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Introduction. Elevated neutrophil counts in blood, sputum, or lung have been associated with poor clinical outcomes and more
severe disease in patients with type 2 asthma. In the phase 3 LIBERTY ASTHMA QUEST (NCT02414854), add-on dupilumab 200
and 300 mg every 2 weeks compared with matched placebo significantly reduced severe asthma exacerbations and improved forced
expiratory volume in 1s (FEV) in patients with uncontrolled, moderate-to-severe asthma. This post hoc analysis explored the
efficacy of dupilumab in patients with type 2 asthma enrolled in QUEST with or without elevated blood neutrophil counts.
Methods. Annualized severe exacerbation rates during the 52-week treatment period and least-squares mean change from baseline
in FEV, over time were evaluated for patients with elevated type 2 biomarkers at baseline (blood eosinophils > 150 cells/uL or
fractional exhaled nitric oxide (FeNO) > 20 ppb; and eosinophils > 300 cells/uL or FeNO > 50 ppb) and low (<4,000 cells/uL) or
high (>4,000 cells/uL) neutrophil counts. Results. Dupilumab significantly reduced annualized severe exacerbation rates compared
with placebo during the 52-week treatment period in patients with elevated type 2 biomarkers, irrespective of baseline neutrophil
count (P<0.0001 for all comparisons). Significant improvements in FEV versus placebo were observed as early as Week 2 and
over the 52-week treatment period, irrespective of baseline neutrophil count (P<0.001 for all comparisons). Safety findings were
similar across all subgroups, regardless of neutrophil counts at baseline. Conclusions. Dupilumab treatment significantly reduced
annualized severe exacerbation rates and improved lung function in patients with uncontrolled, moderate-to-severe, type 2 asthma,
irrespective of baseline blood neutrophil count. This trial is registered with NCT02414854.

1. Introduction

Asthma is a heterogeneous and chronic inflammatory dis-
ease characterized by a spectrum of overlapping phenotypes
[1-3]. Patients vary in their clinical and inflammatory pre-
sentations across these different asthma profiles. The type 2
inflammatory asthma phenotype, which is estimated to affect
at least 50% of all asthma patients [4], is characterized by

elevated type 2 biomarkers, including blood and sputum eosi-
nophils, immunoglobulin E (IgE), and fractional concentra-
tion of exhaled nitric oxide (FeNO) [5-7]. However, patients
often present with overlapping non-type 2 biomarkers, such as
elevated neutrophils [8, 9].

Neutrophils may play a key role in asthma, attracting
other immune cells and contributing to mucus hypersecre-
tion and increased smooth muscle responsiveness [10—12].
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Elevated neutrophils can occur in patients with or without type
2 asthma [2, 8] and have been associated with poor outcomes
across a number of asthma phenotypes [13-16]. Neutrophil
counts in blood, sputum, or lungs have been associated with
disease pathogenesis and are predictive of both disease severity
and patient outcomes in patients with severe asthma [15]. The
combination of high levels of sputum or blood neutrophils and
eosinophils has also been associated with reduced pulmonary
function and increased risk of hospitalization in patients with
moderate-to-severe asthma [15-20]. Subsequently, these patients
often have a heavy disease burden and may remain unrespon-
sive to treatment.

It has been suggested that non-type 2 mechanisms, includ-
ing neutrophilic inflammation, may directly affect patient out-
comes and the efficacy of asthma treatment [8, 21-23]. Because
asthma phenotypes and associated inflammatory profiles over-
lap [8], it is important to establish therapeutic efficacy across
subgroups. As an example, responses to anti-inflammatory
therapy, including inhaled corticosteroids (ICS), may be reduced
in patients with noneosinophilic asthma or neutrophilic inflam-
mation [6, 24-26]. However, mechanistic data suggest that inter-
leukin (IL)-4 and IL-13 can inhibit neutrophil effector functions,
aiding in the transition from a proinflammatory role to an anti-
inflammatory role [27, 28], and monoclonal antibodies target-
ing IL-4 and/or IL-13 may, therefore, not only inhibit type 2
mechanisms but also may interfere with neutrophilic inflam-
mation, thus improving treatment efficacy.

