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What is already known about this topic? Response to biologics is variable, partly owing to the inclusion of different
outcomes in definitions of response (eg, exacerbations, long-term corticosteroid dose, symptom control, lung function).
Identifying those most likely to respond in real life has proven challenging.

What does this article add to our knowledge? Responses and their predictors vary according to the outcome assessed.
Greater prebiologic impairment is associated with a better response for all outcomes assessed. However, a shorter
asthma duration is associated only with a better lung function response.

How does this study impact current management guidelines? Our findings suggest a more flexible interpretation to
biologic response considering the degree of prebiologic impairment and identification of characteristics (such as asthma
duration) that can affect the response, to formulate a personalized likelihood of response.
BACKGROUND: Biologic effectiveness is often assessed as
response, a term that eludes consistent definition. Identifying
those most likely to respond in real-life has proven challenging.
OBJECTIVE: To explore definitions of biologic responders in
adults with severe asthma and investigate patient characteristics
associated with biologic response.
METHODS: This was a longitudinal cohort study using data
from 21 countries, which shared data with the International
Severe Asthma Registry. Changes in four asthma outcome
domains were assessed in the 1-year period before and after
biologic initiation in patients with a predefined level of prebi-
ologic impairment. Responder cutoffs were 50% or greater
reduction in exacerbation rate, 50% or greater reduction in long-
term oral corticosteroid daily dose, improvement in one or more
category in asthma control, and 100 mL or greater improvement
in FEV1. Responders were defined using single and multiple
domains. The association between prebiologic characteristics
and postbiologic initiation response was examined by multi-
variable analysis.
RESULTS: A total of 2,210 patients were included. Responder
rate ranged from 80.7% (n [ 566 of 701) for exacerbation
response to 10.6% (n [ 9 of 85) for a four-domain response.
Many responders still exhibited significant impairment after
biologic initiation: 46.7% (n [ 206 of 441) of asthma control
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responders with uncontrolled asthma before the biologic still
had incompletely controlled disease postbiologic initiation.
Predictors of response were outcome-dependent. Lung
function responders were more likely to have higher prebi-
ologic FeNO (odds ratio[ 1.20 for every 25-parts per billion
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increase), and shorter asthma duration (odds ratio[ 0.81 for
every 10-year increase in duration). Higher blood eosinophil
count and the presence of type 2-related comorbidities were
positively associated with higher odds of meeting long-term
oral corticosteroid, control, and lung function responder
criteria.
CONCLUSIONS: Our findings underscore the multimodal
nature of response, showing that many responders experience
residual symptoms after biologic initiation and that predictors of
response vary according to the outcome assessed. � 2024 The
Authors. Published by Elsevier Inc. on behalf of the American
Academy of Allergy, Asthma & Immunology. This is an open
access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/). (J Allergy Clin
Immunol Pract 2024;12:2347-61)
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definition including 50% or greater reduction in exacerbation
INTRODUCTION

Our understanding of asthma has changed over the past de-
cades from a syndrome characterized by episodic respiratory
symptoms and variable airflow obstruction to a heterogeneous
disease with complex pathophysiology.1-3 Asthma treatment
development has mirrored this greater understanding, initially
targeting symptoms (eg, with bronchodilators) and then the
underlying inflammation associated with symptoms (eg, with
corticosteroids), until today, when we target the mediators and
process(es) that drive inflammatory mechanisms (eg, with bio-
logic therapy).2 However, response to asthma treatment is het-
erogeneous. There is a need for novel ways to refine the
assessment of the treatment effect to fine-tune treatment strate-
gies.4 Asthma outcomes therefore underwent a complementary
evolution from humble pre-post changes in outcomes (eg,
exacerbation reduction) to more ambitious multidimension
outcomes (eg, asthma control),2,5,6 and eventually to response,
which attempts to capture the complexity and heterogeneity of
this disease.2,7 However, there are important gaps in the concept
of biologic response in severe asthma. How should we define
response? What is the burden of residual symptoms after
response? And how can we identify factors that predict response
to biologics in real life?

The concept of response to biologics has evolved from the
demonstration of improvement in specific therapeutic objectives
(eg, exacerbations and oral corticosteroid [OCS] use) to the
development of multicomponent tools. These tools have
measured response qualitatively according to the level reached
(eg, nonresponse, response, superresponse, and remission) using
various asthma outcomes, cutoffs, and timings of assessment (eg,
16-52 weeks after treatment), or quantitatively, measuring the
extent to which a patient has improved compared with before
biologic status,7-16 and considering the degree of prebiologic
impairment.17 Much effort has been made to standardize a
response definition. A recent review suggested a four-domain
rate and long-term OCS (LTOCS) dose, improved asthma
control, and an increase in FEV1 of 100 mL or greater.7

Perhaps unsurprisingly, owing to the variable response defi-
nitions applied, the potential instability of the response status, the
heterogeneous and variable nature of asthma itself, and the impact
of prebiologic symptom burden and comorbidities on response,
reported response to biologics (defined using single domains) are
also variable (58% to 86% in real-life studies).12-14,16,18-21

Identifying prebiologic variables that predict response and
nonresponse is an important step in the implementation of pre-
cision medicine in asthma and will likely shorten patients’ journey
to response. However, response prediction in real life has proven
challenging, with predictors of response varying according to the
biologic used and outcome assessed, and further hampered by
homogeneous populations included in randomized controlled
trials (RCTs).12,22-24

The European Academy of Allergy and Clinical Immunology
has highlighted the need to define biologic response better and
identify factors related to treatment failure as key areas for
research.25 The International Severe Asthma Registry (ISAR),26

containing data on over 16,000 patients from 26 countries
(August 2023), offers a unique opportunity to fill some gaps in
our understanding of biologic response.27 Our aims were to
explore biologic responder definitions in adult patients with se-
vere asthma in real life, quantify what residual symptoms or
limitations remain in responders, and investigate associated pa-
tient characteristics, which may be used to identify predictors of
response to biologic therapy.
METHODS

