Pulm Ther
https://doi.org/10.1007/s41030-025-00323-0

o)

Check for
updates

REVIEW

Misconceptions of Traits to Predict Response
to Inhaled Corticosteroid and Bronchodilator
Therapies in Asthma: A Narrative Review

Guy Brusselle - Jodie Crawford - Peter G. Gibson - David Leather - Alison Moore -

John J. Oppenheimer - Ian D. Pavord - Marcus Stanaland - Emilio Pizzichini

Received: June 12, 2025 / Accepted: September 19, 2025
© GSK 2025

ABSTRACT

The “treatable traits” approach to asthma man-
agement has helped revolutionize severe asthma
treatment with biologic therapy and includes
using biomarkers to identify patients most
likely to benefit from a specific treatment. The
ability to understand which characteristics pre-
dict response to inhaled corticosteroid (ICS) or
bronchodilator therapy in mild and moderate-
to-severe asthma is also vital for physicians to
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provide treatment tailored to an individual’s
phenotype/endotype. Here, we identified studies
of inhaled treatments in asthma exploring treat-
ment outcomes based upon subgroups of base-
line characteristics, including type 2 biomarkers,
asthma attack history, baseline lung function,
bronchodilator reversibility, patient age and
age at asthma onset, body mass index, smoking
status, sex, and ethnicity. We assessed the avail-
able evidence regarding the influence of each
characteristic on lung function, asthma attacks
or asthma control in patients with asthma fol-
lowing treatment with either ICS, ICS/long-
acting ,-agonist (LABA) therapy, or ICS/LABA/
long-acting muscarinic antagonist therapy. Of
all the characteristics examined, only type 2

79 New Oxford Street, London WC1A 1DG, UK
e-mail: alison.c.moore@gsk.com

Prof. J. J. Oppenheimer MD
Rutgers New Jersey Medical School, Newark, NJ, USA

Prof. 1. D. Pavord FMedSci
NIHR Respiratory BRC, Nuffield Department
of Medicine, University of Oxford, Oxford, UK

Dr M. Stanaland PharmD, MBA
GSK, Research Triangle Park, Durham, NC, USA

Prof. E. Pizzichini MD, PhD
Federal University of Santa Catarina, Santa Catarina,
Brazil

Published online: 01 December 2025

A\ Adis


http://crossmark.crossref.org/dialog/?doi=10.1007/s41030-025-00323-0&domain=pdf

Pulm Ther

biomarkers (blood eosinophil levels and frac-
tional exhaled nitric oxide) appear to consist-
ently predict treatment response, particularly
regarding ICS. For all other characteristics, we
found either evidence that baseline values are
not predictive of response to inhaled treatment
or mixed and inconclusive evidence requiring
turther investigation.

Keywords: Asthma; Biomarker; Eosinophil;
Exacerbation; FeNO; Treatment response

Key Summary Points

In the authors’ experiences, perceptions of
the prognostic and predictive value of clini-
cal characteristics and pathophysiological
characteristics, in terms of patient response
to inhaled maintenance therapies in asthma,
varies among clinicians.

This narrative review addresses misconceptions
about predictors of response to inhaled main-
tenance treatment in asthma, including type 2
biomarkers, asthma attack history, baseline lung
function, bronchodilator reversibility, patient
age and age at asthma onset, body mass index,
smoking status, sex, and ethnicity.

Of the characteristics examined, only type 2
inflammation was found to predict treatment
response to inhaled maintenance thera-

pies, particularly ICS, in moderate-to-severe
asthma.

Future research is needed to determine if
other baseline characteristics influence treat-
ment response to inhaled maintenance thera-
pies in patients with asthma.

