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ABSTRACT

Introduction: Severe asthma is associated with
airway inflammation and airway obstruction. In
the phase 3 NAVIGATOR study, tezepelumab
treatment significantly improved pre-bron-
chodilator forced expiratory volume in 1 s
(FEV1) compared with placebo in patients with
severe, uncontrolled asthma. This analysis
assessed the effect of tezepelumab versus

placebo on additional lung function parameters
in patients from NAVIGATOR.
Methods: NAVIGATOR was a multicenter, ran-
domized, double-blind, placebo-controlled
study. Patients (12–80 years old) receiving
medium- or high-dose inhaled corticosteroids
and at least one additional controller medica-
tion, with or without oral corticosteroids, were
randomized 1:1 to tezepelumab 210 mg or pla-
cebo subcutaneously every 4 weeks for
52 weeks. Changes from baseline to week 52 in
pre-bronchodilator FEV1, post-bronchodilator
FEV1, forced vital capacity (FVC), pre-bron-
chodilator FEV1/FVC ratio, pre-bronchodilator
forced expiratory flow between 25 and 75% of
vital capacity (FEF25–75), and morning and eve-
ning peak expiratory flow (PEF) were assessed.
Results: Tezepelumab treatment improved all
evaluated lung function parameters over
52 weeks compared with placebo [least-squares
mean difference (95% confidence interval): pre-
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bronchodilator FEV1, 0.13 (0.08, 0.18) L; post-
bronchodilator FEV1, 0.12 (0.07, 0.16) L; FVC,
0.13 (0.07, 0.19) L; FEV1/FVC ratio, 2.06%
(1.22%, 2.90%); FEF25–75, 0.13 (0.07, 0.19) L/s;
morning PEF, 16.6 (8.1, 25.1) L/min; and eve-
ning PEF, 14.9 (6.3, 23.4) L/min]. Improve-
ments were observed as early as weeks 1–2 and
were maintained over 52 weeks. Greater
improvements in lung function compared with
placebo were observed in patients with a disease
duration of less than 20 years, those with base-
line post-bronchodilator FEV1 reversibility of at
least 20%, and in patients with a baseline post-
bronchodilator FEV1/FVC ratio of less than 0.7.
Conclusion: These findings further support the
benefits of tezepelumab treatment in improving
airflow limitation in patients with severe,
uncontrolled asthma.
Clinical Trial Registration: NAVIGATOR
(NCT03347279).

Keywords: Biologics; Forced expiratory volume
in 1 s (FEV1); Pulmonary function; Teze-
pelumab; Thymic stromal lymphopoietin
(TSLP)

Key Summary Points

Severe asthma has been associated with
airway inflammation and remodeling,
leading to the progressive decline of lung
function over time and increased risk of
permanent, irreversible airway
obstruction.

Why carry out the study?

This analysis was performed to provide a
more comprehensive evaluation of the
effect of tezepelumab on lung function
parameters in patients from NAVIGATOR.

Tezepelumab treatment improved all
evaluated lung function parameters over
52 weeks compared with placebo.

What was learned from the study?

This study highlights the importance of
early treatment of patients with a short
disease duration and high baseline post-
bronchodilator FEV1 reversibility to
improve their lung function during the
course of the disease, and further
demonstrates the efficacy of tezepelumab
in broadly improving lung function in
patients with severe, uncontrolled
asthma.

INTRODUCTION

Severe asthma has been associated with airway
inflammation and remodeling [1]. These struc-
tural changes can contribute to the progressive
decline of lung function over time and increase
the risk of permanent, irreversible airway
obstruction [2, 3]. Mucus plugging, an impor-
tant feature in asthma pathogenesis, has also
been identified as a contributor to chronic air-
way obstruction [4, 5]. In addition to asthma
severity, decreased lung function may also be
linked to disease duration [6–8]. Duration of
asthma (time since diagnosis) has been found to
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be inversely correlated with maximal forced
expiratory volume in 1 s (FEV1) and percent
predicted FEV1 (ppFEV1) [7, 8].

