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Abstract:   

Objectives: 

Only one-third of patients with severe asthma (SA) achieve a complete response to 

biologics. This study aims to characterize two types of failure: early (EF), occurring ≤ 12 

months after biologic initiation, and late (LF), occurring at any time during follow-up after 

response has been achieved at 12 months. 

Methods: 

This is a multicentre retrospective study of adults treated with the same biologic for ≥24 

months. Response was defined as no severe exacerbations in the preceding 12 months, 

Asthma Control Test ≥20, and no need for maintenance oral corticosteroids. Failure (EF 

or LF) was defined as non-achievement of any of these objectives.  

Results: 

Two hundred and seventy-two patients were analysed with a mean follow-up of 46.1 ± 

19.4 months. At 12 months, 97/272 were classified as PF, but 40% of them recovered 

response on subsequent visits (by changing inhaled therapy in 74%). Among the 175 

responders at 12 months, 124 (70.8%) maintained response throughout the study 

period, while 51 (29.1%) experienced SF; those patients had lower FEV1 values after 12 

months of biological therapy. SF reverted in 36% of cases, with inhaled therapy changes 

in 41.6%. FEV1 decreased by ≥100 mL in 12 of 16 cases who did not recover response 

after SF. 
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Conclusion: 

Most patients who achieve response at 12 months maintain it over time, but 29% of 

them suffer LF. Optimization of inhaled therapy can aid response recovery from EF or LF. 

Maximizing pulmonary function helps to prevent loss of response.  

Keywords: severe asthma; biologics; early failure; late failure; long-term study; 

treatment response. 
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Introduction:  

Severe asthma (SA) affects up to 3.6% of adults and 2.5% of children with asthma, with 

notable variability between countries [1, 2]. SA poses a significant disease burden, 

including potentially life-threatening exacerbations and reduced quality of life [3]. The 

availability of biologics like omalizumab, mepolizumab, reslizumab, benralizumab, 

dupilumab, and tezepelumab has greatly improved prognosis [4]. Nonetheless, real-life 

studies indicate only about one-third of patients achieve a complete response, however 

defined [4-10]. 

In other fields, such as Rheumatology, treatment failure has been categorized into 

primary and secondary failure, with primary failure indicating lack of clinical response 

during the initial treatment period and secondary failure indicating loss of effectiveness 

over time [11, 12]. Primary failure may arise from targeting the wrong therapeutic 

pathway, while secondary failure is often driven by anti-drug antibodies [13]. Anti-drug 

antibodies have been shown to negatively impact biologic response in rheumatoid 

arthritis, with responders having higher drug concentrations than non-responders [14]. 

No distinction between these temporary types of failure has yet been made in SA 

patients on biologics, though both commonly arise in clinical practice. By convention, 

and in order to cover all seasons (seasonality may influence the occurrence of 

exacerbations), a 12-month period has been established to assess the response to a 

biologic. Therefore, it seems appropriate to classify failure as early (≤ 12 months) or late 

(> 12 months). While early failure (EF), or nonresponse, is well-defined, criteria for late 

failure (LF) remain unclear, complicating decisions on dose adjustment or switching 



Page 7 of 54

Jo
ur

na
l P

re
-p

ro
of

7 

 

biologics. Identifying risk factors and distinguishing characteristics between patients 

with LF and sustained response may help predict LF. 

This study aims to assess whether significant differences exist in the characteristics of 

patients experiencing sustained response, EF, and LF, whether EF and LF are permanent 

or may reverse over time, and whether patients presenting with these two types of 

failure exhibit differential clinical characteristics. 

Material and methods.  

1. Design 

This observational, retrospective, multicentre study was conducted across 29 Spanish 

Asthma Units and one in Chile. An electronic data collection repository was created to 

include data from patients who attend or attended the asthma clinics of the participating 

centres and who met the inclusion-exclusion criteria of this study. Investigators collected 

data from patients’ electronic medical records, using the date of biologic prescription as 

the index date. Data were gathered closest to 12, 24, and 36 months post-index date, 

and at the last asthma clinic visit (if the date exceeded 36 months post-index). The study 

was approved by the Ethics Committee of Galicia (code 2022/480) and the rest of the 

participating centres. 

2. Patients 

Inclusion criteria: 

Adults with severe uncontrolled asthma treated with the same biologic for at least 24 

months were included. If switched to another biologic, only data on the first treatment 

were included. Therefore, patients who had previously received another biologic were 
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not included, and if the investigator decided to discontinue or change the biologic with 

which the patient entered the study, the patient was censored at that date, always after 

24 months. Among the patients included, the first one to start a biologic was in 2011 

(omalizumab) and the last one in 2022. Data collection extended from February to July 

2024. All patients signed informed consent. 

Exclusion criteria: 

Smoking history >10 pack-years, incomplete essential data [exacerbations in the 

previous 12 months, oral corticosteroids (OCS) use, Asthma control Test (ACT) and 

spirometry], COPD diagnosis, or severe conditions leading to functional limitations or 

shortened life expectancy. Prior biologic therapy or diseases that might need biological 

therapy were also excluded. 

3. Definitions 

-Asthma: Diagnosed according to Spanish Guidelines [15]: symptoms of wheezing, 

breathlessness, or cough plus a positive bronchodilator test (>12% and 200 ml FEV1 

increase after the inhalation of 200mcg of salbutamol) or a positive methacholine test 

(PC20 <4 mg/ml) or FENO ≥40 ppb. 

-Severe asthma: According to ERS/ATS guidelines as requiring high-dose inhaled 

corticosteroids plus a second controller and/or systemic corticosteroids, or remaining 

uncontrolled despite therapy [16]. 

-Exacerbations: Only severe exacerbations were considered, identified as clinical 

deterioration events requiring systemic corticosteroids (≥3 days) and/or hospitalization 

[17]. 
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Definitions of response and failure to biologics: 

-Response: No severe exacerbations in the prior 12 months, ACT ≥20 and no need for 

maintenance OCS. 

-Sustained response: No severe exacerbations, ACT ≥20 and no need for maintenance 

OCS, throughout the entire follow-up period. 

-Early failure (EF): No response was achieved at 12 months.  

-Late failure (LF): Response was achieved at 12 months, but it was lost (either 

development of a severe exacerbation, need for maintenance OCS or ACT <20) in one of 

the visits that followed the 12-month visit.  

4. Study Procedure 

Data were collected at the index date (biologic initiation), and at 12, 24 months post-

initiation; and, if available, at 36 months and at the last clinic visit. Further details of the 

procedure are in the supplementary material. 

