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ABSTRACT

BACKGROUND
In some patients with moderate-to-severe asthma, particularly those with non-
eosinophilic inflammation, the disease remains uncontrolled. This trial evaluated
the efficacy and safety of tezepelumab (AMG 157/MEDI9929), a human monoclo-
nal antibody specific for the epithelial-cell-derived cytokine thymic stromal lym-
phopoietin (TSLP), in patients whose asthma remained uncontrolled despite treat-
ment with long-acting beta-agonists and medium-to-high doses of inhaled
glucocorticoids.

METHODS

In this phase 2, randomized, double-blind, placebo-controlled trial, we compared
subcutaneous tezepelumab at three dose levels with placebo over a 52-week treat-
ment period. The primary end point was the annualized rate of asthma exacerba-
tions (events per patient-year) at week 52.

RESULTS

The use of tezepelumab at a dose of 70 mg every 4 weeks (low dose; 138 patients),
210 mg every 4 weeks (medium dose; 137 patients), or 280 mg every 2 weeks (high
dose; 137 patients) resulted in annualized asthma exacerbation rates at week 52 of
0.27, 0.20, and 0.23, respectively, as compared with 0.72 in the placebo group (138
patients). Thus, exacerbation rates in the respective tezepelumab groups were
lower by 62%, 71%, and 66% than the rate in the placebo group (P<0.001 for all
comparisons). Similar results were observed in patients regardless of blood
eosinophil counts at enrollment. The prebronchodilator forced expiratory volume
in 1 second at week 52 was higher in all tezepelumab groups than in the placebo
group (difference, 0.12 liters with the low dose [P=0.015], 0.13 liters with the
medium dose [P=0.009], and 0.15 liters with the high dose [P=0.002]). A total
of 2 patients in the medium-dose group, 3 in the high-dose group, and 1 in the
placebo group discontinued the trial regimen because of adverse events.

CONCLUSIONS
Among patients treated with long-acting beta-agonists and medium-to-high doses
of inhaled glucocorticoids, those who received tezepelumab had lower rates of
clinically significant asthma exacerbations than those who received placebo, inde-
pendent of baseline blood eosinophil counts. (Funded by MedImmune [a member
of the AstraZeneca Group] and Amgen; PATHWAY ClinicalTrials.gov number,
NCT02054130.)
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STHMA AFFECTS AN ESTIMATED 315 MIL-

lion people worldwide,! of whom approxi-

mately 70% have moderate-to-severe dis-
ease (Global Initiative for Asthma [GINA] step
3 to 5).2 In many of these patients, asthma can be
controlled by increasing the dose of inhaled glu-
cocorticoids. However, in some patients, asthma
remains uncontrolled despite the use of available
recommended therapies.?

The heterogeneous response to asthma treat-
ment may be related to differences in patterns of
airway inflammation, immune-cell activation,
and responsiveness to glucocorticoids.*” Biologic
therapies that inhibit specific molecular targets,
including IgE and type 2 helper T (Th2) cyto-
kines, such as interleukin-4, interleukin-5, inter-
leukin-13, and their respective receptors, benefit
some patients with asthma that is uncontrolled
with inhaled glucocorticoids plus long-acting
beta-agonist (LABA) therapy.®*

Thymic stromal lymphopoietin (TSLP) is an
epithelial-cell-derived cytokine produced in re-
sponse to environmental and proinflammatory
stimuli.’ TSLP is central to the regulation of
type 2 immunity through its activity on dendritic
cells, T and B cells, and innate immune cells,'*®
and it up-regulates production of cytokines by
antigen-specific Th2 cells.” TSLP expression is
higher in the airways of patients with asthma
than in those of healthy controls, and its levels
correlate with Th2 cytokine and chemokine ex-
pression® and disease severity.?>*

Tezepelumab (AMG 157/MEDI9929) is an in-
vestigational human IgG2 monoclonal antibody
that binds to TSLP, preventing its interaction with
the TSLP receptor complex. A proof-of-concept
study involving patients with mild, atopic asth-
ma showed that tezepelumab inhibited both early
and late asthmatic responses and suppressed
biomarkers of type 2 inflammation after inhaled
allergen challenge.®

To better define the biologic and clinical im-
portance of TSLP in patients with moderate-to-
severe asthma, we conducted PATHWAY, a ran-
domized, placebo-controlled, dose-ranging trial
of tezepelumab involving patients whose disease
was uncontrolled with LABAs combined with
medium-to-high doses of inhaled glucocorti-
coids.* Given the potentially broad effects of
TSLP in asthma, we included patients with a
wide range of blood eosinophil counts.

METHODS

TRIAL DESIGN AND PARTICIPANTS

This multicenter, placebo-controlled, parallel-
group, double-blind, phase 2 trial was conduct-
ed at 108 sites across 12 countries (Table S1 in
the Supplementary Appendix, available with the
full text of this article at NEJM.org). All eligible
patients were current nonsmokers (for >6 months
and with a lifetime history of <10 pack-years)
who were 18 to 75 years of age and who had
asthma that was not well controlled despite
treatment with LABAs combined with a medium
dose (250 to 500 ug per day of fluticasone ad-
ministered by means of a dry-powder inhaler or
equivalent) or high dose (>500 wg per day of
fluticasone administered by means of a dry-
powder inhaler or equivalent) of inhaled gluco-
corticoids (as per GINA 2012 guidelines defining
severe asthma?*) at least 6 months before enroll-
ment. Patients were also required to have a his-
tory of at least two asthma exacerbations that
led to systemic glucocorticoid treatment, or one
severe exacerbation that led to hospitalization,
in the 12 months before trial entry. Additional
eligibility criteria included a prebronchodilator
forced expiratory volume in 1 second (FEV,) of at
least 40% and no more than 80% of the pre-
dicted normal value, postbronchodilator revers-
ibility of at least 12% and at least 200 ml, and a
score on the six-item Asthma Control Question-
naire (ACQ-6)* of at least 1.5 during screening
(range, O to 6, with lower scores indicating bet-
ter disease control; minimal clinically important
difference, 0.5 points).?® Exclusion criteria includ-
ed any clinically important pulmonary disease
other than asthma. A full list of inclusion and
exclusion criteria is provided in Table S2 in the
Supplementary Appendix.

