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ABSTRACT

BACKGROUND
Tezepelumab is a human monoclonal antibody that blocks thymic stromal lympho-
poietin, an epithelial-cell-derived cytokine implicated in the pathogenesis of asth-
ma. The efficacy and safety of tezepelumab in patients with severe, uncontrolled
asthma require further assessment.

METHODS

We conducted a phase 3, multicenter, randomized, double-blind, placebo-controlled
trial. Patients (12 to 80 years of age) were randomly assigned to receive tezepelumab
(210 mg) or placebo subcutaneously every 4 weeks for 52 weeks. The primary end
point was the annualized rate of asthma exacerbations over a period of 52 weeks.
This end point was also assessed in patients with baseline blood eosinophil counts
of less than 300 cells per microliter. Secondary end points included the forced expi-
ratory volume in 1 second (FEV) and scores on the Asthma Control Questionnaire—6
(ACQ-6; range, 0 [no impairment] to 6 [maximum impairment]), Asthma Quality of
Life Questionnaire (AQLQ; range, 1 [maximum impairment] to 7 [no impairment]),
and Asthma Symptom Diary (ASD; range, 0 [no symptoms] to 4 [worst possible
symptoms]).

RESULTS

Overall, 1061 patients underwent randomization (529 were assigned to receive tez-
epelumab and 532 to receive placebo). The annualized rate of asthma exacerbations
was 0.93 (95% confidence interval [CI], 0.80 to 1.07) with tezepelumab and 2.10
(95% CI, 1.84 to 2.39) with placebo (rate ratio, 0.44; 95% CI, 0.37 to 0.53; P<0.001).
In patients with a blood eosinophil count of less than 300 cells per microliter, the
annualized rate was 1.02 (95% CI, 0.84 to 1.23) with tezepelumab and 1.73 (95% CI,
1.46 to 2.05) with placebo (rate ratio, 0.59; 95% CI, 0.46 to 0.75; P<0.001). At week
52, improvements were greater with tezepelumab than with placebo with respect to
the prebronchodilator FEV, (0.23 vs. 0.09 liters; difference, 0.13 liters; 95% CI, 0.08
to 0.18; P<0.001) and scores on the ACQ-6 (-1.55 vs. —1.22; difference, —0.33; 95%
CI, —0.46 to —0.20; P<0.001), AQLQ (1.49 vs. 1.15; difference, 0.34; 95% CI, 0.20 to
0.47; P<0.001), and ASD (-0.71 vs. —0.59; difference, —0.12; 95% CI, —0.19 to —0.04;
P=0.002). The frequencies and types of adverse events did not differ meaningfully
between the two groups.

CONCLUSIONS
Patients with severe, uncontrolled asthma who received tezepelumab had fewer
exacerbations and better lung function, asthma control, and health-related quality
of life than those who received placebo. (Funded by AstraZeneca and Amgen;
NAVIGATOR ClinicalTrials.gov number, NCT03347279.)
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TEZEPELUMAB IN SEVERE

PPROXIMATELY 10% OF PATIENTS WITH

asthma have severe disease and have

symptoms and exacerbations despite treat-
ment with maximal standard-of-care controller
therapy.! Severe, uncontrolled asthma contributes
disproportionately to the overall burden and cost
of asthma.”? Monoclonal antibodies that target
IgE or type 2 (T2) cytokines (interleukin-4, -5,
and -13) and their receptors improve disease
control for many patients with severe asthma
and are included in management guidelines.!
However, current biologic agents are unsuitable
for many patients with severe asthma, particu-
larly those with nonallergic or noneosinophilic
phenotypes.>* Thus, there remains an unmet
need for new therapies that are effective in a
broader population of patients.