5. Statistical Analysis 

As an exploratory study, no sample size calculation was performed; however, an 

estimated 300 patients was deemed necessary to analyse response types. Missing data 

were not imputed. Continuous variables are described by mean ± SD and median (25th 

percentile-75th percentile); categorical variables are described as number (%). Normal 

distribution of continuous variables was assessed using Shapiro-Wilk tests. Baseline 

characteristics of patients were compared between groups (response at 12 months, 

early failure, sustained response and late failure) using χ2 tests for categorial variables 

and t tests and U tests for parametric and nonparametric variables, respectively. The 
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association between asthma characteristics that in univariate analyses were associated 

with failure (early and late) with P < .10 (data not shown) were furthermore included in 

two multivariable logistic regression models to examine their independent impact on 

the odds of suffering failure (early failure in one of them and late failure in the other).  

Variables that were part of the definition of response (exacerbations, OCS burden, and 

ACT) and, as a consequence, part of early and late failure definitions, were not included 

in these models. FEV1 values were taken at baseline in the case of early failure and at 12 

months in the case of late failure (only post-bronchodilation values were collected; in 

cases where spirometry was performed with the usual bronchodilator treatment, the 

result was considered post-bronchodilation). To explore the impact of different biologics 

on the presence of early or late failure, we decided to group them into two classes: anti-

IgE (omalizumab) and anti-IL-5 (mepolizumab, benralizumab, reslizumab). Logistic 

regression model coefficients were converted into odds ratios for ease of interpretation 

and comparison. Analyses were conducted with SPSS software (version 23.0; IBM, 

Armonk, NY). Statistical significance was set at p < .05. 

Results. 

Population: 

Three hundred fifteen patients were initially included; 6 did not meet eligibility criteria 

and 37 lacked essential data, resulting in 272 analyzable patients. Data were available at 

12 and 24 months for all patients, at 36 months for 214, and at the final visit for 174 

(figure 1). Mean follow-up was 46.1 ± 19.4 months. Clinical and demographic 

characteristics are displayed in Table 1. Compared to responders at 12 months (175 

patients), those with EF presented less clinical markers of T2 inflammation (nasal 
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polyposis and chronic rhinosinusitis), lower eosinophil counts, more comorbidities and 

clinical features of greater severity.  

Outcome: 

Among the 175 patients who attained response at 12 months, 124 (70.8%) experienced 

sustained response throughout the entire study period, while 51 (29.1%) showed LF at 

any of the subsequent visits. Compared to sustained response patients, those with LF 

had lower baseline eosinophil counts, were more frequently diagnosed with depression, 

achieved poorer lung function at 12 months and received a higher cumulative dose of 

corticosteroids during the first 12 months. The use of corticosteroids during the first 

months after biologic initiation in patients classified as responders is explained by their 

progressive reduction until discontinuation. These results are shown in Table 2.  

Patients with Early Failure: 

Ninety-seven patients were classified as EF at 12 months. On multivariable analysis, 

lower eosinophil counts (OR 2.489, 95%CI 1.837-3.942; p = 0.04), sleep apnea diagnosis 

(OR 1.909, 95%CI 1.037-2.942; p = 0.03) and absence of nasal polyps (OR 2.265, 95%CI 

1.375-4.146; p = 0.03) were independently associated with greater likelihood of EF. EF 

reverted in 40% of patients at later visits without switching biologics (by changes in 

inhaled corticosteroid/β2-agonist combination or adding long-acting anticholinergic in 

74%; table S1, figure 2). Severe exacerbations coupled with ACT < 20 were the most 

common clinical manifestations of EF (table S2). Interestingly, of the 45 patients (33.3%) 

who did not achieve two response domains (mostly ACT + exacerbations), only 15 

patients achieved response at subsequent visits, with 11 adjusting inhaled therapy. 

Patients with Late Failure: 
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Fifty-one out of 175 patients (29.1%) who responded at 12 months experienced LF at 

later visits.  On multivariable analysis, lower baseline eosinophil counts (OR 1.6, 95%CI 

1.132-2.146; p = 0.03), and lower FEV1 at 12 months (OR 1.989, 95%CI 1.279-2.896; p = 

0.02) were independently associated with greater likelihood of LF. Severe exacerbations 

were the most common manifestation (table S3). LF reverted (response was recovered) 

in 9 of 25 patients (36%) where subsequent follow-up visits were available (41.6% after 

adjusting inhaled therapy) (figure 2). Among the manifestations of failure, response 

recovery was observed in 3 of 7 patients with ACT < 20 and in 5 of 16 patients with 

exacerbations. FEV1 decreased by ≥100 mL from the value at the previous visit in 12 of 

16 cases that did not recover response after LF (table S4). Among 14 patients with just 

one exacerbation, only 5 recovered response at the subsequent visit.  

Discussion.  

This real-world study, involving patients on the same biologic for an extended period 

(only with this design could we address the concepts of sustained response and LF), 

showed that 70.8% of those who achieved response at 12 months maintained it 

throughout the entire study period. Response was defined as having no severe 

exacerbations within 12 months, controlled symptoms and no systemic corticosteroid 

use. The definition of biological response is not unanimously accepted, but the trend is 

towards the adoption of more stringent criteria [18, 19], especially with regard to 

exacerbations and the use of OCS. Lung function was excluded from our response 

definition, despite being a common component in clinical response or remission criteria 

[18, 19], because in clinical practice, a certain degree of bronchial obstruction can be 

considered acceptable if all other therapeutic objectives are achieved. In addition, in 
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most cases it is not possible to know in advance how much lung function can be 

improved with a biologic. Classically, it was believed that remodeling is irreversible, but 

recent studies have shown that it can be at least partially reversed [20]. For these 

reasons, it is difficult to know whether, when a biologic is started, the best possible 

response in pulmonary function has been achieved. We found that 29% of patients who 

responded at 12 months lost response over time. These patients, classified as LF, had 

lower baseline eosinophil counts and were more often diagnosed with depression 

compared to those with sustained response. Patients who lost response during follow-

up had lower FEV1 values at 12 months, underlining the importance of lung function in 

the response to biologics, as noted in previous studies [6]. We acknowledge that the 

concept of LF that we have used in this study is questionable; this is the first time it has 

been defined in SA. We have decided that the ultimate goal of asthma management - 

aligned with that of international guidelines [15] - is, at a minimum, to keep the patient 

free of severe exacerbations and with well-controlled symptoms, and the definition of 

LF agreed upon in this study is consistent with this. 

Remarkably, approximately 40% of patients with EF and 36% with LF recovered response 

at a subsequent visit, either without treatment changes or by modifying inhaled therapy. 