The sponsors, MedImmune and Amgen, devel-
oped the protocol and conducted the data analy-
sis. The first draft of the manuscript was prepared
by the MedImmune authors with input from all
the authors. A professional medical writer (fund-
ed by Medlmmune) assisted with revisions to
early drafts of the manuscript. All the authors
made the decision to submit the manuscript for
publication. All the authors vouch for the accu-
racy and completeness of the data and the statis-
tical analysis and for the adherence of the trial
to the final protocol, available at NEJM.org.
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This trial was performed in accordance with
the ethical principles of the Declaration of Hel-
sinki, International Conference on Harmonisation
Good Clinical Practice guidelines, and applica-
ble regulatory requirements. Approvals from
independent ethics committees were obtained,
and all the patients provided written informed
consent in accordance with local requirements.

RANDOMIZATION AND BLINDING

Patients were randomly assigned (in a 1:1:1:1
ratio), according to a central interactive voice-
response or Web-response system, to receive one
of three different doses of subcutaneous tezepelu-
mab or placebo. Randomization was stratified
according to location (Japan or the rest of the
world), blood eosinophil count (2250 or <250
cells per microliter) as measured by a local labo-
ratory, and dose level of inhaled glucocorticoids
(medium or high, on the basis of GINA 2012
guidelines®). Patients receiving a maintenance
regimen of oral glucocorticoids were assigned to
the high-dose inhaled glucocorticoid stratum.
Tezepelumab and placebo were prepared by site
staff who were aware of the trial-group assign-
ments and who were not involved in trial assess-
ments. The trial agents were similar in appear-
ance and were administered by staff who were
unaware of the trial-group assignments. Back-
ground asthma-control medications were main-
tained at a stable dose throughout the treatment
period.

PROCEDURES
Patients were assigned to receive subcutaneous
injections of tezepelumab at a dose of 70 mg
every 4 weeks (low dose), 210 mg every 4 weeks
(medium dose), or 280 mg every 2 weeks (high
dose) or of placebo every 2 weeks for the dura-
tion of the trial. To maintain blinding, patients
who were assigned to 4-week dosing regimens
received placebo at the intermediate visits.
Baseline prebronchodilator and postbroncho-
dilator spirometric assessments, measurements
of the fraction of exhaled nitric oxide (FENO),
blood eosinophil counts, the ACQ-6 score, and
the score on the Asthma Quality of Life Ques-
tionnaire (standardized) for persons 12 years of
age or older (AQLQ[S]+12 [hereafter referred to
as AQLQJ¥; range, 1 to 7, with higher scores
indicating better asthma-related quality of life;

minimal clinically important difference, 0.5
points)® were obtained throughout the 5-week
screening period. The ACQ-6 score, AQLQ score,
and asthma symptom score (reflecting daytime
severity, daytime frequency, and nighttime se-
verity; range, 0 [no symptoms] to 4 [worst pos-
sible symptoms]) were recorded with the use of
an electronic device (further details are provided
in the Supplementary Appendix). Safety was
monitored at each trial site by asking partici-
pants whether they had had any adverse events
from enrollment through follow-up at week 64.

END POINTS AND ASSESSMENTS

The primary efficacy end point was the annual-
ized rate of asthma exacerbations (events per
patient-year) at week 52. An asthma exacerbation
was defined as a worsening of asthma symp-
toms that led to any of the following: the use of
systemic glucocorticoids (oral or injectable) or,
in the case of a stable maintenance regimen of
oral glucocorticoids, a doubling of the dose for
3 or more days; an emergency department visit
due to asthma that led to systemic glucocorticoid
treatment; or an inpatient hospitalization due to
asthma. Worsening of asthma was defined as
new or increased symptoms or signs that were
either worrisome to the patient or related to an
asthma diary—driven alert.

Secondary end points included the changes
from baseline in the prebronchodilator and post-
bronchodilator FEV, (an increase in values indi-
cates improved lung function; minimal clinically
important difference, 100 to 200 ml),” ACQ-6
score, AQLQ score, asthma symptom score, and
forced vital capacity (FVC), as well as the annual-
ized rate of severe asthma exacerbations at week
52, the time to the first asthma exacerbation,
the time to the first severe asthma exacerbation,
the percentage of patients with at least one
asthma exacerbation, and the percentage of pa-
tients with at least one severe asthma exacerba-
tion. Severe exacerbations were defined as exac-
erbations that led to hospital admission for more
than 24 hours.