Thymic stromal lymphopoietin (TSLP) is an
epithelial-cell-derived cytokine implicated in mul-
tiple downstream processes involved in asthma
pathophysiology.”” In patients with asthma, TSLP
levels are correlated with airway obstruction,
disease severity, and glucocorticoid resistance.®®
In addition to driving T2 inflammation of the
airway,>®1° TSLP has been shown to mediate in-
teractions between airway structural cells and
immune cells, which are not exclusively driven by
T2 inflammation.®"

Tezepelumab is a human monoclonal anti-
body (IgG2A) that binds specifically to TSLP,
blocking it from interacting with its heterodi-
meric receptor.” In the phase 2b PATHWAY trial,
the annualized rate of asthma exacerbations was
up to 71% lower with tezepelumab than with
placebo among patients with severe, uncontrolled
asthma. Exacerbations were reduced irrespective
of baseline levels of inflammatory biomarkers
(including fraction of exhaled nitric oxide [Fenol,
blood eosinophils, and IgE) and allergic sta-
tus.’*? We conducted the NAVIGATOR trial to
further investigate the earlier findings in pa-
tients with severe, uncontrolled asthma.

METHODS

PATIENTS

Patients were 12 to 80 years of age with physician-
diagnosed asthma, who had received medium-
or high-dose inhaled glucocorticoids (daily dose
of >500 ug of fluticasone propionate or equiva-
lent) for at least 12 months before screening and
at least one additional controller medication,
with or without oral glucocorticoids, for at least
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, UNCONTROLLED ASTHMA

3 months before the date of informed consent.
Physician-diagnosed asthma must have been doc-
umented for at least 12 months before screening.
The morning prebronchodilator forced expiratory
volume in 1 second (FEV,) must have been less
than 80% of the predicted normal value (<90%
for patients 12 to 17 years of age) during the run-
in period. Postbronchodilator (albuterol) FEV, re-
versibility of at least 12% and at least 200 ml must
have been documented during the 12 months be-
fore screening or during the run-in period. Pa-
tients must have had at least two asthma exacer-
bations (defined for trial eligibility and end-point
measures as a worsening of asthma symptoms
that led to hospitalization, an emergency depart-
ment visit that resulted in the use of systemic
glucocorticoids for >3 consecutive days, or the use
of systemic glucocorticoids for >3 consecutive days)
in the 12 months before the date of informed
consent. Patients who had received marketed or
noninvestigational biologic treatments were per-
mitted to enter the trial if the last dose was taken
more than 4 months, or more than five half-lives,
before screening (whichever was longer).

TRIAL DESIGN
This was a phase 3, multicenter, double-blind,
randomized, placebo-controlled trial conducted
from November 23, 2017, to September 8, 2020,
at 297 sites in 18 countries. (A list of trial sites
is provided in Table S11 in the Supplementary
Appendix, available with the full text of this ar-
ticle at NEJM.org.) Full details of the design have
been published previously.? After a 5-to-6-week
screening and run-in period (to confirm eligibil-
ity), patients were randomly assigned in a 1:1
ratio to receive tezepelumab at a dose of 210 mg
or placebo (administered with a single-use vial
and syringe) subcutaneously every 4 weeks for
52 weeks. Patients were stratified according to
geographic region (Asia—Pacific, central and east-
ern Europe, western Europe and Australia, North
America, South America, or the rest of the
world) and age (adults or adolescents). The tez-
epelumab dose was selected on the basis of phar-
macokinetic modeling and exposure—response
analyses with the use of data from previous
clinical studies.?! At week 52, patients entered a
12-week post-treatment follow-up period or the
long-term extension study (DESTINATION; Clini-
calTrials.gov number, NCT03706079).

The trial population was monitored to ensure
distribution of patients across three characteris-
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tics: approximately 20% of patients were to have
received stable medium-dose inhaled glucocorti-
coids in the previous 3 months, approximately
40% were to have had at least three exacerba-
tions in the previous 12 months, and approxi-
mately 50% were to have a blood eosinophil
count of at least 300 cells per microliter. (The
blood eosinophil count was assessed centrally, as
described in the Supplementary Appendix.) Dur-
ing the trial, all the patients continued to receive
their previously prescribed inhaled glucocorti-
coids plus additional controller medications, with
or without oral glucocorticoids, without change.
Patients were permitted to use short-acting
B,-agonists for symptom relief as needed.

TRIAL OVERSIGHT

The trial design was approved by the appropriate
national and institutional regulatory authorities
and ethics committees, and all the patients or
their guardians provided written informed con-
sent. The trial protocol, including the statistical
analysis plan, is available at NEJM.org.