EF occurred, in most cases, when two of the components of the response definition were 

not met, and response recovery was rare unless inhaled therapy was adjusted. It was an 

unexpected finding that, in clinical practice, some physicians decided to change inhaled 

medication instead of switching the biologic. It should be kept in mind that inhaled 

corticosteroids have different pharmacological properties: receptor affinity, receptor 

binding time, lipophilicity, therapeutic index, and others [21]. In addition, it is well known 

that notable between-device differences in release mechanism, particle size, drug 
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deposition and required inspiratory flow exist [22], so changes in the inhalation device 

may also have had an impact on the results. One of the key messages of this study is that 

inhaled therapy should be optimized before starting a biologic and should also be 

reconsidered in cases of EF and LF, before deciding to switch to another biologic drug. 

This could be helpful in preserving a therapeutic target and avoiding unnecessary 

changes that may pose a risk to the patient. 

No real-world studies are available to estimate the frequency and persistence of SF to 

biologics, as the usual practice is to switch biologics when patients worsen. Thus, this 

study provides data that are difficult to obtain. A post hoc analysis of the QUEST and 

TRAVERSE studies indicated that 70.2% of patients meeting all criteria for asthma 

remission in Year 1 continued to meet them in Year 2 [23], indirectly suggesting that 30% 

of patients worsened over time. A similar percentage (68%) of sustained response at 36 

months was found by Pini et al in a study involving 108 patients treated with 

benralizumab [24]. Noteworthily, these percentages are almost the same as those in our 

study. Another study that used the same definition of response as ours and analyzed 303 

patients with SA who received mepolizumab, found that 43.2% achieved it after 12 

months and 29.7% remained in “sustained remission” during 24 months [25], suggesting 

that some patients may develop LF and that the response is variable over time. 

EF and LF could share certain causes of failure (e.g., comorbidities limiting improvement, 

insufficient dosage, autoimmune phenomena, or infections) [26]. Nevertheless, it is 

plausible that other causes differ. Incorrect identification of the specific T2 pathways in 

a patient's asthma may cause EF, while changes in the inflammatory endotype and anti-

drug antibody development may contribute to LF. Anti-drug antibody incidence has been 
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reported as approximately 8% for benralizumab and dupilumab, and less than 5% for 

other biologics [27], although few studies have addressed its impact on biological 

therapy efficacy and safety. 

While there is some consensus on defining EF or suboptimal response, LF has not been 

characterized, which complicates clinical decision-making about maintaining or 

switching biologics. After 12 months of biologic therapy, poorer lung function was 

associated with LF, suggesting clinicians should monitor these patients more closely. 

Deciding whether to switch biologics after a single exacerbation—often viral-triggered—

is particularly challenging. We know that most exacerbations in patients with severe 

asthma are viral in origin [28], and also that biologics can prevent them in about half of 

the cases [5]. However, studies are needed to establish whether a virus-triggered 

exacerbation is a one-off event or will recur over time. Our study found that only 5 out 

of 16 patients with a single exacerbation recovered response at subsequent visits, and 

an FEV1 decrease of ≥100 mL made subsequent recovery unlikely. 

One of the strengths of this study is introducing a novel concept of biological response 

in asthma. We believe differentiating EF and LF may help unravel the mechanisms 

leading to suboptimal response. Also noteworthy is its multicenter design and the long 

follow-up period with the same biologic. However, limitations include the retrospective 

database methodology, although we have tried to minimize the impact of missing data 

by including only those cases where essential data were available.  

Another limitation is that the follow-up period was not the same for all patients, and, in 

some cases, we could not obtain data from a follow-up visit after an LF was identified. 

Moreover, although the follow-up was long (46.1 ± 19.4 months), extending it further 
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might reveal a higher LF rate.   It should also be noted that many patients were treated 

with omalizumab, a biologic less frequently used today, but its inclusion allowed us to 

study the behavior of cases where the biologic was maintained despite suboptimal 

response. The design of this study (which requires maintaining the same biologic for at 

least 24 months regardless of whether the response had been suboptimal, something 

that does not occur in current clinical practice) does not allow comparisons of 

effectiveness between biologics. However, we did not find that using a particular class of 

biologics (anti-IgE or anti-IL-5) was associated with a higher likelihood of failure. We 

acknowledge that it would be very interesting to know whether LF occurs more 

frequently with one class of biologics (or with a specific biologic) than with others, but 

we believe that we do not have sufficient statistical power to answer this question with 

confidence. Perhaps data from international registries with large numbers of patients 

could be helpful. 

In conclusion, this study showed that among SA patients treated with biologics, 78.9% 

of those who achieved a response at 12 months maintained it long-term. Approximately 

40% of patients with EF or LF recovered response at a subsequent visit, either with no 

change in treatment or, more frequently, with changes in inhaled medication. An FEV1 

decrease of at least 100 mL predicted non-recovery of response at subsequent visits. 

Further studies are needed to corroborate our findings and to explore the mechanisms 

underlying EF and LF in greater depth in order to increase the percentage of patients 

who achieve a complete and sustained response over time. 
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Figures and tables.  

Figure 1. Flowchart of the study.  
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Figure 2. Trajectories of response to biologics throughout the entire follow-up period.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Page 23 of 54

Jo
ur

na
l P

re
-p

ro
of

23 

 

Table 1. Clinical and demographic characteristics of the population. Comparison between 

patients who experienced response and early failure.  

 Entire population 

n = 272 

Response 

n = 175 

EF 

n = 97 

Response vs. 

PF 

p 

Age (years; mean ± SD) 54±12 54±12 52±13 0.65 

Gender (%) 

Female 

Male 

Missings = 0 

 

71.7 

28.3 

 

70.9 

29.1 

 

73.2 

26.8 

 

0.72 

0.75 

Smoking (%) 

Never 

Ex-smoker 

Active 

Missings = 3 

 

75.2 

24.4 

0.4 

 

74.9 

25.1 

0 

 

75.8 

23.2 

1.1 

 

0.62 

0.58 

0.09 

BMI (mean ± SD) 

Missings = 0 

28.1±5.9 28.1±6.1 27.8±5.6 0.57 

Asthma onset (%) 

Early (<12 yrs) 

Late (≥ 12 yrs) 

Missings = 6 

 

31.5 

68.5 

 

28.7 

71.3 

 

36.5 

63.5 

 

0.48 

0.35 

Age at diagnosis 

(years; mean ± SD) 

Missings = 19 

36±18 37±17 34±19 0.29 

Eosinophils (cels/mm3) 

(mean ± SD) 

Missings = 9 

552.3±395.0 602.4±400.9 458.7±368.1 <0.05 

IgE (IU/mL) 

