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Purpose: Younger age of asthma onset (AAO) has been associated with an allergic phenotype, whereas eosinophilic phenotypes have 
been associated with older AAO. In randomized trials, biologic efficacy among adults with severe asthma (SA) has varied by age at 
asthma onset. To determine whether these associations observed in trials apply to real-world outcomes, this study examined biologic 
effectiveness by AAO and biologic class in a large, real-world cohort.
Patients and methods: CHRONICLE is an ongoing, real-world study of US adults with subspecialist-treated SA receiving 
biologics, maintenance corticosteroids, or who are uncontrolled on high-dosage inhaled corticosteroids with additional controllers. 
Patients enrolled between February 2018 and February 2022 who initiated a biologic for SA and had complete data for analysis were 
included. A locally estimated scatterplot smoothing (LOESS) analysis was used to plot the relationship between percentage exacer-
bation rate reduction and AAO by biologic class.
Results: Of 578 patients with complete data, 198, 149, and 231 were diagnosed with asthma at age <18, 18–39, and ≥40 years, 
respectively. Across subgroups, patients were predominantly White (72–78%), female (67–73%), and commercially insured (54–71%). 
In the LOESS analysis, exacerbation rate reductions were similar for anti-IgE and anti–IL-5/5R and anti–IL-4R subgroups with 
younger AAO, but the exacerbation rate reduction diminished for patients with older AAO receiving anti-IgE therapy, particularly with 
asthma onset age ≥40 years.
Conclusion: Clinicians should consider age of onset in biologic treatment decisions, given reduced effectiveness of omalizumab in 
patients with asthma onset at age ≥40 years.
Clinicaltrials.gov Identifier: NCT03373045.
Keywords: Biologics, severe asthma, anti-interleukin therapy, anti-immunoglobulin E therapy, effectiveness, age of asthma onset

Introduction
Severe asthma (SA) affects 5%–10% of patients with asthma and is heterogeneous. In multiple studies, childhood-onset 
asthma has been associated with allergic inflammation, whereas adult-onset asthma has been associated with eosinophilic 
inflammation.1–5 In randomized, placebo-controlled trials (RCTs) of biologics for SA treatment, exacerbation reduction 
magnitude varied by age of asthma onset (AAO). Anti-immunoglobulin E (IgE) therapy (approved for allergic asthma) 
demonstrated a trend of reduced efficacy with AAO >40 years,6 whereas biologics approved for eosinophilic asthma 
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(anti–interleukin [IL]-5/5 receptor [R] and anti–IL-4R) demonstrated reduced efficacy with AAO <18 years 
(Supplemental Table 1).7–10 However, these differences among RCT subgroups are small and could be due to unidentified 
variables, limited sample size, or chance. To determine whether these efficacy trends are present in real-world outcomes, 
we examined exacerbation rate reductions with biologic initiation by AAO and biologic class in a large, real-world study 
cohort of adults with specialist-treated SA.

Methods
CHRONICLE is an ongoing, real-world, observational study of US adults with subspecialist-treated SA who are 
receiving biologics approved by the US Food and Drug Administration for SA, systemic corticosteroids or other systemic 
immunosuppressants for ≥50% of the prior 12 months, or are persistently uncontrolled (per European Respiratory Society 
and American Thoracic Society guidelines) while treated with high-dosage ICS with additional controllers.11 Included 
patients are aged ≥18 years at enrollment, treated by pulmonologists or allergist-immunologists, and diagnosed with SA 
≥12 months before enrollment; written informed consent for participation and acquisition of medical records was 
obtained at enrollment.11 The CHRONICLE study protocol received central institutional review board approval by 
Advarra (Columbia, MD) on November 3, 2017, and was registered on ClinicalTrials.gov on December 14, 2017 
(ClinicalTrials.gov: NCT03373045). The CHRONICLE study is conducted in accordance with the principles of the 
Declaration of Helsinki, the International Conference on Harmonisation Good Clinical Practice Guidelines, and applic-
able regulatory requirements.