Dupilumab, a fully human monoclonal antibody, blocks
the shared receptor component for IL-4 and IL-13, key and
central drivers of type 2-mediated inflammation [29, 30] in mul-
tiple diseases. In the phase 3 LIBERTY ASTHMA QUEST study
(QUEST; NCT02414854), add-on dupilumab 200 or 300 mg
every 2 weeks (q2w), compared with matched placebo, signif-
icantly reduced severe asthma exacerbations and improved
prebronchodilator forced expiratory volume in 1s (FEV)),
and was well tolerated in the overall population of patients
with uncontrolled, moderate-to-severe asthma [31]. Greater
treatment effects were observed in patients with elevated type
2 biomarkers at baseline (blood eosinophils > 150 cells/uL or
FeNO > 25 parts per billion (ppb)) [31]. This post hoc analysis
of QUEST aims to assess the consistency of dupilumab treat-
ment within the heterogeneous type 2 asthma populations to
more precisely evaluate the potential impact of non-type-2
biomarkers such as neutrophils on the efficacy of dupilumab
in patients with type 2 asthma with and without elevated
blood neutrophil counts at baseline.

2. Methods

2.1. Study Design and Patients. QUEST was a phase 3, multi-
center, randomized, double-blind, placebo-controlled, parallel-
group trial evaluating the safety and efficacy of dupilumab in
patients aged >12 years with uncontrolled, moderate-to-severe
asthma. Dupilumab is approved in the USA as an add-on
maintenance treatment in patients with moderate-to-severe
asthma aged >6 years with an eosinophilic phenotype or
with oral corticosteroid-dependent asthma, and in Europe to
treat patients with uncontrolled, severe asthma aged >6 years
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[32, 33]. Between May 2015 and September 2016, eligible
patients were randomized 2:2:1:1 to receive add-on 200 or
300 mg subcutaneous dupilumab or matched placebo q2w
for a total of 52 weeks. Eligible patients were aged >12 years
and met key inclusion criteria of current treatment with
medium-to-high dose ICS plus <2 additional controllers, pre-
bronchodilator FEV; <80% (<90% if aged 12-17 years) pre-
dicted normal value, FEV reversibility of 12% and 200 mL, a
score of >1.5 on 5-point Asthma Control Questionnaire
(ACQ-5), and worsening asthma in the past year. Patients
were eligible for enrollment irrespective of a minimum baseline
blood eosinophil count or levels of type 2 inflammatory bio-
markers. Key exclusion criteria included weight <30kg,
comorbid lung diseases, severe asthma exacerbation, and cur-
rent smoking, smoking cessation <6 months prior to the study,
or history of >10 pack-years. Full details of the study design
and inclusion and exclusion criteria have been published pre-
viously [31]. The study was conducted in accordance with the
Declaration of Helsinki and the International Conference on
Harmonisation Good Clinical Practice guideline, with applica-
ble local regulations. The protocol and informed consent/assent
forms were approved by institutional review boards and ethics
committees, as appropriate, before the start of the study. All
patients (or parents/legal guardians for adolescents) provided
written informed consent, and assent was obtained from adoles-
cent patients in line with local standard practice.

Only patients with type 2 asthma (defined as having base-
line blood eosinophils > 150 cells/uL. and/or FeNO > 20 ppb
per Global Initiative for Asthma (GINA) guidelines [5]) were
included in the current analysis.