Missings = 21 

290.6±275.2 302.9±288.1 267.0+248.5 0.39 

FENO (ppb) 

Missings = 6 

52.6±42.2 53.8±42.3 50.6±42.2 0.49 

Comorbidities (%) 

-Rhinitis 

-Sinusitis 

 

71.4 

37.3 

 

71.1 

40.6 

 

71.9 

31.3 

 

0.82 

<0.05 
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-Nasal polyposis 

-NERD 

-Obesity 

-GER 

-Bronchiectasis 

-Anxiety 

-Depression 

-Sleep apnea 

Missings = 0 

45.2 

12.6 

31.9 

34.8 

26.2 

23.0 

13.4 

18.5 

50.9 

13.2 

28.2 

31.6 

26.3 

23.0 

13.8 

14.9 

34.7 

11.5 

38.5 

40.6 

26.0 

22.9 

12.6 

25.0 

<0.05 

0.76 

<0.05 

0.69 

0.84 

0.82 

0.69 

<0.05 

Exacerbations in the prior 12 

months 

Missings = 0 

3.2±2.0 2.9±1.8 3.7±2.3 <0.05 

ACT 

Missings = 0 

13.5±4.5 14.0±4.2 12.5±4.4 <0.05 

Post-bronchodilator FEV1 (L) 

Missings = 0 

2.1±0.7 2.1±0.7 2.0±0.7 0.73 

Post-bronchodilator FEV1 (% 

predicted) 

Missings = 0 

 

70 ± 22 

 

71 ± 18 

 

69 ± 25 

 

0.56 

FEV1/FVC (%) 

Missings = 0 

59.3±16.6 59.9±17.2 58.1±14.8 0.68 

Cumulative prednisone dose 

(mg) in the prior 12 months 

Missings = 0 

1202.4±1455.6 934.2±957.0 1677±1982 <0.05 

Triple inhaled therapy (%) 

Missings = 0 

80.9 81.7 79.4 0.48 

Biologic (%) 

Benralizumab 

Mepolizumab 

Reslizumab 

Omalizumab 

Dupilumab 

Missings = 0 

24.8 

47.2 

7.0 

19.9 

1.1 

 

29.1 

46.3 

9.1 

14.3 

1.1 

 

 

16.7 

49.0 

3.1 

30.2 

1.0 

 

 

BMI: Body mass index; IgE: Immunoglobulin E; FENO: fraction of exhaled nitric oxide; NERD: nonsteroidal 
antiinflammatory drug-exacerbated respiratory disease; GER: gastroesophageal reflux; ACT: asthma 
control test; FEV1: forced expiratory volume in the first second; FVC: forced vital capacity. Continuous 
variables with normal distribution were compared between the two groups using the independent 
samples t-test. Chi-square was used for categorical variables.  
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Table 2. Comparison between patients who experienced sustained response and early 

and late failure.  

 

 Sustained response 

n = 124 

 

Early failure 

 n = 97 

Late failure 

n = 51 

 

Age (years) 54±12 52±13^ 57±12^ 

Gender (%) 

Female 

Male 

 

69.4 

30.6 

 

73.2 

26.8 

 

74.5 

25.5 

Smoking (%) 

Never 

Ex-smoker 

Active 

 

76.0 

24.0 

0 

 

75.8 

23.2 

1.1 

 

72 

28 

0 

BMI (mean ± SD) 28.3±6.7 27.8±5.6 27.7±4.3 

Asthma onset (%) 

Early (<12 yrs) 

Late (≥ 12 yrs) 

 

 

30.1 

69.9 

 

36.5 

63.5 

 

25.5 

74.5 

Age at diagnosis 36±17 34±19 39±17 

Eosinophils (cels/mm3) 

(mean ± SD) 

 

668.0±402.1 458.7±368.1* 444.3±354.1# 

IgE (IU/mL) 320.3±297.2 267.0+248.5 260.8±262.7 

FENO (ppb) 54.6±43.3 50.6±42.2 51.9±40.5 

Comorbidities (%) 

-Rhinitis 

-Sinusitis 

-Nasal polyposis 

-NERD 

-Obesity 

-GER 

-Bronchiectasis 

 

77.0 

48.4 

53.2 

9.8 

28.5 

30.9 

29.0 

 

71.9* 

31.3* 

34.7* 

11.5 

38.5 

40.6 

26.0 

 

56.9# 

21.6# 

45.1 

7.8 

27.5 

33.3 

19.6 
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-Anxiety 

-Depression 

-Sleep apnea 

 

21.1 

12.2 

17.9 

 

22.9 

12.6 

25.0 

27.5 

17.6#^ 

7.8 

Exacerbations in the prior 

12 months 

0.0±0.0 

 

0.9±1.0*^ 

 

0.0±0.0 

 

ACT 23.1±1.7 18.8±3.9*^ 22.7±1.7#^ 

Post-bronchodilator FEV1 

(L) 

2.3±0.7 2.11±0.7* 2.1±0.7# 

Post-bronchodilator FEV1 

(% predicted) 

Missings = 0 

 

74 ± 25 

 

70 ± 25* 

 

71 ± 32# 

FEV1/FVC (%) 66.8±16.2 58.6±20.5* 62.9±18.5# 

Cumulative prednisone 

dose (mg) at 12 months 

51.5±238.2 697.1±957.8*^ 202.8±735.3#^ 

Triple inhaled therapy (%) 83.1 79.4 78.4 

Biologic (%) 

Benralizumab 

Mepolizumab 

Reslizumab 

Omalizumab 

Dupilumab 

 

32.3 

42.7 

12.1 

11.3 

1.6 

 

16.7 

49.0 

3.1 

30.2 

1.0 

 

21.6 

54.9 

2 

21.6 

0 

 

Comparisons are made at baseline for demographic characteristics and biomarkers (FENO, eosinophils) 
and at 12 months for response variables (exacerbations, ACT, corticosteroid load, and spirometry). * 
Statistically significant comparison between sustained response and early failure. ^ Statistically significant 
comparison between early and late failure. # Statistically significant comparison between sustained 
response and late failure.  BMI: Body mass index; IgE: Immunoglobulin E; FENO: fraction of exhaled nitric 
oxide; NERD: nonsteroidal antiinflammatory drug-exacerbated respiratory disease; GER: gastroesophageal 
reflux; ACT: asthma control test; FEV1: forced expiratory volume in the first second; FVC: forced vital 
capacity. Continuous variables with normal distribution were compared between groups using the 
independent samples t-test. Chi-square was used for categorical variables. 
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Title: Early failure, late failure, and sustained response to biologics in severe asthma: a 

long-term, real-world, multicentre study. 