An independent data and safety monitoring
board reviewed unblinded data every 6 months
(and as required) to monitor safety aspects of
the trial. AstraZeneca coordinated data manage-
ment and performed the statistical analysis in
collaboration with the authors, all of whom had
access to the final trial data. A contract research
organization (IQVIA) was involved in data man-
agement, coordinated by AstraZeneca. All the au-
thors contributed to designing the trial, interpret-
ing the data, drafting the manuscript (with support
from a medical writer funded by the sponsors),
and providing critical feedback and final ap-
proval for submission. All the authors vouch for
the completeness and accuracy of the data and
for adherence of the trial to the protocol.

END POINTS

The primary end point was the annualized rate
of asthma exacerbations (events per patient-year)
over the 52-week treatment period in the overall
population. This end point was also assessed in
patients with a baseline blood eosinophil count
of less than 300 cells per microliter. Key second-
ary end points were the change from baseline in
the prebronchodilator FEV, (minimum clinically
important difference [MCID], 0.1 liters),?* the
Asthma Control Questionnaire—6 (ACQ-6) score
(range, 0 [no impairment] to 6 [maximum im-
pairment]; MCID, 0.5 points),” the Asthma Qual-
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ity of Life Questionnaire (standardized) for pa-
tients 12 years of age or older (AQLQ[S]+12) overall
score (range, 1 [maximum impairment] to 7 [no
impairment]; MCID, 0.5 points),* and the weekly
mean Asthma Symptom Diary (ASD) score (range,
0 [no symptoms] to 4 [worst possible symptoms];
MCID, 0.5 points).>% Details of additional sec-
ondary end points, including exacerbations as-
sociated with hospitalization or an emergency
department visit and the change from baseline
to week 52 in biomarkers of T2 inflammation,
are provided in the Supplementary Appendix.
As part of prespecified analyses, the annual-
ized rate of asthma exacerbations over a period of
52 weeks was assessed in patients grouped ac-
cording to baseline blood eosinophil count, Feno
level, serum-specific IgE status (positive or neg-
ative for perennial allergen sensitivity), age, geo-
graphic region, dose of inhaled glucocorticoids,
use or nonuse of oral glucocorticoids, and age at
asthma onset (post hoc). Key secondary end points
were also assessed in patients grouped according
to baseline blood eosinophil count (see the Sup-
plementary Appendix). Adverse events and serious
adverse events that occurred during the trial (from
the first receipt of tezepelumab or placebo to trial
completion or withdrawal date) were recorded.

STATISTICAL ANALYSIS

To control the type I error for the primary and
key secondary end points, a hierarchical test
sequence was used (see the Supplementary Ap-
pendix). The primary end point was first tested
in the overall population and then in the sub-
group of patients with baseline blood eosinophil
counts of less than 300 cells per microliter, fol-
lowed by the key secondary end points.

It was estimated that approximately 530 pa-
tients per trial group would confer greater than
99% power to detect a between-group difference
in the annualized rate of asthma exacerbations
of 50% at a two-sided significance level of 1% in
the overall population (primary end point), un-
der the assumption of a rate with placebo of 0.9
per year and a shape parameter of 2.4 (overdis-
persion), and would confer at least 90% power at
a two-sided significance level of 5% for the key
secondary end points. For the annualized rate of
asthma exacerbations among patients with a blood
eosinophil count of less than 300 cells per micro-
liter, it was assumed that the rate with placebo
would be 0.6 and that half the overall patient
population would be in this group (i.e., 265
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patients per trial group), giving 94% power to
detect a between-group difference of 50% at a
two-sided significance level of 5%.

The annualized rate of asthma exacerbations
and the rate of exacerbations associated with
hospitalization or an emergency department visit
over a period of 52 weeks were analyzed with the
use of a negative binomial regression model,
with the total number of asthma exacerbations
in a patient over the 52-week trial period used as
a response variable. Trial-group assignment, geo-
graphic region, age, and history of exacerbations
were included as covariates. The logarithm of
the time at risk for an exacerbation during the
trial was used as an offset variable.

