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BACKGROUND: The development of novel targeted biologic therapies for severe asthma has
provided an opportunity to consider remission as a new treatment goal.

RESEARCH QUESTION: How many patients with severe asthma treated with biologic therapy
achieve clinical remission, and what predicts response to treatment?

STUDY DESIGN AND METHODS: The Danish Severe Asthma Register is a nationwide cohort
including all adult patients receiving biologic therapy for severe asthma in Denmark. This
observational cohort study defined “clinical response” to treatment following 12 months as
a $ 50% reduction in exacerbations and/or a $ 50% reduction in maintenance oral cortico-
steroid dose, if required. “Clinical remission” was defined by cessation of exacerbations and
maintenance oral corticosteroids, as well as a normalization of lung function (FEV1 > 80%) and
a six-question Asthma Control Questionnaire score # 1.5 following 12 months of treatment.

RESULTS: Following 12 months of treatment, 104 (21%) of 501 biologic-naive patients had no
response to treatment, and 397 (79%) had a clinical response. Among the latter, 97 (24%)
fulfilled the study criteria of clinical remission, corresponding to 19% of the entire popula-
tion. Remission was predicted by shorter duration of disease and lower BMI in the entire
population of patients treated with biologic therapy.

INTERPRETATION: Clinical response was achieved in most adult patients initiating biologic
therapy, and clinical remission was observed in 19% of the patients following 12 months of
treatment. Further studies are required to assess the long-term outcome of achieving clinical
remission with biologic therapy. CHEST 2024; 165(2):253-266
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Take-home Points

Study Question: How many patients with severe
asthma treated with biologic therapy achieve clinical
remission, and what predicts response to treatment?
Results: This study highlights that almost one in five
patients with severe asthma achieve remission
following treatment with biologic therapy. Remission
was predicted by shorter disease duration at time of
treatment initiation and lower BMI.
Interpretation: Clinical remission is an achievable
treatment goal in adult patients with severe asthma.
Larger prospective studies are needed to describe the
impact of remission on treatment on longer-term
clinical outcomes.
Severe asthma is a highly burdensome condition,
affecting approximately 5% to 10% of patients with
asthma whose disease remains uncontrolled despite
high-dose controller therapy and in whom other causes,
including lack of adherence, inadequate inhaler
technique, and influence of untreated comorbidities,
have been ruled out.1-4 Severe asthma is associated with
high morbidity, loss of quality of life, and iatrogenic side
effects to treatment, most notably from oral
corticosteroids (OCS) prescribed either intermittently to
treat exacerbations or as maintenance therapy
(maintenance OCS [mOCS]).5,6

Previously, asthma treatment has been focused on
achieving disease control.7,8 However, with the
development of novel biologic therapies targeting the
underlying inflammatory mechanisms, it is natural to
consider remission as an achievable treatment target
in severe asthma. A similar shift in disease
management has been observed in rheumatology.
Disease-modifying antirheumatic drugs and targeted
biologic therapies have transformed the view on the
course of rheumatoid arthritis from a chronic disease
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to a potentially curable condition, and remission on
treatment has been associated with minimal or no
clinically detectable disease activity persisting in some
patients even after tapering or discontinuing the
biologic therapy.9

Remission as a treatment outcome is clinically
important at two levels. First, patients who achieve
complete control of their asthma may have a better
long-term prognosis in terms of a reduced risk of
excessive lung function decline and future
exacerbations. Second, patients achieving clinical
remission may also have a better chance of tapering
biologic therapy.10 Hence, understanding the likelihood
and predictors of remission is clinically important and
a key step toward describing the longer term beneficial
implications of achieving short-term remission on a
biologic treatment.

There is currently no clear consensus as to what
constitutes clinical response or remission in severe
asthma, but a definition has been proposed by
Menzies-Gow et al.8 They include definitions of
remission on and off treatment, using varying
combinations and cutoffs of absence of symptoms,
no OCS use for asthma, stabilization of lung
function, and agreement by health care professional
and patient about remission assessed over a period
of 12 months. This definition of remission may be
regarded as a more clinically relevant outcome than
previous definitions of super-response,11 as it
describes whether the patient achieves complete
control following treatment rather than the
magnitude of response, which is dependent on the
baseline level of control.

The aim of the current study was to describe the real-life
effectiveness of biologic therapy in severe asthma, to
evaluate the proportion of patients who achieve a clinical
response and clinical remission, and to identify
predictors of nonresponse and remission.
Study Design and Methods
Study Population and Design

Patients were included from the Danish Severe Asthma Register
(DSAR), a nationwide cohort of all patients treated with a biologic
for severe asthma in Denmark.12 Patient information in DSAR is
collected prospectively and follows a clinical protocol with a baseline
visit when biologic treatment is commenced, following 4 and
12 months of treatment, and then annually. DSAR is approved by
Videnscenter for Dataanmeldelser in the Capital Region (VD-2018-
31), and all patients provide written consent for their data to be
used for research.
For the current analysis, biologic-naive patients commencing biologic
therapy between January 1, 2016, and December 31, 2021, were
included. All but two patients were aged $ 18 years at time of
treatment start (the remaining two patients were 16 and 17 years of
age, respectively). Indication criteria for all biologic therapies in
Denmark are described in e-Table 1. As illustrated, in addition to
fulfilling the criteria for biologic therapy (high-dose inhaled
corticosteroids plus a second controller), adherence to treatment, and
a complete systematic assessment, all patients must have had $ 2
exacerbations in the previous 12 months or use mOCS at least
50% of the time in the previous 12 months to qualify for biologic
therapy. Patients were included who fulfilled these criteria and for
[ 1 6 5 # 2 CHES T F E B R U A R Y 2 0 2 4 ]



whom complete data were available. A flowchart of the study
population is presented in e-Figure 1.