Primary and secondary end points (changes
from baseline in prebronchodilator FEV,, ACQ-6
score, AQLQ score, and asthma symptom score)
were also assessed in prespecified subpopula-
tions according to blood eosinophil count (2250
or <250 cells per microliter), Th2 status (high
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[IgE level >100 IU per milliliter and blood eosino-
phil count >140 cells per microliter] or low [IgE
level £100 IU per milliliter or blood eosinophil
count <140 cells per microliter]),*® Feno level (on
the basis of median baseline levels and the
clinically meaningful cutoff of 24 ppb),*! serum
periostin level (high or low, on the basis of me-
dian baseline levels), current (demonstrated dur-
ing the screening period) postbronchodilator
FEV, reversibility, and allergic status (defined by
a positive or negative fluorescence enzyme im-
munoassay for IgE at baseline).

The primary end point was also stratified ac-
cording to dose level of inhaled glucocorticoids
(medium or high), use or nonuse of a mainte-
nance regimen of oral glucocorticoids, and
number of asthma exacerbations in the previous
12 months (prespecified subgroup analyses).
Post hoc analyses included stratification of the
primary end point according to baseline blood
eosinophil count (<400 or >400 cells per micro-
liter) and patient smoking history.

STATISTICAL ANALYSIS

The efficacy analyses were based on the inten-
tion-to-treat population, which consisted of pa-
tients who underwent randomization and received
at least one dose of tezepelumab or placebo;
patients were evaluated according to the ran-
domized trial group. The safety analyses were
based on the as-treated population and included
all the patients who received at least one dose of
tezepelumab or placebo; patients were evaluated
according to the trial agent received.

For the primary efficacy end point, 138 pa-
tients per trial group were required for 80%
power to detect a 40% lower annualized rate of
asthma exacerbations in each tezepelumab dose
group than in the placebo group, with a two-
sided alpha level of 0.1 and an expected 10% loss
of information due to dropouts, under the as-
sumption of an annualized asthma exacerbation
rate of 0.7 in the placebo group and a negative
binomial dispersion parameter of 0.7.

The primary efficacy end point of annualized
rate of asthma exacerbations was analyzed with
the use of a negative binomial model, with trial
group, baseline blood eosinophil count (>250 or
<250 cells per microliter), and baseline dose level
of inhaled glucocorticoids (medium or high) in-
cluded in the model. Details of the statistical

analyses with respect to the secondary end points
are provided in the Supplementary Appendix.
The primary end point was tested sequen-
tially to control the overall type I error rate at
0.1. The hierarchy was high-dose tezepelumab
versus placebo, medium-dose tezepelumab ver-
sus placebo, and low-dose tezepelumab versus
placebo. No adjustments were made for multi-
plicity for the secondary end points. Nominal
P values are presented. All analyses were carried
out with the use of SAS software, version 9.3.

RESULTS

PATIENTS

Overall, 873 patients were screened and 550
underwent randomization: 138 were assigned
to low-dose tezepelumab, 137 to medium-dose
tezepelumab, 137 to high-dose tezepelumab, and
138 to placebo. Of the patients who received
tezepelumab or placebo and were included in the
intention-to-treat population, 364 (88.3%) and
130 (94.2%) completed the trial regimen, respec-
tively (Fig. S1 in the Supplementary Appendix).
Baseline and clinical characteristics were similar
across the trial groups (Table 1, and Table S3 in
the Supplementary Appendix).

The dose range of inhaled glucocorticoids for
patients at baseline is shown in Figure S2 in the
Supplementary Appendix. The median dose was
400 pg per day of fluticasone administered by
means of a dry-powder inhaler or equivalent in
the medium-dose inhaled glucocorticoid stratum,
with 73 patients in the placebo group, 67 in the
low-dose tezepelumab group, 70 in the medium-
dose group, and 71 in the high-dose group, and
1000 g per day of fluticasone administered by
means of a dry-powder inhaler or equivalent in
the high-dose inhaled glucocorticoid stratum,
with 65, 71, 67, and 66 patients in the respective
trial groups.

PRIMARY END POINT

Treatment with tezepelumab resulted in annual-
ized rates of asthma exacerbations at week 52 of
0.27, 0.20, and 0.23 in the low-dose, medium-
dose, and high-dose groups, respectively, as
compared with 0.72 in the placebo group. Thus,
exacerbation rates were lower in the tezepelumab
groups than in the placebo group by 62% (90%
confidence interval [CI], 42 to 75; P<0.001), 71%
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Table 1. Baseline Demographic and Clinical Characteristics in the Intention-to-Treat Population.*

Low-Dose Medium-Dose High-Dose Total
Placebo Tezepelumab Tezepelumab Tezepelumab Tezepelumab
Characteristic (N=138) (N=138) (N=137) (N=137) (N=412)
Age —yr 52.3+11.7 50.8+12.4 52.7+12.7 50.4+12.3 51.3+12.4
Male sex — no. (%) 44 (31.9) 49 (35.5) 50 (36.5) 46 (33.6) 145 (35.2)
White race — no. (%) 123 (89.1) 131 (94.9) 128 (93.4) 122 (89.1) 381 (92.5)
Body-mass index: 28.5+5.6 28.3+5.1 28.5+4.9 27.6+5.0 28.1+5.0)
FEV; before bronchodilation 1.82+0.59 1.91+0.67 1.83+0.58 1.83+0.57 1.86+0.61
— liters
ACQ-6 scoref 2.66+0.69 2.72+0.79 2.70+0.80 2.64+0.74 2.69+0.77
AQLQ(S)+12 score€ 4.09+0.87 4.17+0.93 4.20+0.91 4.08+0.91 4.15+0.92
Asthma symptom score| 1.70£0.59 1.67+0.62 1.74+0.57 1.67+0.60 1.69+0.60
Dose level of inhaled gluco-
corticoids — no. (%)
Medium 73 (52.9) 67 (48.6 70 (51.1) 71 (51.8 208 (50.5)
High 65 (47.1) 71 (51.4 67 (48.9) 66 (48.2) 204 (49.5)
Blood eosinophil count
— cells/pl
Mean 380+328 3524288 365+351 3854433 367+361

