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ABSTRACT

Biologics are effective for severe asthma, but not all patients benefit equally. There is an urgent need to understand which biologic
works best for which patient. We systematically searched for predictors of response to biologics (except omalizumab) for severe
asthma in four bibliographic databases and two trial registries from 1990 to 2024. Two reviewers screened records, extracted
data, and assessed risk of bias using a modified CASP checklist. Data were synthesized narratively, and certainty of evidence
assessed using the modified GRADE framework. Comparable studies were meta-analyzed using a random-effects model. From
5853 records, 21 studies were identified investigating predictors of anti-IL5/5Ra, 4R, and anti-TSLP response. We found pre-
dominantly ‘moderate’ to ‘high’ quality evidence that raised blood eosinophil counts (> 300 cells/uL), FeNO levels (> 40 ppb), lack
of or low OCS dose (< 10mg/day), and better asthma control predict biologic response. Evidence for the predictive value of other
characteristics was limited and mostly ‘low’ quality. Key reasons for downgrading the evidence were heterogeneous response
definitions and imprecision. No data were identified for the pediatric population or biologics targeting the non-T2 pathway.
Outside of traditional inflammatory and clinical variables, there is an unmet need for universally applicable predictors of biologic
response for severe asthma.

Abbreviations: ACQ, Asthma Control Questionnaire; ACT, asthma control test; ATS/ERS, American Thoracic Society/European Respiratory Society; AUC, area
under the curve; BEC, blood eosinophil counts; BMI, body mass index; CASP, clinical appraisal skills programme; CI, confidence intervals; COMSA, core outcome
measures set for paediatric and adult severe asthma; EMA, European Medicines Agency; FeNO, fractional exhaled nitric oxide; FEV,, forced expiratory volume in 1s;
GERD, gastroesophageal reflux disease; GRADE, grading of recommendations assessment development and evaluation; ICS, inhaled corticosteroids; IgE,
immunoglobulin E; IL, interleukin; MCID, minimal clinical important difference; MID, minimal important difference; mOCS, maintenance oral corticosteroids; NP,
nasal polyposis; PICO, patient intervention, comparator and outcomes; ppb, parts per billion; PRISMA, Preferred Reporting Items for Systematic Reviews and
Meta-Analyses; QoL, quality of life; RCT, randomised controlled trial; RoB, risk of bias; SD, standard deviation.

For affiliations refer to page 52.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

© 2025 The Author(s). Allergy published by European Academy of Allergy and Clinical Immunology and John Wiley & Sons Ltd.

24 Allergy, 2026; 81:24-55
https://doi.org/10.1111/all.70031


https://doi.org/10.1111/all.70031
https://doi.org/10.1111/all.70031
mailto:
https://orcid.org/0000-0002-7497-9552
https://orcid.org/0000-0003-3080-8978
https://orcid.org/0000-0002-9345-4903
https://orcid.org/0000-0001-7101-1426
https://orcid.org/0000-0002-0494-2690
https://orcid.org/0000-0002-4645-5209
https://orcid.org/0000-0001-6039-5612
https://orcid.org/0000-0002-7268-7433
https://orcid.org/0000-0002-8248-0663
https://orcid.org/0000-0003-2006-7221
https://orcid.org/0000-0001-8567-3252
https://orcid.org/0000-0002-2628-6129
https://orcid.org/0000-0001-9446-0339
https://orcid.org/0000-0002-2220-7745
mailto:
https://orcid.org/0000-0003-2252-1248
mailto:g.c.roberts@soton.ac.uk
http://www.3tr-imi.eu/
http://www.imi.europa.eu/
http://creativecommons.org/licenses/by/4.0/

1 | Background

Severe asthma affects approximately 5% of the global asthma
population [1], yet it imposes a disproportionate burden in terms
of exacerbations requiring hospitalizations, impaired Quality of
Life (QoL) [2, 3], and socioeconomic costs [4, 5]. Although most
patients achieve adequate control with high-dose inhaled cor-
ticosteroids (ICS) and additional controller therapies, a subset
remains uncontrolled despite maximal pharmacotherapy [6].
For these patients, targeted biologics as add-on treatments can
reduce exacerbation frequency and oral corticosteroid (OCS) use
while improving lung function and symptom control [1].

Biologics herald an era of personalised medicine for severe
asthma, but they are expensive [7] and have associated side
effects [8]. Pertinently, not all patients benefit equally, with
non-response rates ranging from 15% to 17% [9-11] and partial
response rates from 43% to 69% [11, 12]. This can be attributed
to factors such as heterogeneity at the pathophysiological and
population level, and differences in treatment strategy [13].
Therefore, in lieu of a ‘one-size-fits all’ approach, it is necessary
to identify the right biologic for the right patient i.e., prediction
of response. Inflammatory biomarkers, such as raised fractional
exhaled nitric oxide (FeNO) and high blood eosinophil counts
(BEC) have been established as predictors of biologic response
using trial registry data, and subsequently informed regulatory
approval criteria and treatment guidelines [14-16]. However,
these guidelines do not always align with real life, partly due
to the homogenous populations included in the underpinning
randomised controlled trials (RCTs). Additionally, composite
predictors of biologic response have been explored [17, 18], in-
cluding a tool to predict omalizumab response based on asthma
control [19], though this has not been widely implemented as
it lacks physiological markers crucial for gauging treatment
benefit.

The pursuit of biologic response predictors is complicated by the
heterogeneity in definitions of response [20]. These range from
measurement of improvement in individual outcomes (e.g., ex-
acerbations) to composites including multiple outcomes, cut-
offs, and disparate nomenclature (e.g., non-response, response,
super-response) [21, 22]. Inconsistency in the timepoints of eval-
uation further hampers the quest for response predictors, with
some studies investigating potential predictors using baseline
data collected pre-biologic, while others use data from an early
assessment several months after initiating therapy.

A meta-analysis established that baseline BEC and total serum
IgE levels can serve as reliable predictors of omalizumab re-
sponse in patients with allergic asthma [23]. However, a com-
parable synthesis for other biologics is lacking. Therefore, this
systematic review aimed to identify predictors of response to
biologics (except omalizumab) for severe asthma.