Study design and data source
This was a longitudinal, pre-post biologic cohort study

including data from 21 countries (see Tables E1 and E2A-D in
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TABLE I. Asthma outcome domain definitions and timing of pre- and postbiologic assessment

Outcome Definition Before biologic After biologic

Single-domain

responder

definitions

Exacerbation Arate Asthma-related hospital
attendance or
admission AND/OR
asthma-related
emergency room
attendance AND/OR

acute oral corticosteroid
course for �3 d

1 y before biologic
(or 48 wk minimum)

Annualized after biologic
(number of events
assessed for minimum
of 48 wk and maximum
of 80 wk after biologic)

�50% exacerbation
reduction vs before
biologic

Asthma control* GINA control test2 OR
ACT5 OR ACQ6

At biologic initiation (or
assessment closest to
biologic initiation up to
a maximum of 1 y
before biologic)

Closest to 1 y after
biologic (24 wk
minimum and 80 wk
maximum)

�1 category improvement
in control status vs
before biologic

Daily LTOCS dose† Continuous oral
corticosteroid treatment
for �3 mo at point of
biologic initiation (and
usually >1 y)
expressed as
prednisolone equivalent
dose (mg)

At biologic initiation Closest to 1 y after
biologic (24 wk
minimum and 80 wk
maximum)

�50% long-term oral
corticosteroid daily
dose reduction vs
before biologic

Lung functionz FEV1

% predicted FEV1

At biologic initiation (or
assessment closest to
biologic initiation up to
a maximum of 1 y
before biologic)

Closest to 1-year post
biologic (24 weeks
minimum and 80 weeks
maximum)

�100 mL FEV1 increase
vs before biologic

ACQ, Asthma Control Questionnaire; ACT, Asthma Control Test; GINA, Global Initiative for Asthma.
*Some countries use ACQ and/or ACT to assess control. In these instances, ACQ and/or ACT control categories were fitted to GINA 2020 control categories: mean ACQ ¼
well controlled (�0.75); partly controlled (>0.75 to < 1.5); or uncontrolled (�1.5). Total ACT ¼ well controlled (>19); partly controlled (>15 to �19); or uncontrolled (�15).
For cases in which results from more than one test were recorded, the prioritization was (1) GINA test, (2) ACT, and (3) ACQ.
†For cases in which there were different periods with different doses before the biologic, the most recent dose (ie, closest to biologic initiation) was used. For the postbiologic
dose, and if changed from before the biologic, the new dose closest to 1-y postbiologic initiation (minimum 24 wk, maximum 80 wk) was used and the date of change was used
to calculate the follow-up.
zPostbronchodilator lung function parameters were used when available; prebronchodilator values were used otherwise, while ensuring that pre- and postbiologic measures were
both either pre- or postbronchodilator.
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this article’s Online Repository at www.jaci-inpractice.org) sharing
data with ISAR27-29 from May 1, 2017 to January 25, 2023.
Biologic class categorization was based on the first biologic used.
We measured the change in four asthma outcomes from prebio-
logic initiation (ie, baseline) as close as possible to 1-year after
biologic initiation (Table I and Figure 1). We obtained ethics
approval from Anonymized Data Ethics Protocols and Trans-
parency Committee (ADEPT0922).
Patients
Patients were aged 18 years or older at biologic initiation and had

severe asthma (ie, receiving treatment at Global Initiative for Asthma
[GINA] 2018 step 5 or with uncontrolled asthma (ie, severe
symptoms or �2 exacerbations/y requiring OCS) at GINA step
4).29,30 Patients were also required to have at least one of the
following: two or more exacerbations, percent predicted FEV1

(ppFEV1) less than 80% in the year preceding biologic initiation,
LTOCS use, or partly or uncontrolled asthma at biologic-initiation
(ie, impairment in each outcome included in responder definition).
Other prerequisites included treatment with anti-IgE, anti-IL-5/5R,
or anti-IL-4Ra, available registry data before or on the biologic
initiation date for one or more study domains, and 24 weeks or
longer follow-up data). Those with a history of bronchial thermo-
plasty were excluded.

Variables
Patient demographic and prebiologic asthma clinical characteris-

tics collected included (among others) biomarker levels, age at
asthma onset, asthma duration, and the presence of comorbidities
(Tables II and III and E1).

Asthma outcome domains, timing of assessments,

and responder definitions
Asthma outcome domains used to define responders were the

exacerbation rate, LTOCS daily dose, asthma control, and FEV1.
17

Table I lists definitions and timing of pre-post biologic assessments.
Responder domains and cutoffs (ie, pre-post biologic change for
each asthma outcome) were informed by previous severe asthma
trials and ISAR study research,17 which examined pre-post biologic
changes in the exacerbation rate, LTOCS use, asthma control, and
lung function in patients, categorized according to the degree of
prebiologic impairment, and assessed the magnitude of improve-
ment according to the starting point and outcome assessed.
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Pre-biologic 
period

