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Asthma biologics
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Background: Confirmation of effectiveness of asthma biologics in the real world is desirable because patient
characteristics and experiences may differ from those included in randomized controlled trials.
Objective: To evaluate real-world effectiveness of asthma biologics and identify predictors of response.
Methods: We performed a retrospective study in patients with severe asthma receiving biologics. The primary
outcome was change in clinically significant exacerbations at 12 months after starting biologic therapy, com-
pared with 12 months before. Secondary outcomes were change in severe exacerbations, maintenance oral corti-
costeroid (OCS) dose, prebronchodilator forced expiratory volume in 1 second (FEV1), and asthma control test
scores. Subgroup analyses were performed for subjects who were biologic naive or not. A stepwise logistic
regression model was performed to compare responders to nonresponders.
Results: A total of 112 patients were included. Biologic therapy was associated with a 59% reduction in clinically
significant exacerbations (P < .001), 65% reduction in severe exacerbations (P < .001), and 54% reduction in main-
tenance OCS dose (P = .001) in the 12 months after starting therapy. Biologics also resulted in improvement in
prebronchodilator FEV1 (P = .002) and Asthma Control Test score (P < .001). Subjects who were previously on
another biologic also experienced significant improvements in exacerbation frequency, maintenance OCS dose,
and asthma control. Responders were more likely to be nonsmokers and have higher baseline FEV1, gastroesoph-
ageal reflux disease, and eosinophil counts greater than 500 cells/mL.
Conclusion: In a real-world setting, biologic therapy in asthma is effective in improving exacerbations, asthma
control, and lung function. Patients who have a suboptimal response to 1 biologic can still benefit from treatment
with a different biologic.

© 2021 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
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Introduction

Asthma is a heterogeneous disease usually characterized by chronic
airway inflammation, variable airflow limitation, and respiratory
symptoms, including dyspnea, wheezing, chest tightness, and cough.1

Severe asthma is defined as asthma that requires treatment with high-
dose inhaled corticosteroids plus a second controller or systemic corti-
costeroids (CS) to maintain asthma control (or remains poorly con-
trolled despite this therapy). Although severe asthma makes up for
less than 5% of all asthma, it accounts for most of asthma-associated
morbidity and health care costs.2 The heterogeneity in severe asthma
has become increasingly relevant as several biologic treatments target-
ing specific asthma phenotypes have recently become available.
Omalizumab, an anti−immunoglobulin E (IgE) monoclonal antibody,
was the first biologic to receive approval from the US Food and Drug
Administration (FDA) in 2003 as add-on treatment in moderate to
severe allergic asthma. With almost 2 decades of experience, a large
body of evidence has accumulated, revealing efficacy and safety of
omalizumab in both controlled clinical trials and real-world settings.3-
8 Mepolizumab, an anti−interleukin (IL)-5 antibody, was the next bio-
logic to receive FDA approval as add-on treatment in severe eosino-
philic asthma in 2015.9-11 This was followed closely by FDA approval
of reslizumab (anti−IL-5),12 benralizumab (anti−IL-5 receptor),13-15

and dupilumab (anti−IL-4/IL-13 receptor).16-18

These advanced biologic treatments were found to have efficacy
in decreasing asthma exacerbations, reducing systemic corticosteroid
exposure, and improving asthma control in randomized controlled
trials (RCTs) of patients with severe uncontrolled asthma.10-19

Although data from RCTs are essential to confirm safety and efficacy,
RCTs have strict inclusion and exclusion criteria and close monitoring
of participants for adherence and adverse effects. Confirmation of
effectiveness of these therapies in the real-world settings is desirable
as patient characteristics and experiences may differ from those
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included in RCTs. Real-world studies can also help reveal responder
profile and impact of comorbidities that may have been excluded in
RCTs. For example, mepolizumab data from 6 severe asthma clinics in
Northwestern Italy found that patients receiving the biologic were
older, had higher lung function, higher prednisone dose requirement,
higher blood eosinophil count, and higher prevalence of nasal poly-
posis when compared with the patients included in RCTs.19