Study Definitions

The current study assessed two levels of response to treatment after
12 months: clinical response and clinical remission. To define clinical
response, we applied a definition reflecting the clinical response that
would be perceived as clinically relevant. Hence, in the clinical setting, a
clinically relevant response should include an effect on the criteria that
set the indication: either exacerbations and/or mOCS use. Clinical
response was defined as: (1) a reduction of at least 50% in the annualized
exacerbation rate if the indication was based on $ 2 exacerbations in the
12 months prior to treatment, and (2) a reduction of at least 50% in the
OCS dose from baseline if the indication was based on the need for
mOCS. If a patient fulfilled both criteria, a reduction in exacerbations of
at least 50%, while maintaining OCS use, was also considered a clinically
relevant response, whereas a reduction in OCS dose without a reduction
in exacerbations was not, as this would likely indicate undertreatment
with OCS to some extent. Nonresponse was defined as patients not
fulfilling the criteria for clinical response, as well as discontinuation or
switching treatment prior to 12 months. For clinical remission, the
definition proposed by Menzies-Gow et al8 was applied: clinical remission
on treatment following 12 months of treatment was defined as a
complete absence of exacerbations and need for mOCS and well-
controlled symptoms defined as a score on the six-question Asthma
Control Questionnaire (ACQ-6) of # 1.5 after 12 months of treatment.
Optimization and stabilization of lung function were interpreted as a
normalization of lung function (FEV1 > 80% of predicted value).

Analyses

Continuous variables are described by mean � SD and median (25th
percentile-75th percentile); categorical variables are described as
number (%). The effectiveness of biologic therapy was assessed in all
chestjournal.org
biologic therapies combined by describing the change in ACQ-6,
FEV1 percent predicted value, exacerbations, and mOCS use in the
overall study population using paired t tests or signed-rank test for
continuous variables, where appropriate, and by McNemar test for
categorical variables. Furthermore, we calculated the proportion of
patients with no response vs a clinical response to biologic therapy
following 12 months of treatment and the proportion of patients
going into clinical remission in the full study population and in the
three drug classes (anti-IgE, anti-IL-5/IL-5 receptor [IL-5R], and
anti-IL-4 receptor alpha subunit [IL-4Ra]).

Baseline characteristics of patients were compared according to response
to treatment using c2 tests for categorial variables and t tests and U tests
for parametric and nonparametric variables, respectively. This was done
in the entire population and in the individual drug classes.

The association between baseline characteristics that in univariate
analyses were associated with remission with P < .10 were
furthermore included in a multivariate logistic regression model to
examine their independent impact on the odds of achieving remission.
Variables that were part of the remission definition (exacerbations,
mOCS, ACQ-6, and FEV1 percent predicted) were not included in this
model, neither were the comorbidities associated with remission to
avoid including too many categorical variables that would lead to a
regression model that would not converge. Finally, due to collinearity,
duration of disease and asthma onset could not both be included in
the same model; we chose to keep duration of disease in the final model.

All P values were two-sided and considered significant at a < 0.05. If
there were less than five observations in a cell, P values were based on
the Fisher exact test. No P values were presented if the Fisher exact test
did not converge. Analyses were conducted by using SAS Enterprise
guide (SAS Institute, Inc.).
Results
Of the 775 biologic-naive patients identified in the
DSAR, 501 fulfilled the criteria for the current study
(e-Fig 1). Baseline characteristics of the population
are summarized in Table 1, and the indications for
commencing biologic therapy in the entire study
population are illustrated in e-Figure 2.

The overall effectiveness of biologic therapy is shown in
Figure 1. Following 4 months of treatment, the mean
ACQ-6 score had decreased from 2.52 � 1.22 to 1.54 �
1.15; following 12 months, it had decreased to 1.47� 1.19,
compared with baseline, thus meeting the minimal
clinically important difference of a change of at least 0.5.
An improvement was observed in FEV1 from 2.24 �
0.90 L to 2.49� 0.92 L after 4 months and to 2.42� 0.90 L
after 12 months, which was statistically significant; the
findings reached a minimal clinically important difference
of 0.2 L after 4 months but not after 12 months. At the 12-
month follow-up, 325 patients (68%) had not experienced
any OCS-related exacerbations since commencing
biologic treatment. At baseline, 211 (42%) patients were
taking mOCS; after 12 months of follow-up, 114 (25%)
patients were using mOCS.
After 12 months of treatment, 397 (79%) patients
fulfilled the study criteria for a clinical response in the
indication that set the treatment, whereas 104 (21%) had
no response to treatment (Fig 2). Among the 397 clinical
responders, 97 patients (24% of those with a clinical
response, 19% of the total study population) had
achieved clinical remission. For the three individual
drug classes, the proportion of clinical response varied
from 72% in anti-IgE, 78% in anti-IL-5/IL-5R, and
92% in anti-IL-4Ra, whereas the proportions of patients
achieving remission in these three groups were 6%, 19%,
and 30%, respectively (Fig 3).

In the overall population, we found few baseline
predictors of having a clinical response to biologic
therapy compared with no response (Fig 2, Table 2).
Nonresponders were more likely to use mOCS at
baseline compared with clinical responders and to have
fewer exacerbations. They were also less likely to have
blood eosinophils $ 0.3 cells � 109/L and to have
eosinophilic pneumonia. Patients achieving remission
were more likely to be male, to have a lower BMI, to be
older at asthma onset, to not use mOCS, to have a lower
ACQ-6 score, to have higher FEV1 and FEV1 percent
255
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TABLE 1 ] Baseline Characteristics of Biologic-Naive
Patients Commencing Biologic Therapy in
the Danish Severe Asthma Register

Baseline Variable
Study Population

(N ¼ 501)

Demographic variables

Age, y 56 � 14

Female 254 (51)

BMI, kg/m2 28 � 6

Duration of disease, y 22 � 18

Duration of disease $ 10 y 244 (62)

Age at asthma onset, y 34 � 21

Onset during childhood
(age # 18 y)

125 (31)

Late onset (age $ 40 y) 179 (45)

Smoking status

Never smoked 262 (53)

Previously smoked 227 (46)

Currently smokes 6 (1)

Pack-y in previously
smoked and currently
smokes

13 (4-23)

Symptom control

ACQ-6 score 2.52 � 1.22

ACQ-6 score # 1.5 91 (25)

Exacerbations past 12 mo 3.00 (2.00-5.00)

Medication use

Budesonide equivalent
dose, mg

1,600 (800-1,600)

mOCS 211 (42)

mOCS dose, mg 10.00 (5.00-12.50)

ICS 221 (44)

ICS/LABA 357 (71)

ICS/LABA/LAMA 27 (5)

LAMA 178 (36)

LABA/LAMA 30 (6)

SABA 262 (52)

LTRA 217 (43)

Theophylline 23 (5)

Lung function

FEV1, L 2.24 � 0.85

FEV1, percent predicted 69 � 21

FEV1/FVC 0.66 � 0.15

Allergy

Positive SPT and/or positive
specific IgE

183 (50)

Positive SPT 57 (49)

Positive specific IgE 159 (51)

(Continued)

