1 had been used, this placebo effect may not have 235 

been observed.  236 

 In a recent study of benralizumab in patients with severe asthma by FAO status, larger 237 

placebo-corrected lung function improvements were observed in FAO+ patients (159 mL) than in 238 

FAO- patients (103 mL), suggesting that reducing inflammation may positively affect lung function in 239 

FAO+ patients.29 Although both omalizumab and benralizumab target aspects of the type 2 240 

inflammatory pathway, comparisons between the results of the 2 studies are difficult because 241 

different patient populations were enrolled in each of the studies, leading to substantial differences 242 

in baseline characteristics in treated patients. For example, all of the patients in the benralizumab 243 
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study had high BDR, the association of BDR and benralizumab was not studied, and the population 244 

was enriched for eosinophilic asthma.29 Indeed, baseline median eosinophil counts in the 245 

benralizumab analysis were higher (510 cells/μL for FAO+ patients and 490 cell/μL for FAO- 246 

patients)29 than in the current study (230-370 cells/μL for FAO+ patients and 240-310 cells/μL for 247 

FAO- patients). However, the lower eosinophil counts in this present analysis may not have affected 248 

response to therapy, because the STELLAIR and PROSPERO studies demonstrated that omalizumab 249 

efficacy does not vary with pretreatment blood eosinophil count in patients with allergic asthma.19,30 250 

It would have been interesting to analyze responses in the FAO-/+ and high or low BDR groups by 251 

baseline type 2 biomarkers in this study, but the subgroups would have become too small to draw 252 

meaningful conclusions.  253 

 Although the safety of omalizumab was not analyzed for these subgroups, the overall safety 254 

results from the EXTRA study have been published previously, demonstrating no difference between 255 

omalizumab and placebo in terms of the incidence of adverse events and serious adverse events.18 256 

Furthermore, omalizumab has a good safety and tolerability profile across clinical trials and in 257 

extensive postmarketing surveillance.17  258 

 EXTRA was a large study that did not have inclusion requirements based on BDR, which 259 

enabled the current analysis of the efficacy of omalizumab in both high and low subgroups. This 260 

allowed for novel insights into the efficacy of omalizumab in FAO+ and FAO- patients who had high 261 

or low BDR. A limitation of the current analysis is that it was post hoc and, thus, the analysis was not 262 

prespecified and is considered hypothesis generating. Also applicable to this study was the inherent 263 

limitation that high BDR is not stable over time.31 Likewise, the classification of FAO and high BDR 264 

were based on a single assessment at baseline, and variability over time may occur.32,33 265 

Consequently, because there is considerable heterogeneity reported between lung function tests, 266 

which can also be affected by intrinsic and extrinsic factors, there is potential for misclassification in 267 

these data.34 In addition, subgroups were small, which may have precluded the observation of 268 

meaningful differences. Similarly, it would have been interesting to evaluate the responses in the 269 
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FAO-/+ and high or low BDR groups by concomitant medication status (M1, M2, and M3), however, 270 

due to the small number of patients in each subgroup, it would have been difficult to draw any 271 

meaningful conclusions. 272 

 273 

Interpretation 274 

 In conclusion, omalizumab was more efficacious than placebo at reducing exacerbations in 275 

high BDR subgroups, regardless of the presence of FAO, but was not in low BDR subgroups. Lung 276 

function improvement primarily occurred in FAO- patients with high BDR, which suggests that 277 

asthma with low BDR may represent a more difficult-to-treat phenotype.   278 
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Data sharing statement 279 

 Qualified researchers may request access to individual patient level data through the clinical 280 

study data request platform (https://vivli.org/). Further details on Roche's criteria for eligible studies 281 

are available here (https://vivli.org/members/ourmembers/). For further details on Roche's Global 282 

Policy on the Sharing of Clinical Information and how to request access to related clinical study 283 

documents, see here 284 

(https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/o285 

ur_commitment_to_data_sharing.htm).  286 

Jo
urn

al 
Pre-

pro
of



16 
 

REFERENCES 287 

1. World Medical Association Declaration of Helsinki – ethical principles for medical research 288 

involving human subjects. Available from: https://www.wma.net/policies-post/wma-289 

declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/.; 290 

Accessed November 21, 2019. 291 

2. El Ghoul J, Abouda M, Triki M, Ghourabi A, Charfi R. Determining the optimal time to assess 292 

the reversibility of airway obstruction. Lung India 2019;36:123-30. 293 

3. Tashkin DP, Chipps BE, Trudo F, Zangrilli JG. Fixed airflow obstruction in asthma: a 294 

descriptive study of patient profiles and effect on treatment responses. J Asthma 295 