2.2. Endpoints. Efficacy endpoints assessed in this analysis
were annualized severe exacerbation rates over the 52-week
treatment period and change from baseline in prebroncho-
dilator FEV; over time. For analysis, patients were stratified
into subgroups based on baseline levels of type 2 biomarkers
and neutrophils: eosinophils > 150 cells/uL or FeNO > 20 ppb
(type 2-150/20) AND low or high neutrophil count or
eosinophils > 300 cells/uL or FeNO > 50 ppb (type 2-300/50)
AND low or high neutrophil count. It should be noted here
that the cutoff of eosinophils>150 cells/uL includes all
patients with blood eosinophils > 150 cells/uL (and not only
those with 150-300 cells/uL), and FeNO > 20 ppb refers to all
patients with FeNO of 20 ppb or greater, and not only those
with FeNO 20-50 ppb; thus, patients in type 2-300/50 sub-
groups were by definition also included in the less strict type
2-150/20 subgroup. The threshold for high and low neutro-
phil count was set at >4,000 and <4,000 cells/uL, respectively,
based on previous studies and the recent Severe Asthma
Research Program (SARP) analyses [17]. To further assess
appropriateness of the 4,000 cells/uL threshold in the current
study population, median (95% confidence interval (CI))
blood neutrophil counts were analyzed and the number of
patients in different neutrophil count categories at baseline
(categorized in blocks of 1,000, such as 1,000 to <2,000; 2,000
to <3,000, etc.) was assessed in the intention-to-treat (ITT)
population and in patients with eosinophils > 150 cells/uL or
FeNO > 20 ppb (Figure 1).
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FiGure 1: Distribution of baseline neutrophil counts in patients in the ITT population and in those with blood eosinophils > 150 cells/uL or
FeNO > 20 ppb at baseline. Category width = 1,000 cells/uL. FeNO = fractional exhaled nitric oxide; ITT = intention-to-treat; ppb = parts per

billion.

Safety was measured in terms of treatment-emergent
adverse events (TEAEs) and serious AEs (SAEs) throughout
the study. Safety data were evaluated by treatment (dupilu-
mab or placebo) for patients with or without clinically defined
treatment-emergent neutropenia (<1,500 cells/uL).

2.3. Statistical Analysis. For this analysis, data were pooled within
treatment types (combined dupilumab 200 and 300 mg q2w
and combined matched placebo groups). Annualized severe
exacerbation rates over the 52-week treatment period were
assessed using a negative binomial model, with the total num-
ber of events with onset from randomization up to visit 18 or
the last contact date (whichever came earlier) as the response
variable. The pooled treatment groups, age, region (pooled
country), baseline eosinophil strata, baseline ICS dose level,
and the number of severe exacerbation events within 1 year
prior to the study were included in the model as covariates
and the log-transformed standardized observation duration
as an offset variable. Change from baseline in FEV, was
assessed using a linear mixed-effects model with repeated
measures, with change from baseline in prebronchodilator
FEV, up to Week 52 as the response variable, and treatment,
age, sex, baseline height, region (pooled country), baseline
eosinophil strata, baseline ICS dose level, visit, treatment-
by-visit interaction, baseline prebronchodilator FEV; value,
and baseline-by-visit interaction as covariates. Additional
covariates—the subgroup, subgroup-by-treatment interac-
tions, and subgroup-by-treatment-by-visit interaction—
were added for the interaction P-value model. A P value of
<0.05 was considered statistically significant for the compar-
isons between dupilumab and placebo. The number of type 2
patients by neutrophil count categories at baseline and the
safety results were summarized descriptively. In addition,
restricted cubic spline regression models with a maximum
of 4 knots (k) regressions were implemented to explore the
relationship between the outcomes (annualized severe exacer-
bation rates and change from baseline in prebronchodilator
FEV, at Week 52) and baseline biomarker (blood eosinophils
and FeNO) levels. The spline models for the annualized severe
exacerbation outcome used a penalized negative binomial

model, with the pooled treatment groups, age, region (pooled
country), baseline ICS dose level (medium or high), number
of severe exacerbation events within 1 year prior to the study,
baseline biomarker (eosinophils or FeNO), and baseline bio-
marker-by-treatment (eosinophils or FeNO) interaction as
covariates, and log-transformed standardized observation
duration as an offset variable. Similarly, the spline models
for the change from baseline in prebronchodilator FEV, at
Week 52 outcome used a penalized regression with the pooled
treatment groups, age, sex, baseline height, region (pooled
country), baseline ICS dose (medium or high), and baseline
prebronchodilator FEV, baseline biomarker (eosinophils or
FeNO), and baseline biomarker-by-treatment (eosinophils or
FeNO) interaction as covariates. The negative binomial model
and mixed-effects model with repeated measures were ana-
lyzed using SAS v9.4, and spline regression analyses were
performed using R-3.6.2.