TABLE 1 ] (Continued)

Baseline Variable
Study Population

(N ¼ 501)

Inflammatory markers

Blood eosinophils, cells �
109/L

0.34 (0.14-0.62)

Blood eosinophils $ 0.3
109/L (%)

264 (56)

IgE, IU/mL 144 (54-381)

IgE $ 150 IU/mL 173 (49)

FENO, ppb 32 (16-64)

FENO $ 25 ppb 258 (61)

Comorbidities

ABPA 18 (4)

Allergic rhinitis 252 (51)

Atopic dermatitis 87 (18)

Aspirin sensitivity 35 (7)

Bronchiectasis 125 (25)

Cardiovascular disease 142 (29)

Chronic rhinosinusitis 294 (60)

COPD 104 (21)

Diabetes 41 (8)

Dysfunctional breathing 40 (8)

EGPA 14 (3)

Eosinophilic pneumonia 18 (4)

GERD 149 (31)

Nasal polyposis 203 (42)

Obesity (BMI $ 30 kg/m2) 141 (29)

OSA syndrome 57 (12)

Psychiatric disease 66 (13)

Vocal cord dysfunction 9 (2)

Data are presented as mean� SD, No. (%), or median (25th percentile-75th
percentile). ABPA ¼ allergic bronchopulmonary aspergillosis; ACQ-6 ¼ six-
question Asthma Control Questionnaire; EGPA ¼ eosinophilic gran-
ulomatosis with polyangiitis; FENO ¼ fractional exhaled nitric oxide; GERD ¼
gastroesophageal reflux disease; ICS¼ inhaled corticosteroid; LABA¼ long-
acting beta-agonist; LAMA ¼ long-acting muscarinic antagonist; LTRA ¼
leukotriene receptor antagonist; mOCS ¼ maintenance oral corticosteroid;
SABA ¼ short-acting beta-agonist; SPT ¼ skin prick test.

256 Original Research
predicted, and to have higher median blood eosinophil
count (Fig 2, Table 3). There were also less likely to have
COPD, dysfunctional breathing, and nasal polyposis. In
a multivariate model, the strongest predictors of
remission were BMI (OR for 1 unit increase, 0.91;
95% CI, 0.86-0.97) and duration of disease (OR for 1
year increase, 0.98; 95% CI, 0.97-0.99) (Table 4).
Doubling concentrations of blood eosinophil count and
fractional exhaled nitric oxide yielded ORs of 1.18
(95% CI, 0.98-1.42) and 1.02 (95% CI, 0.81-1.27),
[ 1 6 5 # 2 CHES T F E B R U A R Y 2 0 2 4 ]
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Figure 1 – Effectiveness of biologic therapy on clinical outcomes in the Danish Severe Asthma Register (N ¼ 501). aP values from paired t test or
signed rank test for continuous variable and McNemar test for categorical variables comparing the change between baseline and 12 months.
bMedian OCS dose at 12 months presented for patients who were using at baseline. Those not using at 12 months therefore contribute with a
value of 0 mg. mOCS ¼ maintenance oral corticosteroid; OCS ¼ oral corticosteroid.
respectively, and male sex was associated with an OR of
1.57 (95% CI, 0.88-2.83), compared with female sex.

Regarding the individual drug classes, biomarkers that
predicted remission are illustrated in Figure 3, and all
predictors of response are presented in e-Tables 2 to 4.
Remission in patients treated with anti-IL-5/IL-5R was
predicted by higher baseline blood eosinophils and
higher total IgE, whereas remission in patients treated
chestjournal.org
with anti-IL-4Ra was predicted by higher fractional
exhaled nitric oxide levels.

The temporal response to biologic therapy in patients
with a clinical response and remission is illustrated in
Figure 4. In patients obtaining a clinical response to
treatment, 17% had a baseline ACQ-6 score # 1.5; this
number improved to 50% following 4 months and
slightly declined to 48% following 12 months. In patients
257
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mOCS
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Female
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Blood eosinophils (cells � 109L)

COPD

Dysfunctional breathing

Nasal polyposis
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bClinical response, including remission
cClinical response, excluding remission
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3 (2, 5)
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Figure 2 – Response pattern and predictors of response following 12 months of treatment with biologic therapy in biologic-naive patients in the Danish
Severe Asthma Register (N ¼ 501). aProportion in the entire population. bClinical response, including remission. cClinical response, excluding remission.
mOCS ¼ maintenance oral corticosteroid.
achieving remission, the proportion with ACQ-6 score #
1.5 went from 47% at baseline to 89% after 4 months. For
FEV1 percent predicted, the proportion of patients with
FEV1 > 80% in patients obtaining a clinical response was
25% at baseline, 29% after 4 months, and 28% after
12 months. In patients achieving remission, the
proportion with FEV1 > 80% improved from 65% at
baseline to 92% after 4 months. After 12 months of
treatment, 65% of patients obtaining a clinical response
had not had any exacerbations, and 75% of patients were
free of mOCS use.

Discussion
In this nationwide DSAR cohort of all patients treated
with a biologic in Denmark, we found that most patients
(79%) obtained a clinically relevant response in the
outcomes that set the indication for biologic therapy
following 12 months of treatment. Furthermore,
approximately one-fifth of all patients achieved clinical
remission on treatment with an elimination of
exacerbations, no use of mOCS, an ACQ-6 score # 1.5,
and a normalization of lung function (> 80% of
predicted value). Together, our findings show a
beneficial effect in the majority of patients with severe
asthma, who fulfill criteria for biologics and further
indicate that achieving remission on treatment is, in fact,
a realistic goal in a proportion of patients.
258 Original Research
The current results are in line with two post hoc analyses
of studies with dupilumab13 and benralizumab14 that
reported remission proportions of 15% to 20% using
definitions of remission similar to ours. A recently
published study based on real-life data from Germany
identified 32% of patients as having achieved remission
following 1 year of treatment, with 14%, 38%, and
23% achieving remission in patients treated with anti-
IgE, anti-IL5/IL-5R, and anti-IL4Ra, respectively.15 The
definition of remission was, however, different from the
current study on two parameters in that it was based on
an Asthma Control Test score > 20 and an
improvement in FEV1 of > 100 mL, which could explain
the higher rate of remission observed in their study
compared with the current one. Another real-life study,
by Eger al,16 identified 14% of patients as having
obtained a super-response to anti-IL-5/IL-5R treatment
using a composite measure of no use of mOCS, no OCS
bursts in the past 3 months, ACQ-6 score < 1.5,
FEV1 $ 80%, and fractional exhaled nitric oxide < 50
ppb, as well as complete control of comorbidities to
define super-response. Moreover, they identified similar
predictors of super-response as in our study that were
indicative of an adult patient with a relatively short
duration of late-onset eosinophilic asthma having the
most benefit from treatment. We additionally observed
that a lower BMI increased the chance of achieving
[ 1 6 5 # 2 CHES T F E B R U A R Y 2 0 2 4 ]
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Figure 3 – Response pattern following 12 months of treatment with biologic therapy and baseline biomarkers predicting remission in each drug class
compared with patients with a clinical response. aProportion in the entire population. FENO ¼ fractional exhaled nitric oxide.
clinical remission, which corresponds with the fact that
obesity as an unmanaged comorbidity negatively affects
asthma control and may be associated with reduced
steroid responsiveness.17