Abstract:   

Objectives: 

Only one-third of patients with severe asthma (SA) achieve a complete response to 

biologics. This study aims to characterize two types of failure: early (EF), occurring ≤ 12 

months after biologic initiation, and late (LF), occurring at any time during follow-up after 

response has been achieved at 12 months. 

Methods: 

This is a multicentre retrospective study of adults treated with the same biologic for ≥24 

months. Response was defined as no severe exacerbations in the preceding 12 months, 

Asthma Control Test ≥20, and no need for maintenance oral corticosteroids. Failure (EF 

or LF) was defined as non-achievement of any of these objectives.  

Results: 

Two hundred and seventy-two patients were analysed with a mean follow-up of 46.1 ± 

19.4 months. At 12 months, 97/272 were classified as PF, but 40% of them recovered 

response on subsequent visits (by changing inhaled therapy in 74%). Among the 175 

responders at 12 months, 124 (70.8%) maintained response throughout the study 

period, while 51 (29.1%) experienced SF; those patients had lower FEV1 values after 12 

months of biological therapy. SF reverted in 36% of cases, with inhaled therapy changes 

in 41.6%. FEV1 decreased by ≥100 mL in 12 of 16 cases who did not recover response 

after SF. 
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Conclusion: 

Most patients who achieve response at 12 months maintain it over time, but 29% of 

them suffer LF. Optimization of inhaled therapy can aid response recovery from EF or LF. 

Maximizing pulmonary function helps to prevent loss of response.  

Keywords: severe asthma; biologics; early failure; late failure; long-term study; 

treatment response. 
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Introduction:  

Severe asthma (SA) affects up to 3.6% of adults and 2.5% of children with asthma, with 

notable variability between countries [1, 2]. SA poses a significant disease burden, 

including potentially life-threatening exacerbations and reduced quality of life [3]. The 

availability of biologics like omalizumab, mepolizumab, reslizumab, benralizumab, 

dupilumab, and tezepelumab has greatly improved prognosis [4]. Nonetheless, real-life 

studies indicate only about one-third of patients achieve a complete response, however 

defined [4-10]. 

In other fields, such as Rheumatology, treatment failure has been categorized into 

primary and secondary failure, with primary failure indicating lack of clinical response 

during the initial treatment period and secondary failure indicating loss of effectiveness 

over time [11, 12]. Primary failure may arise from targeting the wrong therapeutic 

pathway, while secondary failure is often driven by anti-drug antibodies [13]. Anti-drug 

antibodies have been shown to negatively impact biologic response in rheumatoid 

arthritis, with responders having higher drug concentrations than non-responders [14]. 

No distinction between these temporary types of failure has yet been made in SA 

patients on biologics, though both commonly arise in clinical practice. By convention, 

and in order to cover all seasons (seasonality may influence the occurrence of 

exacerbations), a 12-month period has been established to assess the response to a 

biologic. Therefore, it seems appropriate to classify failure as early (≤ 12 months) or late 

(> 12 months). While early failure (EF), or nonresponse, is well-defined, criteria for late 

failure (LF) remain unclear, complicating decisions on dose adjustment or switching 
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biologics. Identifying risk factors and distinguishing characteristics between patients 

with LF and sustained response may help predict LF. 

This study aims to assess whether significant differences exist in the characteristics of 

patients experiencing sustained response, EF, and LF, whether EF and LF are permanent 

or may reverse over time, and whether patients presenting with these two types of 

failure exhibit differential clinical characteristics. 

Material and methods.  

6. Design 

This observational, retrospective, multicentre study was conducted across 29 Spanish 

Asthma Units and one in Chile. An electronic data collection repository was created to 

include data from patients who attend or attended the asthma clinics of the participating 

centres and who met the inclusion-exclusion criteria of this study. Investigators collected 

data from patients’ electronic medical records, using the date of biologic prescription as 

the index date. Data were gathered closest to 12, 24, and 36 months post-index date, 

and at the last asthma clinic visit (if the date exceeded 36 months post-index). The study 

was approved by the Ethics Committee of Galicia (code 2022/480) and the rest of the 

participating centres. 

7. Patients 

Inclusion criteria: 

Adults with severe uncontrolled asthma treated with the same biologic for at least 24 

months were included. If switched to another biologic, only data on the first treatment 

were included. Therefore, patients who had previously received another biologic were 
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not included, and if the investigator decided to discontinue or change the biologic with 

which the patient entered the study, the patient was censored at that date, always after 

24 months. Among the patients included, the first one to start a biologic was in 2011 

(omalizumab) and the last one in 2022. Data collection extended from February to July 

2024. All patients signed informed consent. 

Exclusion criteria: 

Smoking history >10 pack-years, incomplete essential data [exacerbations in the 

previous 12 months, oral corticosteroids (OCS) use, Asthma control Test (ACT) and 

spirometry], COPD diagnosis, or severe conditions leading to functional limitations or 

shortened life expectancy. Prior biologic therapy or diseases that might need biological 

therapy were also excluded. 

8. Definitions 

-Asthma: Diagnosed according to Spanish Guidelines [15]: symptoms of wheezing, 

breathlessness, or cough plus a positive bronchodilator test (>12% and 200 ml FEV1 

increase after the inhalation of 200mcg of salbutamol) or a positive methacholine test 

(PC20 <4 mg/ml) or FENO ≥40 ppb. 

-Severe asthma: According to ERS/ATS guidelines as requiring high-dose inhaled 

corticosteroids plus a second controller and/or systemic corticosteroids, or remaining 

uncontrolled despite therapy [16]. 

-Exacerbations: Only severe exacerbations were considered, identified as clinical 

deterioration events requiring systemic corticosteroids (≥3 days) and/or hospitalization 

[17]. 
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Definitions of response and failure to biologics: 

-Response: No severe exacerbations in the prior 12 months, ACT ≥20 and no need for 

maintenance OCS. 

-Sustained response: No severe exacerbations, ACT ≥20 and no need for maintenance 

OCS, throughout the entire follow-up period. 

-Early failure (EF): No response was achieved at 12 months.  

-Late failure (LF): Response was achieved at 12 months, but it was lost (either 

development of a severe exacerbation, need for maintenance OCS or ACT <20) in one of 

the visits that followed the 12-month visit.  

9. Study Procedure 

Data were collected at the index date (biologic initiation), and at 12, 24 months post-

initiation; and, if available, at 36 months and at the last clinic visit. Further details of the 

procedure are in the supplementary material. 