Median (range) 275 (0-1870) 280 (10-1600) 280 (0-3180) 260 (0-3990) 280 (0-3990)

Total serum IgE — 1U/ml
475+1272
148 (6-11,860)

323890
112 (2-7423)

4841402
135 (2-11,430)

3584595
149 (2-3814)

388+1018
130 (2-11,430)

Mean

Median (range)

Feno
No. of patients evaluated 137 137 135 133 405
Mean — ppb 37.8+39.7 35.6+47.8 31.5+£29.8 33.3+34.4 33.5+38.1

Median (range) —ppb ~ 22.0 (3.5-276.3)  22.5 (2.5-349.0) 22.0 (4.0-152.5) 21.0 (2.0-217.5) 22.0 (2.0-349.0)

* Plus—values are means +SD. The low dose of tezepelumab was 70 mg every 4 weeks, the medium dose 210 mg every 4 weeks, and the high
dose 280 mg every 2 weeks. Feno denotes fraction of exhaled nitric oxide, and FEV; forced expiratory volume in 1 second.

7 Race was reported by the patient.

1 The body-mass index is the weight in kilograms divided by the square of the height in meters.

§ Scores on the six-item Asthma Control Questionnaire (ACQ-6) range from 0 to 6, with lower scores indicating better disease control. A score
of 1.5 or more indicates uncontrolled asthma.

9§/ Scores on the Asthma Quality of Life Questionnaire (standardized) for persons 12 years of age or older (AQLQ[S]+12) range from 1 to 7,
with higher scores indicating better asthma-related quality of life.

| Asthma symptom scores (reflecting daytime severity, daytime frequency, and nighttime severity) range from 0 (no symptoms) to 4 (worst
possible symptoms).

940

(90% CI, 54 to 82; P<0.001), and 66% (90% CI,
47 to 79; P<0.001), respectively (Table 2, and Fig.
S3A in the Supplementary Appendix). The types
of asthma exacerbations that were used for the
primary analysis are described in Table S4 in the
Supplementary Appendix.

SECONDARY END POINTS
The annualized asthma exacerbation rate was
lower in the tezepelumab groups than in the pla-

N ENGLJ MED 377;10
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cebo group, irrespective of baseline blood eosino-
phil count or other assessed indicators of Th2
status (Fig. 1A, and Tables S5 through S8 in the
Supplementary Appendix). Among patients in
the medium-dose inhaled glucocorticoid stratum,
low-dose, medium-dose, and high-dose tezepelu-
mab resulted in annualized asthma exacerbation
rates at week 52 of 0.20, 0.15, and 0.20, respec-
tively, as compared with 0.38 with placebo. The
rates in the tezepelumab groups were lower than
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to-Treat Population.

Table 2. Annualized Rate of Asthma Exacerbations and Change from Baseline in FEV;, ACQ-6 Score, and AQLQ(S)+12 Score in the Intention-

Placebo

Variable (N=138)

Annualized rate of asthma exacerbations
through wk 52 — events per
patient-yr (90% Cl)

Relative reduction vs. placebo —
— % (90% Cl)

P value —

FEV; before bronchodilation

No. of patients evaluated 131
Least-squares mean change from base- -1.60
line at wk 52 — % of predicted
value

Difference vs. placebo (95% Cl) —
P value* —

Least-squares mean change from base- -0.06
line at wk 52 — liters

Difference vs. placebo (95% Cl) —
P value* —

ACQ-6 score
No. of patients evaluated 53

Least-squares mean change from base- -0.91
line at wk 52

Difference vs. placebo (95% Cl) —

P value* —
AQLQ(S)+12 scorei:

No. of patients evaluated 47

Least-squares mean change from base- 0.97
line at wk 52

Difference vs. placebo (95% Cl) —

P value* —

0.72 (0.61 to 0.86)

Low-Dose
Tezepelumab
(N=138)

0.27 (0.20 to 0.36)

62 (42 to 75)

<0.001

130
6.71

8.30 (2.31 to 14.30)
0.007
0.07

0.12 (0.02 t0 0.22)
0.015

52
-1.17

-0.26 (~0.52 t0 0.01)
0.059

51
1.12

0.14 (-0.13 to 0.42)
0.309

Medium-Dose
Tezepelumab
(N=137)

0.20 (0.14 to 0.28)
71 (54 to 82)

<0.001

121
7.90

9.50 (3.45 to 15.56)
0.002
0.08

0.13 (0.03 t0 0.23)
0.009

44
-1.20

-0.29 (-0.56 to -0.01)
0.039

41
1.17

0.20 (-0.09 to 0.48)
0.185

High-Dose
Tezepelumab
(N=137)

0.23 (0.17 t0 0.32)

66 (47 to 79)

<0.001

116
8.84

10.44 (4.37 to 16.51)
<0.001
0.10

0.15 (0.05 to 0.25)
0.002

49
_1.22

-0.31 (-0.58 to -0.04)
0.024

48
1.32

0.34 (0.06 to 0.63)
0.017

* P values are nominal and were not adjusted for multiplicity.