Regarding biomarkers, previous studies have indicated
that patients with severe asthma with a higher load of
type 2 biomarkers are those who benefit the most from
biologic therapy.15,18,19 We observed a positive
association between blood eosinophil count at baseline
and remission and in the analyses of the individual drug
classes. Furthermore, total IgE predicted remission in
anti-IL-5/IL-5R whereas fractional exhaled nitric oxide
level predicted remission in anti-IL-4Ra. However, in
the multivariate analysis, blood eosinophil count did not
remain as an independent predictor in the full data set of
all drug classes combined. Preferably, multivariate
analyses should have been performed in the individual
drug classes, but we did not include enough patients
treated with anti-IgE and anti-IL-4Ra to conduct a
meaningful statistical analysis. Using type 2 biomarkers
to identify patients representing phenotypes driven
chestjournal.org
specifically by IL-5 and IL-4/IL-13, respectively, is
important, as our results indicate that these groups of
patients will benefit in particular from interventions that
target these cytokines. This topic warrants further
investigation and should be addressed in larger cohorts
or in analyses of pooled data from multiple registries.

In the current study, remission was achieved by 30% of
patients treated with anti-IL-4Ra, by 19% of patients
treated with anti-IL-5/IL-5R, and by 6% of patients treated
with anti-IgE. The low remission proportion among
patients in anti-IgE treatmentmay be explained by the fact
that IgE is a relatively downstream mediator of
inflammation and therefore, most likely, is the main driver
of disease in comparatively few patients. The low remission
proportion for anti-IgE could also be explained by a time
bias resulting from the fact that anti-IgE was the only
biologic drug available for a long time, and some patients
whomight have beenmore suited for an anti-IL-5/IL-5Ror
anti-IL-4Ra treatment may have been prescribed anti-IgE.
We did, however, try to eliminate this effect by excluding
patients commencing treatment prior to 2016 when only
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TABLE 2 ] Baseline Characteristics Comparing No Response to Clinical Response Following 12 Months of Treatment
in All Patients Treated With Biologic Therapies

Baseline Variable No Response (n ¼ 104)

Clinical Response (Including Patients
With Clinical Remission)

(n ¼ 397) P Value

Demographic variables

Age, y 55 � 15 56 � 13 .58

Female 55 (53) 199 (50) .62

BMI, kg/m2 29 � 7 28 � 5 .05

Duration of disease, y 21 � 19 22 � 18 .88

Duration of disease $ 10 y 45 (62) 199 (63) .83

Age at asthma onset, y 35 � 20 34 � 21 .71

Onset during childhood (age # 18 y) 26 (33) 100 (30) .58

Late onset (age $ 40 y) 31 (41) 146 (45) .79

Smoking status .20

Never smoked 55 (53) 207 (53)

Previously smoked 45 (44) 182 (46)

Currently smokes 3 (3) 3 (1)

Pack-y 10 (2-20) 15 (5-25) .04

Medication use

Budesonide equivalent dose, mg 1,600 (600-1,600) 1,600 (800-1,600) .59

mOCS 65 (63) 146 (37) < .001

mOCS dose, mg 10.00 (5.00-10.00) 10.00 (5.00-12.50) .26

Biologic class .02

Anti-IgE 13 (13) 34 (9)

Anti-IL-5/IL-5R 85 (82) 298 (75)

Anti-IL-4Ra 6 (6) 65 (16)

Symptom control

ACQ-6 score 2.59 � 1.21 2.50 � 1.22 .59

ACQ-6 score # 1.5 16 (24) 75 (25) .86

Exacerbations in the past 12 mo 2.90 � 2.85 4.01 � 2.82 < .001

Exacerbations in the past 12 mo 3.00 (1.00-4.00) 3.00 (2.00-5.00) < .001

Lung function

FEV1, L 2.15 � 0.77 2.27 � 0.87 .21

FEV1, percent predicted 67 � 19 70 � 22 .18

FEV1/FVC 0.67 � 0.14 0.66 � 0.15 .58

Inflammatory markers

Blood eosinophils, cells � 109/L 0.25 (0.13-0.56) 0.39 (0.15-0.64) .14

Blood eosinophils $ 0.3 109/L 42 (44) 222 (59) .01

IgE, IU/mL 116 (54-343) 147 (55-384) .36

IgE $ 150 IU/mL 30 (46) 143 (50) .61

FENO, ppb 28 (13-59) 32 (17-65) .41

FENO $ 25 ppb 46 (55) 212 (62) .27

Comorbidities

ABPA 6 (6) 12 (3) .16

Allergic rhinitis 46 (46) 206 (52) .25

Atopic dermatitis 18 (18) 69 (18) .94

Aspirin sensitivity 4 (4) 31 (8) .18

(Continued)
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TABLE 2 ] (Continued)

Baseline Variable No Response (n ¼ 104)

Clinical Response (Including Patients
With Clinical Remission)

(n ¼ 397) P Value

Bronchiectasis 24 (24) 101 (26) .68

Cardiovascular disease 30 (30) 112 (29) .73

Chronic rhinosinusitis 54 (55) 240 (62) .22

COPD 25 (25) 79 (20) .33

Diabetes 8 (8) 33 (8) .61

Dysfunctional breathing 8 (8) 32 (8) .93

EGPA 2 (2) 12 (3) .58

Eosinophilic pneumonia 8 (9) 10 (3) .01

GERD 30 (31) 119 (31) .95

Nasal polyposis 37 (39) 166 (42) .61

Obesity (BMI $ 30 kg/m2) 34 (33) 107 (28) .25

OSA syndrome 15 (15) 42 (11) .23

Psychiatric disease 17 (17) 49 (13) .24

Vocal cord dysfunction 2 (2) 7 (2) .90

Data are presented as mean � SD, No. (%), or median (25th percentile-75th percentile). ABPA ¼ allergic bronchopulmonary aspergillosis; ACQ-6 ¼ six-
question Asthma Control Questionnaire; EGPA ¼ eosinophilic granulomatosis with polyangiitis; FENO ¼ fractional exhaled nitric oxide; GERD ¼ gastro-
esophageal reflux disease; mOCS ¼ maintenance oral corticosteroid.
anti-IgE was on the market. Importantly, the real-life
nature of the current study precludes head-to-head
comparisons of biologic drug classes, as patient population
characteristics will vary due to differences in indication
criteria and clinical predictors of effect.