Any biologic ini�ated

An�-IgE

An�-IL5/5R

An�-IL4Rα

Year preceding 
biologic 

ini�a�on

post-
biologic 
period

Closest to 1 year 
a�er biologic 

ini�a�on

≥50% exacerba�on 
rate reduc�on vs pre-bx

≥50% LTOCS daily dose 
reduc�on vs pre-bx

≥ 1 category improvement 
in control status vs pre-bx

≥ 100 mL FEV1 increase 
vs pre-bx

Single domain responder 
defini�ons

Mul�ple domain 
responder defini�ons

Exacerba�ons+ LTOCS

Exacerba�ons + LTOCS + 
Control

Exacerba�ons + LTOCS + 
FEV1

Exacerba�ons + LTOCS + 
control +FEV1

FIGURE 1. Single and multiple domain responder definitions compared with prebiologic values. bx, biologic; LTOCS, long-term oral
corticosteroid.
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Domains and cutoffs were categorized a priori as 50% or greater
reduction in exacerbation rate, 50% or greater reduction in LTOCS
daily dose, improvement by one or more category of asthma control
(assessed using either GINA control criteria, Asthma Control Test
[ACT] or Asthma Control Questionnaire [ACQ] (see Table E3 in
this article’s Online Repository at www.jaci-inpractice.org), and 100
mL or greater improvement in FEV1 (further categorized as 100-
199, 200-400, and �500 mL improvement). We fitted ACQ and/
or ACT control categories to GINA 2020 control categories as:
mean ACQ ¼ well controlled (�0.75), partly controlled (>0.75 to
< 1.5), or uncontrolled (�1.5); and total ACT ¼ well controlled
(>19), partly controlled (>15 to �19), or uncontrolled (�15).
Similar control cutoffs and correlations32,33 have been described and
used by others.16,34,35 Responder definitions included single and
multiple domains (Figure 1). The latter included two domains (ie,
exacerbations and LTOCS), three domains (ie, exacerbations and
LTOCS plus asthma control or lung function), and all four
domains.

Statistical analyses
We used R software (version 4.1.0, R Foundation for Statistical

Computing, Vienna, Austria) to conduct all statistical analyses.36

The proportions of patients meeting criteria for each individual-
and multiple-domain definition of responder (overall and by biologic
class) were summarized using descriptive statistics. Exacerbation
counts were annualized to account for variations in follow-up
duration. For other domains, no action was taken. Table E4 (in
this article’s Online Repository at www.jaci-inpractice.org) lists the
distribution of follow-up time for each domain by biologic class. Pre-
and postbiologic status were also described as cross-tabulations for
individual domain responders, stratified as responders and non-
responders, and presented as stacked bar charts. Associations be-
tween prebiologic characteristics and response to biologic were
examined by multivariable analysis using binary logistic regression
for exacerbations, LTOCS and control (binary outcome variable:
responder yes/no), or ordinal logistic regression assuming propor-
tional odds for lung function (ordinal outcome variable: nonre-
sponder, 100-199, 200-499, or 500 or greater mL FEV1

improvement) techniques. These analyses were adjusted for age, sex,
and prebiologic asthma-related outcome considered for response
definition. Linear or log-linear assumption was applied to contin-
uous variables. We tested significance through log-likelihood ratios.
These analyses were restricted to single-domain responder definitions
because of the limited numbers of patients eligible for multiple-
domain responder analysis. Prebiologic characteristics considered
for multivariable regression models were those with a significant (P
< .05) association for any domain in univariable analyses, informed
by prior knowledge and based on previous findings.12,22-24,37

Models were fitted overall and for each class of biologics separately
(but not anti-IL-4Ra because of the small sample size). To examine
the potential effect modification of biologic class (anti-IgE vs anti-
IL-5/5R), a single model was fitted in these patients, adding bio-
logic class as an interaction term with the prebiologic variable of
interest.

RESULTS

Patients
As of January 25, 2023, 14,284 patients were enrolled in

ISAR, 6,816 had initiated biologics, and of those, 3,717 had pre-
and postbiologic initiation data for one or more asthma outcome
domains. In total, 2,210 patients met inclusion criteria and were
included in one or more analyses (Figure 2 and Table E2A-D).
Moreover, 665, 1,405, and 140 patients received anti-IgE, anti-
IL-5/R, and anti-IL-4Ra, respectively. The United States (n ¼
645; 29.2%), United Kingdom (n ¼ 427; 19.3%), and Italy
(n ¼ 368; 16.7%) contributed the largest proportions of patients
(see Table E5 in this article’s Online Repository at www.jaci-
inpractice.org).

Patient demographics and prebiologic clinical

characteristics

Patients were predominantly White (80.6%; n ¼ 1,540 of
1,911); had never smoked (66.0%; n ¼ 1,142 of 1,731); and
had a median asthma duration of 20 years, with a tendency to-
ward more females (59.7%; n ¼ 1,319 of 2,210 (Table II).
Median age and body mass index were 55 years and 27.9 kg/m2,
respectively. Biomarkers indicative of type 2 (T2)-high disease
(ie, blood eosinophil count [BEC], FeNO, and IgE) were
elevated; 94.7% (n ¼ 1,750 of 1,847) had an eosinophilic
phenotype. Most patients (84.0%; n ¼ 895 of 1,065) had a
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TABLE II. Patient demographic and clinical characteristics before the biologic, overall and by biologic class

Characteristics Total (n [ 2,210) Anti-IgE (n [ 665) Anti-IL-5/5R (n [ 1405) Anti-IL-4Ra (n [ 140)

Age at biologic initiation (attained y)

Median (Q1-Q3) 55 (45-63) 52 (41-61) 56 (47-64) 55 (45-64)

Sex, n 2,209 664 1,405 140

Female, n (%) 1,319 (59.7) 404 (60.8) 829 (59.0) 86 (61.4)

Race or ethnicity, n 1,911 588 1,209 114

Black, n (%) 70 (3.7) 28 (4.8) 36 (3.0) 6 (5.3)

Mixed, n (%) 14 (0.7) 6 (1.0) 7 (0.6) 1 (0.9)

Northeast Asian, n (%) 83 (4.3) 18 (3.1) 56 (4.6) 9 (7.9)

Other, n (%) 140 (7.3) 43 (7.3) 87 (7.2) 10 (9.8)

Southeast Asian, n (%) 64 (3.3) 30 (5.1) 34 (2.8) 0

White, n (%) 1,540 (80.6) 463 (78.7) 989 (81.8) 88 (77.2)