The purpose of this study was to evaluate the real-world effec-
tiveness of all FDA-approved asthma biologics in patients with
severe asthma seen at our severe asthma referral center. We fur-
ther analyzed the impact on asthma outcomes when patients
were switched from 1 biologic to another for suboptimal
response. We also tried to identify predictors of response to
asthma biologic therapies.
Methods

Study Design and Approval

As illustrated in Figure 1, we performed a retrospective, single-
center study at the University of Rochester Mary Parkes Asthma Cen-
ter. Approval for the study was obtained from the institutional review
board at the University of Rochester. Patients for whom biologic ther-
apy was started between January 2014 and December 2020 were
included in the study. Patients’ electronic medical records were
reviewed for data on demographics, lung function, medications,
comorbidities, exacerbations, and Asthma Control Test (ACT) score.
Exacerbation frequency was confirmed after review of provider notes
and medication prescription history in electronic medical records.
Clinical Outcomes and Analysis

Primary outcome was the change in clinically significant
asthma exacerbations during the 12 months after starting the
Figure 1. Of 112 patients who were included in the study, 83 were previously biologic naiv
cohort was then divided into responders and nonresponders to identify the differences betw
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biologic compared with historical control during 12 months
before starting the biologic. Clinically significant asthma exacer-
bation was defined as a composite of exacerbations requiring
treatment with oral corticosteroids (OCS), emergency department
or urgent care visits, or hospitalization for asthma. The secondary
outcomes included reduction in severe exacerbations (emergency
department or urgent care visits or hospitalization) during 12
months after starting the biologic, reduction in maintenance OCS
(mOCS) dose during 12 months after starting the biologic, change
in prebronchodilator forced expiratory volume in 1 second 1
(FEV1) during 3 to 12 months after starting the biologic, and
change in ACT score during 3 to 12 months after starting the bio-
logic.

Subgroup analyses were performed for patients who were
switched from 1 biologic to another for suboptimal response, as
determined by the treating clinician. Paired t test was used to calcu-
late the P value using GraphPad Prism version 9.0.2. The entire
patient cohort was grouped into responders or nonresponders.
Unpaired t test and contingency x2 test were used to determine dif-
ference between the 2 groups using GraphPad Prism version 9.0.2. A
stepwise logistic regression model was performed in SAS to compare
responders to nonresponders regarding patient characteristics, in
which patient characteristics having significant associations in bivari-
ate analysis were included. Sensitivity analyses were performed
when only patients having at least 12-month follow-up were
included.

Patients were classified as “responders” if they met any 1 of the
following 3 criteria:

� greater than or equal to 50% reduction in clinically significant
exacerbations;

� greater than or equal to 50% reduction in mOCS dose;
e and 29 were switched to another biologic for suboptimal response. The entire patient
een the 2 groups. ACT, asthma control test; PFT, pulmonary function test.
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Figure 2. Distribution of asthma biologics. Mepolizumab and dupilumab were the 2 most often used biologics.

Table 1
Baseline Patient Characteristics (N = 112)
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� greater than or equal to 120 mL increase in FEV1 and greater
than or equal to 3-point increase in ACT score.
Mean age, y (range) 57 (28-92)
Female, n (%) 62 (55)
Body mass index, kg/m2 (range) 32.8 (16.47-59.21)
Race, n (%)
White
African American
Asian
Other

86 (77)
19 (17)
2 (1.8)
5 (4.5)