3. Results

3.1. Baseline Characteristics. In total, 1,582 patients were
included in the current analysis. Patients’ mean age was sim-
ilar across the analysis subgroups; however, a higher propor-
tion of adolescents were included in the subgroups with low
neutrophil counts (<4,000 cells/uL) (Table 1). Baseline pre-
and postbronchodilator FEV; were similar across the groups
(1.70-1.87 and 2.06-2.31L, respectively), and the mean
number of severe exacerbations in the previous year ranged
from 1.91 to 2.32. Approximately half of the patients in each
of the analyzed subgroups were taking high-dose ICS at
baseline. Baseline blood eosinophil and FeNO levels were
broadly similar across treatment groups, regardless of neu-
trophil count at baseline.

Overall, median (95% CI) blood neutrophil counts in the
QUEST ITT population were 4,050 cells/uL (3,940-4,210)
and 4,060 cells/uL (3,950—4,180) in the placebo and dupilu-
mab treatment arms, respectively, with similar blood neutro-
phil counts in the type 2-150/20 (placebo: 4,080 (3,950—4,260)
cells/uL; dupilumab: 4,050 (3,930—4,170) cells/uL) and type
2-300/50 (placebo: 3,950 (3,700-4,100) cells/uL; dupilumab:
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FIGURE 2: Annualized severe exacerbation rates over the treatment period in patients with elevated type 2 biomarkers with or without elevated
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4,115 (3,920-4,280) cells/uL) groups, further confirming the
appropriateness of the chosen cutoff of 4,000 neutrophils/uL.

3.2. Annualized Severe Exacerbation Rates. Over the 52-week
treatment period, significantly lower (P<0.001) annualized
severe exacerbation rates were observed in patients treated
with dupilumab versus placebo across the type 2-150/20 and
type 2-300/50 subgroups, irrespective of neutrophil count
(Figure 2). In patients with type 2-150/20 asthma at baseline,
58% (low neutrophil group) and 55% (high neutrophil group)
reductions in annualized severe exacerbation rates were seen
for dupilumab versus placebo. Similar findings were observed
in patients with type 2-300/50 at baseline (68% (low neutro-
phil count) and 56% (high neutrophil count) lower rates for
dupilumab vs. placebo). Across both the type 2-150/20 and
type 2-300/50 subgroups, no significant difference in reduc-
tions was observed regardless of neutrophil count at baseline
(type 2-150/20: Py = 0.6056; type 2-300/50: Py, =0.1787).

3.3. Change from Baseline in Prebronchodilator FEV ;. Signif-
icantly greater improvements (P<0.001) in the least squares
(LS) mean change from baseline in prebronchodilator FEV,
were observed for dupilumab versus placebo at all assessed
timepoints, irrespective of baseline eosinophil, FeNO, or
neutrophil level (Figure 3). By Week 2, LS mean difference
versus placebo was 0.19-0.15 L in patients with type 2-150/20
asthma at baseline and 0.29-0.20L in patients with type
2-300/50 at baseline with low and high neutrophil counts,
respectively. By the end of the study at Week 52, LS mean
differences versus placebo were 0.20 and 0.18 L in patients
with type 2-150/20 asthma at baseline and 0.31 and 0.21L
in patients with type 2-300/50 asthma at baseline with low and
high neutrophil counts, respectively. These changes were not
significantly different between low and high neutrophil groups
(type 2-150/20: Py = 0.5797; type 2-300/50: Py, = 0.0899).