7 ACQ-6 scores range from 0 to 6, with lower scores indicating better disease control. The minimal clinically important difference is 0.5 points.
1 AQLQ(S)+12 scores range from 1 to 7, with higher scores indicating better asthma-related quality of life. The minimal clinically important

difference is 0.5 points.

the rate in the placebo group by 48% (95% CI,
-15 to 76; P=0.106), 60% (95% CI, 5 to 83;
P=0.38), and 48% (95% CI, —14 to 76; P=0.104),
respectively; thus, the between-group difference
was nominally significant only at the medium dose
level. Among patients in the high-dose inhaled
glucocorticoid stratum, low-dose, medium-dose,
and high-dose tezepelumab resulted in annual-
ized asthma exacerbation rates at week 52 of
0.35, 0.26, and 0.27, respectively, as compared

with 1.12 with placebo. The rates in the tezepelu-
mab groups were lower than the rate in the pla-
cebo group by 70% (95% CI, 41 to 84; P<0.001),
77% (95% CI, 52 to 89; P<0.001), and 76% (95%
CI, 50 to 88; P<0.001), respectively (Table S9 in
the Supplementary Appendix). The annualized
asthma exacerbation rate was lower in some, but
not all, tezepelumab groups than in the placebo
group when patients were stratified according to
the number of asthma exacerbations in the pre-

N ENGL J MED 377;10 NEJM.ORG SEPTEMBER 7, 2017

941

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 © 2017 Massachusetts Medical Society. All rights reserved.



942

The NEW ENGLAND JOURNAL of MEDICINE

A Subpopulation Analysis
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No. at Risk
Placebo 137 113 113 114 109 107 111 108
Low-dose tezepelumab 137 106 103 107 102 111 101 104
Medium-dose tezepelumab 135 105 103 104 96 88 96 96
High-dose tezepelumab 133 103 102 106 87 96 97 99

Figure 1. Annualized Rate of Asthma Exacerbations at Week 52, According to Baseline Biomarker Status, and Change
from Baseline in the Fraction of Exhaled Nitric Oxide (Feno).

In Panel A, nominal two-sided P values of less than 0.05 for the comparison with the placebo group are shown.

A clinically meaningful cutoff of 24 ppb was used for the Feno subpopulation analysis.*! A high status with respect
to type 2 helper T (Th2) cells was defined as an IgE level of more than 100 IU per milliliter and a blood eosinophil
count of 140 cells or more per microliter; a low Th2 status was defined as an IgE level of 100 IU or less per milliliter
or a blood eosinophil count of less than 140 cells per microliter. In Panel B, Feno values included in the analysis rep-
resent averages of up to three measurements with a minimum of 10% reproducibility; values that failed to meet this
criterion were not included in the analysis.? The Feno analysis that included all measurements, irrespective of repro-
ducibility, is shown in Figure S6 in the Supplementary Appendix. I bars indicate standard errors.
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vious 12 months and, in post hoc analyses, ac-
cording to smoking history (Table S10 in the
Supplementary Appendix).

The time to the first asthma exacerbation was
longer in the tezepelumab groups than in the
placebo group. The risk of having any exacerba-
tion was lower in the low-dose, medium-dose,
and high-dose tezepelumab groups than in the
placebo group by 38% (hazard ratio, 0.62; 95%
CI, 0.39 to 0.99; P=0.044), 55% (hazard ratio,
0.45; 95% CI, 0.26 to 0.75; P=0.002), and 46%
(hazard ratio, 0.54; 95% CI, 0.33 to 0.88;
P=0.013), respectively; thus, the between-group
difference was not nominally significant at the
low dose level (Fig. S4 and Table S14 in the
Supplementary Appendix).

In the overall population, the change from
baseline at week 52 in the prebronchodilator
FEV, was greater in the low-dose, medium-dose,
and high-dose tezepelumab groups than in the
placebo group by 0.12 liters (95% CI, 0.02 to
0.22; P=0.015), 0.13 liters (95% CI, 0.03 to 0.23;
P=0.009), and 0.15 liters (95% CI, 0.05 to 0.25;
P=0.002), respectively (Table 2, and Fig. S3B in
the Supplementary Appendix). Similar differences
were observed when the prebronchodilator FEV,
was measured as the percent of the predicted
value (Table 2). The treatment effect was ob-
served as early as week 4 (the first time point
assessed) and was sustained for the duration
of the trial (Fig. S3B in the Supplementary Ap-
pendix).

The effects of tezepelumab on additional sec-
ondary end points — including the percentage
of patients with at least one asthma exacerba-
tion, the percentage of patients with at least one
severe asthma exacerbation, the annualized rate
of severe asthma exacerbations, the time to the
first severe asthma exacerbation, and changes
from baseline in the postbronchodilator FEV,
FVC, ACQ-6 score, AQLQ score, and asthma
symptom score — are presented in Table 2, and
in Figures S3C and S3D and Tables S11 through
S14 in the Supplementary Appendix. The effects
of tezepelumab on secondary end points accord-
ing to subgroup (prebronchodilator FEV,, ACQ-6
score, AQLQ score, and asthma symptom score)
are shown in Tables S5, S6, S7, and S12 in the
Supplementary Appendix.

BIOMARKERS

Substantial and persistent decreases in blood
eosinophil counts and Feno levels were observed
in all tezepelumab groups, beginning at week 4
(the first time point assessed) after the initiation
of treatment (Fig. 1B, and Fig. S5A in the Supple-
mentary Appendix). Progressive decreases were
also observed in total serum IgE in all tezepelu-
mab groups (Fig. S5B in the Supplementary Ap-
pendix).