Low FEV1 and airway hyper-responsiveness
are predictors of irreversible airflow obstruction
and lung function decline [9, 10]. Obstruction
of airflow is defined as a reduction in the
FEV1/forced vital capacity (FVC) ratio [11]. Low
post-bronchodilator FEV1/FVC ratios have been
suggested as a marker of airway remodeling [12].
In addition, other lung function parameters
may act as phenotypic or prognostic markers.
Persistent reversible airway obstruction, when
also associated with elevated blood eosinophil
counts, can be a marker of accelerated lung
function decline [13]. Furthermore, impaired
forced expiratory flow between 25 and 75% of
vital capacity (FEF25–75) has been associated
with small-airway disease, bronchial hyperre-
sponsiveness, and airway inflammation, and is a
potential early marker of airway obstruction
[14]. These observations highlight the impor-
tance of understanding the effect of therapies
across multiple lung function parameters.

Thymic stromal lymphopoietin (TSLP) is an
epithelial cytokine involved in the initiation
and persistence of multiple downstream pro-
cesses associated with asthma pathophysiology,
including allergic inflammation, eosinophilic
inflammation, and type 2 (T2)-independent
effects on mast cells, airway smooth muscle,
and airway hyperresponsiveness [15]. In
patients with asthma, increased TSLP concen-
tration in the bronchoalveolar lavage fluid has
been shown to correlate with increased disease
severity and reduced lung function [15, 16].

Tezepelumab is a human monoclonal anti-
body (immunoglobulin G2k) that binds specif-
ically to TSLP, blocking its interaction with its
heterodimeric receptor [17]. In the phase 3
NAVIGATOR study (NCT03347279), teze-
pelumab treatment significantly reduced exac-
erbations over 52 weeks compared with placebo
in adults and adolescents with severe, uncon-
trolled asthma. Additionally, tezepelumab
treatment significantly improved pre-bron-
chodilator FEV1 by 0.13 L compared with pla-
cebo. Improvements were observed as early as
week 2, were sustained throughout the treat-
ment period, and were greater in patients with

higher baseline blood eosinophil counts [18]. A
more complete understanding of the lung
function changes associated with tezepelumab
treatment is required to determine the clinical
benefits to patients and providers, and to pro-
vide mechanistic insights into the effects of
blocking TSLP activity with tezepelumab.

This analysis was performed to provide a
more comprehensive evaluation of the effect of
tezepelumab on lung function parameters in
patients from NAVIGATOR.

METHODS

Study Design and Patients

NAVIGATOR was a phase 3, multicenter, ran-
domized, double-blind, placebo-controlled,
parallel-group study. The full study design and
inclusion and exclusion criteria have been
described previously [18].

Eligible adolescents and adults (aged
12–80 years) were nonsmokers with physician-
diagnosed asthma. Tezepelumab was adminis-
trated as an add-on therapy to patients who had
been receiving medium- or high-dose inhaled
corticosteroids (ICS; daily dose of C 500 lg flu-
ticasone propionate or equivalent) for at least
12 months before screening and at least one
additional controller medication, with or with-
out oral corticosteroids, for at least 3 months
before the date of informed consent. No chan-
ges were permitted to background asthma
medications throughout the duration of the
study, and preferably 4 weeks after the final
dose of tezepelumab, except during the treat-
ment of an asthma exacerbation. Once and
twice daily background asthma medications
were withheld for at least 24 and 12 h, respec-
tively, before scheduled spirometry and frac-
tional exhaled nitric oxide (FeNO)
measurements were taken. Patients were
required to have a morning pre-bronchodilator
FEV1 of below 80% of the predicted normal
value (\90% for patients aged 12–17 years)
during the run-in period; a post-bronchodilator
(albuterol/salbutamol) FEV1 reversibility of at
least 12%, and at least 200 mL must have been
documented during the 12 months before
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screening or during the run-in period. Partici-
pants must have experienced at least two
asthma exacerbations (defined as a worsening of
asthma symptoms that led to hospitalization,
an emergency room visit that resulted in the use
of systemic corticosteroids for C 3 consecutive
days, or the use of systemic corticosteroids
for C 3 consecutive days) in the 12 months
before the date of informed consent. Patients
were randomized 1:1 to receive tezepelumab
210 mg or placebo subcutaneously every
4 weeks for 52 weeks.

Procedures

Lung function (FEV1, FVC, and FEF25–75) was
measured by spirometry using equipment pro-
vided by a central vendor. Spirometry was per-
formed by the investigator or an authorized
delegate in accordance with American Thoracic
Society/European Respiratory Society guidelines
[19]. Patients were required to withhold their
usual maintenance therapies before lung func-
tion testing.