2 | Methods

This systematic review is registered with the International
Prospective Register of Systematic Reviews (PROSPERO regis-
tration: CRD42022272057). The Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) checklist has

been used to guide the reporting of this systematic review [24]
(Table S7).

2.1 | Search Strategy

A search strategy was developed on EMBASE (OVID) and subse-
quently adapted for the following databases: MEDLINE (OVID),
CINAHL (EBSCOhost, Cumulative Index to Nursing and Allied
Health Literature), and ISI Web of Science (Thomson Web of
Knowledge) (see Data S1). Databases were searched from 1990 to
10 January 2024. ClinicalTrials.gov (CT.gov) and International
Trials Registry Platform (ICTRP) were also searched. The ref-
erence lists of identified studies, systematic reviews, reviews,
and guidelines were searched for additional articles. Experts
within the 3TR Respiratory Work Package were also consulted
to identify additional relevant articles. The search strategy in-
cluded terms for omalizumab as it was developed prior to the
identification of the systematic review on predictors of omali-
zumab response [23]. As detailed in the subsequent section, re-
cords focused on omalizumab were excluded during the citation
screening process.

2.2 | Eligibility Criteria
The inclusion criteria to identify eligible studies were as follows:

Population: adults (> 18 years) and/or children (6-17 years) with
severe asthma according to the American Thoracic Society
(ATS)/European Respiratory Society (ERS) guideline [6].
Databases were searched for all asthma severities to capture any
records not accurately coded with ‘severe’ asthma.

Intervention: biologics which are licenced or under registration
for severe asthma (excluding omalizumab). Studies reporting on
multiple biologics were considered for inclusion if data could be
extracted per biologic or obtained from the authors.

Comparator: any comparator group, including placebo, active
comparator, or no intervention.

Predictors of biologic response: any predictor such as inflamma-
tory markers, lung function parameters, clinical parameters, co-
morbidities, socio-demographic characteristics etc.

Outcomes: response definition including the COMSA outcomes
[25, 26] (exacerbations, FEV,, maintenance OCS use, asthma
control, and QoL). All types of response definitions were eligi-
ble, such as partial response, super-response, clinical response,
and non-response etc.

Study designs: controlled studies, real-world studies, RCTSs, post
hoc or pooled analyses with data not reported in original arti-
cles (n>20) published as full-text articles or research letters in
English. Clinical trial records were searched to identify associ-
ated published studies.

The exclusion criteria were as follows: systematic reviews and
meta-analyses, narrative reviews, discussion papers, commen-
taries, non-research letters and editorials, abstracts only (e.g.,
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conference papers), case studies, unpublished materials, animal
studies, non-asthma studies e.g., viral bronchiolitis, viral asso-
ciated wheeze. RCTs of licensed therapies using routes and dos-
ages outside of the current EMA approach to prescription were
excluded. Studies reporting on biologic switching were also ex-
cluded unless the washout period was >6 months; the review
team arbitrarily selected this timeframe given the lack of official
guidelines.

2.3 | Study Selection and Data Extraction

References were pooled and de-duplicated in Endnote version
X9 (Thomson Reuters, Philadelphia, PA), and subsequently up-
loaded to Rayyan [27] (rayyan.qcri.org). Record titles, abstracts,
and full texts were screened independently by two reviewers
(AR, PD) according to the predefined eligibility criteria. Data
about study design, sample size, participant characteristics, in-
tervention and comparator (where appropriate), administration
regime, predictor variable(s), response outcome(s) and associ-
ated effect estimates were extracted into a pilot-tested form by
three reviewers (AR, PD, DC). The final extraction was cross-
checked. Any disagreements were resolved through discussion
or involvement of the third reviewer (GR)

2.4 | Quality Appraisal Strategy

The methodological quality and certainty of evidence was eval-
uated in a two-step process by two independent reviewers (AR,
PD). Any discrepancies were resolved through discussion, or ar-
bitration by the third reviewer (GR). First, the Risk of Bias (RoB)
was assessed using the Clinical Appraisal Skills Programme
(CASP) checklist for clinical prediction rules (CPR) [28], which
was modified to appraise studies investigating predictors of treat-
ment response. Each study was assessed and assigned a rating of
‘yes’, ‘no’, or ‘unclear’ for selected domains. The RoB assessment
was conducted by two independent reviewers (AR, PD). Any
discrepancies were resolved through discussion, or arbitration
by the third reviewer (GR). Second, the certainty of evidence
was assessed using the modified Grading of Recommendations,
Assessment, Development and Evaluation (GRADE) framework
[29-31]. The quality of evidence was graded as ‘high’, ‘moderate’,
‘low’, or ‘very low’. The criteria specific to this review are pro-
vided in Table S1.

2.5 | Analysis and Synthesis of Results

Results were summarized using narrative synthesis and descrip-
tive tables. Predictor variables with heterogeneous definitions
across included studies (e.g., different thresholds for high BEC)
were grouped for the narrative summary but were downgraded
during the appraisal as per the criteria in Table S1. Pooled data
from selected studies were included in a meta-analysis (MA)
using a random-effects model, conducted in the STATA sta-
tistical package (STATA/IC 16.0 for Windows). Only studies
similar in terms of predictor and response definitions, inter-
vention, and comparator were included. Eligible response defi-
nitions included the COMSA outcomes [25, 26] (exacerbations,
FEV,, maintenance OCS use, asthma control, and QoL). All

response definition types were considered for example, partial
response, super-response, clinical response, and non-response.
Discrepancies were addressed by grouping similar definitions
together, such as combining studies reporting clinical response
based on exacerbations and asthma control. The MA identified
the biologic response predictive power of the investigated vari-
ables. Where insufficient data were available for the MA, study
authors were contacted to request additional data. It was not
possible to assess publication bias due to the limited number of
eligible studies.