2014;51:603-9. 296 

4. Lee JH, Haselkorn T, Borish L, Rasouliyan L, Chipps BE, Wenzel SE. Risk factors associated 297 

with persistent airflow limitation in severe or difficult-to-treat asthma: insights from the 298 

TENOR study. Chest 2007;132:1882-9. 299 

5. Pornsuriyasak P, Suwatanapongched T, Thaipisuttikul W, Nitiwarangkul C, Kawamatawong T, 300 

Amornputtisathaporn N, et al. Assessment of proximal and peripheral airway dysfunction by 301 

computed tomography and respiratory impedance in asthma and COPD patients with fixed 302 

airflow obstruction. Ann Thorac Med 2018;13:212-9. 303 

6. Tonga KO, King GG, Farah CS, Thamrin C, Tang FS, Santos J, et al. Steroid insensitive fixed 304 

airflow obstruction is not related to airway inflammation in older non-smokers with asthma. 305 

Respir Res 2018;19:176. 306 

7. James AL, Wenzel S. Clinical relevance of airway remodelling in airway diseases. Eur Respir J 307 

2007;30:134-55. 308 

8. Jones RL, Noble PB, Elliot JG, Mitchell HW, McFawn PK, Hogg JC, et al. Airflow obstruction is 309 

associated with increased smooth muscle extracellular matrix. Eur Respir J 2016;47:1855-7. 310 

Jo
urn

al 
Pre-

pro
of



17 
 

9. Kaminska M, Foley S, Maghni K, Storness-Bliss C, Coxson H, Ghezzo H, et al. Airway 311 

remodeling in subjects with severe asthma with or without chronic persistent airflow 312 

obstruction. J Allergy Clin Immunol 2009;124:45-51.e1-4. 313 

10. Pavord ID, Beasley R, Agusti A, Anderson GP, Bel E, Brusselle G, et al. After asthma: 314 

redefining airways diseases. Lancet 2018;391:350-400. 315 

11. Bennett GH, Carpenter L, Hao W, Song P, Steinberg J, Baptist AP. Risk factors and clinical 316 

outcomes associated with fixed airflow obstruction in older adults with asthma. Ann Allergy 317 

Asthma Immunol 2018;120:164-8 e1. 318 

12. Zhang L, He L, Gong J, Liu C. Risk Factors associated with irreversible airway obstruction in 319 

asthma: a systematic review and meta-analysis. Biomed Res Int 2016;2016:9868704. 320 

13. Konstantellou E, Papaioannou AI, Loukides S, Patentalakis G, Papaporfyriou A, Hillas G, et al. 321 

Persistent airflow obstruction in patients with asthma: characteristics of a distinct clinical 322 

phenotype. Respir Med 2015;109:1404-9. 323 

14. Contoli M, Baraldo S, Marku B, Casolari P, Marwick JA, Turato G, et al. Fixed airflow 324 

obstruction due to asthma or chronic obstructive pulmonary disease: 5-year follow-up. J 325 

Allergy Clin Immunol 2010;125:830-7. 326 

15. Huang S, Vasquez MM, Halonen M, Martinez FD, Guerra S. Asthma, airflow limitation and 327 

mortality risk in the general population. Eur Respir J 2015;45:338-46. 328 

16. Song W-J, Moon S-D, Won H-K, Sohn K-H, S-Y K, Kim J-Y, et al. Risk factors of fixed airway 329 

obstruction in elderly patients with asthma. Eur Respir J 2016;48:PA576. 330 

17. Pelaia C, Calabrese C, Terracciano R, de Blasio F, Vatrella A, Pelaia G. Omalizumab, the first 331 

available antibody for biological treatment of severe asthma: more than a decade of real-life 332 

effectiveness. Ther Adv Respir Dis 2018;12:1753466618810192. 333 

18. Hanania NA, Alpan O, Hamilos DL, Condemi JJ, Reyes-Rivera I, Zhu J, et al. Omalizumab in 334 

severe allergic asthma inadequately controlled with standard therapy: a randomized trial. 335 