Patients were provided with an electronic
handheld spirometer (AM3G?; eResearch
Technology, Philadelphia, PA, USA) with which
to take peak expiratory flow (PEF) measure-
ments. Home PEF testing was performed daily
by patients in the morning upon awakening
and in the evening before sleeping (before tak-
ing their morning or evening asthma controller
medication, respectively). Patients were
required to record three successive PEF mea-
surements during each morning and evening
test, and had to perform all tests in the same
position (either standing or sitting). The highest
morning and evening PEF values were selected
from the available individual measurements. If
a patient used a short-acting b2 agonist as rescue
medication, the PEF measurements were recor-
ded at least 6 h after the last dose of this treat-
ment. Home PEF measurements were recorded
during the screening period up until 52 weeks
after randomization. At each study visit, the
investigator assessed patient adherence to cor-
rect spirometer use.

The study was conducted in accordance with
the ethical principles of the Declaration of

Helsinki, International Council for Harmonisa-
tion Good Clinical Practice guidelines and
applicable regulatory requirements. Approvals
from the Copernicus Central Institutional
Review Board (Cary, NC, USA) and local inde-
pendent ethics committees were obtained, and
all patients or their guardians provided written
informed consent in accordance with local
requirements.

Outcomes

Prespecified secondary outcomes related to lung
function included change from baseline in pre-
bronchodilator FEV1 (minimum clinically
important difference compared with placebo,
0.1 L) [20] and change from baseline in morning
and evening PEF (minimal patient-perceivable
improvement, 18.8 L/min) [21]. Prespecified
exploratory outcomes included changes from
baseline in post-bronchodilator FEV1, pre-
bronchodilator ppFEV1, pre- and post-bron-
chodilator FVC, pre- and post-bronchodilator
FEV1/FVC ratio, and pre-bronchodilator
FEF25–75.

To provide further clinical insights into fac-
tors affecting the lung function improvements
associated with tezepelumab, post hoc analyses
were conducted to assess the pre-bronchodilator
FEV1 and pre-bronchodilator FEF25–75 at time
points up to and including week 52 in patients
grouped by the following: disease duration
(\20 years and C 20 years since asthma diag-
nosis; the threshold was based on the median
duration of 18 years in NAVIGATOR patients),
low and high baseline post-bronchodilator FEV1

reversibility (\20 and C 20%), and post-bron-
chodilator FEV1/FVC ratio (\0.7 and C 0.7).
Although bronchodilator reversibility is a con-
tinuous variable, low bronchodilator reversibil-
ity has previously been defined using cutoffs in
post-bronchodilator change in FEV1 of less than
12%, less than 16%, or less than 20% [22]. Post-
bronchodilator FEV1 was assessed at time points
up to and including week 52 in patients
grouped by disease duration and by post-bron-
chodilator ppFEV1 [\80% (abnormal lung
function) and C 80% (normal lung function)].
Pre-bronchodilator FEV1 was assessed in the
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following subgroups: patients receiving 1, 2, or
at least 3 controller medications in addition to
ICS at baseline in the overall NAVIGATOR
population; patients grouped by the type of
additional controller medications [long-acting
b2 agonist (LABA), long-acting muscarinic
antagonist (LAMA), or leukotriene receptor
antagonist (LTRA)] that they were receiving at
baseline in the overall NAVIGATOR population;
and patients who were not receiving mainte-
nance OCS at baseline grouped by the type of
additional controller medications that they
were receiving at baseline.

Statistical Analyses

Least-squares mean and adjusted mean changes
from baseline in secondary and exploratory
outcomes were assessed at multiple time points
up to and including week 52 using a repeated
measures model. All observations were included
in the analyses, including those after discon-
tinuation of tezepelumab or placebo.

Treatment group, region, age group (adoles-
cent or adult), baseline lung function measure-
ment, visit, and treatment-by-visit were
included as covariates in the model. For sub-
group analyses, subgroup (if not already inclu-
ded), treatment-by-subgroup, visit-by-subgroup,
and treatment-by-visit-by-subgroup interac-
tions were also included in the model, in addi-
tion to the covariates listed above. For the
weekly PEF endpoints, each of the 52 weeks
used for the weekly mean calculation replaced
visit in the above model specification.

RESULTS

Overall NAVIGATOR Population

Overall, 1059 patients received either teze-
pelumab (n = 528) or placebo (n = 531). Base-
line demographics and clinical characteristics
were generally balanced between treatment
groups in the overall NAVIGATOR population
(Table S1).