SAFETY AND SIDE-EFFECT PROFILE

The overall incidence of adverse events was
similar across the trial groups (Table 3). In total,
65.9% of the patients in the placebo group,
67.4% of the patients in the low-dose tezepelu-
mab group, 65.7% of the patients in the medium-
dose group, and 65.0% of the patients in the
high-dose group reported at least one adverse
event, and 13.0%, 12.3%, 9.5%, and 13.1% re-
ported at least one serious adverse event, respec-
tively. When asthma-related adverse events were
removed from the above analysis, the overall
incidence of adverse events was similar across
the trial groups (Table 3). A full list of serious
adverse events is provided in Table S15 in the
Supplementary Appendix. Three serious adverse
events were deemed by the investigator to be
related to the trial agent; two (pneumonia and
stroke) occurred in the same patient in the low-
dose tezepelumab group and one (the Guillain—
Barré syndrome) in the medium-dose tezepelu-
mab group. A detailed description of these
events is included in the Supplementary Appendix.
The rates of discontinuation due to adverse events
were 1.2% among patients receiving tezepelumab
(five patients, including two in the medium-dose
group and three in the high-dose group) and
0.7% in the placebo group (one patient). One
patient in the low-dose tezepelumab group died
8 weeks after the treatment period ended from a
treatment-related serious adverse event (stroke in
the same patient described above; additional
details are provided in the Supplementary Ap-
pendix).

Injection-site reactions after 1-ml injections
occurred in 3.6% of the patients in the placebo
group, 2.9% of the patients in the low-dose
tezepelumab group, 2.9% of the patients in the
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medium-dose group, and 1.5% of the patients in
the high-dose group. The rates after 1.5-ml injec-
tions were 2.9%, 2.2%, 2.9%, and 3.6% in the
respective groups (Table S16 in the Supplementary
Appendix). No investigational product-related
anaphylactic reactions were reported. After base-
line, positive antidrug antibodies were noted in
13 of 138 patients (9.4%) in the placebo group,
5 of 136 patients (3.7%) in the low-dose tezepelu-
mab group, 1 of 131 patients (0.8%) in the medi-
um-dose group, and 3 of 131 patients (2.3%) in
the high-dose group (Table S17 in the Supple-
mentary Appendix). No neutralizing antibodies
were detected.

DISCUSSION

Treatment with tezepelumab resulted in signifi-
cantly lower annualized rates of asthma exacerba-
tions than the rate with placebo among patients
whose asthma remained uncontrolled despite
treatment with LABAs and medium-to-high doses
of inhaled glucocorticoids. Some, but not all,
secondary outcomes were better with tezepelu-
mab than with placebo. Treatment effects were
observed shortly after the initiation of treatment
and were maintained throughout the trial. The
incidence of adverse events was similar in the
tezepelumab and placebo groups, with similar
levels of discontinuations, regardless of asthma-
related adverse events.

Tezepelumab reduced blood eosinophil counts,
Feno levels, and total serum IgE levels; changes
in eosinophil counts and Feno levels occurred
rapidly from week 4 and concurrently with
changes in clinical end points. Our findings are
consistent with those of a previous allergen-
challenge study involving patients with mild
asthma, in which tezepelumab inhibited post—
allergen challenge increases in sputum and
blood eosinophil counts and Feno levels.” These
changes in biomarker levels indicate that tezepelu-
mab has important effects on interleukin-4, inter-
leukin-5, and interleukin-13 pathways and support
the concept that inhibition of TSLP may have
broader physiological effects than the targeting
of individual Th2 cytokines.

The observed improvements in disease con-
trol in patients who received tezepelumab high-
light the potential pathogenic role of TSLP across
different asthma phenotypes. Nonallergic factors,
including tobacco smoke, diesel particles, and

viruses, have been shown to trigger TSLP release
and lead to activation of inflammatory responses
in asthma.®*3¢ Although TSLP is central to the
regulation of type 2 immunity, many cell types
that are activated by or respond to TSLP, such as
mast cells, basophils, natural killer T cells, in-
nate lymphoid cells, and neutrophils, may play a
role in inflammation in asthma beyond type 2
inflammation.¥40

Our data provide clinical evidence that inhibi-
tion of TSLP with tezepelumab leads to a lower
annualized rate of asthma exacerbations than
placebo administration, independent of baseline
eosinophil count or other Th2 biomarkers, and
better results with respect to other clinical end
points among patients with uncontrolled asthma
who are receiving LABAs and medium-to-high
doses of inhaled glucocorticoids. These findings
highlight the potential advantages of targeting
an upstream cytokine such as TSLP, which may
affect disease activity more broadly than inhibi-
tion of a single downstream pathway. Future
studies involving large, ethnically diverse popu-
lations of patients with uncontrolled asthma us-
ing the best available small-molecule therapies,
including high-dose inhaled glucocorticoids plus
LABAs, will be important to demonstrate the
clinical importance of our findings.

Supported by Medlmmune (a member of the AstraZeneca
Group) and Amgen.