3.4. Regression Analysis of Severe Exacerbations and Change
from Baseline in Prebronchodilator FEV; at Week 52 against
Baseline Eosinophil or Baseline FeNO Levels. Regression anal-
ysis indicated that dupilumab reduced severe exacerbations
and improved prebronchodilator FEV; in patients with
>4,000 neutrophils/uL and in patients with >4,000 neutro-
phils/uL and FeNO > 20 ppb at baseline, with greater benefits
seen in those patients with higher blood eosinophil counts at
baseline (Figure 4). Similar results were observed in patients
with <4,000 neutrophils/uL at baseline (Figure 4). Greater
benefits were also seen in patients with higher FeNO levels
at baseline, regardless of the neutrophil count at baseline
(Figures S1 and S2, available in this article’s Online Reposi-
tory). Furthermore, patients with blood eosinophils > 300
cells/uL or FeNO > 50 ppb showed a similar pattern, although
benefits may be more variable, as suggested by a wider CL

3.5. Safety. In the primary analysis of QUEST, the overall
rates of TEAEs were similar in the combined placebo (83.1%)
and dupilumab (81.0%) groups (SAEs, 8.4% and 82%,
respectively). The most frequent AE occurring in >5% of
patients and at higher rates among patients who received
dupilumab was injection-site reaction (16.8% of patients in
combined dupilumab vs. 7.9% in combined placebo groups).
Viral upper respiratory tract infections (URTI) were the next
most frequent AE in all groups [31]. Pneumonia was the most
frequent SAE, observed in four patients (0.3%) in the combined
dupilumab arm and two patients (0.3%) in the combined
placebo arm. AEs leading to death total were observed in five
patients (0.4%) who received dupilumab (one at the lower dose
and four at the higher dose) and three patients (0.5%) who
received placebo; all were considered by the investigator to be
unrelated to the intervention.

In patients with and without neutropenia, as analyzed
here, overall rates of TEAEs and SAEs also were similar
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between dupilumab and placebo (Tables S1 and S2, available
in this article’s Online Repository). The most frequently
reported TEAE by Preferred Term in all groups was viral
URTTL. In the combined dupilumab versus combined placebo
groups, viral URTI was reported in 21.8% versus 26.0%,
respectively, in patients with neutrophils <1,500 cells/uL
and in 17.7% versus 18.7%, respectively, in patients with
neutrophils >1,500 cells/uL. In patients with neutrophils
<1,500 cells/u/L, any-class SAE was reported in four patients
(2.7%) in the combined dupilumab group and one patient
(1.3%) in the combined placebo group, and in patients
with neutrophils >1,500 cells/uL, in 36 patients (3.2%) in
the combined dupilumab group and 23 (4.1%) in the
combined placebo group. The most frequent SAE was
pneumonia, which occurred in one patient (0.7%) with
neutropenia and three patients (0.3%) without neutropenia
in the combined dupilumab group and two patients (0.4%)

in the combined placebo group (both patients without
neutropenia).

4. Discussion

In this post hoc analysis of the phase 3 QUEST study, treatment
with dupilumab, which blocks the shared receptor for IL-4
and IL-13 signaling, significantly reduced annualized severe
exacerbation rates and improved lung function in patients
with uncontrolled, moderate-to-severe, GINA-defined type 2
asthma [5], irrespective of blood neutrophil count at baseline.
Comparable results were seen in patients with blood eosino-
phil counts > 300 cells/uL or FeNO > 50 ppb at baseline with
and without elevated neutrophil counts. The findings of this
analysis indicate that the efficacy of dupilumab is consistent
across patients with type 2 asthma who also present with neu-
trophil counts >4,000 or <4,000 cells/uL at baseline, and they
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FIGURE 4: (a—d) Change in annualized severe exacerbation rates over the treatment period and change from baseline in prebronchodilator
FEV; at Week 52 by baseline blood eosinophils (Giga/L) in patients with >4,000 neutrophils/uL at baseline, with FeNO > 20 ppb AND
>4,000 neutrophils/uL at baseline, with <4,000 neutrophils/uL at baseline, and with FeNO > 20 ppb AND <4,000 neutrophils/uL at baseline.
CI = confidence interval; FeNO = fractional exhaled nitric oxide; FEV; = forced expiratory volume in 1s; LS =least squares; ppb = parts per

billion; q2w = every 2 weeks.

suggest that reducing IL-4/IL-13 signaling may reduce
patients’ clinical disease burden regardless of neutrophil count.