Improvements from baseline were observed
with tezepelumab compared with placebo

across all evaluated lung function parameters.
Improvements were observed at the first post-
baseline time point assessed and were sustained
throughout the treatment period (Table 1;
Figs. S1 and S2). Compared with placebo, teze-
pelumab treatment resulted in improvements of
0.12–0.13 L in pre-bronchodilator FEV1 [0.13 L;
95% confidence interval (CI): 0.08, 0.18], post-
bronchodilator FEV1 (0.12 L; 95% CI: 0.07,
0.16), and pre-bronchodilator FVC (0.13 L; 95%
CI: 0.07, 0.19), and 0.13 L/s in FEF25–75
(95% CI: 0.07, 0.19). Improvements from base-
line in morning and evening PEF were observed
with tezepelumab at week 1, with clinically
meaningful improvements noted in morning
PEF at week 2 and evening PEF at week 3.

Disease Duration Subgroup

Baseline demographics were generally balanced
in patients grouped by disease duration
(Table S2). Compared with patients with a dis-
ease duration of 20 years or more, patients with
a disease duration of less than 20 years had
higher pre-bronchodilator ppFEV1 and FeNO
levels at baseline, and comprised a lower pro-
portion of patients who received high-dose ICS
at baseline (Table S2).

Among patients who received tezepelumab,
improvements from baseline to week 52 com-
pared with placebo in pre-bronchodilator FEV1,
post-bronchodilator FEV1, and pre-bron-
chodilator FEF25–75 were greater in patients with
a disease duration of less than 20 years than in
those with a duration of 20 years or more [pre-
bronchodilator FEV1: 0.18 L (95% CI: 0.11, 0.25)
vs. 0.08 L (95% CI: 0.01, 0.15), respectively;
post-bronchodilator FEV1: 0.13 L (95% CI: 0.07,
0.20) vs. 0.09 L (95% CI: 0.02, 0.16), respec-
tively; pre-bronchodilator FEF25–75: 0.17 L (95%
CI: 0.08, 0.25) vs. 0.09 L (95% CI: 0.00, 0.18),
respectively] (Tables 2, S3 and S4; Figs. 1a and
S3a).

Among those who received tezepelumab,
75.1% (n = 214/285) and 90.5% (n = 220/243)
of patients with a disease duration of less than
20 years and patients with a disease duration of
20 years or more, respectively, had abnormal
lung function (pre-bronchodilator
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Table 1 Change from baseline to week 2 and week 52 in lung function parameters

Lung function parameter Week 2 Week 52

Tezepelumab
210 mg Q4W

Placebo Tezepelumab
210 mg Q4W

Placebo

Pre-bronchodilator FEV1, L
a

Mean at baseline (SD) 1.8 (0.7) 1.9 (0.7) 1.8 (0.7) 1.9 (0.7)

n 514 507 471 453

LS mean change from baseline (SE) 0.16 (0.02) 0.05 (0.02) 0.23 (0.02) 0.10 (0.02)

LS mean difference (95% CI) 0.11 (0.07, 0.15) 0.13 (0.08, 0.18)

Pre-bronchodilator ppFEV1, %

Mean at baseline (SD) 62.8 (18.0) 62.7 (18.0) 62.8 (18.0) 62.7 (18.0)

n 514 507 471 453

LS mean change from baseline (SE) 5.71 (0.47) 1.94 (0.47) 7.86 (0.57) 3.05 (0.58)

LS mean difference (95% CI) 3.77 (2.46, 5.08) 4.81 (3.22, 6.40)

Post-bronchodilator FEV1, L
b

Mean at baseline (SD) 2.1 (0.8) 2.1 (0.8) 2.1 (0.8) 2.1 (0.8)

n – – 480 460

LS mean change from baseline (SE) – – 0.15 (0.02) 0.03 (0.02)

LS mean difference (95% CI) – 0.12 (0.07, 0.16)

Pre-bronchodilator FVC, L

Mean at baseline (SD) 2.9 (0.9) 3.0 (0.9) 2.9 (0.9) 3.0 (0.9)

n 514 507 471 453

LS mean change from baseline (SE) 0.16 (0.02) 0.06 (0.02) 0.24 (0.02) 0.11 (0.02)

LS mean difference (95% CI) 0.10 (0.05, 0.15) 0.13 (0.07, 0.19)