Ann Intern Med 2011;154:573-82. 336 

Jo
urn

al 
Pre-

pro
of



18 
 

19. Casale TB, Luskin AT, Busse W, Zeiger RS, Trzaskoma B, Yang M, et al. Omalizumab 337 

effectiveness by biomarker status in patients with asthma: evidence from prospero, a 338 

prospective real-world study. J Allergy Clin Immunol Pract 2019;7:156-64 e1. 339 

20. Busse W, Corren J, Lanier BQ, McAlary M, Fowler-Taylor A, Cioppa GD, et al. Omalizumab, 340 

anti-IgE recombinant humanized monoclonal antibody, for the treatment of severe allergic 341 

asthma. J Allergy Clin Immunol 2001;108:184-90. 342 

21. Solèr M, Matz J, Townley R, Buhl R, O'Brien J, Fox H, et al. The anti-IgE antibody omalizumab 343 

reduces exacerbations and steroid requirement in allergic asthmatics. Eur Respir J 344 

2001;18:254-61. 345 

22. Humbert M, Beasley R, Ayres J, Slavin R, Hébert J, Bousquet J, et al. Benefits of omalizumab 346 

as add-on therapy in patients with severe persistent asthma who are inadequately 347 

controlled despite best available therapy (GINA 2002 step 4 treatment): INNOVATE. Allergy 348 

2005;60:309-16. 349 

23. Busse WW, Humbert M, Haselkorn T, Ortiz B, Trzaskoma BL, Stephenson P, et al. Effect of 350 

omalizumab on lung function and eosinophil levels in adolescents with moderate-to-severe 351 

allergic asthma. Ann Allergy Asthma Immunol 2020;124:190-6. 352 

24. Ghebre MA, Pang PH, Desai D, Hargadon B, Newby C, Woods J, et al. Severe exacerbations in 353 

moderate-to-severe asthmatics are associated with increased pro-inflammatory and type 1 354 

mediators in sputum and serum. BMC Pulm Med 2019;19:144. 355 

25. Mathioudakis AG, Bikov A, Foden P, Lahousse L, Brusselle G, Singh D, et al. Change in blood 356 

eosinophils following treatment with inhaled corticosteroids may predict long-term clinical 357 

response in COPD. Eur Respir J 2020;55:1902119. 358 

26. Wei J, Ma L, Wang J, Xu Q, Chen M, Jiang M, et al. Airway reversibility in asthma and 359 

phenotypes of Th2-biomarkers, lung function and disease control. Allergy Asthma Clin 360 

Immunol 2018;14:89. 361 

Jo
urn

al 
Pre-

pro
of



19 
 

27. Santanello NC, Zhang J, Seidenberg B, Reiss TF, Barber BL. What are minimal important 362 

changes for asthma measures in a clinical trial? Eur Respir J 1999;14:23-7. 363 

28. Hanania NA, Wenzel S, Rosén K, Hsieh H-J, Mosesova S, Choy DF, et al. Exploring the effects 364 

of omalizumab in allergic asthma: an analysis of biomarkers in the EXTRA study. Am J Respir 365 

Crit Care Med 2013;187:804-11. 366 

29. Chipps BE, Hirsch I, Trudo F, Alacqua M, Zangrilli JG. Benralizumab efficacy for patients with 367 

fixed airflow obstruction and severe, uncontrolled eosinophilic asthma. Ann Allergy Asthma 368 

Immunol 2020;124:79-86. 369 

30. Humbert M, Taillé C, Mala L, Le Gros V, Just J, Molimard M; STELLAIR investigators. 370 

Omalizumab effectiveness in patients with severe allergic asthma according to blood 371 

eosinophil count: the STELLAIR study. Eur Respir J 2018;51:1702523. 372 

31. Fortis S, Comellas A, Make BJ, Hersh CP, Bodduluri S, Georgopoulos D, et al. Combined 373 

forced expiratory volume in 1 second and forced vital capacity bronchodilator response, 374 

exacerbations, and mortality in chronic obstructive pulmonary disease. Ann Am Thorac Soc 375 

2019;16:826-35. 376 

32. Wan ES, Fortis S, Regan EA, Hokanson J, Han MK, Casaburi R, et al; COPDGene Investigators. 377 

Longitudinal phenotypes and mortality in preserved ratio impaired spirometry in the 378 

COPDGene study. Am J Respir Crit Care Med 2018;198:1397-405. 379 

33. Sood A, Petersen H, Qualls C, Meek PM, Vazquez-Guillamet R, Celli BR, et al. Spirometric 380 

variability in smokers: transitions in COPD diagnosis in a five-year longitudinal study. Respir 381 