Dr. Corren reports receiving grant support, lecture fees, and
honoraria from Genentech, receiving lecture fees from and serv-
ing on an advisory board for Teva Pharmaceuticals, receiving grant
support from Sanofi, receiving consulting fees from and serving
on an advisory board for Vectura Group, and receiving grant
support and consulting fees from Regeneron; Dr. Parnes, being
employed by and owning stock in Amgen and being named as
an inventor on a patent (US 20170082608 A1) licensed to Astra-
Zeneca Collaboration Ventures on a method for detecting helper
T-cell or cytotoxic T-lymphocyte subpopulations in persons af-
fected by a disease or disorder having an immune component;
Dr. Wang, being employed by MedImmune—AstraZeneca and own-
ing stock in AstraZeneca; Ms. Mo, being employed by and own-
ing stock in Amgen; Ms. Roseti, being employed by MedImmune—
AstraZeneca and owning stock options in AstraZeneca; Dr.
Griffiths, being employed by MedImmune and owning stock
and stock options in AstraZeneca; and Ms. van der Merwe, being
employed by MedImmune and owning stock and stock options
in AstraZeneca. No other potential conflict of interest relevant
to this article was reported.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

We thank Sarah Crouch, Dewei She, Bing Yao, Yili Pritchett,
and Matthew Butler for contributions to trial design and analysis
and Rachel Cicchelli, Ph.D. (QXV Comms [Macclesfield, United
Kingdom], an Ashfield Company, part of UDG Healthcare), who
provided medical writing support funded by Medimmune in ac-
cordance with the third edition of the Good Publication Practice
(GPP3) guidelines (www.ismpp.org/gpp3).

N ENGL J MED 377;10 NEJM.ORG SEPTEMBER 7, 2017

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 © 2017 Massachusetts Medical Society. All rights reserved.

945



946

TEZEPELUMAB IN ADULTS WITH UNCONTROLLED ASTHMA

REFERENCES

1. To T, Stanojevic S, Moores G, et al.
Global asthma prevalence in adults: find-
ings from the cross-sectional world health
survey. BMC Public Health 2012;12:204.
2. Zeiger RS, Schatz M, Li Q, et al. High
blood eosinophil count is a risk factor for
future asthma exacerbations in adult per-
sistent asthma. J Allergy Clin Immunol
Pract 2014;2:741-50.

3. Bateman ED, Bousquet J, Busse WW,
et al. Stability of asthma control with
regular treatment: an analysis of the
Gaining Optimal Asthma controL (GOAL)
study. Allergy 2008;63:932-8.

4. Woodruff PG, Modrek B, Choy DF,
et al. T-helper type 2-driven inflammation
defines major subphenotypes of asthma.
Am J Respir Crit Care Med 2009;180:388-
95.

5. Chung KF, Wenzel SE, Brozek JL, et al.
International ERS/ATS guidelines on defi-
nition, evaluation and treatment of severe
asthma. Eur Respir J 2014;43:343-73.

6. Global Initiative for Asthma. Global
strategy for asthma management and pre-
vention. 2017 (http://ginasthma.org/2017
-gina-report-global-strategy-for-asthma
-management-and-prevention/).

7. FahyJV. Type 2 inflammation in asth-
ma — present in most, absent in many.
Nat Rev Immunol 2015;15:57-65.

8. Ortega HG, Liu MC, Pavord ID, et al.
Mepolizumab treatment in patients with
severe eosinophilic asthma. N Engl J Med
2014;371:1198-207.

9. Bleecker ER, FitzGerald JM, Chanez P,
et al. Efficacy and safety of benralizumab
for patients with severe asthma uncon-
trolled with high-dosage inhaled corti-
costeroids and long-acting B2-agonists
(SIROCCO): a randomised, multicentre,
placebo-controlled phase 3 trial. Lancet
2016;388:2115-27.

10. FitzGerald JM, Bleecker ER, Nair D,
et al. Benralizumab, an anti-interleukin-5
receptor a monoclonal antibody, as add-on
treatment for patients with severe, uncon-
trolled, eosinophilic asthma (CALIMA):
a randomised, double-blind, placebo-con-
trolled phase 3 trial. Lancet 2016;388:
2128-41.

11. Castro M, Zangrilli J, Wechsler ME,
et al. Reslizumab for inadequately con-
trolled asthma with elevated blood eosin-
ophil counts: results from two multicen-
tre, parallel, double-blind, randomised,
placebo-controlled, phase 3 trials. Lancet
Respir Med 2015;3:355-66.

12. Brightling CE, Chanez P, Leigh R, etal.
Efficacy and safety of tralokinumab in
patients with severe uncontrolled asthma:
a randomised, double-blind, placebo-con-
trolled, phase 2b trial. Lancet Respir Med
2015;3:692-701.

13. Bel EH, Wenzel SE, Thompson PJ, et al.
Oral glucocorticoid-sparing effect of mepo-
lizumab in eosinophilic asthma. N Engl J
Med 2014;371:1189-97.

14. Hanania NA, Alpan O, Hamilos DL, et
al. Omalizumab in severe allergic asthma
inadequately controlled with standard
therapy: a randomized trial. Ann Intern
Med 2011;154:573-82.

15. Ziegler SF, Artis D. Sensing the out-
side world: TSLP regulates barrier immu-
nity. Nat Immunol 2010;11:289-93.

16. Soumelis V, Reche PA, Kanzler H, et al.
Human epithelial cells trigger dendritic cell
mediated allergic inflammation by pro-
ducing TSLP. Nat Immunol 2002;3:673-
80.

17. Allakhverdi Z, Comeau MR, Jessup
HK, et al. Thymic stromal lymphopoietin
is released by human epithelial cells in
response to microbes, trauma, or inflam-
mation and potently activates mast cells.
J Exp Med 2007;204:253-8.