Post-bronchodilator FVC, Lb

Mean at baseline (SD) 3.1 (1.0) 3.2 (0.9) 3.1 (1.0) 3.2 (0.9)

n – – 480 460

LS mean change from baseline (SE) – – 0.13 (0.02) 0.04 (0.02)

LS mean difference (95% CI) – 0.09 (0.04, 0.14)

Pre-bronchodilator FEV1/FVC ratio, %

Mean at baseline (SD) 63.2 (13.3) 62.5 (12.9) 63.2 (13.3) 62.5 (12.9)

n 514 507 471 453

LS mean change from baseline (SE) 2.4 (0.3) 0.5 (0.3) 2.6 (0.3) 0.5 (0.3)

LS mean difference (95% CI) 1.89 (1.15, 2.63) 2.06 (1.22, 2.90)

Post-bronchodilator FEV1/FVC ratio, %b
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ppFEV1\80%) at baseline. Of these, 29.0%
(n = 62/214) of patients with a disease duration
of less than 20 years and 11.4% (n = 25/220) of
patients with a duration of 20 years or more had
normal lung function at week 52 (Table S5). The
proportions of patients who achieved normal

lung function at week 52 with tezepelumab
were higher than those observed with placebo
across disease duration subgroups, with the
greatest difference observed in patients with a
disease duration of less than 20 years. The pro-
portion of patients who shifted from normal

Table 1 continued

Lung function parameter Week 2 Week 52

Tezepelumab
210 mg Q4W

Placebo Tezepelumab
210 mg Q4W

Placebo

Mean at baseline (SD) 66.5 (13.7) 66.1 (13.5) 66.5 (13.7) 66.1 (13.5)

n – – 480 460

LS mean change from baseline (SE) – – 1.87 (0.3) 0.08 (0.3)

LS mean difference (95% CI) – 1.78 (0.98, 2.59)

Pre-bronchodilator FEF25–75, L/s

Mean at baseline (SD) 1.1 (0.8) 1.1 (0.9) 1.1 (0.8) 1.1 (0.9)

n 514 507 471 453

LS mean change from baseline (SE) 0.16 (0.02) 0.05 (0.02) 0.21 (0.02) 0.08 (0.02)

LS mean difference (95% CI) 0.12 (0.06, 0.17) 0.13 (0.07, 0.19)

Weekly mean morning PEF, L/min

Mean at baseline (SD) 261.7 (109.7) 262.5 (105.8) 261.7 (109.7) 262.5 (105.8)

n 519 519 414 391

LS mean change from baseline (SE) 20.3 (1.7) 6.4 (1.7) 34.6 (3.1) 18.0 (3.1)

LS mean difference (95% CI) 13.9 (9.15, 18.65) 16.6 (8.07, 25.05)

Weekly mean evening PEF, L/min

Mean at baseline (SD) 276.9 (111.3) 278.2 (106.9) 276.9 (111.3) 278.2 (106.9)

n 517 519 405 390

LS mean change from baseline (SE) 17.4 (1.7) 4.9 (1.7) 23.9 (3.1) 9.0 (3.1)

LS mean difference (95% CI) 12.5 (7.69, 17.21) 14.9 (6.31, 23.41)

n is the number of patients with available data at the given time point. All patients who were randomized and received study
treatment were included in the repeated measures model
CI confidence interval, FEF25–75 forced expiratory flow between 25 and 75% of vital capacity, FEV1 forced expiratory
volume in 1 s, FVC forced vital capacity, LS least-squares, PEF peak expiratory flow, ppFEV1 percent predicted forced
expiratory volume in 1 s, Q4W every 4 weeks, SD standard deviation, SE standard error
aFEV1 data have been published previously [18]
bPost-bronchodilator FEV1, post-bronchodilator FVC, and post-bronchodilator FEV1/FVC ratio were only assessed at week
24 and week 52
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lung function at baseline to abnormal lung
function at week 52 was lower with

tezepelumab than with placebo in both disease
duration subgroups (Table S5).