Mean blood eosinophil count, cells/mL (range) 624 (0-3400)
Mean blood eosinophil percentage, (range) 7 (0-30)
Mean FEV1 pre-BD, L (range) 2.05 (0.56-3.67)
Mean FEV1 pre-BD, % predicted (range) 69 (25-110)
Mean ACT score (range) 14 (5-25)
Patients with history of asthma related-intubations, n (%) 14 (12.5)
Medications, n (%)
Inhaled corticosteroids 112 (100)
LABA 96 (86)
LAMA 76 (68)
LTM 81 (72)
Nasal corticosteroids 66 (59)
Theophylline 6 (5)
Patients previously on a biologic, n (%) 29 (26)
Patients on maintenance OCS, n (%). 49 (44)
Mean daily OCS dose, mg (range) 11 (2.5-60)
Comorbidities, n (%)
GERD 87 (77)
Allergies 69 (62)
Allergic rhinitis 63 (56)
OSA 47 (42)
Depression 40 (36)
Nasal polyposis 23 (20)
Vocal cord dysfunction 16 (14)
Frequent respiratory tract infections 15 (13)
Aspirin allergy 4 (3)

Abbreviations: ACT, asthma control test; GERD, gastroesophageal reflux disease; LABA,
long-acting beta-agonist; LAMA, long-acting muscarinic antagonist; LTM, leukotriene
modifier; OSA, obstructive sleep apnea; OCS, oral corticosteroid; pre-BD,
prebronchodilator.
Results

We identified 112 patients who were initiated on asthma biologic
therapy between January 2014 and December 2020 and for whom
follow-up data were available between 3 and 12 months afterward.
The distribution of biologic therapies is summarized in Figure 2.
Mepolizumab (49, 43%) and dupilumab (30, 27%) were the most fre-
quently used biologics. Table 1 provides baseline patient characteris-
tics. The mean age of our patient cohort was 57 years with 55%
female. The mean body mass index was 32.8 kg/m2. All patients were
receiving inhaled corticosteroids, and 44% our patients were requir-
ing maintenance OCS. Asthma control was poor with an average ACT
score of 14. Biologics were switched in 26% of the patients for subop-
timal response to the initial therapy, as determined by the treating
physician. Of the subjects included for analyses, 103 completed 1-
year follow-up (92%). The remainder of the patients had follow-up
data available between 3 and 12 months of initiation of biologic ther-
apy. Only those patients who had 1-year follow-up data available
were included in the analysis for reduction in clinically significant
exacerbations, severe exacerbations, and mOCS dose.

Treatment with any biologic therapy was associated with a 59%
reduction in clinically significant exacerbations from mean 4.50/y in
the 12-month period preceding initiation of biologic therapy to 1.83/
y in the 12-month period after initiation of therapy (Table 2, P <
.001). All the secondary outcomes also reached statistical significance.
Severe exacerbations were decreased by 65% from 1.62/y to 0.57/y
(P < .001). Biologic therapy also led to improvement in mean FEV1
(180 mL, P = .002) and mean ACT score (4 points, P < .001) as found in
Figures 3 and 4. Mean mOCS dose reduction of 54% (prednisone
equivalent 11 mg to 5 mg, P = .001) was observed, with 31% (15/49)
of patients able to discontinue mOCS. Of note, 26% (13/49) of patients
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Table 2
Response to Biologics in All Patients (n = 112)

Outcomes Mean baseline Mean follow-up P value

Rate of clinically significant exacerbations (n = 103) 4.50 1.83 < .01
Rate of severe exacerbations (n = 103) 1.62 0.57 < .01
mOCS-mg prednisone equivalent (n = 50) 11 5 < .01
FEV1 L (n = 77) 2.05 2.23 < .01
FEV1 (% predicted) (n = 77) 69.49 77.39 < .01
ACT score (n = 83) 14 18 < .01

Abbreviations: ACT, asthma control test; FEV1, forced expiratory volume in 1 second; mOCS, maintenance oral corticosteroid.
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were unable to reduce or required an increase in mOCS dose despite
biologic therapy. Table 2 summarizes the results for the entire study
cohort.

Previously Biologic Naive vs Biologic Treatment Failure

We compared outcomes between patients who were previously
not on an asthma biologic and those who were switched from a pre-
vious biologic for suboptimal response (Tables 3 and 4). The effect
size for the outcomes was better in the subgroup wherein the initial
biologic was continued (n = 74) with 80% reduction in mean clinically
significant exacerbations (5.0-1.0; P < .01), 100% reduction in severe
exacerbations from 2.0 to 0 (P < .01), and improvements in ACT score.
Improvement in FEV1 was not observed in this subgroup. A 53%
reduction in mOCS dose was seen in this group of patients with 30%
(11/36) able to discontinue mOCS.