Although evidence from clinical trials has shown the
clinical effects of biologic treatment on exacerbations,
with reductions of 38% to 53%,20-27 less established is the
real-life effectiveness of biologic therapy on these
outcomes. We report the effectiveness of biologic
therapy on exacerbations to be even greater than that
observed in the clinical studies with a reduction of 81%.
We also observed improvements on the ACQ-6 score by
a full point and a small improvement in lung function,
for which the evidence is less consistent from the clinical
studies. This may be explained by the fact that in the
clinical setting, as opposed to in clinical trials, trained
respiratory physicians are better at identifying patients
likely to respond to biologic therapy. A thorough
systematic assessment for other causes of poor asthma
control is required prior to commencing a biologic
treatment. Hence, patients with comorbidities and
treatment barriers are better managed prior to
commencing their biologic therapy, and their remaining
burden of symptoms therefore is more likely to reflect
asthma pathology that will respond to biologic therapy.
On the other hand, clinical trials have shown effects on
mOCS with dose reductions of 45% to 75%.28-30 DSAR
chestjournal.org
patients did not follow a specific algorithm of mOCS
down-titration as was done in the clinical trials, and our
results are therefore not directly comparable, but we
found 45% fewer individuals using mOCS following
12 months of follow-up compared with baseline. This
somewhat lower clinical effect of biologic therapies on
mOCS in the current studymay reflect a higher severity of
asthma in real life in some patients who require mOCS for
an extended period, and these patients may be too sick to
enter the clinical trials. It also highlights the difficulties in
weaning off patients treated with long-term mOCS and
suggests that timely intervention with biologic therapies
prior to sustained periods with dependency on mOCS is
therefore warranted. In line with this, we also identified
that FEV1 was the most difficult domain to improve,
suggesting that biologic therapy should ideally be initiated
before the lung function has decreased to a level that is
difficult to normalize.

A major strength of the current study is that it used an
unselected cohort of > 500 patients treated with biologic
therapies from a nationwide complete register, which
includes all patients with severe asthma in Denmark
treated with a biologic drug. We used a pragmatic
definition of remission that follows the definition of
“clinical remission on treatment” proposed by Menzies-
Gow et al,8 which includes normalization of disease
parameters, in contrast to the less stringent definition of
super-response that previous real-life studies have used.
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TABLE 3 ] Baseline Characteristics Comparing Clinical Responders vs Patients Achieving Remission Following 12
Months of Treatment

Baseline Variable

Clinical Response (Excluding Patients
With Clinical Remission)

(n ¼ 300) Clinical Remission (n ¼ 97) P Value

Demographic variables

Age, y 56 � 14 56 � 13 .85

Female 162 (54) 37 (38) .01

BMI, kg/m2 28 � 6 26 � 4 .001

Duration of disease, y 23 � 19 18 � 17 .02

Duration of disease $ 10 y 158 (67) 41 (51) .01

Age at asthma onset, y 33 � 21 38 � 21 .04

Onset during childhood (age # 18 y) 78 (31) 22 (25) .25

Late onset (age $ 40 y) 101 (42) 45 (54) .18

Smoking status .40

Never smoked 152 (51) 55 (57)

Previously smoked 141 (48) 41 (43)

Currently smokes 3 (1) 0 (0)

Pack-y 15 (5-25) 15 (6-22) .91

Medication use

Budesonide equivalent dose, mg 1,600 (800-1,600) 1,600 (800-2,000) .53

mOCSa 122 (41) 24 (25) .01

mOCS, median dose 10.00 (5.00-15.00) 7.50 (5.00-10.00) .08

Biologic class .04

Anti-IgE 31 (10) 3 (3)

Anti-IL-5/IL-5R 225 (75) 73 (75)

Anti-IL-4Ra 44 (15) 21 (22)

Symptom control

ACQ-6 score 2.67 � 1.17 2.01 � 1.26 < .001

ACQ-6 score # 1.5a 39 (17) 36 (48) < .001

Exacerbations in the past 12 monthsa 4.11 � 2.91 3.73 � 2.51 .26

Exacerbations in the past 12 monthsa 3.00 (2.00-5.00) 3.00 (2.00-5.00) .32

Lung function

FEV1, L 2.10 (0.81) 2.78 (0.85) < .001

FEV1, percent predicted
a 66 � 21 83 � 19 < .001

FEV1/FVC 0.65 � 0.16 0.68 � 0.12 .03

Inflammatory markers

Blood eosinophils, cells � 109/L 0.32 (0.13-0.58) 0.50 (0.25-0.75) .01

Blood eosinophils $ 0.3 109/L 154 (55) 68 (72) .001

IgE, IU/mL 132 (47-350) 182 (92-406) .12

IgE $ 150 IU/mL 100 (47%) 43 (57%) .16

FENO, ppb 31 (15-60) 36 (21-75) .08

FENO $ 25 ppb 150 (60) 62 (68) .16

Comorbidities

ABPA 11 (4) 1 (1) .19

Allergic rhinitis 160 (54) 46 (48) .31

Atopic dermatitis 58 (20) 11 (12) .07

Aspirin sensitivity 21 (7) 10 (11) .29

(Continued)
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TABLE 3 ] (Continued)

Baseline Variable

Clinical Response (Excluding Patients
With Clinical Remission)