INTRODUCTION

Treatment response to inhaled corticosteroid
(ICS) and bronchodilator therapy in asthma may
be influenced by factors including medication
adherence, inhaler technique, comorbidities,

and socioeconomic status [1]. Despite a paucity
of supportive evidence, widespread perceptions
exist among clinicians that some clinical charac-
teristics (i.e., phenotypes) and pathophysiologi-
cal mechanistic characteristics (i.e., endotypes),
in addition to being prognostic of asthma out-
comes, may predict treatment responses [2-9].
The “treatable traits” or “personalized medicine”
approach represents an evolution in treatment
where discriminative factors related to a defined
pathogenic mechanism are used to identify
which patients will benefit most from targeted
treatments, as shown with biologic therapy in
severe asthma [7, 10-17]. Previous studies have
demonstrated differential responses to inhaled
corticosteroids/long-acting PB,-agonists (ICS/
LABA) in patients with asthma based on vary-
ing ICS dose [18], or pharmacogenetic mecha-
nisms [19, 20], highlighting the value of identi-
fying reliable biomarkers to optimize outcomes.
Understanding which characteristics may pre-
dict treatment response is also important when
selecting inhaled treatments for mild and mod-
erate-to-severe asthma so that physicians can
provide a personalized medicine approach tai-
lored to individual patients.

Maintenance ICS therapy is used to treat
airway inflammation and improve symptom
control and lung function in patients with
asthma. ICS medication is often used in com-
bination with a LABA, as recommended in a
stepwise fashion in the Global Initiative for
Asthma (GINA) 2025 [1]. Increasing ICS dose is
recommended through Steps 3 and 4 (Track 2)
for patients uncontrolled on ICS/LABA therapy;
however, only 50-70% of adults achieve good
disease control even with maximum ICS/LABA
dose [18, 21, 22]. An option recommended by
GINA at Step 5 is the addition of a long-acting
muscarinic antagonist (LAMA) to ICS/LABA for
patients with persistent uncontrolled asthma
[1]. Until recently, LAMAs were primarily con-
sidered beneficial in patients with chronic
obstructive pulmonary disease [23, 24]. How-
ever, several studies demonstrated that LAMA
added to ICS/LABA improves lung function and
symptom control and modestly reduces moder-
ate/severe attacks in patients whose asthma was
poorly controlled despite medium-dose ICS/
LABA therapy [25-28]. As patient responses to
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the individual components vary, add-on LAMA
(i.e., triple therapy) may provide improvements
in lung function and symptom control over ICS/
LABA therapy without the need to increase the
ICS dose, particularly in the absence of eosino-
philic airway inflammation [1, 3, 25, 27].

This review addresses some misconceptions
(in the authors’ experience) surrounding treat-
ment response predictors in asthma by pre-
senting data from key studies that have inves-
tigated the influence of patient characteristics
on response. Although numerous studies have
been included, particular emphasis is given to
the CAPTAIN study [27], which was uniquely
designed to address questions around which
treatment is most appropriate for specific
patient types based on assessment of inflamma-
tory biomarkers and the desired treatment out-
come. CAPTAIN was a phase 3A trial comparing
the impact of adding a LAMA (umeclidinium;
UMEC) to, and/or increasing the ICS dose in an
ICS/LABA (fluticasone furoate/vilanterol [FF/VI])
single-inhaler triple therapy (SITT) combination
in patients with uncontrolled moderate/severe
asthma. Moreover, the eligibility criteria did not
include a requirement for an exacerbation in the
year prior to the study, making the study popu-
lation more representative of patients on mid-/
high-dose ICS/LABA with uncontrolled asthma
[27].

Search Strategy

The misconceptions about predictors of treat-
ment response in asthma covered in this arti-
cle were developed through consensus of the
authors. A literature search was performed in
EMBASE (Elsevier Ltd, Amsterdam, Netherlands)
in June 2023 to identify randomized controlled
trials (RCTs) or observational studies examining
inhaled therapies (ICS/LABA or ICS/LAMA/LABA
SITT combinations) for asthma that presented
treatment outcomes according to specific patient
subgroups or the presence of increased type 2
(T2) inflammatory biomarkers. Of studies of tri-
ple therapy, those evaluating multiple inhaler
therapy were excluded. As this article is based on
previously conducted studies and does not con-
tain any new studies with human participants or

animals performed by any of the authors, ethical
approval was not required.

Categorical and Continuous Variables

This review includes data from subgroup analy-
ses in which continuous variables were catego-
rized into predefined groups, and data from
fractional polynomial models [29, 30] where
the continuous variable is analyzed without
being categorized. While categorical analyses
are statistically simpler and the results more
easily interpreted, valuable information may be
lost as a result of introducing an arbitrary, single
threshold cut-off by dichotomizing the baseline
variable of interest [31, 32]. Additionally, cat-
egorical analyses assume that patients with a
variable just below a threshold cut-off will have
different responses than patients whose variable
falls just above the threshold, when in fact these
responses are likely to be similar [31]. Fractional
polynomial analysis avoids this potential infor-
mation loss, using flexible regression models to
provide an accurate approximation of the rela-
tionship between the continuous variable of
interest and the response.