A total of 29 patients were switched from an initial biologic to
another by the treating physician, because of lack of efficacy in reduc-
ing exacerbation frequency, improving lung function, or improving
symptoms. The biologic therapies chosen initially in this subgroup
were mepolizumab (n = 11), omalizumab (n = 10), benralizumab
(n = 7), and reslizumab (n = 1). Patients were switched to dupilumab
igure 3. Mean prebronchodilator FEV1 improved by 180 mL in 3 to 12 months after
arting biologic therapy. FEV1, forced expiratory volume in 1 second.

igure 4. Mean ACT score improved by 4 points in 3 to 12 months after starting bio-
gic therapy. ACT, asthma control test.

Table 3
Response to Biologics in Patients Previously Not on a Biologic (N = 83)

Outcomes Mean baseline Mean follow-up P value

Rate of clinically significant exacerba-
tions (n = 74)

5.0 1.0 < .01

Rate of severe exacerbations (n = 74) 2.0 0.0 < .01
mOCS-mg prednisone equivalent (n = 36) 13.7 6.4 < .01
FEV1 L (n = 58) 2.08 2.00 .05
ACT score (n = 56) 13 18 < .01

Abbreviations: ACT, asthma control test; FEV1, forced expiratory volume in 1 second;
mOCS, maintenance oral corticosteroid.

Table 4
Response to Biologics in Patients Previously on a Different Biologic (N = 29)

Outcomes Mean baseline Mean follow-up P value

Rate of clinically significant exacerba-
tions (n = 28)

3.46 2.07 < .01

Rate of severe exacerbations (n = 28) 1.28 0.78 .09
mOCS-mg prednisone equivalent (n = 14) 8.82 5.07 .16
FEV1 L (n = 19) 1.94 2.27 .01
ACT score (20) 15 18 .04

Abbreviations: ACT, asthma control test; FEV1, forced expiratory volume in 1 second;
mOCS, maintenance oral corticosteroid.
F
st
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(n = 16), benralizumab (n = 7), and mepolizumab (n = 6) as summa-
rized in eTable 1. There was a 40% reduction in clinically significant
exacerbations in this cohort (3.46-2.07; P = .01). Improvements in
FEV1 (330 mL, P = .01) and ACT score (3, P = .04) were observed. No
significant reduction in severe exacerbations was observed. There
was a 42% reduction in mOCS dose that was not statistically signifi-
cant (P = .16) and 36% (5/14) of patients were able to discontinue
mOCS. In the subgroup of patients (n = 5) in whom anti−IL-5 therapy
(mepolizumab) was switched to anti−IL-5R therapy (benralizumab),
the switch seemed to be effective although statistical significance
was not achieved likely owing to small sample size.
Responders vs Nonresponders

Patients were assigned to “responder” (n = 85) and “nonre-
sponder” (n = 24) subgroups, using criteria listed in the methods sec-
tion (eTable 2). There were 3 patients excluded from this analysis
owing to insufficient data on lung function and ACT score within 3 to
12 months after initiating biologics. A greater proportion of nonres-
ponders had lower baseline prebronchodilator FEV1 (2.17 L vs 1.62 L;
P = .01). More patients in the “responder” subgroup had an absolute
blood eosinophil count greater than or equal to 500 cells/mL (65% vs
37%; P = .01) and had a history of gastroesophageal reflux disease
(GERD) (82% vs 58%; P = .01). Nonresponders had higher proportion
of females and ever smoker.

The 2 groups did not differ significantly in terms of body mass
index, mean blood eosinophil count, serum IgE, ACT score, mOCS
dose, or percentage of patients on mOCS.