(n ¼ 300) Clinical Remission (n ¼ 97) P Value

Bronchiectasis 80 (27) 21 (22) .32

Cardiovascular disease 92 (31) 20 (21) .06

Chronic rhinosinusitis 176 (60) 64 (67) .20

COPD 70 (24) 9 (9) .003

Diabetes 27 (9) 6 (6) .38

Dysfunctional breathing 30 (10) 2 (2) .01

EGPA 12 (4) 0 (0) .05

Eosinophilic pneumonia 6 (2) 4 (4) .24

GERD 97 (33) 22 (23) .06

Nasal polyposis 114 (38) 52 (54) .01

Obesity (BMI $ 30 kg/m2) 94 (32) 13 (13) .001

OSA syndrome 36 (12) 6 (6) .11

Psychiatric disease 42 (14) 7 (7) .08

Vocal cord dysfunction 7 (2) 0 (0) .13

Data are presented as mean � SD, median (25th percentile-75th percentile), or n (%). ABPA ¼ allergic bronchopulmonary aspergillosis; ACQ-6 ¼ six-
question Asthma Control Questionnaire; EGPA ¼ eosinophilic granulomatosis with polyangiitis; FENO ¼ fractional exhaled nitric oxide; GERD ¼ gastro-
esophageal reflux disease; mOCS ¼ maintenance oral corticosteroid.
aPart of the definition for remission and therefore not considered a predictor of remission.
The major limitation of the current study concerns
the lack of a control arm, restricting our ability to
ascribe the observed treatment effects solely to the
treatment. Other limitations of this study include
missing data and the selection of patients with full
information available to be included in the study
population. There were 775 patients identified in
DSAR that potentially could be included in the
study, but only 501 (65%) were included due to
missing baseline and/or follow-up data in the
remaining patients. However, in those with baseline
information available, the characteristics of excluded
patients were very similar to patients who were
included (data not shown).
TABLE 4 ] Baseline Predictors of Clinical Remission After 12
Logistic Regression Model With Remission as the

Predictors

Sex

Male

Female

BMI (kg/m2) (1 unit increase)

Duration of disease (1 y increase)

Blood eosinophil count (doubling concentration)

FENO (doubling concentration)

FENO ¼ fractional exhaled nitric oxide.

chestjournal.org
In the current cohort, remission was achievable in
approximately one in five patients. The chance of
remission seemed to be better with earlier initiation of
biologic therapy; that is, in patients with shorter disease
duration and less severe disease with less airway
remodeling and fixed airflow obstruction, and less use of
mOCS. These findings suggest that earlier initiation of
biologic therapies may translate into better short-term
treatment outcomes. Naturally, the next step is to
understand whether achieving remission also translates
into better long-term outcomes, sustained asthma
control and preserved lung function, and ultimately the
ability to reduce or stop biologic therapy. Prospective
severe asthma cohorts such as DSAR,12 and
Months of Biologic Therapy Analyzed in a Multivariate
Outcome

OR (95% CI) P Value

.13

1.57 (0.88-2.83)

1.00 (Reference)

0.92 (0.86-0.99) .02

0.98 (0.97-0.99) .047

1.18 (0.98-1.42) .09

1.02 (0.81-1.27) .88

263

http://chestjournal.org


17

50 4847

89
100

0
10
20
30
40
50
60
70
80
90

100

Baseline 4 Months 12 Months

%

Proportion With ACQ-6 score  ≤ 1.5

25 29 28

65

92
100

0
10
20
30
40
50
60
70
80
90

100

Baseline 4 Months 12 Months

%

Proportion With FEV1 > 80%

5

65

6

100

0
10
20
30
40
50
60
70
80
90

100

Baseline 12 Months

%

Proportion With no exacerbations

59

7576

100

0
10
20
30
40
50
60
70
80
90

100

Baseline 12 Months

%

Proportion With no mOCS use

Clinical responsea Clinical remission

Figure 4 – Temporal response in patients with clinical response and clinical remission: Proportion of patients with ACQ-6 score# 1.5, FEV1 $ 80%, no
exacerbations, and no maintenance oral corticosteroid use at 4 and 12 months of follow-up. ACQ-6 ¼ six-question Asthma Control Questionnaire;
mOCS ¼ maintenance oral corticosteroid.
international collaboration such as Severe
Heterogeneous Asthma Research Collaboration, Patient-
Centered (SHARP)31,32 and the International Severe
Asthma Register (ISAR)33,34 provide unique
opportunities to study these questions. Furthermore, the
importance of achieving an immunologic and
pathophysiological remission is another key focus,
currently studied by research initiatives such as the
Taxonomy, Treatment, Targets and Remission (3TR)
consortium,35 in which real-life patients commenced on
biologic therapy undergo thorough biologic sampling in
addition to the prospective clinical assessments.
Together, these concerted efforts will significantly
strengthen our ability to further improve the outlook for
patients with severe asthma in the coming years as we
move into the era of disease modification in asthma
through targeted immune-modifying treatments.
Interpretation
Using real-life data from 501 patients from the
nationwide complete DSAR, we observed that most
264 Original Research
patients (79%) commencing biologic therapy obtained a
favorable response in the outcome that set the indication
for biologic therapy following 12 months of treatment.
Furthermore, clinical remission on treatment was an
achievable treatment goal, with 19% of patients going
into remission following 12 months of treatment.
Importantly, the chance of remission was better in
patients with shorter disease duration and less severe
disease, suggesting that early intervention is important
for achieving optimal results. Next, the long-term
clinical impact of achieving clinical remission on
treatment needs to be explored.

Funding/Support
The DSAR is funded by grants from GlaxoSmithKline,
Novartis, AstraZeneca, Teva, and Sanofi.

Financial/Nonfinancial Disclosures
The authors have reported to CHEST the following:
S. H. reports speaker fees from AstraZeneca; M. B. S.
reports speaker fees from GSK; A. v. B. reports
[ 1 6 5 # 2 CHES T F E B R U A R Y 2 0 2 4 ]