MISCONCEPTIONS ABOUT
PREDICTORS OF TREATMENT
RESPONSE

Misconception: T2 Inflammatory Biomarkers
Are Only Predictive of Treatment Response
with Biologics in Severe Asthma

Evidence: T2 Inflammatory Biomarkers Are
Also Useful in Informing Choice of Inhaled
Therapy in Mild and Moderate-to-Severe
Asthma

Total blood eosinophil (EOS) counts and frac-
tional exhaled nitric oxide (FeNO) have been
identified as complementary biomarkers of T2
airway inflammation in patients with asthma.
The T2 “high” endotype is typically associated
with blood eosinophilia and elevated FeNO lev-
els compared with the T2 “low” endotype [33].
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Additionally, among patients with asthma,
higher blood EOS counts have been associated
with risk of future severe attacks [34], with meas-
urement of these biomarkers forming the basis
of early iterations of a risk calculator for future
asthma attacks [35].

There is a wealth of data examining the pre-
dictive value of T2 biomarkers on response
to inhaled asthma therapy (summarized in
Table 1). Given the wide range of study types,
differing methodologies, and some cases of post
hoc analyses (i.e., likely not statistically pow-
ered), it is unsurprising that there is variation
in the findings. Notably, several publications
[3, 36-42] support findings from the CAPTAIN
study that show that T2 biomarkers (particularly
blood EOS and FeNO) hold the most predictive
value for ICS treatment response versus other
baseline characteristics. However, it should be
noted that this observation is based on separate
subgroup analyses rather than a single model
assessing all characteristics simultaneously.

In CAPTAIN post hoc analyses, response
to inhaled therapy varied according to base-
line blood EOS and FeNO levels [27] (Fig. 1).
The addition of UMEC to FF/VI numerically
reduced moderate/severe attack rates primarily
in patients with lower levels of these biomark-
ers, although this was to a much smaller mag-
nitude than when the FF dose was doubled in
patients with high T2 endotype, and 95% confi-
dence intervals (CI) were wide. This aligned with
results from the prespecified analyses regardless
of T2 biomarker status for both triple versus dual
therapy and high- versus low-dose ICS. Com-
pared with FF/VI 100/25 pg, the adjusted rate
ratio (aRR; 95% CI) was 0.78 (0.61-1.01) in the
FF/UMEC/VI 100/62.5/25 ng group and 0.88
(0.68-1.13) in the FF/UMEC/VI 100/31.25/25 ng
group; compared with FF/VI 200/25 pg, the
aRR was 0.97 (0.73-1.28) in the FF/UMEC/VI
200/62.5/25 ng group, and 1.08 (0.82-1.42) in
the FF/UMEC/VI 200/31.25/25 pg group. Mean
(95% CI) annualized attack rates were numeri-
cally lower with FF 200 pg-containing therapies
compared with FF 100 pg-containing therapies
(FF/VI 200/25 pg: 0.57 [0.47-0.69] vs. 100/25 ng:
0.87 [0.73-1.04]; FF/UMEC/VI 200/62.5/25 ng:

0.55 [0.45-0.67]) vs. 100/62.5/25 ng: 0.68
[0.56-0.82]; FF/UMEC/VI 200/31.25/25 ng:
0.61 [0.50-0.74] vs. 100/31.25/25 pg: 0.76
[0.64-0.92]) [27]. Of note, the rates of exac-
erbations observed in the CAPTAIN trial were
low overall, regardless of T2 status, likely due
to inclusion criteria not requiring a history of
exacerbations, and the inclusion of a stabili-
zation period with FF/VI (100/25 pg) prior to
randomization.