3 | Results
3.1 | Study Characteristics

The study selection process is summarized in Figure 1. The
search strategy yielded a total of 5853 records, with three addi-
tional records identified from the review of citations. Following
the deletion of duplicate records, 4203 records were screened by
title and abstracts and excluded if they did not meet the eligibil-
ity criteria. The full text of 508 records was assessed for eligibil-
ity; predominant reasons for exclusion were reporting of pooled
data across mild-to-severe asthma, absence of data on predictors
of biologic response, and lack of published data for clinical trial
records. Ultimately, 13 studies were identified for mepolizumab
[9, 32-42], 6 for benralizumab [33, 43-47], 3 for dupilumab
[48-50], and 1 for tezepelumab [51]. The characteristics of in-
cluded studies are presented in Table 1. Most studies were real-
world studies conducted in multinational settings. The sample
sizes of the included studies ranged from 20 to 822 participants,
with participant ages spanning from 28 to 82years. None of the
identified studies investigated response predictors for pediatric
severe asthma, or biologics targeting the non-T2 pathway.

The ability of inflammatory biomarkers to predict response was
investigated by 17 studies, including BEC (11 studies) [9, 32, 34—
36, 40, 44, 45, 47, 49, 51], FeNO (6 studies) [34, 44, 46, 47, 49, 50],
BEC and FeNO combined (1 study) [50], T2 Phenotype (1 study)
[33], Th17 cells (1 study) [46], Group 3 innate lymphoid cells
(ILC3) (1 study) [46], periostin levels (1 study) [41], periph-
eral neutrophils (1 study) [41], and atopic status (4 studies)
[9, 37, 44, 45]. Six studies assessed lung function parameters as
predictors of response [33, 34, 37, 43-45]. 12 studies investigated
clinical parameters for their predictive value, including exacer-
bation history (5 studies) [34, 37, 44, 45], OCS use/dose (10 stud-
ies) [34, 37, 39, 40, 42, 44, 45, 48], ICS dose (1 study) [45], prior
biologic use (1 study) [45], number of respiratory medicines (1
study) [42], asthma control (7 studies) [34, 37, 38, 40, 42, 44, 45],
QoL (1 study) [37], age of asthma onset (6 studies) [9, 37, 42-45].
The presence of co-morbidities as predictors of response was
assessed in six studies, including allergic disease (1 study) [36],
chronic rhinosinusitis (1 study) [45], non-allergic rhinitis with
eosinophilia syndrome (NARES) (1 study) [36], Nasal Polyps
(NP) (5 studies) [33, 34, 36, 38, 45], bronchiectasis (2 studies)
[36, 37], Gastroesophageal Reflux Disease (GERD) (2 studies)
[33, 36], obesity (1 study) [36], osteoporosis (1 study) [33], dys-
functional breathing (1 study) [37], and mental health condi-
tions (1 study) [37]. Eleven studies assessed socio-demographic
variables as predictors of response, including age (9 studies)
[9, 33, 34, 36, 38, 40, 43-45], gender (6 studies) [9, 34, 36, 43-45],
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Identification of new studies via databases and registers

Identification of new studies via other methods

Records identified from:
Databases (n = 4):
Embase (n = 3,530)
8 Medline (n = 1,303)
§ Cinahl (n =132) Records removed before screening: Records identified from:
= Web of Science (n = 525) Duplicate records (n = 1,650) Citation searching (n = 3)
5 Registers (n = 2):
= ClinicalTrials.gov (CT.gov) (n = 216)
International Trials Registry
Platform (ICTRP) (n = 147)
Records screened Records excluded
(n =4,203) (n =3,693)
L \
’ Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reports not retrieved
(n=510) > (n=2) (n=3) > (n=NA)
Reports excluded:
Not population of interest (n = 192)
o No data on biologic response
% predictors (n = 154)
@ No publication identified for trial
3 record (n = 37)
Publication associated with trial
record included (n = 26) \/
Reports assessed for eligibility Pooled data for multiple biologics (n = 17) Reports assessed for eligibility Reports excluded:
(n=508) Publication type not eligible (n = 14) (n=3) (n=3)
Route/dose outside of EMA
prescription guidance (n = 11)
Not outcome of interest (n = 9)
Study design not eligible (n = 9)
Duplicate report (n = 7)
<20 participants (n = 6)
Not intervention of interest (n = 3)
Not English language (n = 1)
3 Reports of new included studies L
°
2 (n=21
=
FIGURE1 | The database and registry search included omalizumab-related terms, but records pertaining to omalizumab were excluded during

screening. CT, clinical trials; EMA, European Medicines Agency; ICTRP, International Clinical Trials Registry Platform.

BMI (10 studies) [9, 33, 34, 36, 37, 40, 42-45], smoking status (5
studies) [9, 36, 37, 44, 45] and geographic region (1 study) [33].

3.2 | Risk of Bias in Included Studies

A summary of the risk of bias assessment for included studies
is provided in Table 2. While most studies clearly defined the
predictors of biologic response under investigation, about half
lacked a diverse sample with varied clinical and demographic
characteristics, leading to concerns about external validity. The
primary reasons for negative ratings were a single-centre real-
world design, small sample sizes (1 < 30), or uneven gender dis-
tribution [32, 36-38, 41, 43, 44, 47]. None of the studies validated
the response predictors identified in a training set of patients in
a separate, validation patient set, limiting the generalizability of
the findings to the broader severe asthma population. Only two
studies [49, 51] evaluated the response predictors and outcomes
in a blinded manner, putting the majority at risk of compromised
internal validity. Blinding was not possible in 10 studies due to
their retrospective real-world [34, 36-38, 40, 43, 44] or post hoc
design [45, 48, 50]. Although the original RCTs were conducted
with blinding, post hoc analyses are particularly susceptible to

publication bias, with significant results more likely to be re-
ported. Notably, seven studies reported imprecise estimates of
treatment effect, as indicated by wide confidence intervals [32,
34, 40-42, 46, 47|, which limits the conclusiveness of their find-
ings. This assessment did not consider reporting of p-values due
to their dependence on sample size.