consulting fees from Novartis, speaker fees from
Novartis, GSK, and AstraZeneca, travel grants from
AstraZeneca, and participation in advisory boards with
AstraZeneca and Novartis; A.-S. B. reports lecture fees
from AstraZeneca and GSK; L. M. R. has received
lecture fees from AstraZeneca, GSK, and Teva, support
for attending meetings and/or travel received from
AstraZeneca and Chiesi, and participation on a Data
Safety Monitoring Board or Advisory Board for
AstraZeneca, GSK, and Teva; K. E. J. H. reports grants
from SanofiGenzyme and AstraZeneca, lecture fees
from AstraZeneca, GSK, Chiesi, TEVA, and
SanofiGenzyme; O. H. reports support attending
meetings from Sanofi, and participation in advisory
boards with GSK, MSD, Sanofi, AstraZeneca, TEVA,
chestjournal.org
and ALK; C. U. reports grants from Sanofi, Boehringer
Ingelheim, AstraZeneca, and Novartis, consulting fees
from Chiesi, Orion Pharma, AstraZeneca, GSK, Teva,
Menarini, and Takeda, lecture fees from Orion Pharma,
AstraZeneca, and TEVA, and participation in advisory
boards with Novartis, GSK, AstraZeneca, Pfizer, Sanofi,
Chiesi, and Boehringer Ingelheim; C. P. reports grants
from AstraZeneca, GSK, Novartis, Teva, Sanofi, Chiesi,
and ALK, consulting fees from AstraZeneca, GSK,
Novartis, TEVA, Sanofi, Chiesi, and ALK, lecture fees
from AstraZeneca, GSK, Novartis, TEVA, Sanofi,
Chiesi, and ALK, participation in advisory boards
with AstraZeneca, Novartis, TEVA, Sanofi, and
ALK. None declared (J. S., C. R. J., T. I., S. L. J., M. B.,
K. D. A.).
Acknowledgments
Author contributions: This research
represents a collaborative effort where each
author played a vital role. S. H. led
conceptualization, managed data curation,
conducted formal analysis, and authored the
original draft. M. B. S. contributed to
conceptualization, data curation, data
collection, and provided substantial input
during the review and editing process. A. v.
B., A. S. B., J. S., L. M. R., C. R. J., T. I., K. J. E.
H., S. L. J., M. B., K. D. A., O. H., C. U., and
C. P. were all involved in conceptualization,
data collection and contributed significantly
to the writing, review, and editing of the
manuscript. C. P. additionally provided
supervision throughout the project.

Role of sponsors: The sponsor had no role in
the design of the study, the collection and
analysis of the data, or the preparation of the
manuscript.

Additional information: The e-Figures and
e-Tables are available online under
“Supplementary Data.”

References
1. Porsbjerg C, Ulrik C, Skjold T, et al.

Nordic consensus statement on the
systematic assessment and management
of possible severe asthma in adults. Eur
Clin Respir J. 2018;5(1):1440868.

2. Reddel HK, Bacharier LB, Bateman ED,
et al. Global initiative for asthma strategy
2021: Executive summary and rationale
for key changes. Am J Respir Crit Care
Med. 2022;205(1):17-35.

3. Chung KF, Wenzel SE, Brozek JL, et al.
International ERS/ATS guidelines on
definition, evaluation and treatment of
severe asthma. Eur Respir J. 2014;43(2):
343-373.

4. Bel EH, Sousa A, Fleming L, et al.
Diagnosis and definition of severe
refractory asthma: an international
consensus statement from the Innovative
Medicine Initiative (IMI). Thorax.
2011;66(10):910-917.

5. Volmer T, Effenberger T, Trautner C,
Buhl R. Consequences of long-term oral
corticosteroid therapy and its side-effects
in severe asthma in adults: a focused
review of the impact data in the literature.
Eur Respir J. 2018;52(4):1800703.

6. Sullivan PW, Ghushchyan VH, Globe G,
Schatz M. Oral corticosteroid exposure
and adverse effects in asthmatic patients.
J Allergy Clin Immunol. 2018;141(1):
110-116.e7.

7. Thomas D, McDonald VM, Pavord ID,
Gibson PG. Asthma remission—what is it
and how can it be achieved? Eur Respir J.
2022;60:2102583.

8. Menzies-Gow A, Bafadhel M, Busse WW,
et al. An expert consensus framework for
asthma remission as a treatment goal.
J Allergy Clin Immunol. 2020;145(3):
757-765.

9. Brahe CH, Krabbe S, Østergaard M, et al.
Dose tapering and discontinuation of
biological therapy in rheumatoid arthritis
patients in routine care—2-year outcomes
and predictors. Rheumatology. 2019;58(1):
110-119.

10. Hamada K, Oishi K, Murata Y, Hirano T,
Matsunaga K. Feasibility of discontinuing
biologics in severe asthma: an algorithmic
approach. J Asthma Allergy. 2021;14:
1463-1471.

11. Upham JW, Le Lievre C, Jackson DJ, et al.
Defining a severe asthma super-responder:
findings from a Delphi process. J Allergy
Clin Immunol Pract. 2021;9(11):
3997-4004.

12. Hansen S, Hilberg O, Ulrik CS, et al. The
Danish Severe Asthma Register: an
electronic platform for severe asthma
management and research. Eur Clin Respir
J. 2021;8(1):1842117.

13. Pavord I, Busse W, Israel E, et al.
Dupilumab treatment leads to clinical
asthma remission in patients with
uncontrolled moderate-to-severe asthma
with type 2 inflammation. J Allergy Clin
Immunol. 2021;147(2):AB4.

14. Menzies-Gow A, Hoyte FL, Price DB,
et al. Clinical remission in severe asthma:
a pooled post hoc analysis of the patient
journey with benralizumab. Adv Ther.
2022;39(5):2065-2084.

15. Milger K, Suhling H, Skowasch D, et al.
Response to biologics and clinical
remission in the adult German Asthma
Net Severe Asthma Registry Cohort.
J Allergy Clin Immunol Pract. 2023;11(9):
2701-2712.e2.

16. Eger K, Kroes JA, ten Brinke A, Bel EH.
Long-term therapy response to anti–IL-5
biologics in severe asthma—a real-life
evaluation. J Allergy Clin Immunol Pract.
2021;9(3):1194-1200.

17. Porsbjerg C, Menzies-Gow A.
Co-morbidities in severe asthma: clinical
impact and management. Respirology.
2017;22(4):651-661.

18. Couillard S, Côté A. Predicting on-biologic
remission in asthma: insight from the
airways. Chest. 2023;163(6):1341-1343.

19. Soendergaard MB, Hansen S,
Bjerrum A-S, et al. Complete response
to anti-interleukin-5 biologics in a real-
life setting: results from the nationwide
Danish Severe Asthma Register. ERJ
Open Res. 2022;8(4):00238-2022.

20. Bousquet J, Cabrera P, Berkman N, et al.
The effect of treatment with omalizumab,
an anti-IgE antibody, on asthma
exacerbations and emergency medical
visits in patients with severe persistent
asthma. Allergy. 2005;60(3):302-308.

21. Humbert M, Beasley R, Ayres J, et al.
Benefits of omalizumab as add-on therapy
in patients with severe persistent asthma
who are inadequately controlled despite
best available therapy (GINA 2002 step 4
treatment): INNOVATE. Allergy.
2005;60(3):309-316.