Table 2 Change from baseline to week 52 in pre-bronchodilator FEV1 in patients grouped by disease duration, baseline
post-bronchodilator FEV1 reversibility, and baseline post-bronchodilator FEV1/FVC ratio

Subgroup Mean at baseline (SD), L LS mean change from baseline (SE), L LS mean difference
versus placebo (95% CI), L

Tezepelumab
210 mg Q4W

Placebo Tezepelumab
210 mg Q4W

Placebo

Baseline disease duration, years

\20 2.0 (0.8) 2.0 (0.8) 0.29 (0.03) 0.11 (0.03) 0.18 (0.11, 0.25)

n 285 274 255 236

C 20 1.7 (0.6) 1.7 (0.6) 0.16 (0.03) 0.08 (0.03) 0.08 (0.01, 0.15)

n 243 257 216 217

Baseline post-bronchodilator FEV1 reversibility

\20% 2.0 (0.7) 1.9 (0.7) 0.16 (0.02) 0.03 (0.02) 0.12 (0.07, 0.18)

n 391 388 352 331

C 20% 1.5 (0.5) 1.6 (0.6) 0.44 (0.04) 0.26 (0.03) 0.18 (0.09, 0.27)

n 137 143 119 122

Baseline post-bronchodilator FEV1/FVC ratio

\0.7 1.5 (0.5) 1.6 (0.5) 0.26 (0.02) 0.08 (0.02) 0.18 (0.12, 0.25)

n 304 313 277 263

C 0.7 2.2 (0.7) 2.3 (0.7) 0.19 (0.03) 0.12 (0.03) 0.07 (- 0.01, 0.15)

n 224 218 194 190

Baseline combined post-bronchodilator FEV1 reversibility and post-bronchodilator FEV1/FVC ratio

\20% and\0.7 1.6 (0.5) 1.6 (0.5) 0.21 (0.03) 0.04 (0.03) 0.18 (0.10, 0.25)

n 209 224 191 185

C 20% and\0.7 1.4 (0.5) 1.4 (0.5) 0.41 (0.04) 0.23 (0.04) 0.19 (0.07, 0.30)

n 95 89 86 78

\20% and C 0.7 2.4 (0.7) 2.4 (0.7) 0.09 (0.03) 0.02 (0.03) 0.06 (- 0.02, 0.15)

n 182 164 161 146

C 20% and C 0.7 1.7 (0.5) 2.0 (0.5) 0.54 (0.06) 0.33 (0.06) 0.21 (0.04, 0.37)

n 42 54 33 44

CI confidence interval, FEV1 forced expiratory volume in 1 s, FVC forced vital capacity, LS least-squares, Q4W every
4 weeks, SD standard deviation, SE standard error
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Fig. 1 Change from baseline in pre-bronchodilator FEV1

over 52 weeks in patients grouped by (a) disease duration,
(b) baseline post-bronchodilator FEV1 reversibility, and
(c) post-bronchodilator FEV1/FVC ratio. ‘‘Number of
patients’’ indicates the number of patients with available
data at a given time point. Patients who received at least

one dose of tezepelumab or placebo with at least one
change from baseline assessment were included in the
model. Data are adjusted means and 95% CIs. CI
confidence interval, FEV1 forced expiratory volume in
1 s, FVC forced vital capacity, Q4W every 4 weeks
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Post-bronchodilator FEV1 Reversibility
Subgroup

Baseline demographics were generally balanced
in patients grouped by post-bronchodilator
FEV1 reversibility at baseline (Table S2). Patients
with high post-bronchodilator FEV1 reversibil-
ity had lower pre-bronchodilator FEV1, higher
blood eosinophil counts, and higher FeNO
levels than those with low post-bronchodilator
FEV1 reversibility (Table S2). Among patients
who received tezepelumab, improvements from
baseline to week 52 compared with placebo in
pre-bronchodilator FEV1 and pre-bronchodila-
tor FEF25–75 were generally similar between
patients with high post-bronchodilator FEV1

reversibility and low post-bronchodilator FEV1

reversibility at baseline [pre-bronchodilator
FEV1: 0.18 L (95% CI: 0.09, 0.27) vs. 0.12 L (95%
CI: 0.07, 0.18), respectively; pre-bronchodilator
FEF25–75: 0.13 L (95% CI: 0.01, 0.26) vs. 0.13 L
(95% CI: 0.06, 0.20), respectively] (Tables 2 and
S3; Figs. 1b and S3b).

Post-bronchodilator FEV1/FVC Ratio
Subgroup

At baseline, compared with patients with an
FEV1/FVC ratio of 0.7 or more, patients with a
FEV1/FVC ratio of less than 0.7 had higher T2
inflammatory biomarker levels (blood eosino-
phils and FeNO) and comprised a higher pro-
portion of patients who received high-dose ICS
(Table S2).