Body mass index, kg/m2, n 2,064 591 1,334 139

Median (Q1-Q3) 27.9 (24.2-32.8) 28.4 (24.7-33.7) 27.6 (24.0-32.3) 28.1 (24.8-33.5)

Smoking status at biologic initiation, n 1,731 501 1,116 114

Current smoker, n (%) 42 (2.4) 21 (4.2) 19 (1.7) 2 (1.8)

Ex-smoker, n (%) 547 (31.6) 143 (28.5) 361 (32.3) 43 (37.7)

Never smoker, n (%) 1,142 (66.0) 337 (67.3) 736 (65.9) 69 (60.5)

Age at asthma onset, continuous, n 1,440 368 1,022 50

Median (Q1-Q3) 30 (13-45) 21 (7-40) 32 (17-46) 25 (9-45)

Age at asthma onset, categorical, n 1,461 373 1,038 50

0-11 y, n (%) 337 (23.1) 130 (34.9) 192 (18.5) 15 (30.0)

12-40 y, n (%) 674 (46.1) 158 (42.4) 497 (47.9) 19 (38.0)

>40 y, n (%) 450 (30.8) 85 (22.8) 349 (33.6) 16 (32.0)

Asthma duration, continuous, n 1,440 368 1,022 50

Median (Q1-Q3) 20 (9-35) 23 (13-37) 19 (9-34) 27 (7-42)

Asthma duration, categorical, n 1,453 372 1,031 50

<10 y, n (%) 367 (25.3) 70 (18.8) 283 (27.4) 14 (28.0)

�10 y, n (%) 1,086 (74.7) 302 (81.2) 748 (72.6) 36 (72.0)

Positive allergen test, n 1,166 407 711 48

Yes, n (%) 895 (76.8) 386 (94.8) 476 (66.9) 33 (68.8)

Use of medication in year preceding
biologic initiation, n

1,834 572 1,128 134

Long-acting muscarinic antagonist, n (%) 72 (3.9) 25 (4.4) 40 (3.5) 7 (5.2)

Theophylline, n (%) 203 (11.1) 65 (11.4) 134 (11.9) 4 (3.0)

Leukotriene receptor antagonist, n (%) 833 (45.4) 290 (50.7) 473 (41.9) 70 (52.2)

Macrolide, n (%) 255 (13.9) 97 (17.0) 123 (10.9) 35 (26.1)

Prebiologic highest blood eosinophil
concentration (109 cells/L), n

1,507 411 1,003 93

Median (Q1-Q3) 500 (230-800) 300 (150-600) 546 (300-900) 300 (200-600)

Prebiologic latest FeNO result (parts
per billion), n

1,134 265 792 77

Median (Q1-Q3) 36 (20-70) 28 (14-58) 40 (22-73) 31 (17-57)

Prebiologic latest blood IgE count,
IU/mL, n

1,462 461 916 85

Median (Q1-Q3) 167 (64-450) 262 (121-567) 133 (47-381) 91 (27-289)

History of allergic rhinitis, n 1,479 504 845 130

Yes, n (%) 785 (53.1) 300 (59.5) 429 (50.8) 56 (43.1)

History of chronic rhinosinusitis, n 1,853 553 1,173 127

Yes, n (%) 975 (52.6) 250 (45.2) 663 (56.5) 62 (48.8)

History of nasal polyposis, n 1,973 587 1,256 130

Yes, n (%) 591 (30.0) 109 (18.6) 446 (35.5) 36 (27.7)

History of osteoporosis, n 1,800 584 1,086 130

Yes, n (%) 335 (18.6) 115 (19.7) 196 (18.0) 24 (18.5)

(continued)
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TABLE II. (Continued)

Characteristics Total (n [ 2,210) Anti-IgE (n [ 665) Anti-IL-5/5R (n [ 1405) Anti-IL-4Ra (n [ 140)

Eosinophilic gradient,*,31, n 1,847 357 1,405 85

Grade 0, n (%) 2 (0.1) 2 (0.6) 0 0

Grade 1, n (%) 25 (1.4) 22 (6.2) 0 3 (3.5)

Grade 2, n (%) 70 (3.8) 63 (17.6) 0 7 (8.2)

Grade 3, n (%) 1,750 (94.7) 270 (75.6) 1,405 (100.0) 75 (88.2)

The category "Other" was not further specified and means other than listed categories.
*Assessed using a multicomponent eosinophil phenotype classification algorithm that uses blood eosinophil concentration and other clinical parameters (ie, adult onset, long-
term oral corticosteroid use, FeNO levels, the presence of nasal polyps, and class of prescribed biologic) to categorize phenotype along an eosinophilic gradient31: grade
0 (unlikely/noneosinophilic), grade 1 (least likely), grade 2 (likely), and grade 3 (most likely). Patients receiving anti-IL-5/5R were all categorized as most likely by the
algorithm.

TABLE III. Prebiologic asthma-related characteristics used in responder definitions

Characteristics Total (n [ 2,210) Anti-IgE (n [ 665) Anti-IL-5/5R (n [ 1,405) Anti-IL-4Ra (n [ 140)

Prebiologic exacerbations, n* 1,517 377 1,054 86

Median (Q1-Q3) 2 (1-4) 2 (1-4) 3 (1-5) 1 (0-2)

Prebiologic exacerbations, n* 1,632 425 1,095 112

0, n (%) 364 (22.3) 120 (28.2) 190 (17.4) 54 (48.2)

1 (not hospitalized), n (%) 228 (14.0) 75 (17.6) 134 (12.2) 19 (17.0)

2 (not hospitalized), n (%) 246 (15.1) 71 (16.7) 156 (14.2) 19 (17.0)

�1 hospitalized or�3 in total, n (%) 794 (48.7) 159 (37.4) 615 (56.2) 20 (17.9)