22. Ortega HG, Liu MC, Pavord ID, et al.
Mepolizumab treatment in patients with
265

http://refhub.elsevier.com/S0012-3692(23)05695-7/sref1
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref1
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref1
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref1
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref1
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref2
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref2
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref2
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref2
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref2
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref3
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref3
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref3
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref3
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref3
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref4
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref4
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref4
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref4
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref4
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref4
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref5
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref5
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref5
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref5
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref5
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref5
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref6
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref6
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref6
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref6
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref6
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref7
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref7
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref7
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref7
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref8
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref8
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref8
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref8
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref8
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref9
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref9
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref9
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref9
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref9
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref9
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref10
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref10
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref10
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref10
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref10
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref11
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref11
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref11
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref11
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref11
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref12
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref12
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref12
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref12
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref12
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref13
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref13
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref13
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref13
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref13
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref13
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref14
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref14
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref14
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref14
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref14
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref15
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref15
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref15
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref15
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref15
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref15
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref16
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref16
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref16
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref16
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref16
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref17
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref17
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref17
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref17
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref18
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref18
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref18
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref19
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref19
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref19
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref19
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref19
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref19
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref20
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref20
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref20
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref20
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref20
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref20
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref21
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref21
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref21
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref21
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref21
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref21
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref21
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref22
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref22
http://chestjournal.org


severe eosinophilic asthma. N Engl J Med.
2014;371(13):1198-1207.

23. Pavord ID, Korn S, Howarth P, et al.
Mepolizumab for severe eosinophilic
asthma (DREAM): a multicentre, double-
blind, placebo-controlled trial. Lancet.
2012;380(9842):651-659.

24. FitzGerald JM, Bleecker ER, Nair P, et al.
Benralizumab, an anti-interleukin-5
receptor a monoclonal antibody, as add-
on treatment for patients with severe,
uncontrolled, eosinophilic asthma
(CALIMA): a randomised, double-blind,
placebo-controlled phase 3 trial. Lancet.
2016;388(10056):2128-2141.

25. Bleecker ER, FitzGerald JM, Chanez P,
et al. Efficacy and safety of benralizumab
for patients with severe asthma
uncontrolled with high-dosage inhaled
corticosteroids and long-acting b2-
agonists (SIROCCO): a randomised,
multicentre, placebo-controlled phase 3
trial. Lancet. 2016;388(10056):2115-2127.

26. Castro M, Corren J, Pavord ID, et al.
Dupilumab efficacy and safety in
266 Original Research
moderate-to-severe uncontrolled asthma.
N Engl J Med. 2018;378(26):2486-2496.

27. Castro M, Zangrilli J, Wechsler ME, et al.
Reslizumab for inadequately controlled
asthma with elevated blood eosinophil
counts: results from two multicentre,
parallel, double-blind, randomised,
placebo-controlled, phase 3 trials. Lancet
Respir Med. 2015;3(5):355-366.

28. Bel EH, Wenzel SE, Thompson PJ, et al.
Oral glucocorticoid-sparing effect
of mepolizumab in eosinophilic
asthma. N Engl J Med. 2014;371(13):
1189-1197.

29. Nair P, Wenzel S, Rabe KF, et al. Oral
glucocorticoid-sparing effect of
benralizumab in severe asthma. N Engl J
Med. 2017;376(25):2448-2458.

30. Rabe KF, Nair P, Brusselle G, et al.
Efficacy and safety of dupilumab in
glucocorticoid-dependent severe asthma.
N Engl J Med. 2018;378(26):2475-2485.

31. Djukanovic R, Adcock IM, Anderson G,
et al. The Severe Heterogeneous Asthma
[

Research collaboration, Patient-centred
(SHARP) ERS Clinical Research
Collaboration: a new dawn in asthma
research. Eur Respir J. 2018;52(5):
1801671.

32. van Bragt JJMH, Hansen S, Djukanovic R,
et al. SHARP: enabling generation of real-
world evidence on a pan-European scale
to improve the lives of individuals with
severe asthma. ERJ Open Res. 2021;7(2):
00064-2021.

33. FitzGerald JM, Tran TN, Alacqua M,
et al. International Severe Asthma
Registry (ISAR): protocol for a global
registry. BMC Med Res Methodol.
2020;20(1):212.

34. Canonica GW, Alacqua M, Altraja A, et al.
International Severe Asthma Registry.
Chest. 2020;157(4):805-814.

35. Porsbjerg C, Maitland-van der Zee AH,
Brusselle G, et al. 3TR: a pan-European
cross-disease research consortium aimed
at improving personalised biological
treatment of asthma and COPD. Eur
Respir J. 2021;58(4):2102168.
1 6 5 # 2 CHES T F E B R U A R Y 2 0 2 4 ]

http://refhub.elsevier.com/S0012-3692(23)05695-7/sref22
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref22
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref23
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref23
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref23
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref23
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref23
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref24
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref24
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref24
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref24
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref24
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref24
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref24
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref24
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref25
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref25
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref25
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref25
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref25
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref25
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref25
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref25
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref26
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref26
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref26
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref26
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref27
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref27
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref27
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref27
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref27
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref27
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref27
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref28
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref28
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref28
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref28
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref28
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref29
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref29
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref29
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref29
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref30
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref30
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref30
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref30
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref31
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref31
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref31
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref31
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref31
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref31
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref31
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref32
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref32
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref32
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref32
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref32
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref32
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref33
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref33
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref33
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref33
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref33
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref34
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref34
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref34
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref35
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref35
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref35
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref35
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref35
http://refhub.elsevier.com/S0012-3692(23)05695-7/sref35

	Clinical Response and Remission in Patients With Severe Asthma Treated With Biologic Therapies
	Study Design and Methods
	Study Population and Design
	Study Definitions
	Analyses

	Results
	Discussion
	Interpretation
	Funding/Support
	Financial/Nonfinancial Disclosures
	Acknowledgments
	References