The multivariable stepwise logistic regression model (eTable 3)
revealed that ever-smokers were less likely to be responders (odds
ratio [OR], 0.01; P = .01), patients with higher baseline FEV1 (OR,
1.05; P = .01) and eosinophil counts greater than or equal to 500
cells/mL (OR, 1.24; P = .02) were more likely to be responders, and
patients having a history of GERD were marginally more likely to be
responders (OR, 4.55; P = .06). Sensitivity analyses revealed same
conclusions based on patients having at least 12-month follow-up.
Discussion

We report here our real-world experience with biologic therapies
in patients with severe asthma at a high-risk asthma referral clinic. In
previous real-world studies, mepolizumab was found to have reduc-
tion in asthma exacerbations and OCS dose in severe eosinophilic
asthma with efficacy similar to RCTs.20-22 Similarly, benralizumab
had significant improvement in all relevant clinical outcomes in a
real-world setting.23,24 Reslizumab also had improved real-world
clinical outcomes in severe eosinophilic asthma.25 Approximately
24% to 42% of patients with severe eosinophilic asthma have subopti-
mal or no response to anti−IL-5/IL-5R therapy and require mOCS in
real-world effectiveness studies.26,27 Limited data are available on
characteristics of this subgroup and the mechanisms underlying lack
of response to biologic therapy. It is also unclear whether a patient
who has failed 1 asthma biologic will respond to a different biologic.
In 1 study, switching to dupilumab from anti-IgE or anti−IL-5/IL-5R
therapy resulted in improvement in asthma control and reduction in
exacerbations and systemic corticosteroid requirement.29 In another
study, reslizumab had reduction in OCS requirement from 72% to 52%
and an improvement in asthma control when switched from mepoli-
zumab.30 Post hoc analysis of OSMO study revealed beneficial
response in uncontrolled severe eosinophilic asthma on omalizumab
when switched to mepolizumab,31

In our study, treatment with any biologic therapy was associ-
ated with significant improvement in asthma exacerbations, OCS
dependence, lung function, and asthma control. The magnitude of
effect observed in our study is comparable to other real-world
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effectiveness studies.20,21,23,24 At our center, approximately 1 in 4
patients on an asthma biologic was switched to another biologic
for suboptimal response. This finding is consistent with previous
reports.27-29 Global Initiative for Asthma guidelines suggest
switching to a different T2-targeted asthma therapy if the
response to a biologic is not sufficient. It is important to better
characterize this group of “nonresponders” and assess effective-
ness of switching to a different biologic. We found that in this
subgroup of patients, switching to a different biologic was still
effective in improving asthma exacerbations, OCS dependence,
lung function, and ACT score. Interestingly, the improvement in
asthma outcomes in the patients who switched biologic therapy
was not as large as found in biologic-naive patients. The most
likely explanation for this finding is that, compared with biologic-
naive patients, patients who were on a biologic during the pre-
ceding 12 months experienced fewer baseline clinically significant
exacerbations (3.46 vs 5.0) or had a lower baseline mean mOCS
dose requirement (8.82 vs 13.7 mg), suggesting that they had
achieved some improvement in asthma control on the initial bio-
logic. Alternatively, these subjects may have different underlying
pathobiology of severe asthma rendering them resistant to the
effects of targeted biologics.

These finding are consistent with other studies29,30 that have
revealed benefits of switching to dupilumab or reslizumab in patients
when an initial biologic was ineffective. Our study also suggests that a
switch to anti−IL-5R therapy (benralizumab) can also be effective for
patients with suboptimal response to anti−IL-5 therapy (mepolizumab).