10. Statistical Analysis 

As an exploratory study, no sample size calculation was performed; however, an 

estimated 300 patients was deemed necessary to analyse response types. Missing data 

were not imputed. Continuous variables are described by mean ± SD and median (25th 

percentile-75th percentile); categorical variables are described as number (%). Normal 

distribution of continuous variables was assessed using Shapiro-Wilk tests. Baseline 

characteristics of patients were compared between groups (response at 12 months, 

early failure, sustained response and late failure) using χ2 tests for categorial variables 

and t tests and U tests for parametric and nonparametric variables, respectively. The 
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association between asthma characteristics that in univariate analyses were associated 

with failure (early and late) with P < .10 (data not shown) were furthermore included in 

two multivariable logistic regression models to examine their independent impact on 

the odds of suffering failure (early failure in one of them and late failure in the other).  

Variables that were part of the definition of response (exacerbations, OCS burden, and 

ACT) and, as a consequence, part of early and late failure definitions, were not included 

in these models. FEV1 values were taken at baseline in the case of early failure and at 12 

months in the case of late failure (only post-bronchodilation values were collected; in 

cases where spirometry was performed with the usual bronchodilator treatment, the 

result was considered post-bronchodilation). To explore the impact of different biologics 

on the presence of early or late failure, we decided to group them into two classes: anti-

IgE (omalizumab) and anti-IL-5 (mepolizumab, benralizumab, reslizumab). Logistic 

regression model coefficients were converted into odds ratios for ease of interpretation 

and comparison. Analyses were conducted with SPSS software (version 23.0; IBM, 

Armonk, NY). Statistical significance was set at p < .05. 

Results. 

Population: 

Three hundred fifteen patients were initially included; 6 did not meet eligibility criteria 

and 37 lacked essential data, resulting in 272 analyzable patients. Data were available at 

12 and 24 months for all patients, at 36 months for 214, and at the final visit for 174 

(figure 1). Mean follow-up was 46.1 ± 19.4 months. Clinical and demographic 

characteristics are displayed in Table 1. Compared to responders at 12 months (175 

patients), those with EF presented less clinical markers of T2 inflammation (nasal 
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polyposis and chronic rhinosinusitis), lower eosinophil counts, more comorbidities and 

clinical features of greater severity.  

Outcome: 

Among the 175 patients who attained response at 12 months, 124 (70.8%) experienced 

sustained response throughout the entire study period, while 51 (29.1%) showed LF at 

any of the subsequent visits. Compared to sustained response patients, those with LF 

had lower baseline eosinophil counts, were more frequently diagnosed with depression, 

achieved poorer lung function at 12 months and received a higher cumulative dose of 

corticosteroids during the first 12 months. The use of corticosteroids during the first 

months after biologic initiation in patients classified as responders is explained by their 

progressive reduction until discontinuation. These results are shown in Table 2.  

Patients with Early Failure: 

Ninety-seven patients were classified as EF at 12 months. On multivariable analysis, 

lower eosinophil counts (OR 2.489, 95%CI 1.837-3.942; p = 0.04), sleep apnea diagnosis 

(OR 1.909, 95%CI 1.037-2.942; p = 0.03) and absence of nasal polyps (OR 2.265, 95%CI 

1.375-4.146; p = 0.03) were independently associated with greater likelihood of EF. EF 

reverted in 40% of patients at later visits without switching biologics (by changes in 

inhaled corticosteroid/β2-agonist combination or adding long-acting anticholinergic in 

74%; table S1, figure 2). Severe exacerbations coupled with ACT < 20 were the most 

common clinical manifestations of EF (table S2). Interestingly, of the 45 patients (33.3%) 

who did not achieve two response domains (mostly ACT + exacerbations), only 15 

patients achieved response at subsequent visits, with 11 adjusting inhaled therapy. 

Patients with Late Failure: 
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Fifty-one out of 175 patients (29.1%) who responded at 12 months experienced LF at 

later visits.  On multivariable analysis, lower baseline eosinophil counts (OR 1.6, 95%CI 

1.132-2.146; p = 0.03), and lower FEV1 at 12 months (OR 1.989, 95%CI 1.279-2.896; p = 

0.02) were independently associated with greater likelihood of LF. Severe exacerbations 

were the most common manifestation (table S3). LF reverted (response was recovered) 

in 9 of 25 patients (36%) where subsequent follow-up visits were available (41.6% after 

adjusting inhaled therapy) (figure 2). Among the manifestations of failure, response 

recovery was observed in 3 of 7 patients with ACT < 20 and in 5 of 16 patients with 

exacerbations. FEV1 decreased by ≥100 mL from the value at the previous visit in 12 of 

16 cases that did not recover response after LF (table S4). Among 14 patients with just 

one exacerbation, only 5 recovered response at the subsequent visit.  

Discussion.  

This real-world study, involving patients on the same biologic for an extended period 

(only with this design could we address the concepts of sustained response and LF), 

showed that 70.8% of those who achieved response at 12 months maintained it 

throughout the entire study period. Response was defined as having no severe 

exacerbations within 12 months, controlled symptoms and no systemic corticosteroid 

use. The definition of biological response is not unanimously accepted, but the trend is 

towards the adoption of more stringent criteria [18, 19], especially with regard to 

exacerbations and the use of OCS. Lung function was excluded from our response 

definition, despite being a common component in clinical response or remission criteria 

[18, 19], because in clinical practice, a certain degree of bronchial obstruction can be 

considered acceptable if all other therapeutic objectives are achieved. In addition, in 



Page 36 of 54

Jo
ur

na
l P

re
-p

ro
of

36 

 

most cases it is not possible to know in advance how much lung function can be 

improved with a biologic. Classically, it was believed that remodeling is irreversible, but 

recent studies have shown that it can be at least partially reversed [20]. For these 

reasons, it is difficult to know whether, when a biologic is started, the best possible 

response in pulmonary function has been achieved. We found that 29% of patients who 

responded at 12 months lost response over time. These patients, classified as LF, had 

lower baseline eosinophil counts and were more often diagnosed with depression 

compared to those with sustained response. Patients who lost response during follow-

up had lower FEV1 values at 12 months, underlining the importance of lung function in 

the response to biologics, as noted in previous studies [6]. We acknowledge that the 

concept of LF that we have used in this study is questionable; this is the first time it has 

been defined in SA. We have decided that the ultimate goal of asthma management - 

aligned with that of international guidelines [15] - is, at a minimum, to keep the patient 

free of severe exacerbations and with well-controlled symptoms, and the definition of 

LF agreed upon in this study is consistent with this. 