This analysis evaluated patients enrolled between February 2018 and February 2022 who initiated a biologic and had 
complete data for 6 months before and after biologic initiation for estimating annualized exacerbation rates. 
Exacerbations were events requiring ≥3 days of oral corticosteroids (OCS) or a temporary increase in OCS dose for 
those receiving maintenance OCS, ≥1 corticosteroid injection, or inpatient hospital admission lasting ≥24 hours. Study 
sites report all exacerbations for 12 months before enrollment and every 6 months thereafter. Patients were required to 
have no biologic use during the pre-initiation period and complete data for the pre- and post-initiation periods to enable 
a self-controlled cohort analysis of exacerbation reduction with biologic initiation.

A locally estimated scatterplot smoothing (LOESS) analysis was conducted to plot the relationship 
between percentage reduction in exacerbation rate and AAO for each biologic class. In this analysis, the percentage 
reduction in exacerbation rate is only calculable for patients who had at least 1 exacerbation during the 6 months prior to 
biologic initiation. LOESS regression is a nonparametric method that generates a smooth curve through data in 
a scatterplot using local weighted regression. LOESS was used to fit a curve to a scatterplot of percentage exacerbation 
rate reduction by AAO. Two biologic classes (ie, anti-IgE and anti–IL-5/5R/4R) were selected a priori at CHRONICLE 
study start as the primary biologic classes of interest based on biologic usage at the time. To account for changes in the 
usage of biologics since that time, a sensitivity analysis was conducted with 3 biologic classes: anti-IgE, anti–IL-5/5R, 
and anti–IL-4R. Additionally, to support the primary LOESS analysis, annualized patient exacerbation rates were 
calculated and compared by AAO category (<18, 18–39, ≥40 years) for the pre- and post-initiation periods for each 
biologic class (ie, anti-IgE and anti–IL-5/5R/4R).

Results
Among 578 patients with complete data, 198 were diagnosed with asthma at age <18 years, 149 were diagnosed at 18–39 
years, and 231 were diagnosed at ≥40 years. Across AAO subgroups, patients were predominantly White (73%–78%), 
female (67%–73%), and commercially insured (54%–71%) (Table 1). Pre-initiation, a slightly smaller proportion of 
patients treated with anti–IL-5/5R/4R versus anti-IgE had allergic rhinitis, whereas overall more had rhinosinusitis, nasal 
polyps, and higher blood eosinophil counts (Supplemental Table 2).

Across subgroups, exacerbation rates were reduced following biologic initiation. LOESS plot curves showed similar 
rate reductions between anti-IgE and anti–IL-5/5R/4R subgroups at younger AAO. However, the anti-IgE exacerbation 
reduction diminished (effectiveness decreased) steadily with increasing AAO, particularly with AAO ≥40 years 
(Figure 1). The sensitivity analysis showed similar rate reductions for anti–IL-5/5R and anti–IL-4R biologics across 
AAO groups (Supplemental Figure 1).
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In the secondary descriptive analyses of exacerbation reductions by AAO category and biologic class, overall patients 
treated with anti-IgE and anti–IL-5/5R/4R biologics had 48% and 55% fewer exacerbations, respectively. Exacerbation 
reductions were similar for anti-IgE and anti–IL-5/5R/4R in patients with AAO <18 years (52% and 45%, respectively) 
and 18–39 years (64% and 55%, respectively). However, among patients with AAO ≥40 years, annualized exacerbation 
rate reductions were 61% for anti–IL-5/5R/4R versus 25% (P=NS) for anti-IgE (Supplemental Figure 2).