Among patients with high baseline levels of
both biomarkers, a smaller proportion (13%) in
the FF 200 pg dose group had a severe attack
versus the FF 100 png dose group (33%; Fig. 2)
[27]; however, numbers were small (n=71 and
67, respectively), hence these results should
be interpreted with caution. CAPTAIN was
not sufficiently powered to detect a difference
in annualized attack rates between treatment
arms, primarily due to a lower attack rate than
assumed in the power calculations. Addition-
ally, evidence of a prior attack was not required
for study entry (thus, unlike other triple ther-
apy studies [e.g., TRIGGER, TRIMARAN [43]],
CAPTAIN was not enriched for patients likely
to experience asthma attacks). In a post hoc
analysis of CAPTAIN (intent-to-treat population:
n=2436), baseline levels of serum immunoglob-
ulin E (IgE) measured as a trichotomous variable
(£85,>85-<306,>306 KU/L) did not appear to
have any predictive value on treatment response
from adding UMEC and/or doubling FF dose,
despite IgE also being considered as a marker of
T2 inflammation [44].

Like CAPTAIN, several other studies found
that T2 biomarker status is predictive of ICS
therapy response. In a study of adults with res-
piratory symptoms without a confirmed asthma
diagnosis, FeNO measured as a trichotomous
variable (<25, 26-49,>50 parts per billion) was
shown to predict the efficacy of beclometa-
sone dipropionate (BDP) versus placebo; higher
baseline FeNO values were associated with an
increased likelihood of a positive treatment
response as assessed by lung function (forced
expiratory volume in 1 s [FEV,]) and asthma
control (Asthma Control Questionnaire [ACQ-
71) [37]. Similarly, in the SIENA study, sputum
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Fig.1 Association between baseline blood ecosinophils
and fractional exhaled nitric oxide and the effects of dou-
bling FF dose (a) and adding UMEC (b) on trough FEV,
(at week 24) and moderate and/or severe exacerbation
rates (weeks 1-52) in the CAPTAIN study. Post hoc
pooled analysis of the CAPTAIN study; CI confidence
interval; FeNO fractional exhaled nitric oxide; FEV, forced
expiratory volume in 1 s; FF fluticasone furoate; LS least

squares; ppb parts per billion; UMEC umeclidinium; V7
vilanterol. Reprinted from Lancet Respir Med; Lee, L.A.,
et al., Efficacy and safety of once-daily single-inhaler triple
therapy (FF/UMEC/VI) versus FF/VI in patients with
inadequately controlled asthma (CAPTAIN): a double-
blind, randomized, phase 3A trial, 9(1): p 69-84, Copy-
right (2021), with permission from Elsevier
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and blood EOS and FeNO, measured as contin-
uous variables, were predictive of the efficacy
of mometasone furoate (MF) versus placebo in
patients with uncontrolled, mild, persistent
asthma, assessed by a composite asthma con-
trol outcome (treatment failure, asthma control
days, and FEV,) [42].

However, adding LAMA to ICS/LABA therapy
was found to be beneficial regardless of T2 inflam-
mation status in most studies. For example, in the
phase 3 TRIGGER study, blood EOS levels (<300
and>300 cells/ul) had no predictive value on the
relative efficacy of BDP/glycopyrronium (GLY)/
formoterol fumarate (FOR) versus BDP/FOR (both
high-dose BDP) on lung function (trough FEV,)
at week 26 [43]. In a similar study (TRIMARAN),
greater improvement in trough FEV, at week 26
was seen with BDP/GLY/FOR versus BDP/FOR
(both mid-dose BDP) in the lower versus higher
blood EOS subgroup (though this was a post hoc,
dichotomous analysis, rather than a continuous
variable analysis) [43]. An exploratory follow-up
analysis of a large phase 3 study examining LAMA
or short-acting B,-agonist (SABA) therapy as add-
on to ICS (TALC [45]) demonstrated no association
between positive clinical response to add-on tiotro-
pium and sputum EOS and FeNO [2]. This was also
demonstrated in a study evaluating LAMA as part
of SITT versus ICS/LABA therapies (IRIDIUM [46]),
reporting that T2 biomarkers provided no predic-
tive value for added LAMA treatment responses in
lung function and symptoms (Table 1).