Missing 458 186 263 9

Prebiologic long-term oral
corticosteroid daily dose, mg, n*

1,050 299 708 43

Median (Q1-Q3) 10 (5-20) 10 (5-20) 10 (5-20) 10 (5-17.5)

Prebiologic long-term oral
corticosteroid, n*

1,978 539 1,333 106

Nonuser, n (%) 849 (42.9) 232 (43.0) 554 (41.6) 63 (59.4)

�5 mg/d, n (%) 328 (16.6) 96 (17.8) 217 (16.3) 15 (14.2)

>5-10 mg/d, n (%) 365 (18.5) 100 (18.6) 252 (18.9) 13 (12.3)

>10 mg/d, n (%) 357 (18.0) 103 (19.1) 239 (17.9) 15 (14.2)

User but missing dose, n (%) 79 (4.0) 8 (1.5) 71 (5.3) 0

Prebiologic asthma control, n† 1,355 38 938 49

Well controlled, n (%) 96 (7.1) 34 (9.2) 59 (6.3) 3 (6.1)

Partly controlled, n (%) 254 (18.7) 66 (17.9) 174 (18.6) 14 (28.6)

Uncontrolled, n (%) 1,005 (74.2) 268 (72.8) 705 (75.2) 32 (65.3)

Prebiologic % predicted FEV1, n† 1,804 525 1,155 124

Median (Q1-Q3) 70.4 (56.3-85.2) 68.6 (55.8-80.0) 71.5 (56.3-87.2) 72.1 (60.7-86.4)

Prebiologic % predicted FEV1, n† 1,804 525 1,155 124

�80%, n (%) 565 (31.3) 132 (25.1) 401 (34.7) 32 (25.8)

<80%, n (%) 1,239 (68.7) 393 (74.9) 754 (65.3) 92 (74.2)

*In year preceding biologic initiation.
†In year preceding and closest to biologic initiation.
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positive allergy aeroallergen test. The prevalences of potentially
T2-related comorbidities were greater than 50% for allergic
rhinitis (AR) and chronic rhinosinusitis (CRS) and 30% for nasal
polyposis (NP) (Table II). Table E5 lists other comorbidities.
Patients experienced a median of 2 exacerbations/y prebiologic
initiation. In addition, 57.1% (n ¼ 1,129 of 1,978) were treated
with LTOCS, 74.2% (n ¼ 1,005 of 1,355) had uncontrolled
asthma, and 68.7% (n ¼ 1,239 of 1,804) had a ppFEV1 of less
than 80% (Table III). Patients who subsequently initiated anti-
IL-5/5R tended to have more severe disease, and those who
subsequently initiated anti-IL-4Ra had less severe disease
(Table III).
Frequency of responders
The percentage of patients who met responder definitions

ranged from 80.7% (n ¼ 566 of 701; 95% CI, 77.7-83.5) for
exacerbations to approximately 50% for the other single domains
(Figure 3). For lung function responders, 11.8% (n ¼ 122 of
1,030), 21.9% (n ¼ 226 of 1,030), and 19.8% (n ¼ 204 of
1,030) had a 100 or greater to less than 200mL, 200 or greater to
less than 500mL, and 500 mL or greater postbiologic initiation
FEV1 improvement, respectively. The proportion of responders
diminished with an increase in the number of domains included
in the definition, from 33.1% (n ¼ 80 of 242; 95% CI, 27.4-
39.2) for two domains to approximately 15% for three domains,



Patients initiated 
biologics

(N=6,816)

Candidate patients
after general exclusions

(N=6,388)

Candidate patients with 
available pre- and post-biologic 

data for ≥1 domain
(N=3,717)

• Age <18: N=148
• Missing date at bx initiation: N=209
• Missing age at bx initiation: N=50
• Had bronchial thermoplasty: N=21

• < 2 exacerbations/yr pre-bx: N=803
• Missing pre-bx rates: N=1,653
• Missing post-bx rates: N=560

• Missing pre-bx data for all domains:   N=715
• Missing post-bx data for all domains: N=1,956

Asthma control (N=1,061)Exacerbation rates (N=701)

LTOCS use (N=1,041) Lung function (N=1,030)
Single
Domains

Composite
Domains

Exacerbation + LTOCS 
(N=242)

Exacerbation + LTOCS 
+ asthma control 

(n=189)

Exacerbation + LTOCS 
+ lung function

(N=132)

Exacerbation + LTOCS 
+ asthma control + 

lung function (N=85)

• Well controlled pre-bx: N=189
• Missing pre-bx status: N=1,909
• Missing post-bx status: N=558

• Non-users pre-bx: N=1,852
• Missing pre-biologic status: N=806
• Missing post-biologic status: N=18

• ppFEV1 ≥80% pre-bx: N=1,126
• Missing pre-bx data: N=1,012
• Missing post-bx data: N=542
• Use of Pre- and post-bd N=7 

FIGURE 2. Subjects’ disposition. bx, biologic; LTOCS, long-term oral corticosteroid; ppFEV1, percent predicted FEV1.
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FIGURE 3. Proportion of single- and multiple-domain responders to biologic therapy. Control assessed using Global Initiative for Asthma
criteria,2 Asthma Control Test,5 or Asthma Control Questionnaire.6 LTOCS, long-term oral corticosteroid.
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and 10.6% (n ¼ nine of 85; 95% CI, 5.5-19.1) for four domains
(Figure 3). The proportion of responders by biologic class
showed a similar pattern (Table E4; see Figure E1 in this article’s
Online Repository at www.jaci-inpractice.org). The prevalence of
multidomain responses defined using all possible combinations
of our four predefined domains is listed in Table E6 (in this
article’s Online Repository at www.jaci-inpractice.org).
Postbiologic outcome in responders
Among exacerbation responders who had experienced three