Table 1 Characteristics of Patients at Enrollment by Age of Asthma Onset

Characteristics Age of Asthma Onset

<18 years  
(n = 198)

18–39 years  
(n = 149)

≥40 years 
(n = 231)

Age at enrollment, median (IQR) 48.0 (38.0, 60.5) 47.0 (38.0, 58.0) 61.0 (54.0, 68.0)

Age at diagnosis, median (IQR) 6.0 (3.0, 11.0) 28.0 (24.0, 35.0) 50.0 (45.0, 59.0)

Female, % 67.2 72.5 67.1

Race, %

White 78.3 72.5 74.9

Black 16.2 20.1 17.3

Othera 5.1 4.1 4.3

Not reported 0.5 3.4 3.5

Hispanic or Latino ethnicity, % 4.0 11.4 7.4

Insurance, %

Commercial 66.2 70.5 54.1

Medicaid 13.1 10.7 8.7

Medicare 18.2 14.1 30.3

Uninsured 1.0 0 0.4

Otherb 1.5 4.0 6.5

Missing 0 0.7 0

Comorbidities, %

Allergic rhinitis 62.1 55.7 64.1

Gastro-esophageal reflux disease 34.3 38.9 42.9

Sleep apnea 18.7 22.8 26.4

Anxiety 19.7 14.1 14.7

Depression 18.2 17.4 16.0

Rhinosinusitis 9.6 16.8 17.7

Chronic obstructive pulmonary disease 10.1 8.7 13.4

Nasal polyps 7.1 10.7 5.2

Highest blood eosinophil count while not on biologics or mSCS (cells/mcL)

Patients with available data, n 123 104 155
<150, %  
≥150 and <300, %  
≥300 and <450, %  
≥450, %

25.2 
22.8 
22.8 
29.3

26.9 
18.3 
23.1 
31.7

27.1 
18.7 
16.8 
37.4

Highest IgE while not on biologics or mSCS (IU/mL)   
Patients with available data, n  
<150, %  
≥150 and <400, %  
≥400, %

87 
46.0 
27.6 
26.4

69 
47.8 
29.0 
23.2

110 
52.7 
29.1 
18.2

Notes: a“Other” includes Asian, American Indian or Alaska Native, Native Hawaiian or Other Pacific Islander; b“Other” includes other government 
insurance. 
Abbreviations: IgE, immunoglobulin E; IQR, interquartile range; mSCS, maintenance systemic corticosteroids.
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Discussion
To our knowledge, the observation of differential biologic outcomes by biologic class and AAO is novel in the real-world 
setting. These results align with post hoc analyses of clinical trials that suggest differential efficacy based on AAO and 
mechanism of biologic therapy (ie, anti-IgE vs anti–IL-5/5R/4R).6–10 The overall reductions in exacerbations after biologic 
initiation support the effectiveness of biologics for SA in general and align with previous real-world analyses.12,13 The 
diminished exacerbation rate reduction with anti-IgE use in patients with adult-onset asthma, which was most dramatic with 
AAO ≥40 years, aligns with the trend observed in RCTs of omalizumab and raises the question of whether these patients 
may be better treated with other biologics. Anti-IgE treatment may have reduced effectiveness with adult-onset asthma 
because adult-onset asthma is less likely to be driven by allergy and IgE.3–5 It is possible that the smaller sample size and 
lower pre-initiation exacerbation incidence for anti-IgE therapy recipients with AAO ≥40 years might have impacted the 
observed results; however, a major impact seems unlikely as both the sample size and pre-treatment exacerbation incidence 
were comparable to those in the anti-IgE cohort with AAO <18 years, in which robust effectiveness was demonstrated.

Despite consistent trends in RCTs of anti–IL-5/5R/4R biologics demonstrating diminished exacerbation reductions 
(reduced efficacy) in individuals with AAO <18 years compared with AAO ≥18 years, a meaningful decrease in effectiveness 
with younger AAO was not observed in the current analysis. This difference may be due to patient selection by subspecialists, 
as anti–IL-5/5R/4R recipients were a more highly eosinophilic subset of patients with childhood-onset disease, which should 
lead to improved real-world outcomes with anti–IL-5/5R/4R use. Additionally, given the historical order of biologic approval, 
anti–IL-5/5R/4R recipients may have been enriched for those with insufficient previous response to anti-IgE.