3.3 | Inflammatory Markers as Potential Biologic
Response Predictors

The available evidence for inflammatory markers as predic-
tors of biologic response is summarized in Table 3 (detailed in
Table S2). For mepolizumab, ‘moderate’ quality evidence sug-
gested that high BEC levels (>300 and >500 cells/uL) are as-
sociated with greater improvement in asthma control defined
by ACQ-5 score [9, 35], compared to lower BEC levels (>150
cells/uL), but not with improvement in the SGRQ score [35].
Similarly, ‘moderate’ quality indicated that high peak BEC (0.70
cells X 10°/L) in the year prior to benralizumab treatment is as-
sociated with a higher likelihood of super-response [44], though
evidence for high BEC levels predicting clinical response was
inconsistent [44, 45]. The evidence was downgraded primarily
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TABLE 2 | Risk of bias assessment for identified studies.
Predictor
Predictor and Statistical
Predictor and outcome methods
Population validated outcome evaluated used to Precise
Clear includes ina evaluated inwhole  assessthe estimate
definition/ appropriate  different ina sample predictor of
measurement spectrum group of blinded selected clearly treatment

Reference, year of predictor of patients patients fashion initially described effect
Mepolizumab
Bergantini, 2020 [32] Y N N N Y Y N
Bilo, 2023 [33] Y Y N N N Y Y
Caminati, 2023 [34] N Y N N? N N N
Chupp, 2017 [35] Y Y N N N Y Y
Crimi, 2020 [36] Y N N N Y Y Y
Fong, 2021 [37] Y N N N@ Y Y Y
Harvey, 2020 [9] Y Y N N Y Y Y
Kavanagh, 2020 [38] Y N N N2 Y Y Y
Pilette, 2022 [39] N Y N N N Y Y
Reilly, 2023 [40] Y N N Na Y Y N
Sasano, 2023 [41] N N N N N N N
Thomas, 2021 [42] N Y N N N Y Y
Benralizumab
Al-Ahmad, 2023 [43] Y N N Na Y Y Y
Bilo, 2023 [33] Y Y N N N Y Y
Kavanagh, 2020 [44] Y N N N2 Y Y Y
Kroes, 2023 [45] Y Y N N2 Y Y Y
Sandhu, 2023 [46] N N N N Y Y N
Watanabe, 2021 [47] Y N N N Y Y N
Dupilumab
Domingo, 2022 [438] Y Y N N? Y Y Y
Rabe, 2018 [49] Y Y N Y Y Y Y
Rabe, 2019 [50] Y Y N N2 Y Y Y
Tezepelumab
Wechsler, 2022 [51] Y Y N Y Y Y Y

Note: Green=Yes, Red=No.
Abbreviations: N, No; Y, Yes.

aRetrospective study design or post hoc analysis and therefore could not evaluate predictor and outcome in blinded fashion.

due to heterogeneity in the measurement of predictor variables
and response definitions across studies. For dupilumab and
tezepelumab, ‘high’ quality evidence showed that high BEC lev-
els (>150 and >300 cells/uL) are associated with significantly
greater reductions in exacerbations [49, 51|, improvement in
lung function [49-51] and a higher likelihood of OCS dose re-
duction [49, 51] compared to lower BEC levels (< 150 and <300
cells/uL). Despite the limited number of studies, the evidence is
based on large RCTs, lending greater confidence to the findings.

Some studies suggested that high FeNO levels (> 40 ppb) were
associated with clinical response [47] and super-response [46]
to benralizumab, while others reported no significant predic-
tive value [44]. The meta-analysis revealed that elevated FeNO
levels in the range of 40-44 ppb have good discriminatory abil-
ity for identifying clinical responders versus non-responders
to benralizumab (Figure 2). In contrast, evidence for FeNO
as a predictor of mepolizumab response was limited and of
‘very low’ quality; a small observational study suggested that
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with clinical super-response [37].

significantly associated

ppooA

with asthma control

LOW

improvement [9].

Non-atopic and atopic phenotype

PHpoo
LOW

Benralizumab

are not significantly associated
with clinical response [45] and
super-response [44] respectively.

POO0AC
VERY LOW

Note: GRADE Working Group grades of evidence: High certainty: High confidence that the true effect lies close to that of the estimate of the effect. Moderate certainty: Moderate confidence in the effect estimat; the true effect is

likely to be close to the estimate of the effect, but there is a possibility that it is substantially different. Low certainty: Limited confidence in the effect estimat; the true effect may be substantially different from the estimate of the

effect. Very low certainty: Very little confidence in the effect estimat; the true effect is likely to be substantially different from the estimate of effect. Explanations: The following factors reduce the certainty of evidence: A: risk of bias;
B: inconsistency of results; C: imprecision. The following factors increase the certainty of evidence: D: large magnitude of effect; E: dose-response gradient. Green =investigated variable predicts positive biologic response, blue

association between investigated variable and biologic response.

=no

Abbreviations: ACQ, Asthma Control Questionnaire; BEC, blood eosinophil counts; FeNO, fractional exhaled nitric oxide; FEV, forced expiratory volume in 1s; ILC3, Group 3 innate lymphoid cells; mOCS, maintenance oral

corticosteroids.

2T2 phenotype definitions included ‘IgE >150 and/or Eos > 300 and/or FeNO >25’; ‘IgE >150 and/or Eos > 150 and/or FeNO > 25’.

elevated FeNO levels were not associated with clinical non-
response but did not provide comparisons between different
cut-off values [34].

FeNO levels between 25 and 50 ppb were associated with a greater
reduction in exacerbation risk and OCS dose following dupilumab,
compared to both higher (> 50 ppb) and lower (< 25 ppb) levels [49].
FeNO <25ppb was associated with lung function improvement,
though post-BD FEV, improvements did not reach the Minimal
Important Difference (MID) of 0.2L [49, 50]. A post hoc analysis
of a large RCT showed that combining high BEC (>150 cells/uL)
with low FeNO levels (< 25ppb) predicts clinically significant im-
provements in pre- and post-BD FEV, surpassing the MID [50].
However, the evidence quality was downgraded to ‘moderate’ due
to imprecision indicated by wide confidence intervals.