or more exacerbations before the biologic initiation or one or
more that required hospitalization, 12.7% (n ¼ 52 of 409)
still experienced one or more exacerbations that required
hospitalization or had �3 exacerbations/y after the biologic-
initiation (Figure 4, A; see Table E7 in this article’s Online
Repository at www.jaci-inpractice.org). Overall, 53.2% (n ¼
188 of 353) of patients treated with more than 10 mg/
d LTOCS prebiologic initiation were classified as responders,
but 19.1% (n ¼ 36 of 188) still received more than 5 mg/
d after biologic initiation (Figure 4, B) and 46.7% (n ¼ 206 of
441) of control responders who had uncontrolled asthma
before the biologic still had partly controlled disease after
biologic initiation (Figure 4, C). Between 33.3% and 82.0%
of lung function responders still had a ppFEV1 of less than
80% after biologic initiation, depending on the magnitude of
lung function improvement achieved with biologic treatment
(Figure 4, D). Similar patterns were noted for anti-IgE, anti-
IL-5/5R, and anti-IL-4Ra (Table E7).

Correlates of response to biologic

In general, the odds of being a responder for each domain
increased with greater prebiologic impairment in that domain (ie,
intradomain). Other prebiologic characteristics that increased the
odds of meeting responder criteria varied by domain (ie, inter-
domain) (Figure 5, A-D; see Table E8 in this article’s Online
Repository at www.jaci-inpractice.org).

Exacerbations responder. Prebiologic characteristics tending
to associate with greater odds of achieving exacerbation responder
status included a lower LTOCS daily dose (odds ratio [OR]¼ 0.85;
95%CI, 0.77-0.95 for every 5-mg/d increase in prebiologic LTOCS
daily dose); no prebiologic prescription for theophylline (OR ¼
0.77; 95% CI, 0.52-1.14 for theophylline users); the absence of
osteoporosis (OR ¼ 0.60; 95% CI, 0.34-1.08 for the presence of
osteoporosis); and a history of atopic dermatitis (OR ¼ 1.54; 95%
CI, 0.73-3.25) (Figure 5, A). By contrast, higher prebiologic BEC,
IgE, or FeNO levelswere not associatedwith greater odds ofmeeting
the exacerbation responder criterion (Figures 5, A).

Long-term oral corticosteroid responder. Patients with
lower prebiologic initiation exacerbation rates tended toward a
greater likelihood of achieving a 50% or greater reduction in
LTOCS daily dose (Figure 5, B). The LTOCS responders were
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FIGURE 5. Association between selected prebiologic characteristics and response to biologic for each single-domain responder defini-
tion. Odds ratios are adjusted for age and sex as well as (A) prebiologic exacerbations, (B) long-term oral corticosteroid (LTOCS) dose, (C)
asthma control, or (D) percent predicted FEV1 (ppFEV1). Exacerbation responders had 50% or greater reduction versus before the bio-
logic; LTOCS daily dose responders had 50% or greater reduction versus before the biologic; asthma control responders had improve-
ments in one or more categories in control status versus before the biologic; and lung function responders had a 100-mL FEV1 or greater
increase versus before the biologic. AD, atopic dermatitis; AR, allergic rhinitis; BEC, blood eosinophil count; BMI, body mass index; CRS,
chronic rhinosinusitis; GINA, Global Initiative for Asthma; NP, nasal polyps; OR, odds ratio.
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also more likely to have a higher prebiologic initiation BEC
(OR ¼ 1.15; 95% CI, 1.03-1.27 for every prebiologic concen-
tration doubling), but not IgE or FeNO; a lower BMI (OR ¼
0.89; 95% CI, 0.80-0.98 for every five-unit increase); no pre-
biologic use of theophylline (OR ¼ 0.66; 95% CI, 0.46-0.96 for
theophylline users); a history of sleep apnea (OR ¼ 2.24; 95%
CI, 1.58-3.17), and T2-related comorbidity (Figure 5, B).

Asthma control responder. Patients more likely to be
asthma control responders were those with better lung function,
less exacerbations per year, and lower LTOCS daily dose before
the biologic initiation (Figure 5, C). A higher prebiologic initi-
ation BEC (but not IgE or FeNO) was also positively associated
with greater odds of achieving control responder status (OR ¼
1.32; 95% CI, 1.18-1.48 for every concentration doubling).
Those with a lower BMI (OR ¼ 0.72; 95% CI, 0.65-0.80 for
every five-unit increase before the biologic), no prescription for
theophylline (OR ¼ 0.51; 95% CI, 0.33-0.78 for theophylline
users), an absence of sleep apnea (OR ¼ 0.68; 95% CI, 0.46-
1.00 for those with sleep apnea), and a history of CRS, AR, or
NP also tended toward a greater likelihood of achieving im-
provements in one or more categories in control status after
biologic initiation (Figure 5, C).

FEV1 responders. Lung function responders were also more
likely to have a lower prebiologic LTOCS daily dose (OR ¼
0.92; 95% CI, 0.84-1.00 for every 5-mg/d increase before
biologic) and higher prebiologic levels of BEC (OR ¼ 1.31;
95% CI, 1.17-1.47 for every concentration doubling) and
FeNO (OR ¼ 1.20; 95% CI, 1.10-1.31 for every 25-parts per
billion increase) (Figure 5, D). Asthma onset and duration
predicted only lung function responders; those older at asthma
onset and with shorter asthma duration more likely acheived
FEV1 responder status post-biologic initiation (Figure 5, D).
The odds of achieving lung function responder status increased
by 1.11 (95% CI, 1.06-1.17) for every 5 years of age past
asthma onset and decreased by 0.81 (95% CI, 0.73-0.90) for
every 10-year increase in asthma duration. When age at asthma
onset and asthma duration were included in a single model
(removing age at biologic initiation from the model to avoid
collinearity), the OR for a 10-year increase in asthma duration
remained stable (0.81; 95% CI, 0.70-0.93) whereas the asso-
ciation with age at asthma onset was null (OR ¼ 1.00; 95% CI,
0.94-1.06 for a 5-year increase).Patients with lower prebiologic
BMI, no prescription of theophylline, an absence of osteopo-
rosis and the presence of CRS, AR, or NP also had a greater
tendency to be FEV1 responders (Figure 5, D).