The effect of tezepelumab or placebo on the
annualized rate of asthma exacerbations over a
period of 52 weeks across the continuum of base-
line biomarker levels was visualized with the use
of locally weighted regression and smoothing
scatterplots® for the two trial groups. Missing data
were assumed to be missing at random and were
modeled on the basis of what was observed dur-
ing the trial with the use of direct maximum like-
lihood approaches (see the Supplementary Appen-
dix). Full statistical methods are provided in the
statistical analysis plan. Changes from baseline to
week 52 for key secondary end points in the two
trial groups were compared with the use of a
repeated-measures model, after multiple imputa-
tion to complete the follow-up with the assumption
that data were missing at random. All observations
were included in the analyses, including those after
discontinuation of tezepelumab or placebo.

RESULTS

PATIENTS

Overall, 2420 patients were screened and 1061
underwent randomization: 529 were assigned to
receive tezepelumab and 532 to receive placebo.
Of these patients, 528 and 531 received tezepelu-
mab and placebo, respectively, and were assessed
for efficacy and safety end points (overall popu-
lation) (Fig. S1). The demographic and clinical
characteristics of the patients at baseline were
balanced between the trial groups (Table 1 and
Table S1).

PRIMARY END POINT

In the overall population, tezepelumab treat-
ment resulted in an annualized rate of asthma
exacerbations of 0.93 (95% confidence interval

N ENGL J MED 384,19
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[CI], 0.80 to 1.07), as compared with 2.10 (95%
CI, 1.84 to 2.39) in the placebo group (rate ratio,
0.44; 95% CI, 0.37 to 0.53; P<0.001). In patients
with a blood eosinophil count of less than 300
cells per microliter, the annualized rate of asthma
exacerbations was 1.02 (95% CI, 0.84 to 1.23) in
the tezepelumab group and 1.73 (95% CI, 1.46 to
2.05) in the placebo group (rate ratio, 0.59; 95%
CI, 0.46 to 0.75; P<0.001) (Fig. 1 and Fig. S2).
The asthma exacerbations that were used for the
primary analysis are summarized in Table S2.

SECONDARY END POINTS

At week 52, the change from baseline in the
prebronchodilator FEV, was 0.23 liters in the
tezepelumab group and 0.09 liters in the placebo
group (difference, 0.13 liters; 95% CI, 0.08 to
0.18; P<0.001) (Table 2). The treatment effect was
observed as early as week 2 (the first time point
assessed) and was sustained throughout the
treatment period (Fig. 2). For the tezepelumab
and placebo groups, the change from baseline in
the ACQ-6 score was —1.55 and -1.22, respec-
tively (difference, —0.33; 95% CI, —0.46 to —0.20;
P<0.001); in the AQLQ(S)+12 score, the change
from baseline was 1.49 and 1.15, respectively
(difference, 0.34; 95% CI, 0.20 to 0.47; P<0.001);
and in the ASD score, the change from baseline
was —0.71 and —0.59, respectively (difference,
—0.12; 95% CI, -0.19 to —-0.04; P=0.002) (Ta-
ble 2). Improvements were observed from the
first postbaseline assessment and were sustained
throughout the treatment period (Fig. S3). Re-
sults for additional secondary and exploratory
end points are shown in Table S3. The rate of
exacerbations that were associated with hospi-
talization or an emergency department visit over
a period of 52 weeks was 0.06 with tezepelumab
and 0.28 with placebo (rate ratio, 0.21; 95% CI,
0.12 to 0.37) (Fig. S4). The time to first exacer-
bation was longer in the tezepelumab group
than in the placebo group (Fig. S5).

Reductions from baseline in blood eosinophil
counts and Feno levels in patients who received
tezepelumab were observed at week 2 and were
sustained throughout the treatment period (Ta-
ble 2 and Figs. S6A and S6B). Serum total IgE levels
gradually decreased over a period of 52 weeks in
the tezepelumab group (Table 2 and Fig. S6C).

OTHER PRESPECIFIED EXPLORATORY END POINTS
The cumulative number of exacerbations over a
period of 52 weeks was lower in patients who

NEJM.ORG MAY 13, 2021

The New England Journal of Medicine

Downloaded from negim.org at AMGEN INC. on June 22, 2023. For personal use only. No other uses without permission.