There was predominantly ‘low’ quality evidence that biomarkers
such as high periostin levels, peripheral neutrophils [41], Th17
cells, and ILC3 [46] are associated with anti-IL5/5Ra response.
This evidence was downgraded due to imprecision, arising from
the small sample size of the included observational studies.

3.4 | Lung Function Parameters as Potential
Biologic Response Predictors

Lung function and airflow obstruction parameters (such as
FEV, <60% and FEV,/FVC <LLN) were not significantly as-
sociated with a reduction in exacerbations or clinical (non-)
response following mepolizumab [34, 37] and benralizumab
treatment [43-45] (Table 4; detailed synthesis in Table S3). The
quality of evidence was rated ‘very low’ due to a serious risk of
bias, stemming from heterogeneity in response definitions and
the lack of comparison between different thresholds for the in-
vestigated lung function parameters. The small sample sizes of
the included real-world studies and imprecise effect estimates
further reduced the certainty of evidence.

3.5 | Clinical Parameters as Potential Biologic
Response Predictors

The quality of evidence for the biologic response prediction value
of clinical parameters is presented in (Table 5; detailed synthesis
in Table S4). For Mepolizumab, a high baseline exacerbation rate
was a significant predictor of super-response [37] but the evidence
quality was rated ‘low’ due to risk of bias and imprecision. There
was ‘high’ quality evidence that lack of OCS use or low OCS dose
(<10mg/day) at baseline is associated with a reduced risk of exac-
erbations [39], while baseline OCS use reduced the likelihood of
achieving OCS-free status [42]. For dupilumab, a low OCS dose
(<10mg/day) was significantly associated with a greater reduc-
tion in exacerbation rates, greater improvement in pre-BD FEV,,
and a higher likelihood of achieving steroid-free status compared
to high OCS dose (>10mg/day) [48]. This evidence was upgraded
to ‘high’ quality due to the clinical significance of the effect esti-
mates and a clear dose-response gradient. Biologic naive patients
were more likely to achieve benralizumab response [45], with the
evidence upgraded to ‘high’ certainty due to the large magnitude
of effect. Adult-onset asthma was associated with greater asthma
control improvement [9] and an increased likelihood of achieving
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AUC Weight
Study with 95% CI (%)
Sandhu, 2023 —J—— 0.86[0.73, 0.98] 78.95
Watanabe, 2021 o 0.76 [0.52, 1.00] 21.05
Overall ——mlll—— (.84 [0.73, 0.95]

Heterogeneity: 1° = 0.00, I = 0.00%, H> = 1.00
Test of 8, = 6; Q(1) = 0.49, p = 0.48
Testof 8 =0:z=14.93, p=0.00

Random-effects DerSimonian—Laird model

FIGURE 2 | Elevated FeNO levels as a predictor of clinical response to Benralizumab. Elevated FeNO levels cut-offs of 40-44 ppb. AUC, area

under curve; CI, confidence intervals.

TABLE 4 | Lung function parameters as predictors of response to biological therapies for severe asthma.

Biologic Exacerbations Clinical response outcome
Normal FEV,
Mepolizumab — FEV, variables (such as FEV, % predicted and
FEV, L) are not significantly associated with
super-response or non-response (34, 37].
POOOAC
VERY LOW
Benralizumab — FEV, variables (such as FEV, <60%, FEV,%
predicted, and pre-BD FEV,% predicted)
are not significantly associated with clinical
response or super-response [43-45].
POOOAC
VERY LOW
Normal FEV /FVC<LLN
Mepolizumab FEV,/FVC<LLN is not —
significantly associated with a
reduction in exacerbations [33]
POOOAC
VERY LOW
Benralizumab FEV,/FVC<LLN is not —

significantly associated with a
reduction in exacerbations [33]

POO0AC
VERY LOW

Note: GRADE Working Group grades of evidence: High certainty: High confidence that the true effect lies close to that of the estimate of the effect. Moderate certainty:
Moderate confidence in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different.

Low certainty: Limited confidence in the effect estimate: the true effect may be substantially different from the estimate of the effect. Very low certainty: Very little
confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect. Explanations: The following factors reduce the
certainty of evidence: A: risk of bias; B: inconsistency of results; C: imprecision. The following factors increase the certainty of evidence: D: large magnitude of effect;
E: dose-response gradient. Blue =no association between investigated variable and biologic response.

Abbreviations: ACQ, Asthma Control Questionnaire; FEV, forced expiratory volume in 1s; FVC, forced vital capacity; LLN, lower limit of normal FEV1/FVC; pre-BD,

pre-bronchodilator.

OCS-free status [42] following mepolizumab, though evidence
for the latter was rated ‘very low’ due to lack of comparative data
on age cut-offs. On the other hand, there was ‘moderate’ quality
evidence that childhood-onset asthma is associated with benrali-
zumab response [43].

Better asthma control at baseline was associated with a higher
likelihood of achieving OCS-free status [42], as well as clinical

response and super-response [37, 38] following mepolizumab
treatment, with ‘high’ and ‘moderate’ quality evidence, respec-
tively. The forest plot in Figure 3 shows that better asthma con-
trol at baseline, defined as a low Asthma Control Questionnaire
score, may be able to distinguish responders versus non-
responders to mepolizumab. However, the high heterogeneity
between the included studies suggests that this relationship may
not be consistent across populations. While no association was
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| (Continued)

TABLE 5

Clinical response outcome

Exacerbations FEV, Asthma control (m)OCS use/dosage

Biologic

Adult-onset asthma is not significantly

Benralizumab

associated with clinical response

[44, 45] or super-response [44].

POO0AC
VERY LOW

Childhood-onset asthma

Childhood-onset asthma is associated

Benralizumab

with clinical response [43].