Remarkably, approximately 40% of patients with EF and 36% with LF recovered response 

at a subsequent visit, either without treatment changes or by modifying inhaled therapy. 

EF occurred, in most cases, when two of the components of the response definition were 

not met, and response recovery was rare unless inhaled therapy was adjusted. It was an 

unexpected finding that, in clinical practice, some physicians decided to change inhaled 

medication instead of switching the biologic. It should be kept in mind that inhaled 

corticosteroids have different pharmacological properties: receptor affinity, receptor 

binding time, lipophilicity, therapeutic index, and others [21]. In addition, it is well known 

that notable between-device differences in release mechanism, particle size, drug 
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deposition and required inspiratory flow exist [22], so changes in the inhalation device 

may also have had an impact on the results. One of the key messages of this study is that 

inhaled therapy should be optimized before starting a biologic and should also be 

reconsidered in cases of EF and LF, before deciding to switch to another biologic drug. 

This could be helpful in preserving a therapeutic target and avoiding unnecessary 

changes that may pose a risk to the patient. 

No real-world studies are available to estimate the frequency and persistence of SF to 

biologics, as the usual practice is to switch biologics when patients worsen. Thus, this 

study provides data that are difficult to obtain. A post hoc analysis of the QUEST and 

TRAVERSE studies indicated that 70.2% of patients meeting all criteria for asthma 

remission in Year 1 continued to meet them in Year 2 [23], indirectly suggesting that 30% 

of patients worsened over time. A similar percentage (68%) of sustained response at 36 

months was found by Pini et al in a study involving 108 patients treated with 

benralizumab [24]. Noteworthily, these percentages are almost the same as those in our 

study. Another study that used the same definition of response as ours and analyzed 303 

patients with SA who received mepolizumab, found that 43.2% achieved it after 12 

months and 29.7% remained in “sustained remission” during 24 months [25], suggesting 

that some patients may develop LF and that the response is variable over time. 

EF and LF could share certain causes of failure (e.g., comorbidities limiting improvement, 

insufficient dosage, autoimmune phenomena, or infections) [26]. Nevertheless, it is 

plausible that other causes differ. Incorrect identification of the specific T2 pathways in 

a patient's asthma may cause EF, while changes in the inflammatory endotype and anti-

drug antibody development may contribute to LF. Anti-drug antibody incidence has been 
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reported as approximately 8% for benralizumab and dupilumab, and less than 5% for 

other biologics [27], although few studies have addressed its impact on biological 

therapy efficacy and safety. 

While there is some consensus on defining EF or suboptimal response, LF has not been 

characterized, which complicates clinical decision-making about maintaining or 

switching biologics. After 12 months of biologic therapy, poorer lung function was 

associated with LF, suggesting clinicians should monitor these patients more closely. 

Deciding whether to switch biologics after a single exacerbation—often viral-triggered—

is particularly challenging. We know that most exacerbations in patients with severe 

asthma are viral in origin [28], and also that biologics can prevent them in about half of 

the cases [5]. However, studies are needed to establish whether a virus-triggered 

exacerbation is a one-off event or will recur over time. Our study found that only 5 out 

of 16 patients with a single exacerbation recovered response at subsequent visits, and 

an FEV1 decrease of ≥100 mL made subsequent recovery unlikely. 

One of the strengths of this study is introducing a novel concept of biological response 

in asthma. We believe differentiating EF and LF may help unravel the mechanisms 

leading to suboptimal response. Also noteworthy is its multicenter design and the long 

follow-up period with the same biologic. However, limitations include the retrospective 

database methodology, although we have tried to minimize the impact of missing data 

by including only those cases where essential data were available.  

Another limitation is that the follow-up period was not the same for all patients, and, in 

some cases, we could not obtain data from a follow-up visit after an LF was identified. 

Moreover, although the follow-up was long (46.1 ± 19.4 months), extending it further 
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might reveal a higher LF rate.   It should also be noted that many patients were treated 

with omalizumab, a biologic less frequently used today, but its inclusion allowed us to 

study the behavior of cases where the biologic was maintained despite suboptimal 

response. The design of this study (which requires maintaining the same biologic for at 

least 24 months regardless of whether the response had been suboptimal, something 

that does not occur in current clinical practice) does not allow comparisons of 

effectiveness between biologics. However, we did not find that using a particular class of 

biologics (anti-IgE or anti-IL-5) was associated with a higher likelihood of failure. We 

acknowledge that it would be very interesting to know whether LF occurs more 

frequently with one class of biologics (or with a specific biologic) than with others, but 

we believe that we do not have sufficient statistical power to answer this question with 

confidence. Perhaps data from international registries with large numbers of patients 

could be helpful. 

In conclusion, this study showed that among SA patients treated with biologics, 78.9% 

of those who achieved a response at 12 months maintained it long-term. Approximately 

40% of patients with EF or LF recovered response at a subsequent visit, either with no 

change in treatment or, more frequently, with changes in inhaled medication. An FEV1 

decrease of at least 100 mL predicted non-recovery of response at subsequent visits. 

Further studies are needed to corroborate our findings and to explore the mechanisms 

underlying EF and LF in greater depth in order to increase the percentage of patients 

who achieve a complete and sustained response over time. 
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Figures and tables.  

Figure 1. Flowchart of the study.  
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Figure 2. Trajectories of response to biologics throughout the entire follow-up period.   
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Table 1. Clinical and demographic characteristics of the population. Comparison between 

patients who experienced response and early failure.  

 Entire population 

n = 272 

Response 

n = 175 

EF 

n = 97 

Response vs. 

PF 

p 

Age (years; mean ± SD) 54±12 54±12 52±13 0.65 

Gender (%) 

Female 

Male 

Missings = 0 

 

71.7 

28.3 

 

70.9 

29.1 

 

73.2 

26.8 

 

0.72 

0.75 

Smoking (%) 

Never 

Ex-smoker 

Active 

Missings = 3 

 

75.2 

24.4 

0.4 

 

74.9 

25.1 

0 

 

75.8 

23.2 

1.1 

 

0.62 

0.58 

0.09 

BMI (mean ± SD) 

Missings = 0 

28.1±5.9 28.1±6.1 27.8±5.6 0.57 

Asthma onset (%) 

Early (<12 yrs) 

Late (≥ 12 yrs) 

Missings = 6 

 

31.5 

68.5 

 

28.7 

71.3 

 

36.5 

63.5 

 

0.48 

0.35 

Age at diagnosis 

(years; mean ± SD) 

Missings = 19 

36±18 37±17 34±19 0.29 

Eosinophils (cels/mm3) 

(mean ± SD) 

Missings = 9 

552.3±395.0 602.4±400.9 458.7±368.1 <0.05 

IgE (IU/mL) 