Copyright © 2021 Massachusetts Medical Society. All rights reserved.

1803



1804

The NEW ENGLAND JOURNAL of MEDICINE

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*
Tezepelumab Placebo Total

Characteristic (N=528) (N=531) (N=1059)
Age —yr 49.9+16.3 49.0+15.9 49.5+16.1
Male sex— no. (%) 193 (36.6) 194 (36.5) 387 (36.5)
White race — no. (%) 332 (62.9) 327 (61.6) 659 (62.2)
Body-mass indexi 28.7+7.1 28.3+6.9 28.5+7.0
Dose of inhaled glucocorticoids — no. (%)

Low 1(0.2) 1(0.1)

Medium 131 (24.8) 132 (24.9) 263 (24.8)

High 397 (75.2) 398 (75.0) 795 (75.1)
Use of oral glucocorticoids — no. (%)

Yes 49 (9.3) 51 (9.6) 100 (9.4)

No 479 (90.7) 480 (90.4) 959 (90.6)
Prebronchodilator FEV; — % of predicted 62.8+18.0 62.7+18.0 62.7+18.0

normal value

ACQ-6 scoref 2.8+0.8 2.8+0.8 2.8+0.8
AQLQ(S)+12 overall scoreq|

No. of patients evaluated 527 529 1056

Mean 3.9+1.0 3.9+1.0 3.9+1.0
Feno level

No. of patients evaluated 522 527 1049

Mean — ppb 41.4+36.3 46.3+44.7 43.8+40.8

Median (range) — ppb 31.0 (5.0-235.0) 30.0 (5.0-265.0) 30.0 (5.0-265.0)

<25 ppb — no. (%) 213 (40.8) 220 (41.7) 433 (41.3)

>25 ppb — no. (%) 309 (59.2) 307 (58.3) 616 (58.7)
Blood eosinophil count

Mean — cells/pl 3274293 3531488 340+403

Median (range) — cells/ul 250 (0-3650) 250 (0-8170) 250 (0-8170)

<300 cells/ul — no. (%) 309 (58.5) 309 (58.2) 618 (58.4)

300 cells/ul — no. (%) 219 (41.5) 222 (41.8) 441 (41.6)
Serum total IgE — IU/ml

Mean 515.7+959.8 614.1+1159.5 565.0+1065.2

Median (range) 1949 (1.5-12,823.2)  196.7 (1.5-9740.9)  195.6 (1.5-12,823.2)

* Plus—minus values are means +SD. Patients were randomly assigned to receive tezepelumab (210 mg) or placebo sub-
cutaneously every 4 weeks. Percentages may not total 100 because of rounding. Feno denotes fraction of exhaled nitric

oxide, FEV; forced expiratory volume in 1 second, and ppb parts per billion.

Race was reported by the patients.

1 The body-mass index is the weight in kilograms divided by the square of the height in meters.
§ Scores on the Asthma Control Questionnaire-6 (ACQ-6) range from 0 (no impairment) to 6 (maximum impairment),
with lower scores indicating better disease control. Scores higher than 1.5 indicate inadequately controlled asthma.

Scores lower than 0.75 indicate well-controlled asthma.

9 Scores on the Asthma Quality of Life Questionnaire (standardized) for patients 12 years of age or older (AQLQ[S]+12) range
from 1 (maximum impairment) to 7 (no impairment), with higher scores indicating better health-related quality of life.

received tezepelumab than in those who received
placebo (Fig. S7). Overall, 43.8% of the patients
who received tezepelumab and 60.1% of those
who received placebo had at least one exacerba-
tion (Table S4).
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Tezepelumab treatment resulted in annualized
rates of asthma exacerbations of 0.79, 1.04, and
0.89 in patients with a baseline blood eosinophil
count of at least 300, less than 150, and at least
150 cells per microliter, respectively, as compared

NEJM.ORG MAY 13, 2021

The New England Journal of Medicine
Downloaded from negim.org at AMGEN INC. on June 22, 2023. For personal use only. No other uses without permission.
Copyright © 2021 Massachusetts Medical Society. All rights reserved.