18. Ziegler SF, Roan F, Bell BD, Stoklasek
TA, Kitajima M, Han H. The biology of
thymic stromal lymphopoietin (TSLP). Adv
Pharmacol 2013;66:129-55.

19. Kitajima M, Lee HC, Nakayama T,
Ziegler SE. TSLP enhances the function of
helper type 2 cells. Eur J Immunol 2011;
41:1862-71.

20. Shikotra A, Choy DF, Ohri CM, et al.
Increased expression of immunoreactive
thymic stromal lymphopoietin in patients
with severe asthma. J Allergy Clin Immu-
nol 2012;129(1):104-11.e1-9.

21. Ying S, O’Connor B, Ratoff J, et al.
Thymic stromal lymphopoietin expression
is increased in asthmatic airways and cor-
relates with expression of Th2-attracting
chemokines and disease severity. ] Immu-
nol 2005;174:8183-90.

22. Ying S, O’Connor B, Ratoff7, et al. Ex-
pression and cellular provenance of thy-
mic stromal lymphopoietin and chemo-
kines in patients with severe asthma and
chronic obstructive pulmonary disease.
J Immunol 2008;181:2790-8.

23. Gauvreau GM, O’Byrne PM, Boulet LP,
et al. Effects of an anti-TSLP antibody
on allergen-induced asthmatic responses.
N Engl J Med 2014;370:2102-10.

24, Global Initiative for Asthma. Global
strategy for asthma management and pre-
vention. 2012.

25. Juniper EF, O’Byrne PM, Guyatt GH,
Ferrie PJ, King DR. Development and vali-
dation of a questionnaire to measure asth-
ma control. Eur Respir J 1999;14:902-7.
26. Cloutier MM, Schatz M, Castro M, etal.
Asthma outcomes: composite scores of
asthma control. J Allergy Clin Immunol
2012;129:Suppl:S24-$33.

27. Juniper EF, Buist AS, Cox FM, Ferrie
PJ, King DR. Validation of a standardized
version of the Asthma Quality of Life
Questionnaire. Chest 1999;115:1265-70.
28. Wilson SR, Rand CS, Cabana MD, et al.
Asthma outcomes: quality of life. J Allergy
Clin Immunol 2012;129:Suppl:S88-5123.
29. Tepper RS, Wise RS, Covar R, et al.
Asthma outcomes: pulmonary physiology.

J Allergy Clin Immunol 2012;129:Suppl:
S65-S87.

30. Corren J, Lemanske RF, Hanania NA,
et al. Lebrikizumab treatment in adults
with asthma. N Engl J Med 2011;365:
1088-98.

31. Dweik RA, Boggs PB, Erzurum SC, et
al. An official ATS clinical practice guide-
line: interpretation of exhaled nitric oxide
levels (FENO) for clinical applications.
Am J Respir Crit Care Med 2011;184:602-
15.

32. American Thoracic Society; European
Respiratory Society. ATS/ERS recommen-
dations for standardized procedures for
the online and offline measurement of
exhaled lower respiratory nitric oxide and
nasal nitric oxide, 2005. Am J Respir Crit
Care Med 2005;171:912-30.

33. Nakamura Y, Miyata M, Ohba T, et al.
Cigarette smoke extract induces thymic
stromal lymphopoietin expression, lead-
ing to T(H)2-type immune responses and
airway inflammation. J Allergy Clin Im-
munol 2008;122:1208-14.

34, Bleck B, Tse DB, Curotto de Lafaille
MA, Zhang F, Reibman J. Diesel exhaust
particle-exposed human bronchial epi-
thelial cells induce dendritic cell matura-
tion and polarization via thymic stromal
lymphopoietin. J Clin Immunol 2008;28:
147-56.

35. Lee HC, Headley MB, Loo YM, et al.
Thymic stromal lymphopoietin is induced
by respiratory syncytial virus-infected air-
way epithelial cells and promotes a type 2
response to infection. J Allergy Clin Im-
munol 2012;130(5):1187-1196.e5.

36. Calvén J, Yudina Y, Hallgren O, et al.
Viral stimuli trigger exaggerated thymic
stromal lymphopoietin expression by
chronic obstructive pulmonary disease
epithelium: role of endosomal TLR3 and
cytosolic RIG-I-like helicases. ] Innate
Immun 2012;4:86-99.

37. Nagata Y, Kamijuku H, Taniguchi M,
Ziegler S, Seino K. Differential role of thy-
mic stromal lymphopoietin in the induc-
tion of airway hyperreactivity and Th2
immune response in antigen-induced asth-
ma with respect to natural killer T cell
function. Int Arch Allergy Immunol 2007;
144:305-14.

38. Kim BS, Siracusa MC, Saenz SA, et al.
TSLP elicits IL-33-independent innate lym-
phoid cell responses to promote skin
inflammation. Sci Transl Med 2013;5:
170ralo.

39. West EE, Spolski R, Kazemian M, Yu
ZX, Kemper C, Leonard WJ. A TSLP-com-
plement axis mediates neutrophil killing
of methicillin-resistant Staphylococcus aureus.
Sci Immunol 2016;1(5):eaaf8471.

40. ZhongJ, Sharma J, Raju R, et al. TSLP
signaling pathway map: a platform for
analysis of TSLP-mediated signaling. Data-
base (Oxford) 2014;2014:bau007.

Copyright © 2017 Massachusetts Medical Society.

N ENGL J MED 377,10 NEJM.ORG SEPTEMBER 7, 2017

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 © 2017 Massachusetts Medical Society. All rights reserved.