Missings = 21 

290.6±275.2 302.9±288.1 267.0+248.5 0.39 

FENO (ppb) 

Missings = 6 

52.6±42.2 53.8±42.3 50.6±42.2 0.49 

Comorbidities (%) 

-Rhinitis 

-Sinusitis 

 

71.4 

37.3 

 

71.1 

40.6 

 

71.9 

31.3 

 

0.82 

<0.05 
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-Nasal polyposis 

-NERD 

-Obesity 

-GER 

-Bronchiectasis 

-Anxiety 

-Depression 

-Sleep apnea 

Missings = 0 

45.2 

12.6 

31.9 

34.8 

26.2 

23.0 

13.4 

18.5 

50.9 

13.2 

28.2 

31.6 

26.3 

23.0 

13.8 

14.9 

34.7 

11.5 

38.5 

40.6 

26.0 

22.9 

12.6 

25.0 

<0.05 

0.76 

<0.05 

0.69 

0.84 

0.82 

0.69 

<0.05 

Exacerbations in the prior 12 

months 

Missings = 0 

3.2±2.0 2.9±1.8 3.7±2.3 <0.05 

ACT 

Missings = 0 

13.5±4.5 14.0±4.2 12.5±4.4 <0.05 

Post-bronchodilator FEV1 (L) 

Missings = 0 

2.1±0.7 2.1±0.7 2.0±0.7 0.73 

Post-bronchodilator FEV1 (% 

predicted) 

Missings = 0 

 

70 ± 22 

 

71 ± 18 

 

69 ± 25 

 

0.56 

FEV1/FVC (%) 

Missings = 0 

59.3±16.6 59.9±17.2 58.1±14.8 0.68 

Cumulative prednisone dose 

(mg) in the prior 12 months 

Missings = 0 

1202.4±1455.6 934.2±957.0 1677±1982 <0.05 

Triple inhaled therapy (%) 

Missings = 0 

80.9 81.7 79.4 0.48 

Biologic (%) 

Benralizumab 

Mepolizumab 

Reslizumab 

Omalizumab 

Dupilumab 

Missings = 0 

24.8 

47.2 

7.0 

19.9 

1.1 

 

29.1 

46.3 

9.1 

14.3 

1.1 

 

 

16.7 

49.0 

3.1 

30.2 

1.0 

 

 

BMI: Body mass index; IgE: Immunoglobulin E; FENO: fraction of exhaled nitric oxide; NERD: nonsteroidal 
antiinflammatory drug-exacerbated respiratory disease; GER: gastroesophageal reflux; ACT: asthma 
control test; FEV1: forced expiratory volume in the first second; FVC: forced vital capacity. Continuous 
variables with normal distribution were compared between the two groups using the independent 
samples t-test. Chi-square was used for categorical variables.  
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Table 2. Comparison between patients who experienced sustained response and early 

and late failure.  

 

 Sustained response 

n = 124 

 

Early failure 

 n = 97 

Late failure 

n = 51 

 

Age (years) 54±12 52±13^ 57±12^ 

Gender (%) 

Female 

Male 

 

69.4 

30.6 

 

73.2 

26.8 

 

74.5 

25.5 

Smoking (%) 

Never 

Ex-smoker 

Active 

 

76.0 

24.0 

0 

 

75.8 

23.2 

1.1 

 

72 

28 

0 

BMI (mean ± SD) 28.3±6.7 27.8±5.6 27.7±4.3 

Asthma onset (%) 

Early (<12 yrs) 

Late (≥ 12 yrs) 

 

 

30.1 

69.9 

 

36.5 

63.5 

 

25.5 

74.5 

Age at diagnosis 36±17 34±19 39±17 

Eosinophils (cels/mm3) 

(mean ± SD) 

 

668.0±402.1 458.7±368.1* 444.3±354.1# 

IgE (IU/mL) 320.3±297.2 267.0+248.5 260.8±262.7 

FENO (ppb) 54.6±43.3 50.6±42.2 51.9±40.5 

Comorbidities (%) 

-Rhinitis 

-Sinusitis 

-Nasal polyposis 

-NERD 

-Obesity 

-GER 

-Bronchiectasis 

 

77.0 

48.4 

53.2 

9.8 

28.5 

30.9 

29.0 

 

71.9* 

31.3* 

34.7* 

11.5 

38.5 

40.6 

26.0 

 

56.9# 

21.6# 

45.1 

7.8 

27.5 

33.3 

19.6 
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-Anxiety 

-Depression 

-Sleep apnea 

 

21.1 

12.2 

17.9 

 

22.9 

12.6 

25.0 

27.5 

17.6#^ 

7.8 

Exacerbations in the prior 

12 months 

0.0±0.0 

 

0.9±1.0*^ 

 

0.0±0.0 

 

ACT 23.1±1.7 18.8±3.9*^ 22.7±1.7#^ 

Post-bronchodilator FEV1 

(L) 

2.3±0.7 2.11±0.7* 2.1±0.7# 

Post-bronchodilator FEV1 

(% predicted) 

Missings = 0 

 

74 ± 25 

 

70 ± 25* 

 

71 ± 32# 

FEV1/FVC (%) 66.8±16.2 58.6±20.5* 62.9±18.5# 

Cumulative prednisone 

dose (mg) at 12 months 

51.5±238.2 697.1±957.8*^ 202.8±735.3#^ 

Triple inhaled therapy (%) 83.1 79.4 78.4 

Biologic (%) 

Benralizumab 

Mepolizumab 

Reslizumab 

Omalizumab 

Dupilumab 

 

32.3 

42.7 

12.1 

11.3 

1.6 

 

16.7 

49.0 

3.1 

30.2 

1.0 

 

21.6 

54.9 

2 

21.6 

0 

 

Comparisons are made at baseline for demographic characteristics and biomarkers (FENO, eosinophils) 
and at 12 months for response variables (exacerbations, ACT, corticosteroid load, and spirometry). * 
Statistically significant comparison between sustained response and early failure. ^ Statistically significant 
comparison between early and late failure. # Statistically significant comparison between sustained 
response and late failure.  BMI: Body mass index; IgE: Immunoglobulin E; FENO: fraction of exhaled nitric 
oxide; NERD: nonsteroidal antiinflammatory drug-exacerbated respiratory disease; GER: gastroesophageal 
reflux; ACT: asthma control test; FEV1: forced expiratory volume in the first second; FVC: forced vital 
capacity. Continuous variables with normal distribution were compared between groups using the 
independent samples t-test. Chi-square was used for categorical variables. 

 

 

 

 