TEZEPELUMAB IN SEVERE, UNCONTROLLED ASTHMA

0.44 (0.37-0.53)

0.59 (0.46-0.75)
0.30 (0.22-0.40)

0.61 (0.42-0.88)
0.57 (0.41-0.79)
0.41 (0.27-0.64)
0.23 (0.15-0.34)
0.61 (0.42-0.88)

0.39 (0.32-0.49)

0.68 (0.51-0.92)
0.32 (0.25-0.42)

0.68 (0.51-0.92)
0.40 (0.28-0.56)
0.27 (0.19-0.38)

0.42 (0.33-0.53)
0.49 (0.36-0.67)

Subgroup Tezepelumab  Placebo Rate Ratio (95% Cl)
no. of patients/annualized rate
of asthma exacerbations
Overall 528/0.93 531/2.10 ——
Eosinophil count at baseline (cells/pul)
<300 309/1.02 309/1.73 —a—
=300 219/0.79 222/2.66 ——
Eosinophil count at baseline (cells/pul)
<150 138/1.04 138/1.70 —
150 to <300 171/1.00 171/1.75 ——
300 to <450 99/0.92 95/2.22 —a—
2450 120/0.68 127/3.00 —
Eosinophil count at baseline (cells/pul)
<150 138/1.04 138/1.70 —
=150 390/0.89 393/2.24 -
FeNo at baseline (ppb)
<25 213/1.07 220/1.57 ——
225 309/0.82 307/2.52 —a—
FeNo at baseline (ppb)
<25 213/1.07 220/1.56 ——
25 to <50 158/0.87 151/2.20 —a—
=50 151/0.75 156/2.83 ——
Allergic status at baseline
Positive for any perennial allergens 339/0.85 341/2.03 ——
Negative for all perennial allergens 184/1.09 177/2.21 ——
dl 03 1.0 2b 4b
Tezepelumab Better Placebo Better
Figure 1. Annualized Rate of Asthma Exacerbations over a Period of 52 Weeks in the Overall Population and According to Baseline Biomarker
Category or Allergic Status.
Allergic status was determined according to fluorescence enzyme immunoassay for specific IgE against various perennial allergens (for
details, see the Supplementary Appendix). Feno denotes fraction of exhaled nitric oxide, and ppb parts per billion.

with 2.66, 1.70, and 2.24 in the respective pla-
cebo groups (Fig. 1). This corresponded to rate
ratios of 0.30 (95% CI, 0.22 to 0.40), 0.61 (95%
CI, 0.42 to 0.88), and 0.39 (95% CI, 0.32 to 0.49),
respectively. Annualized rates of asthma exacer-
bations according to baseline Feno level, perennial-
allergy status, serum total IgE level, and blood
eosinophil count are shown in Figure 1 and
Figures S8 and S9. Some variation was observed
among geographic regions with respect to treat-
ment effect on the annualized rate of asthma
exacerbations over a period of 52 weeks (Fig. S10).
Additional subgroups that were assessed are
shown in Figure $10. When FEV, and scores on
the ACQ-6, AQLQ(S)+12, and ASD were analyzed
according to baseline blood eosinophil count, the
greatest improvements in patients who received
tezepelumab were observed in those with a count
of at least 300 cells per microliter (Table S5).

SAFETY
A total of 77.1% of the patients in the tezepelu-
mab group and 80.8% of those in the placebo

N ENGL J MED 384,19

group reported an adverse event, and 9.8% and
13.7% reported a serious adverse event, respec-
tively (Table S6). The percentage of patients who
discontinued the trial regimen was 6.8% in the
tezepelumab group and 10.7% in the placebo
group (Table S7). The percentage of patients
who discontinued owing to adverse events was
2.1% in the tezepelumab group and 3.6% in the
placebo group. The most common adverse events
were nasopharyngitis, upper respiratory tract in-
fection, headache, and asthma (which was more
frequently observed in the placebo group than in
the tezepelumab group). All reported serious ad-
verse events are shown in Table S8.

The incidence of severe infections did not dif-
fer between the trial groups (46 patients [8.7%]
in each group), nor did the incidence of cancer
(4 patients [0.8%] in each group). Two deaths
were reported during the trial period (one from
heart failure and one of unknown cause); both
were in the placebo group.