DDDO°
MODERATE

Note: GRADE Working Group grades of evidence: High certainty: High confidence that the true effect lies close to that of the estimate of the effect. Moderate certainty: Moderate confidence in the effect estimate: the true effect is

likely to be close to the estimate of the effect, but there is a possibility that it is substantially different. Low certainty: Limited confidence in the effect estimate: the true effect may be substantially different from the estimate of the

effect. Very low certainty: Very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect. Explanations: The following factors reduce the certainty of evidence: A: risk of
bias; B: inconsistency of results; C: imprecision. The following factors increase the certainty of evidence: D: large magnitude of effect; E: dose-response gradient. Green =investigated variable predicts positive biologic response,

red =investigated variable predicts negative biologic response, blue

no association between investigated variable and biologic response.

Abbreviations: ACQ, Asthma Control Questionnaire; FEV, forced expiratory volume in 1s; MCID, minimally clinically important difference; mOCS, maintenance oral corticosteroids; QoL, quality of life.

found between baseline asthma control and response to benral-
izumab, a post hoc analysis of a large real-world study showed
that better asthma control at 3months can predict long-term
clinical response [45].

3.6 | Co-morbidities as Potential Biologic Response
Predictors

The quality of evidence for co-morbidities as predictors of re-
sponse to biologics for severe asthma is summarised in Table 6
(detailed in Table S5). NP was significantly associated with clin-
ical response and super-response to mepolizumab [38], but the
evidence quality was rated ‘very low’ owing to heterogeneity in
response definitions and the small sample size of the included
studies. NP in patients treated with benralizumab was associ-
ated with a reduced likelihood of response, but the ‘low’ quality
evidence was based on a small real-world cohort [33]. Evidence
for the predictive value of other co-morbidities, including allergy
[36], chronic rhinosinusitis [45], NARES [36], Bronchiectasis
[36, 37], GERD [33, 36], obesity [36], osteoporosis [33], dysfunc-
tional breathing, and mental health disorders [37], was incon-
clusive and of ‘low’ to ‘very low’ quality. This was primarily due
to the lack of comparative data for patients with and without
these co-morbidities, as well as imprecise effect estimates indi-
cated by wide confidence intervals.

3.7 | Socio-demographic Characteristics as
Potential Biologic Response Predictors

A summary of the quality of evidence for socio-demographic
characteristics as predictors of biologic response is presented
in Table 7 (detailed synthesis in Table S6). There was ‘moder-
ate’ to ‘low’ quality evidence that a higher BMI (> 30kg/m?) is
associated with a higher likelihood of experiencing more exac-
erbations [33], reduced asthma control improvement [9], and a
lower likelihood of achieving steroid-free status [42] following
mepolizumab treatment. Regarding gender, a single large obser-
vational study provided ‘low’ quality evidence that male partic-
ipants are less likely to benefit from mepolizumab in terms of
asthma control improvement [9]. Other investigated variables,
such as age and smoking status, were not associated with anti-
IL5/5Ra response, with several studies lacking comparative
data on clearly defined age cut-offs [9, 43-45] and smokers ver-
sus non-smokers [36, 37].

4 | Discussion

This systematic review is the first comprehensive synthesis
of evidence on predictors of response to anti-IL5/5Ra, —4Ra,
and anti-TSLP therapies for severe asthma. We found ‘moder-
ate’ to ‘high’ quality evidence that high BEC (>300 cells/uL)
reliably predicts response to mepolizumab, dupilumab, and
tezepelumab. Elevated FeNO levels (> 40ppb) predicted ben-
ralizumab response, while FeNO levels between 25 and 50 ppb
were linked to reduced exacerbations and OCS dose after
dupilumab treatment. ‘High’ quality evidence showed that
being OCS naive or lower baseline OCS dose (< 10 mg/day) is
associated with better outcomes following mepolizumab and

IS
o)
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AUC Weight

Study with 95% CI (%)
Fong 2021 —B— 0.86 [0.77, 0.95] 50.06
Kavanagh 2020 —— 0.74[0.65, 0.82] 49.94
Overall — 0.80 [ 0.68, 0.92]
Heterogeneity: 1° = 0.01, I = 74.47%, H’ = 3.92
Test of 6, = 6 Q(1) = 3.92, p = 0.05
Testof 6 =0:z=12.86, p = 0.00

r T T T 1
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AUC

Random-effects DerSimonian—Laird model

FIGURE 3 | Better asthma control at baseline as a predictor of clinical response to mepolizumab. Asthma control measured using the Asthma

Control Questionnaire. AUC, area under curve; CI, confidence intervals.

dupilumab. Additionally, better asthma control at baseline
and post 3 months were significant predictors of mepolizumab
and benralizumab response, respectively. However, evidence
for other variables was limited, downgraded primarily due to
the heterogeneous measurement and reporting of response
definitions. This highlights the urgent need for standardized,
universally accepted definitions of response in studies of tar-
geted therapies for severe asthma. Additionally, no evidence
was found for biologics targeting the non-T2 pathway or the
pediatric severe asthma population.

Our finding that elevated BEC levels can predict response to
anti-IL-5/5R, anti-IL-4, and anti-TSLP therapies aligns with
GINA guidance, which recommends using raised BEC levels
for biologic initiation assessment [16]. Several large RCTs and
post hoc analyses that informed the regulatory approval of T2
biologics [52-58] and reported on the response predictive value
of raised BEC levels [59, 60] were not eligible for this review due
to their inclusion of patients with moderate-to-severe asthma
or lack of subgroup analysis. Consequently, it was not possible
to conduct a meta-analysis to quantitatively delineate the BEC
cut-offs for predicting response in the true severe asthma pop-
ulation. Nonetheless, the real-world studies comprising most
of our evidence base represented a heterogeneous clinic popu-
lation, where treatment response can be influenced by unique
non-pathophysiologic factors that are typically absent in RCTs.
However, our conclusions were limited by the small sample size
of the eligible studies, highlighting the need for larger real-world
studies to better understand the traits influencing biologic re-
sponse in the severe asthma subgroup [61, 62].