Despite the evidence supporting the predictive
value of T2 biomarkers on ICS response, they have
not been routinely measured in many phase 3 tri-
als or integrated in clinical care. For example, a
recent post hoc analysis from the IRIDIUM study
examined the effect of baseline EOS levels (<300
and>300 cells/pl) on the efficacy of LAMA (GLY)
in addition to ICS/LABA (MF/indacaterol acetate
[IND]), but did not examine the effect on ICS
response [46]. In conclusion, T2 inflammatory bio-
markers are useful in informing choice of inhaled
therapy in mild and moderate-to-severe asthma
and should be considered a routine measure in
clinical trials.

Misconception: Attack History Predicts
Response to Inhaled Treatment in Asthma

Evidence: Attack History Does Not Appear
to Predict Response to Inhaled Treatment
in Asthma

A history of severe asthma attacks has been shown
to predict future attacks in prospective studies con-
ducted in the USA and Japan [8, 47]. Risk score
calculators taking into account previous severe
attacks and T2 inflammation may therefore be
helpful when assessing future attack risk [48]. How-
ever, data regarding attack history as a predictor of
inhaled treatment response are inconsistent.

CAPTAIN reported treatment outcomes for
subgroups of patients with a history of>1 severe
attack at baseline versus those without a prior
severe attack [49]. Addition of UMEC to FF/VI
resulted in improvements in trough FEV, and
FEV, 3 h post dose (post hoc analysis) in both
subgroup populations (consistent across FF 100
pg- and FF 200 pg-containing therapies) and
attack rates (FF 100 pg-containing therapies),
with a possible trend for greater numerical
improvements in these outcomes in patients
without a history of severe attacks (prespecified
analysis). Doubling the FF dose was associated
with improved lung function and a reduction
in attack rates regardless of severe attack history
(post hoc analysis). These findings are supported
by other studies, with attack history having no
clear predictive value in terms of treatment
response (Table 2). This is consistent with the
heterogenous nature of attacks, with the major-
ity of events unrelated to T2 inflammation [50],
but rather primarily associated with viral infec-
tions [51]. However, although attack history
may not influence response to inhaled asthma
treatments in terms of relative risk reduction,
it will impact the absolute risk and thus the
number of patients needed to treat to prevent
a severe attack.
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33%

13%

Low T2 inflammatory biomarkers

u FF 100 pg-containing therapies

Fig.2 Impact of FF dose on proportion of patients
with T2 low or T2 high asthma experiencing severe
exacerbations (weeks 1-52) in the CAPTAIN study;
post hoc pooled analysis of the CAPTAIN study;
n=patients with analyzable data. Low T2 inflamma-
tory biomarkers defined as cosinophils <150 cells/pl
and FeNO <20 ppb at baseline. High T2 inflamma-
tory biomarkers defined as eosinophils > 300 cells/pl and

Misconception: Treatment Response to
Inhaled Therapies Can Be Affected by Lung
Function or Bronchodilator Reversibility

Evidence: Baseline Lung Function Does Not
Appear To Predict Treatment Response,
and Evidence Is Inconclusive as to Whether
Bronchodilator Reversibility Influences
Responses to Inhaled Treatments

Although there is some evidence from several
small studies that compared with patients with
greater lung function, those with reduced base-
line lung function may have a greater response
to ICS [3, 5] and ICS/LABA+LAMA [2, 52],

High T2 inflammatory biomarkers

® FF 200 pg-containing therapies

FeNO > 50 ppb. FF 100 pg-containing therapies: pooled
FF/VI 100/25 ug+FF 100 ug/UMEC 31.25+62.5 pg/
VL. FF 200 pg-containing therapies: pooled FF/VI
200/25 pg+FF 200 pug/UMEC 31.25 +62.5 ug/VIL. FeNO
fractional exhaled nitric oxide, FF fluticasone furoate, ppb
parts per billion, /77T intent-to-treat, UMEC umeclidin-
ium, 72 type 2, V' vilanterol