Injection-site reactions occurred in 3.6% of the
patients in the tezepelumab group and in 2.6%
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Table 2. Change from Baseline to Week 52 in Secondary End Points.*

Variable
Key secondary end pointsy
Prebronchodilator FEV; i
Mean at baseline — liters
Change from baseline at wk 52
No. of patients evaluated

Least-squares mean — liters

Least-squares mean difference vs. placebo (95% Cl) — liters

ACQ-6 scoreq|
Mean at baseline
Change from baseline at wk 52
No. of patients evaluated
Least-squares mean
Least-squares mean difference vs. placebo (95% Cl)
AQLQ(S)+12 overall scoreq|
Mean at baseline
Change from baseline at wk 52
No. of patients evaluated
Least-squares mean
Least-squares mean difference vs. placebo (95% Cl)
ASD overall score|
Mean at baseline
Change from baseline at wk 52
No. of patients evaluated
Least-squares mean
Least-squares mean difference vs. placebo (95% Cl)
Other secondary end pointsi
Feno level
Mean at baseline — ppb
Change from baseline at wk 52
No. of patients evaluated

Least-squares mean — ppb

Least-squares mean difference vs. placebo (95% Cl) — ppb

Blood eosinophil count
Mean at baseline — cells/ul
Change from baseline at wk 52
No. of patients evaluated

Least-squares mean — cells/pl

Least-squares mean difference vs. placebo (95% Cl) — cells/ul

Serum total IgE
Mean at baseline — [U/ml
Change from baseline at wk 52

No. of patients evaluated

Tezepelumab
(N=528)

1.8+0.7
528
0.23+0.02
0.13 (0.08 to 0.18)§
2.8+0.8
528
-1.55+0.05
-0.33 (-0.46 to -0.20)§
3.9+1.0
527
1.49+0.05
0.34 (0.20 to 0.47)§
1.4+0.7
528
-0.71+0.03
-0.12 (-0.19 to -0.04) %
41.4+36.3
440
-17.3+1.2
-13.8 (-17.1 to -10.6)
327+293
458
-170+9
-130 (-156 to -104)

515.7+959.8

482

Placebo
(N=531)

1.9+0.7

531

0.09+0.02

2.8+0.8

531

-1.22+0.05

3.9+1.0

529

1.15+0.05

1.4+0.7

531
-0.59+0.03

46.3+44.7

426

-3.5+1.2

353+488

451
-40+9

614.1+1159.5

471
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Table 2. (Continued.)

Tezepelumab Placebo
Variable (N=528) (N=531)
Least-squares mean — IU/ml -164.4+34.4 43.6+34.5

Least-squares mean difference vs. placebo (95% Cl) — IU/ml ~ -208.0 (-303.7 to -112.3)

Plus—minus values are means +SD (for values at baseline) or least-squares means +SE (for change from baseline at
week 52).

The change from baseline for each of the key secondary end points (prebronchodilator FEV; and scores on the ACQ-6,
AQLQ[S]+12, and Asthma Symptom Diary [ASD]) was analyzed with the use of a repeated-measures model, after mul-
tiple imputation to complete the follow-up under the assumption that data were missing at random. The response vari-
able was the change from baseline at each scheduled visit after randomization up to and including week 52 (irrespective
of whether the patient continued to receive the trial regimen or received other treatments). Trial-group assignment, visit,
geographic region, age (adolescents or adults), and treatment-by-visit interaction were included as factors, and the base-
line of the corresponding end point was included as a continuous linear covariate in the model. Adjusted means were
calculated from the model with the use of the observed-margins approach, in which the contribution of model factors
to the estimate is weighted proportionally to the presence of these factors in the data. For the ASD score, each of the
52 weeks used for the weekly mean calculation replaced visit in the above model specification.

The minimum clinically important difference is 0.1 liters.

P<0.001.

The minimum clinically important difference is 0.5 points.

ASD scores (reflecting daytime severity, daytime frequency, and nighttime severity) range from 0 (no symptoms) to

4 (worst possible symptoms). The ASD score is the mean of the 10 items. Responses for all 10 items are required to
calculate the ASD score; otherwise, it is treated as missing. The minimum clinically important difference is 0.5 points.