Among patients who received tezepelumab,
patients with a post-bronchodilator FEV1/FVC
ratio of less than 0.7 had greater improvements
from baseline to week 52 compared with pla-
cebo in pre-bronchodilator FEV1 and pre-bron-
chodilator FEF25–75 than those with a post-
bronchodilator FEV1/FVC ratio of 0.7 or more
[pre-bronchodilator FEV1: 0.18 L (95% CI: 0.12,
0.25) vs. 0.07 L (95% CI: - 0.01, 0.15), respec-
tively; pre-bronchodilator FEF25–75: 0.15 L (95%
CI: 0.07, 0.23) vs. 0.10 L (95% CI: 0.01, 0.20),
respectively] (Tables 2 and S2; Figs. 1c and S3c).

FEV1 Reversibility and FEV1/FVC Ratio
Subgroups

Among patients grouped by combined baseline
post-bronchodilator FEV1 reversibility and post-
bronchodilator FEV1/FVC ratio, patients with a
high post-bronchodilator FEV1 reversibility and
a post-bronchodilator FEV1/FVC ratio of less
than 0.7 exhibited the highest baseline blood
eosinophil counts and comprised the highest
proportion of patients who received high-dose
ICS at baseline (Table S2). Conversely, patients
with low post-bronchodilator FEV1 reversibility
and a post-bronchodilator FEV1/FVC ratio of 0.7
or more were younger, had a higher baseline
pre-bronchodilator FEV1 level, a lower number
of exacerbations in the year before study entry,
and lower T2 biomarker levels than the other
combined subgroups (Table S2).

Compared with placebo, improvements from
baseline to week 52 in pre-bronchodilator
FEV1 and pre-bronchodilator FEF25–75 with
tezepelumab were similar across all subgroups,
with the exception of slightly reduced
improvements for both measures in patients
with low post-bronchodilator FEV1 reversibility
and a post-bronchodilator FEV1/FVC ratio of 0.7
or more (Tables 2 and S3).

Additional Asthma Controller
Medications Subgroups

When grouped by additional asthma controller
medication use, 492, 381, and 185 patients were
receiving 1, 2, or C 3 additional asthma con-
troller medications, respectively. LABA was the
most commonly received additional controller
(n = 480), followed by LABA ? LTRA (n = 224)
(Table S6). Treatment with tezepelumab resul-
ted in improvements to pre-bronchodilator
FEV1 compared with placebo irrespective of the
number or type of additional asthma controller
medications that patients were receiving
(Table S6). Improvements were also observed in
patients who were not receiving maintenance
OCS grouped by the type of additional asthma
controller medications (Table S6).
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DISCUSSION

In this analysis of the phase 3 NAVIGATOR
study in patients with severe, uncontrolled
asthma, treatment with tezepelumab compared
with placebo resulted in improvements in all
lung function parameters evaluated, including
small-airway improvements, as evidenced by
changes in pre-bronchodilator FEV1, FEF25–75,
FVC, and FEV1/FVC ratio. These improvements
were observed as early as the first post-baseline
measurement time point and were sustained
through to week 52.

Tezepelumab treatment resulted in
improvements in both pre- and post-bron-
chodilator FEV1, with an incremental pul-
monary volume improvement similar to that
observed for FVC and FEF25–75. The consistent
pulmonary volume improvement across these
measures suggests that these improvements
could be due to reduced airway inflammation,
as well as a reduction in airway mucus plugging
and air trapping [5, 23, 24]. As with airway
inflammation, a reduction of airway mucus
plugging would be expected to increase pul-
monary vital capacity and drive similar
improvements across all of the measured lung
function parameters.