Res 2016;17:147. 382 

34. Tepper RS, Wise RS, Covar R, Irvin CG, Kercsmar CM, Kraft M, et al. Asthma outcomes: 383 

pulmonary physiology. J Allergy Clin Immunol 2012;129:S65-87. 384 

 385 

 386 

  387 

Jo
urn

al 
Pre-

pro
of



20 
 

FIGURE LEGENDS 388 

FIGURE 1. Exacerbation rate (mean/year) in placebo- and omalizumab-treated patients subgrouped 389 

by FAO+ or FAO- and high or low BDR. +, Presence; -, absence; BDR, bronchodilator responsiveness; 390 

FAO, fixed airflow obstruction; RRR, relative rate reduction.  391 

 392 

FIGURE 2. Lung function change (LSM changes in FEV1) in (A) the overall sample, and patients with 393 

(B) FAO+, low BDR, (C) FAO+, high BDR, (D) FAO-, low BDR, and (E) FAO-, high BDR. +, Presence; -, 394 

absence; BDR, bronchodilator responsiveness; FAO, fixed airflow obstruction; LSM, least squares 395 

mean. 396 
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TABLES 397 

TABLE I. Baseline demographic and clinical characteristics of patients in EXTRA by FAO and BDR status 398 

 

FAO+, low BDR FAO+, high BDR FAO-, low BDR FAO-, high BDR 

Characteristic 

Placebo 

(n = 84) 

Omalizumab 

(n = 99) 

Placebo 

(n = 60) 

Omalizumab 

(n = 36) 

Placebo 

(n = 171) 

Omalizumab 

(n = 159) 

Placebo 

(n = 90) 

Omalizumab 

(n = 114) 

Age (y), mean (SD) 49.1 (14.0) 48.5 (13.8) 47.2 (13.0) 49.5 (10.0) 45.1 (13.5) 43.0 (13.4) 40.7 (14.1) 38.8 (15.8) 

Female, n (%) 52 (61.9) 51 (51.5) 39 (65.0) 20 (55.6) 123 (71.9) 104 (65.4) 71 (78.9) 77 (67.5) 

Duration of asthma (y), 

mean (SD) 

27.6 (18.0) 26.0 (16.9) 29.2 (15.4) 28.8 (14.0) 23.9 (15.3) 21.8 (15.7) 21.5 (14.2) 19.6 (13.5) 

Prebronchodilator % 

predicted FEV
1
, mean 

(SD) 

59.4 (11.7) 58.6 (13.3) 50.5 (10.3) 51.7 (13.8) 72.1 (12.0) 73.5 (12.6) 64.5 (10.8) 64.2 (14.7) 

FAO (%), mean (SD) 61.1 (6.3) 61.2 (7.1) 61.5 (6.6) 61.6 (7.9) 79.7 (5.8) 79.5 (6.7) 80.8 (6.8) 82.3 (11.8) 

Bronchodilator response 

in FEV1 (%), mean (SD) 

3.6 (5.5) 3.9 (5.6) 25.4 (16.8) 24.4 (19.0) 3.1 (6.6) 3.2 (5.6) 26.6 (15.4) 28.8 (17.1) 
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No. of exacerbation 

treatments in previous 

year, mean (SD) 

2.1 (1.3) 2.0 (1.5) 1.9 (1.6) 2.2 (1.5) 1.8 (1.4) 2.0 (1.6) 2.0 (1.6) 2.1 (3.5) 

Baseline total IgE 

(IU/mL), median (IQR) 

142.0  

(182.5) 

149.0  

(160.0) 

189.0  

(160.0) 

121.5  

(146.5) 

111.1  

(156.0) 

128.0  

(182.0) 

140.0  

(200.0) 

151.5  

(195.0) 

Baseline total eosinophils 

(cells/μL), median (IQR) 

230  

(310.0) 

300  

(230.0) 

370  

(370.0) 

275  

(310.0) 

240  

(250.0) 

265  

(275.0) 

310  

(300.0) 

245  

(235.0) 

+, Presence; -, absence; BDR, bronchodilator responsiveness; FAO, fixed airflow obstruction. 399 

FAO+ and FAO- were defined as postbronchodilator FEV1/forced vital capacity <70% and ≥70% at baseline, respectively. High and low BDR were defined as 400 

changes of ≥12% and <12% in FEV1 following albuterol administration, respectively. 401 
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