** P=0.002.

71 Other secondary end points were assessed with the use of a repeated-measures model. Trial-group assignment, visit,

geographic region, age (adolescents or adults), and treatment-by-visit interaction were included as factors, and the
baseline of the corresponding end point was included as a continuous linear covariate in the model.

0.30

0.25+

Tezepelumab

0.20+

0.154

0.10+

| [
| Placebo T

0.054

Change from Baseline in FEV, (liters)

Weeks

Figure 2. Change from Baseline to Week 52 in Prebronchodilator FEV;.
I bars indicate 95% confidence intervals. FEV; denotes forced expiratory volume in 1 second.

of those in the placebo group (Table S9). No
treatment-related anaphylactic reactions or cases
of Guillain—-Barré syndrome were reported.

At or after baseline, 4.9% of the patients in
the tezepelumab group and 8.3% of those in the
placebo group were positive for antidrug anti-
bodies (Table S10). Neutralizing antibodies were
detected in one patient in each group.

N ENGL J MED 384,19

DISCUSSION

The annualized rate of asthma exacerbations
was significantly lower with tezepelumab than
with placebo among adults and adolescents with
severe, uncontrolled asthma, including those
with low blood eosinophil counts (<300 cells per
microliter) at baseline. Significant improvements
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in FEV, and scores on the ACQ-6, AQLQ(S)+12,
and ASD and substantial reductions in exacer-
bations that resulted in hospitalization or an
emergency department visit were observed with
tezepelumab as compared with placebo. The
frequencies and types of adverse events did not
differ meaningfully between the tezepelumab
and placebo groups.

The observed reductions in exacerbations ir-
respective of baseline blood eosinophil count
confirm previous findings from the PATHWAY
trial.’ Currently available biologics have not been
shown to consistently reduce exacerbations in
patients with blood eosinophil counts of less
than 150 cells per microliter.?3

Tezepelumab simultaneously reduced blood
eosinophil count and levels of Feno and IgE;
these findings suggest that the drug suppresses
multiple inflammatory pathways. The effect of
tezepelumab on these biomarker levels may be
related to decreased interleukin-5 and interleu-
kin-13 levels.** The observed reduction in total
IgE levels may be due to reduced interleukin-4
and interleukin-13 levels, causing a progressive
reduction in B-cell switching from IgM to IgE
isotype production.”® These data support the
concept that TSLP inhibition may have broader
physiological effects than targeting individual
T2 cytokines.

The role of TSLP as an upstream communica-
tor between airway structural cells and immune
cells in response to stimuli (e.g., allergens, vi-
ruses, airborne particles, and trauma)® suggests
allergic and nonallergic mechanisms by which
tezepelumab may normalize local inflammation,
irrespective of blood eosinophil count. Blocking
TSLP is expected to markedly reduce T2 cytokine
production by T helper 2 memory cells, innate
lymphoid type 2 cells, and mast cells across a
spectrum of inflammation. The role of TSLP in
mediating T2 and T17 responses through den-
dritic cells, in addition to cross-talk between
mast cells and airway smooth muscle cells, are
mechanisms potentially relevant to inflammation
in populations with low eosinophil counts.®1>

A strength of our trial is the consistent sig-
nificant improvements with tezepelumab treat-
ment as compared with placebo across measures
of exacerbations, lung function, asthma control,
and health-related quality of life. In addition, this
was a large, global trial that involved adolescents
and adults across the full spectrum of blood
eosinophil counts who had severe asthma (>2

previous exacerbations). Reductions in the an-
nualized rate of asthma exacerbations were great-
er in the PATHWAY trial than in the NAVIGATOR
trial, potentially owing to the smaller number of
patients in the PATHWAY trial. Our trial was
limited by its duration (52 weeks), strict inclu-
sion criteria (which excluded relevant patient
subgroups — e.g., smokers and those with cer-
tain coexisting conditions), and a small number
of adolescent patients.

Tezepelumab significantly reduced exacerba-
tions in adults and adolescents with severe, un-
controlled asthma, including those with low blood
eosinophil counts, and improved lung function,
asthma control, and health-related quality of life.
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