Compared with placebo, improvements in
lung function with tezepelumab were greater
among patients with a short disease duration
(\20 years) than among those with a long dis-
ease duration (C 20 years). Additionally, among
patients with abnormal lung function at base-
line, a greater proportion of patients with a
short disease duration achieved normal lung
function (pre-bronchodilator ppFEV1 C 80%)
with tezepelumab treatment than those with a
long disease duration. This finding highlights
the importance of early treatment for improv-
ing lung function during the course of the dis-
ease. In addition, a large improvement in lung
function was demonstrated among patients
who received placebo with high baseline post-
bronchodilator FEV1 reversibility (C 20%),
which could be due to optimization of or
increased adherence to standard-of-care treat-
ment before study enrollment. In patients with
low baseline post-bronchodilator FEV1

reversibility, improvements in lung function
were minimal among patients who received
placebo, which may indicate structural
obstruction within this subgroup. Nevertheless,
tezepelumab treatment resulted in early and
sustained improvements in lung function
compared with placebo in patients with high
and low baseline post-bronchodilator FEV1

reversibility. A greater improvement in lung
function with tezepelumab compared with pla-
cebo was also seen in patients with a post-
bronchodilator FEV1/FVC ratio of less than 0.7
compared with those with an FEV1/FVC ratio of
0.7 or more. Among patients grouped by com-
bined post-bronchodilator FEV1 reversibility
and post-bronchodilator FEV1/FVC ratio,
improvements with tezepelumab compared
with placebo were similar across all subgroups.
However, there were slightly reduced improve-
ments compared with placebo in lung function
in patients with low post-bronchodilator FEV1

reversibility and a post-bronchodilator FEV1/
FVC ratio of 0.7 or more. This may be due to the
patients’ pre-bronchodilator FEV1, post-bron-
chodilator FEV1 reversibility, and post-bron-
chodilator FEV1/FVC ratio being near normal at
baseline. Among patients grouped by the
number of additional controller medications,
patients receiving three or more additional
controllers or LABA ? LAMA ? LTRA had the
greatest improvements in lung function fol-
lowing tezepelumab treatment compared with
placebo. This may be because these patients had
more severe asthma than those receiving one or
two additional controllers.

Current biologic treatments for severe
asthma include anti-immunoglobulin E (omal-
izumab), anti-interleukin (IL)-5 (mepolizumab,
reslizumab), anti-IL-5 receptor a (benral-
izumab), and anti-IL-4 receptor a (dupilumab)
monoclonal antibodies [25–27]. An indirect
treatment comparison found these treatments
to have similar efficacies for some patients with
severe, uncontrolled asthma [28]; however,
improvements across lung function parameters
were inconsistent [25–27]. Certain studies have
shown a small improvement in lung function in
patients treated with omalizumab [29],
although others have not. In the DREAM trial,
no significant change in FEV1 was demonstrated
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with mepolizumab [30]. However, improve-
ments in FEV1, FVC, and FEF25–75 were observed
in patients treated with benralizumab [31]. In
the aforementioned studies, a higher baseline
eosinophil count was associated with an
enhanced response to treatment. This and other
clinical indicators could provide valuable
insights to establish which treatment would
give the most beneficial response.

This study demonstrates the importance of
assessing the effects of treatment on multiple
lung function parameters, and the subsequent
effects on disease severity and lung function
decline. In future studies, methods beyond
spirometry could be used to provide additional
insights. For example, computerized tomogra-
phy scans and functional magnetic resonance
imaging could be used to assess mucus plugs
and their contribution to airway obstruction
[32]; the lung clearance index could be used to
assess severe airway obstruction, small-airway
disease, and bronchoreversibility [33, 34]; and
the forced oscillation technique could be
employed to examine bronchodilator response
and asthma control [35].

Limitations of this analysis included the
requirement for patients with documented his-
torical or on-site reversibility, meaning that the
findings may not be generalizable to all patients
with severe asthma. Additionally, whereas
spirometry can capture phenomena occurring
in the central airways, benefits in the small
airways, improvement in air trapping, or chan-
ges in lung volume would require additional
methods of measurement, such as plethysmog-
raphy or oscillometry. Finally, this analysis was
not prospectively powered to evaluate signifi-
cant differences between all the subgroups of
patients.

CONCLUSION

Tezepelumab treatment was associated with
rapid and sustained improvements in lung
function compared with placebo in patients
with severe, uncontrolled asthma. In patients
who received tezepelumab, greater improve-
ments in lung function compared with placebo
were observed in patients with a short disease

duration, high post-bronchodilator FEV1

reversibility (C 20%), or a post-bronchodilator
FEV1/FVC ratio of less than 0.7. Improvements
in pre-bronchodilator FEV1 were accompanied
by consistent improvements in FVC and
FEF25–75, which may be due to reduced mucus
plugging. Overall, these data further demon-
strate the efficacy of tezepelumab in improving
lung function in patients with severe, uncon-
trolled asthma.
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