Differences in patient characteristics by biologic class highlight an important strength as well as limitation of this 
analysis of patient outcomes with biologics as prescribed by US specialists. Our patient–self-controlled analyses of 
exacerbation reductions accurately describe the patient experience within each biologic class but cannot describe what 
outcomes would occur if patients who received one biologic class were instead treated with the alternative class. 
However, RCT results suggest improved outcomes with anti–IL-5/5R/4R biologics versus anti-IgE therapy for adults 
with SA and AAO ≥40 years.6–10

Strengths of this study include the large real-world sample of patients with SA and the novelty of results stratified by 
AAO. General limitations of the CHRONICLE study have been previously described and include inherent limitations of any 
real-world descriptive study, differences in clinical practice across study sites, and lack of probabilistic site selection.11 

CHRONICLE is limited to US adults with SA receiving subspecialist care and may not be completely generalizable to the 
broader SA population in the US or globally.11 Follow-up time for capturing exacerbations was limited to 6 months before 
and after biologic initiation due to the available sample, as many fewer patients had complete data for 12 months before and 

Figure 1 Exacerbation rate reductions 6 months pre- and post-initiation of anti-IgE and anti–IL-5/5R/4R biologics by age of asthma onset The percentages of rate reduction 
were calculated only among patients with ≥1 exacerbation 6 months pre-biologic initiation (anti-IgE: n = 64; anti–IL-5/5R/4R: n = 198). 
Abbreviations: CI, confidence interval; IgE, immunoglobulin E; IL, interleukin; R, receptor.
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after biologic initiation. Previous analyses have demonstrated similar results when using 6 months or 12 months before and 
after biologic initiation.14,15 Further analyses with follow-up duration of ≥12 months would be ideal to characterize long-term 
exacerbation risk. The analysis cannot rule out that the observed differences by AAO are due to other factors; however, this 
appears less likely given the comparable findings in RCTs and the well-established age association with the allergic asthma 
phenotype. This analysis did not examine outcomes by specific biologics within the anti–IL-5/5R class due to concerns 
regarding sample size for individual biologics, and because RCTs have demonstrated similar effects of AAO on efficacy for 
each of these biologics.8–10 The ongoing CHRONICLE study may provide real-world insight into these concerns and 
outcomes for anti-thymic stromal lymphopoietin therapy in future analyses.

Conclusions
In conclusion, our analysis of this large real-world cohort of US adults with SA showed that exacerbation reductions with 
biologic use varied by patient AAO and by biologic class. Although exacerbation rate reductions were similar across 
biologic classes at younger AAO, the anti-IgE exacerbation reduction was diminished among those with AAO ≥40 years, 
a finding consistent with RCT results. Clinicians should consider AAO in biologic treatment decisions, particularly with 
use of anti-IgE in patients with AAO ≥40 years.

Abbreviations
AAO, age of asthma onset; ICS, inhaled corticosteroids; IgE, immunoglobulin E; IL, interleukin; IQR; interquartile 
range; LOESS, locally estimated scatterplot smoothing; mSCS, maintenance systemic corticosteroid; OCS, oral corti-
costeroid; RCT, randomized, placebo-controlled trial; SA, severe asthma.

Data Sharing Statement
CHRONICLE is an ongoing study; individual de-identified participant data cannot be shared until the study concludes. 
The full study protocol is available upon request of the corresponding author. Individuals who were or were not involved 
in the study may submit publication proposals to the study’s Publication Steering Committee by contacting the 
corresponding author.

Ethics Approval and Informed Consent
The CHRONICLE study protocol received central institutional review board (Advarra, Columbia, MD) approval on 
November 3, 2017, and was registered on ClinicalTrials.gov on December 14, 2017 (NCT03373045). A signed informed 
consent form is obtained at enrollment for study participation and to acquire medical records from other providers, 
including pharmacy records.
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