Biologic class comparison (anti-IgE and anti-IL-5/

5R). Overall, these trends were similar for anti-IgE and anti-IL-
5/5R) (Table E8) with the exception of BEC, for which some
ORs were significantly different (P for heterogeneity < .05)
between anti-IgE and anti-IL-5/5R. For example, a higher BEC
was positively associated with the exacerbation response for anti-
IL-5/5R (OR ¼ 1.23; 95% CI, 1.01-1.49; P ¼ .035), but
negatively associated with the exacerbation response for anti-IgE
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FIGURE 6. Associations between selected prebiologic characteristics and response to biologic for each single-domain responder defi-
nition. Exacerbation responders had 50% or greater reduction versus before the biologic; long-term oral corticosteroid (LTOCS) daily dose
responders had 50% or greater reduction versus before the biologic; asthma control responders had improvements in one or more
categories in control status versus before the biologic; lung function responders had a 100-mL FEV1 or greater increase versus before the
biologic. *Statistically significant (P < .05) association. AD, atopic dermatitis; AR, allergic rhinitis; BEC, blood eosinophil count; BMI,
body mass index; CRS, chronic rhinosinusitis; NP, nasal polyps.
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(OR ¼ 0.65; 95% CI, 0.45-0.94; P ¼ .022) (Table E8).
Similarly, a higher BEC was associated with achieving responder
criteria for control in patients treated with anti-IL-5/5R (OR ¼
1.55; 95% CI, 1.34-1,80; P < .001) but not in patients treated
with anti-IgE (Table E8). Insufficient patient numbers precluded
analyses for anti-IL-4Ra.
DISCUSSION

Our study shows that the concept of response is complex and
dependent on patients and the outcomes assessed. Responder
rates varied widely depending on the type and number of do-
mains included in the definition, which emphasizes the impor-
tance of interpreting biologic response data across studies with
caution and the need for a unified theory of response. Many
patients, particularly those with more severe prebiologic initia-
tion impairment, continued to experience clinically relevant
symptoms after biologic initiation, even those categorized as re-
sponders. This highlights the need to provide realistic expecta-
tions to patients at the start of their journey along the response
pathway. Multiple prebiologic characteristics were associated
with a better biologic response. Lung function response was more
likely in those with a higher prebiologic initiation FeNO, lower
LTOCS, shorter duration of asthma, and older age at asthma
onset. Other prebiologic characteristics were common across all
four responder domains (eg, greater prebiologic impairment in
the domain of interest), in common with previous research,38-40

or for all responder domains except exacerbations (eg, higher
prebiologic BEC, lower BMI, history of a T2-related comor-
bidity). Some characteristics increased the odds of responding in
one domain but decreased the odds in another (Figure 6). These
findings shed new light on the concept of response, reflecting its
complexity and the interplay of multiple factors that govern it.

We found that biologic responder rates ranged from 44% to
81% for single domain definitions (highest for exacerbations, the
primary target of biologic therapy) and 11% to 33% for multiple
domain definitions. A previous ISAR study reported similar
single-domain biologic responder rates, which also varied by
domain and increased with greater prebiologic impairment,
ranging from 70.2% to 90.0% for exacerbation rate, 46.3% to
52.3% for asthma control, 31.1% to 58.5% for LTOCS daily
dose, and 35.8% to 50.6% for ppFEV1 (albeit categorizing
responder in absolute terms before and after the biologic and
describing a biologic responder in terms of category improve-
ments).17 Interestingly, in that study, even patients with little or
no impairment in lung function before the biologic showed
postbiologic improvement; 28.5% of patients with a ppFEV1 of
80% or greater before treatment achieved a postbiologic initia-
tion improvement of 100 mL or greater.17 These wide responder
ranges show that a substantial proportion of patients do not
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respond to biologic therapy (by our definitions) and imply some
degree of underlying disease activity, perhaps the presence of
non-T2 asthma, already irreversibly damaged lungs (eg, persis-
tent airflow obstruction), and the need for even more effective or
alternative therapies. Wide responder ranges also confirm that
some patients respond in some domains but not in others, and
emphasize the urgency of deciding on a common approach to
assess response for use in RCTs and real-life clinical studies and
to inform asthma management guidelines. Two different
multimodal responder definitions have recently been published.
The first defined good response using three domains (�50%
exacerbation and LTOCS reduction and control),8 and the sec-
ond defined responder using four domains (�50% exacerbations
and LTOCS reduction, improved control, and >100 mL in-
crease in FEV1).

7 Both of these responder definitions were
captured in the current study, yielding responder rates to biologic
therapy of 18.5% and 10.6%, respectively.

But is achieving response or being a responder the end of the
story? The answer very much depends on the level of prebio-
logic impairment in each domain assessed and what is achiev-
able for each patient based on the level of that impairment. For
example, 33.3% of lung function responders still had a ppFEV1

of less than 80% after the biologic although the FEV1 had
already improved by 500 mL or greater with biologic treatment.
This residual impairment may be due to drug, treatment, and
social determinants (eg, adherence and access) and/or the het-
erogeneity of severe asthma, including the presence of an un-
derlying pathophysiology not targeted by existing biologics, T2-
low asthma, and/or nonpulmonary comorbidities such as
obesity.

Long-term nonreversible damage may also limit response in
some patients, which suggests the need for earlier intervention
for possibly optimum benefit. It is also important to consider
that biologics represent only certain aspects of the treatable traits
approach to management and may require supplementation with
other therapies as appropriate. Alternatively, residual impairment
may indicate the need to switch biologics and may prompt us to
consider response as a journey to the final destination (ie,
remission). In the current study we consider ppFEV1 of less than
80% to be residual impairment, but a definition using a lower
limit of normal could also be considered.