The practical application of biologic response predictors requires
careful consideration of feasibility. This review found that raised
FeNO levels (>40ppb) can identify responders to benralizumab,
and levels between 25 and 50ppb are linked to greater benefit
with dupilumab. However, FeNO remains less commonly used
in practice compared to biomarkers like BEC, primarily due to
the ease of measuring BEC, while FeNO testing may be limited
by equipment availability in certain clinical settings. Feasibility
becomes even more critical when considering exploratory pre-
dictors, such as genetic polymorphisms in the IL-4, 5, and 13
pathways [63]. While genetic testing holds potential for biologic
response prediction, it introduces challenges related to cost, in-
tegration into clinical workflows, and real-time data access to
guide treatment decisions. Addressing these feasibility concerns

is key to ensuring the rapid adoption of emerging treatment re-
sponse predictors into practice.

The ‘high’ quality evidence supporting OCS naiveté and low OCS
dose as predictors of mepolizumab and dupilumab response
aligns with the literature, which shows that OCS use is associ-
ated with poor response to anti-IL5 [12], while OCS naiveté or
low baseline OCS dose predicts remission [64]. However, the
predominantly ‘low’ quality evidence for the response predictive
value of other variables across clinical, lung function, sociode-
mographic, and co-morbidity domains contrasts with the wider
literature. For example, although our review found limited ‘very
low’ quality evidence for NP as a predictor of mepolizumab re-
sponse, post hoc analyses [65] suggest that NP is associated with
greater reduction in exacerbations, potentially serving as a surro-
gate T2 marker. This disparity stemmed from studies such as the
latter recruiting moderate-to-severe asthma patients, with those
included in our review downgraded due to inconsistent defini-
tions and measurements of predictors (e.g., patient-reported vs.
clinically diagnosed NP) and lack of comparison data for patients
with versus without the predictor (e.g., effect size reported for
NP group only), or above versus below predictor thresholds.
Standardizing the definition, measurement, and reporting of pre-
dictor variables in future studies is critical to enable data pooling
for meta-analysis and drawing more definitive conclusions.

Heterogeneity in response definitions, particularly among
studies using clinical response criteria, was a major factor
in downgrading the quality of evidence and hindering data
pooling for meta-analysis. Response criteria varied across
studies in terms of measurement (e.g., exacerbation reduction
measured by hospitalisations vs. OCS bursts), definition (e.g.,
>50% vs. 80% exacerbation reduction), and outcome combi-
nations (e.g., clinical, inflammatory, and patient-reported vs.
clinical plus patient-reported only). This inconsistency led to
cases where predictors of response in one study did not hold
true in others with differing definitions. Additionally, bias was
introduced when the predictor variable was part of a clinical
response definition, thus increasing the likelihood of meeting
that definition. There was also variability in the directional-
ity of effect, with some studies assessing a variable's ability to
predict response, while others focused on its role in predicting
non-response. To address these issues, there is a clear need to
implement a universal response definition, such as CONFIRM
[66], and further research to unravel the relationships between
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TABLE 6 | Co-morbidities as predictors of response to biological therapies for severe asthma.

Biologic

Exacerbations

Asthma control

Clinical response outcome

Allergic disease

Mepolizumab

Chronic rhinosinusitis

Allergy is not significantly associated
with clinical response [36].
POOOAC
VERY LOW

Benralizumab — — Chronic rhinosinusitis is not a significant
predictor of clinical response [45].
POOOAC
VERY LOW
NARES
Mepolizumab = = NARES is not significantly associated
with clinical response [36].
POoOOOA€
VERY LOW
Nasal Polyps
Mepolizumab — NP is not significantly associated with NP is significantly associated with
improvement in asthma control [33]. clinical response and super-response
POOOAC [38], but not with non-response [34].
VERY LOW @OO0AC
VERY LOW
Benralizumab — NP is associated with reduced likelihood NP is not a significant predictor of
of asthma control improvement [33]. clinical (super) response [44, 45].
PEPHOOAC POOOAC
LOW VERY LOW
Bronchiectasis
Mepolizumab — — Bronchiectasis is not significantly
associated with clinical response [36, 37].
POOOAC
VERY LOW
GERD
Mepolizumab GERD is not GERD is not significantly associated GERD is not significantly associated
significantly with asthma control improvement [33]. with clinical response [36].
associated with POOOAC POOOAC
reduction in VERY LOW VERY LOW
exacerbations
[33].
POOOAC
VERY LOW
Benralizumab GERD is not GERD is not significantly associated —
significantly with asthma control improvement [33].
associated with POOOAC
reduction in VERY LOW
exacerbations
[33].
PoooAC
VERY LOW
(Continues)
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TABLE 6 | (Continued)

Biologic Exacerbations Asthma control Clinical response outcome
Obesity
Mepolizumab — — Obesity is not significantly associated
with clinical response [36].
POOOAC
VERY LOW
Osteoporosis
Mepolizumab — Osteoporosis is not significantly associated —
with asthma control improvement [33].
POOOAC
VERY LOW
Benralizumab — Osteoporosis is associated with a —

lower likelihood of achieving asthma
control improvement, but it is unclear
if this is clinically meaningful [33].

DHOO

LOW
Dysfunctional breathing

Mepolizumab — —

Mental health conditions

Mepolizumab — —

Dysfunctional breathing is not significantly
associated with clinical response [37].

ppoor
LOW

Depression and anxiety are not significantly
associated with clinical response [37].

PpooA
LOW

Note: GRADE Working Group grades of evidence: High certainty: High confidence that the true effect lies close to that of the estimate of the effect. Moderate certainty:
Moderate confidence in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different.
Low certainty: Limited confidence in the effect estimate: the true effect may be substantially different from the estimate of the effect. Very low certainty: Very little
confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect. Explanations: The following factors reduce the
certainty of evidence: A: risk of bias; B: inconsistency of results; C: imprecision. The following factors increase the certainty of evidence: D: large magnitude of effect;
E: dose-response gradient. Green =investigated variable predicts positive biologic response, red =investigated variable predicts negative biologic response, blue =no

association between investigated variable and biologic response.