To our knowledge, this is the first analysis that describes
the efficacy of a biologic that targets underlying type 2
inflammation by baseline neutrophil count in patients with
asthma. Within the spectrum of asthma, elevated neutrophils
can occur with or without type 2 inflammation. In a cluster
analysis of patients in the SARP program, type 2 asthma
patients with severe asthma who had the poorest lung func-
tion, frequent hospitalization, and uncontrolled symptoms
despite high-dose oral corticosteroid use also had elevated
blood neutrophils [10]. In a separate analysis assessing the
relationship between type 2 eosinophilic and non-type 2
mechanisms in patients with asthma, higher IL-6 levels
tended to be positively correlated with blood neutrophil
count and are thought to be a driver of non-type 2 mechan-
isms that can coincide with elevation of eosinophils, IgE, or
nitric oxide production [8, 34]. Asthma is a complex disease
comprising a spectrum of phenotypes independent of type 2
biomarkers. In patients with asthma, elevations of non-type-
2 signals such as IL-6 correspond with higher blood neutro-
phil counts, obesity, a lower percent predicted FEVj,
increased asthma-related hospitalizations, and increased
use of systemic corticosteroids. These trends were also
observed in nonobese patients, indicating that IL-6 may be
associated with more severe symptoms, irrespective of body
mass index [8, 23]. Given this association with increased
non-type 2 pathways such as IL-6, future analyses should
consider its overlap within type 2 asthma patients and
immune pathway contributions because assessment of levels
of type 2 biomarkers and non-type 2 biomarkers may aid in
identifying overlapping asthma endotypes and potential
responsiveness to treatment in patients with persistent severe
asthma [8, 35]. It has become clear that a deeper understand-
ing of the heterogeneity of severe asthma is crucial, and an

unmet need lies in the application of subgroup profiling to the
responses to biologics. Future analyses are needed across
asthma biologics to determine predictive and prognostic
capacity based on various patient clusters. In the present
study, we suspect that monoclonal antibodies targeting IL-4
and/or IL-13 may inhibit central processes that improve out-
comes in patients with or without mixed phenotypes that may
have a reduced capacity for response to baseline asthma ther-
apies. The results of the current analysis indicate that dupilu-
mab treatment improves lung function and reduces the rate of
severe exacerbations in patients irrespective of neutrophil
count (using a cutoff of 4,000 cells/uL, in line with previous
SARP analysis) [16, 36], although, since biomarkers were not
evaluated postbaseline, we cannot elucidate whether there are
any mechanistic differences between patients with and with-
out elevated neutrophils. Future analysis of the potential
prognostic utility of non-type 2 biomarkers in predicting
treatment response should be considered to evaluate out-
comes of a biologic targeting type 2 inflammation in patients
with mixed or overlapping phenotypes.

One limitation of the current analysis is that it was
performed post hoc, and the study was not specifically
designed to assess the differences in efficacy across neutro-
phil counts. Therefore, sputum, which could provide more
direct insight into neutrophilic airway inflammation and its
potential interaction with airway eosinophils, was not col-
lected. Smaller studies may be better tailored to evaluate
sputum and other mechanistic outcomes. Our findings sug-
gest that it would be of interest to evaluate induced sputum
in smaller mechanistic studies because of its relation to the
effects of biological treatment in this patient population.
Since this was a large regulatory clinical trial, collection
and analysis of induced sputum was not feasible, as in
most clinical settings, blood biomarkers were more readily
obtainable.
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5. Conclusions

In summary, type 2 asthma comprises a spectrum of hetero-
geneity that includes patients with and without elevated
blood neutrophils. Treatment with dupilumab resulted in
consistent improvements in lung function in patients with
uncontrolled, moderate-to-severe asthma across the type 2
spectrum, irrespective of mixed heterogeneity as described
by blood neutrophil levels. Comparable responses were
observed in patients with blood eosinophils>300 cells/uL
or FeNO >50 ppb at baseline and higher or lower blood
neutrophil levels. As other new biomarkers are validated for
non-type 2 asthma endotypes, future studies should evaluate
predictive and prognostic outcomes after treatment with tar-
geted type 2 biologics within overlapping asthma endotypes.
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