Interestingly, some predictors of better response to biologics
were apparent only for the lung function responder definition
(eg, higher FeNO, later asthma onset, and shorter duration),
respectively associated with a 20%, 11%, and 19% increase in
odds of achieving lung function responder status. This is
in agreement with other authors, who found a greater increase in
postbiologic FEV1 (relative to placebo) in patients with high
versus low prebiologic FeNO levels,24 in those with late (� age
40 years) versus early (age <40 years) onset asthma,41 and in
patients who received a diagnosis after versus before age 18
years.40 A better FEV1 response in patients with a high FeNO
may suggest that those with poor lung function and an elevated
FeNO might be a future target population for earlier interven-
tion, perhaps already at the time of the first exacerbation. A
greater likelihood of responding to biologic therapy in younger
patients with a shorter duration of asthma would be important
considering that the speed of lung function decline is faster in
younger adults (aged 18-39 years) experiencing exacerbations
and persists even in patients receiving higher average daily dos-
ages of inhaled corticosteroid.42
Other predictors of better response to biologics were apparent
for all responder definitions except exacerbations (eg, higher pre-
biologic BEC), although a higher BEC was associated with greater
odds of exacerbation response for those treated with anti-IL-5/5R
group. The GINA 2023 lists high BEC as a predictor of asthma
response to anti-IgE as well as to anti-IL-5/5R, anti-IL-4R, and
anti-thymic stromal lymphopoietin for those with severe asthma
and exacerbations in the past year,2 and RCTs have found an
association of higher BEC and greater exacerbation rate reduction
for omalzumab.38,43 Our results do not contradict that position,
but rather represent a consequence of assessing the relationship
between prebiologic biomarker concentration and exacerbations in
a different way (ie, relative to prebiologic status, not compared
with control). Indeed, others have shown the same relatively flat
association of BEC concentration with pre-post biologic-associated
exacerbation rate reduction, and not just for omalizumab.44-46

Our results may also have been influenced by non-
pathophysiologic factors in real-life patients not observed in RCT
populations.

In our study, the ability to identify responders based on prebi-
ologic characteristics was complicated because whereas certain
prebiologic factors were associated with meeting responder criteria
in one domain, the opposite could be true for other domains. This
effect was noted for all domains assessed. For example, those with a
greater prebiologic exacerbation burden had increased odds of
meeting the exacerbation responder criteria but were less likely to
meet responder criteria for LTOCS and asthma control. Predicting
response is therefore not simple, but a response in one domain was
more likely in patients who were experiencing a major impairment
in that same domain but were not suffering from multidomain
impairment. Further research in this area is warranted to untangle
the interrelationships between prebiologic characteristics and bio-
logic response and to develop multivariable treatment benefit
prediction tools.47

Limitations include those common to real-world studies,
including regression to the mean phenomenon and missing data
(more apparent for multiple domain analyses), intercountry vari-
ability in data quality, and the influence of unmeasured con-
founders (inherent in all observational studies). Because this was a
single-arm pre-post biologic design, we could not account for a
potential placebo effect. Small sample sizes for each domain
limited modeling even though our cohort was derived from the
largest adult severe asthma registry in the world. This exploratory
study also examined a large number of potential response pre-
dictors, and multiple testing might have led to false-positive as-
sociations. Other limitations include the small anti-IL-4Ra group,
the fact that the association analysis was done only for single
domain responder definitions, and the use of absolute values for
FEV1 alone to assess lung function response. The use of a lower
limit of normal for FEV1 or FEV1/FVC could be considered for
future study. Employing three tools to assess asthma control (ie,
GINA, ACT, and ACQ) could be considered a limitation,
although these are all validated tools with good intertest correla-
tion32,33 and reflect intercountry variability in how asthma control
is assessed in real-life, including variability in control tools required
for biologic eligibility and reimbursement. Although the inclusion
of only patients with a certain degree of prebiologic impairment
was considered necessary to observe response (ie, those with no
impairment cannot improve further), it may have limited the
generalizability of findings. Future research could consider alter-
native definitions of lung function response in those with fixed
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airflow obstruction and those with ppFEV1 of 80% or greater,
assess LTOCS response for those with and without adrenal
insufficiency (a condition that is currently not systematically
recorded in ISAR),29 and consider prebiologic characteristics
associated with nonresponse to biologics.

Study strengths were the inclusion of a large, real-life, and
heterogeneous population with severe asthma receiving biologic
therapy, with sufficient breadth to define responders using both
single and multiple domains (including lung function) across a
range of prebiologic impairment, both overall and by class.27-
29,48 We assessed the likelihood of achieving responder status
using a large number of prebiologic variables routinely captured
in everyday clinical practice. Research is ongoing within ISAR to
identify biomarker combinations predictive of response, explore
remission definitions and prevalence in patients with severe
asthma treated with biologics in real life, and identify prebiologic
characteristics associated with achieving it.49,50 As this area of
research continues to develop, it will be interesting to see
whether we experience a paradigm shift from the journey (ie,
response) to the destination (ie, remission).

Our findings have underscored the multimodal nature of
response. Although many patients respond to biologic therapy,
some respond better than others, and many responders still
experience significant symptoms or impairment after using the
biologic. Knowing which patient will respond in real life is
important to facilitate optimal biologic use, ensuring timely,
appropriate, and cost-effective treatment. A move to the concept
of personalized response, away from fixed definitions of relative
improvement toward a more flexible approach, could also be
considered. Such an approach should (1) align with patients’
goals (ie, include domains of interest), (2) consider the level of
prebiologic impairment, and (3) identify the presence or absence
of characteristics that can affect response, to formulate a
personalized likelihood of response.
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