Abbreviations: ACQ, Asthma Control Questionnaire; FEV,, Forced expiratory volume in 1s; GERD, Gastroesophageal reflux disease; mOCS, maintenance oral
corticosteroids; NARES, nonallergic rhinitis with eosinophilia syndrome; NP, nasal polyposis.

predictors and biologic response, alongside the development of
multivariate prediction tools [67].

We found limited evidence for the response predictive value of vari-
ables such as periostin, yet T2 biomarkers are often used in prac-
tice to define eligibility for biological therapy. This underscores the
need for robust studies to identify reliable predictors beyond tra-
ditional markers that influence individual patient response. The
3TR Asthma Biologics Cohort study [68] is addressing this gap by
using advanced multi-omics methods and repeated bio-sampling
from multiple compartments to identify biomarkers that can pre-
dict (non-) response. To facilitate a step change, funding bodies
such as the EU/THI and NIH should prioritize and support more
controlled interventional trials focused on emerging biomarkers.

Although six studies in this review indicated eligibility for pa-
tients with severe asthma aged >12years [9, 35, 36, 48-50], most
participants were adults. A previous review [69] reported on clin-
ically available biomarkers and their ability to predict T2 biologic

response in children, but it primarily focused on moderate-to-
severe asthma, highlighting a gap in research specifically target-
ing the paediatric severe asthma population. Additionally, our
review identified a lack of data for non-T2 populations. Given
the observed benefits of anti-TSLP therapy in patients with non-
T2 characteristics [53, 70-72], further investigation into response
predictors for the non-atopic population is urgently needed.

This study excluded predictors of omalizumab response to pre-
vent repetition, as a comprehensive review has already been
conducted and published on this [23]. That analysis identified
baseline BEC and total serum IgE levels as reliable predictors
of omalizumab response in patients with allergic asthma [23].

4.1 | Strengths and Limitations

This systematic review has several strengths. A highly sen-
sitive search strategy was developed and used to search four
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bibliographic databases and two clinical trial registries.
Members of the 3TR Respiratory Work Package were also
consulted to ensure no relevant studies were missed. Another
strength was the inclusion of only studies focused on severe
asthma as defined by the ATS/ERS guidelines [6]. Although
this approach excluded several large RCTs involving partic-
ipants with moderate to severe asthma, it preserved the in-
tegrity of the synthesis and ensured comparability across the
included studies. Further, the outcomes were selected based
on the multi-national COMSA consensus study, ensuring their
relevance to key stakeholders, including patients [25, 26]. A
rigorous appraisal strategy was employed, including risk of
bias assessment using the CASP CPR [28] checklist and cer-
tainty of evidence rating using the modified GRADE frame-
work [29-31]. This standardised approach ensured a robust
and transparent assessment of the included studies and mi-
nimised bias.

A limitation of this review was the inconsistency in measure-
ment of response across the included studies, hindering the
ability to perform meta-analysis. To address this, future stud-
ies should use standardized definitions of response, such as
CONFiRM [66]. The review was limited to studies published
in English; however, we screened studies cited in guidelines,
reviews, and references of identified records to ensure no rel-
evant studies were missed. The exclusion of studies report-
ing predictors of omalizumab response meant that it was not
possible to draw comparisons with data for other biologics.
Nonetheless, given that a review focused on omalizumab
response predictors already exists [23], this exclusion avoids
redundancy. The evidence base for tezepelumb was limited
to one eligible study [51], primarily because the synthesis
was conducted shortly after the biologic was introduced into
clinical practice. A total of 17 studies reporting on response
predictors for pooled datasets of multiple biologics were ex-
cluded, as we did not receive data specific to each biologic de-
spite requests to the authors. Amalgamating these data was
not appropriate due to the distinct mechanisms of action of the
different biologics.

4.2 | Implications for Research and Practice

This systematic review aimed to inform healthcare providers
and regulators about the available evidence for predictors of
response to biologics for severe asthma. The findings high-
light the inconsistent nature of the current evidence base,
partly due to the heterogeneity in response assessment and
classification of non-responders. To enable more standard-
ized and accurate assessment of predictors and outcomes,
patient-centric definitions of response, such as CONFiRM
[66], should be implemented in future severe asthma stud-
ies. Additionally, the limited data on differential predictors
underscores the need for more head-to-head trials and post
hoc analyses to identify and validate robust biologic response
predictors. National reimbursement practices significantly
influence treatment decisions; the limitations and accessibil-
ity of biologics in individual countries can affect both treat-
ment initiation and switching choices. The present review is
a step towards guiding healthcare providers in prescribing
the most efficacious and thereby cost-effective biologics for

patients with severe asthma. This should allow more judicious
resource allocation and treatment decision-making, thereby
benefiting both patients and healthcare systems.

5 | Conclusion

This systematic review synthesised and evaluated the quality
of evidence on predictors of response to anti-IL5/5Ra, 4Ra,
and anti-TSLP for severe asthma. We found sufficient ‘mod-
erate’ to ‘high’ quality evidence that: raised BEC levels (>300
cells/uL) predict response to mepolizumab, dupilumab, and
tezepelumab; elevated FeNO (> 40 ppb) predicts benralizumab
response whilst FeNO 25-50 ppb is associated with better out-
comes following dupilumab; OCS naiveté or low OCS dose
(<10 mg/day) predicts mepolizumab response, with low OCS
dose (<10mg/day) predicting response to dupilumab; and
better asthma control at baseline and post 3 months predicts
mepolizumab and benralizumab response, respectively. There
was some evidence, although inconsistent, suggesting that
biologic naiveté and childhood-onset asthma predict benral-
izumab response, while adult-onset disease and higher BMI
(>30kg/m?) predict positive and negative response to mepo-
lizumab, respectively. Evidence for the other variables inves-
tigated was limited and predominantly ‘low’ quality owing
to heterogeneous response definitions and imprecise effect
estimates. This highlights the urgent need for larger, more
standardised studies with homogenous response criteria to
identify predictors beyond traditional markers, which can fa-
cilitate the selection of the optimal biologic for each patient
with severe asthma.
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