We also studied the differences between “responders” and “non-
responders.” We found that nonresponders were more likely to be of
female sex, ever smoker, and had lower baseline prebronchodilator
FEV1. Responders were more likely to be never smokers, have a his-
tory of GERD, and have a higher baseline prebronchodilator FEV1.
Association of GERD with response to biologic therapy was an inter-
esting finding and, to the best of our knowledge, has not been previ-
ously reported. This may be related to underdiagnosis of GERD in
nonresponders or undiagnosed eosinophilic esophagitis in respond-
ers who also improved with biologic therapy. The responder sub-
group also had higher percentage of patients with eosinophil count
greater than 500 cells/mL, although there was no difference in mean
eosinophil count between the 2 groups. In a previous study, fractional
exhaled nitric oxide (FeNO) greater than 25 ppb was predictive of a
response to dupilumab when switched from another biologic.29 This
was not reproduced in our study although our study was limited by
the fact that we did not have FeNO data available for all patients.

Our study has many strengths. It is one of the largest real-world
studies on effectiveness of biologics in severe asthma in the United
States, which not only includes all classes of biologics but also evalu-
ates effectiveness of switching between various different biologics
instead of a single biologic switch. We also looked for predictors of
treatment response. Our follow-up period of 1 year was also longer
than most other similar studies.22,24,27,29

There are several limitations to our study. This is a retrospective
study and affected by the limitations of a retrospective single-center
study. Our patient cohort was less diverse. We had FeNO data avail-
able for only 40% of the patients. The follow-up was less than 12
months for 8% of the patients.

In summary, asthma biologics can significantly improve disease
control in a real-world clinic setting. Further study of the determi-
nants of response to individual biologics will help in targeting the
right drug to the right subjects with severe asthma.
Supplementary Data
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Supplementary data
eTable 1
Biologic Switch Group (N = 29)

Previous biologic New biologic

Mepolizumab (6)
Benralizumab (7)
Omalizumab (2)
Reslizumab (1)

Dupilumab (16)

Mepolizumab (5)
Omalizumab (2)

Benralizumab (7)

Omalizumab (6) Mepolizumab (6)

eTable 3
Multivariate Logistic Regression Comparing Responders and Nonresponders

Effect OR P value

Ever smoker vs never smoker 0.01 .01
GERD vs no GERD 4.55 .06
Patients with eosinophil count ≥500 vs <500 cells/mL 1.24 .02
Baseline FEV1 1.05 .01

Abbreviations: FEV1, forced expiratory volume in 1 second; GERD, gastroesophageal
reflux disease; OR, odds ratio.
eTable 2
Bivariate Analysis Comparing Responders and Nonresponders

Characteristics Responders
mean (N = 85)

Nonresponders
mean (N = 24)

P value

Age (y) 57 54 .22
Female 49% (42/85) 66% (16/24) .13
Never smoker 59% (50/85) 37% (9/24) .06
Ever smoker 41% (35/85) 62% (15/24) .06
BMI (kg/m2) 32.91 33.5 .61
GERD 82% (70/85) 58% (14/24) .01
Nasal polyposis 21% (18/85) 21% (5/24) .9
Vocal cord dysfunction 13% (11/85) 21% (5/24) .3
Blood eosinophil count (cells/mL) 664 468 .12
Blood eosinophil ≥500 cells/mL 65% (55/85) 37% (9/24) .01
IgE (kU/L) 382 549 .42
Baseline FEV1 (L) 2.17 1.62 .01
Baseline FEV1 % predicted 72.8 55.38 <.01
Positive bronchodilator responsea 21/52 (40%) 7/16 (44%) .41
FENO (ppb) 39.85 (34/85) 43.10 (10/24) .83
FENO ≥25 ppb 17/34 5/10 >.99
ACT 13.53 14.73 .44
Rate of clinically significant exacerbations 4.78 4.45 .88
Rate of severe exacerbation 1.6 2.1 .53
Patients on mOCS 45% (38/85) 37% (9/24) .6
mOCS dose-mg prednisone equivalent 10 16.94 .19

Abbreviations: ACT, asthma control test; BMI, body mass index; FENO, fractional exhaled nitric oxide; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; ppb,
parts per billion; GERD, gastroesophageal reflux disease; IgE, immunoglobulin E; mOCS, maintenance oral corticosteroid.
aAn increase of ≥12% and ≥200 mL as an absolute value compared with a baseline in either forced expiratory volume at 1 second or FVC.
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