larger studies have not found an association
(Table 2), and interpretation of the findings is
not straightforward because of potential con-
founding by the ceiling effect. Several stud-
ies showed that treatment efficacy was inde-
pendent of baseline lung function [4, 53]. Post
hoc analyses from CAPTAIN supported these
findings, whereby baseline lung function and
bronchodilator reversibility did not impact
treatment response to inhaled therapy [44].
However, since inclusion in the CAPTAIN trial
required a reversibility of 212% of prebroncho-
dilator FEV,; and 2200 mL [27], the full effect
of reversibility on response to inhaled therapy
could not be examined.
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Along with CAPTAIN [44], findings from the
MezzoTinA, TRIMARAN, and TRIGGER studies
showed that the effect of dual or triple therapy
on lung function was independent of baseline
bronchodilator reversibility [4, 43]. However, in
the TRIMARAN and TRIGGER studies, patients
with higher reversibility at baseline achieved
the greatest reductions in moderate and severe
attacks with BDP/GLY/FOR versus BDP/FOR [43].
It should be noted that, similar to CAPTAIN,
a degree of bronchodilator reversibility was
needed for inclusion in these studies, so data
on the relationship between the full range of
baseline bronchodilator reversibility and treat-
ment responses are lacking. Regardless, in the
authors’ experience, bronchodilator reversibility
to a SABA is typically not predictive of treatment
benefit nor the type of inflammatory response
in the airways. While some evidence suggests
it may be predictive of improvements in lung
function with ICS/LABA therapy in ICS-naive
patients [54], collectively, published data for
inhaled triple and dual therapies do not appear
to support the perception that bronchodilator
reversibility is predictive of treatment response
(Table 2). It should be noted that the lung func-
tion of small airways was not assessed, as test-
ing for lung function in these studies was done
via spirometry testing rather than small airways
oscillometry.

Misconception: Treatment Response to
Inhaled Therapies Is Diminished in Patients
with Obesity or Smokers

Evidence: Obesity Is Not a Reliable Predictor
of Treatment Response, and Further Evidence
Is Required to Determine Whether Smoking
Influences Response to Inhaled Treatments

Several studies have suggested that obesity is
associated with reduced lung function, poor
asthma control, worsening of asthma symp-
toms [55, 56] and a more severe asthma phe-
notype [56, 57]. Perceptions exist that obesity
may result in a reduced response to inhaled
therapies compared with response in non-obese
patients, though the evidence is inconclusive
(Table 2). Prespecified analyses from CAPTAIN

showed that adding UMEC to FF 100 pg/VI
resulted in numerical reductions in moderate/
severe attacks in the obese subgroup, similar to
the non-obese group [58], although the study
population was not enriched for exacerbations.
In addition, the smaller sample size in the obese
versus non-obese group should be noted along
with the higher attack rate typically observed in
patients with obesity at baseline. Other studies
reported smaller improvements in lung function
[59] and asthma control [60] in patients who
were overweight/with obesity versus patients of
normal body weight, but this finding was not
consistent across literature. Data from CAP-
TAIN indicate that obesity does not influence
treatment response in terms of lung function
regardless of the treatment strategy assessed [58].
Additionally, the efficacy of inhaled therapy
assessed by lung function, asthma control and
time to severe attack in the MezzoTinA studies
[4], and by lung function and asthma attacks in
the TRIMARAN and TRIGGER studies [43], was
generally independent of baseline body mass
index (BMI). Overall, these findings show that
the impact of obesity on treatment outcomes is
not well established and may be complicated by
the different inflammatory phenotypes seen in
patients with obesity with asthma [61]. While
further research may be warranted, obesity is
unlikely to be a reliable predictor for treatment
outcomes.

Increased airway inflammation associated
with smoking can also be problematic among
patients with asthma, leading to reduced ICS
effects [62]. Numerous studies suggest that
smoking reduces a patient’s response to ICS
[63-66], for example, as shown in a study dem-
onstrating reduced FEV, (L) after 8 weeks of
treatment with beclomethasone in smokers
(0.06 [95% (I, 0.04-0.16]) compared with non-
smokers (0.17 [95% CI, 0.08-0.26]), p=0.09 [67].
However, findings from the Salford Lung Study
showed that the efficacy of FF/VI was independ-
ent of smoking status [67]. Additionally, cuz-
rent smokers are often excluded from RCTs, so
data are largely constrained to ex-smokers with
potentially limited smoking history. However,
several publications suggest that smoking his-
tory can influence response to inhaled asthma
treatment (Table 2). In the 1-year, randomized
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Gaining Optimal Asthma controL (GOAL) study,
non-smokers demonstrated numerically greater
improvements in lung function in response to
FP and FP/salmeterol (SAL) versus former and
current smokers [68]. In CAPTAIN prespecified
analyses [27], there was a numerical trend for
a greater reduction in moderate/severe attacks
among ex-smokers versus patients without
smoking history after adding UMEC to FF/VI],
although, as with other studies, the number of
ex-smokers was low versus the other subgroups,
and smoking history was limited (i.e., <10 pack
years). In contrast, other studies with inhaled
therapy, including the MezzoTinA-asthma and
the TRIMARAN and TRIGGER studies showed
that treatment outcomes with ICS+LAMA and
ICS/LAMA/LABA, respectively, were independ-
ent of smoking status [4, 43]. Collectively, these
findings warrant further research to determine
whether smoking history should be considered
when tailoring treatment.

Misconception: The Effect of Inhaled
Therapies Is Impacted by Baseline
Characteristics (Or Non-Modifiable Traits)

Evidence: Patient Age, Age of Asthma Onset,
Sex and Ethnicity Do Not Appear to Reliably
Predict Treatment Response to Inhaled Drugs
in Asthma

Although there is a perception that treatment
response worsens with age, most published
data indicate that inhaled therapies are ben-
eficial regardless of age or age at disease onset
(Table 2). Findings from several studies includ-
ing TRIMARAN, TRIGGER [43], the IRIDIUM
[26], the EUROSMART study [69], and the
MezzoTinA-asthma studies [4, 70] indicate that
treatment effect is largely independent of age.
Notably, post hoc analyses from the CAPTAIN
study showed that age and age of asthma onset
do not predict response to inhaled therapy [44].
There are a small number of studies [2, 38, 44]
that suggest treatment effect is pronounced in
younger patients; however, further investiga-
tions are required to draw definitive conclusions.
Taken with the wealth of clinical trial data, it
is unlikely that age is a reliable predictor for

inhaled treatment outcomes. Findings were sim-
ilar with age of asthma onset (Table 2), though
data for this variable were more limited and gen-
erally assessed post hoc.

Differences in asthma phenotypes are
observed between male and female patients, in
both children and adults [71]. Similarly, preva-
lence and severity of asthma varies among dif-
ferent ethnic groups, potentially due to genetic
variation and differences in socioeconomic sta-
tus, among other factors [72]. While it is fea-
sible to consider that these differences could
potentially manifest in differential responses
to asthma treatment, the evidence shown in
Table 2 indicates that sex and ethnicity are
unlikely to impact response to inhaled therapies.

CONCLUSIONS

Measurement of T2 inflammatory biomarkers such
as blood EOS and FeNO has revolutionized the
treatment of severe asthma using biologics, allow-
ing for the prediction of a patient’s likely response
to treatment. Although such measurements are not
currently widely used in routine clinical practice
(beyond phenotyping for biologics), data indicate
that a similar approach should be used to inform
choice of inhaled treatment for patients with less
severe asthma [35], whereby patient phenotype
would guide treatment decisions, ushering in the
era of personalized medicine in asthma. Numerous
studies have provided evidence that T2 inflamma-
tory biomarkers may be associated with future risk
of attack, especially in patients with not well-con-
trolled asthma [34, 35]. In addition, higher levels
of T2 inflammatory biomarkers are indicative of
patients who are likely to benefit from increasing
ICS dose. However, for a subset of patients with
severe asthma but low T2 inflammation, alterna-
tive biomarkers and treatment strategies will be
needed to provide optimal personalized care [73].
While some published studies suggest that baseline
demographic characteristics such as sex, ethnicity,
age, and smoking status, and physiological char-
acteristics such as BMI, age at asthma onset, and
bronchodilator reversibility do not appear to reli-
ably predict inhaled therapy response, the TALC
study suggests that these characteristics may have
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predictive value [2]. It should be noted that the
majority of clinical studies assessed here reported
use of daily ICS maintenance therapy rather than
maintenance and reliever therapy, which is the pre-
ferred treatment strategy recommended by GINA
[1]. The misconceptions discussed in this review
were based on a consensus view from all authors
and the literature search conducted here highlights
areas of conflicting evidence. Future research is
needed to confirm some of these findings and to
help further define a reliable approach for predict-
ing response to inhaled therapies in asthma.
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