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ABSTRACT

BACKGROUND

Monoclonal antibodies targeting IgE, interleukin-4 and -13, and interleukin-5 are
effective in treating severe type 2 asthma, but new targets are needed. Itepekimab
is a new monoclonal antibody against the upstream alarmin interleukin-33. The
efficacy and safety of itepekimab as monotherapy, as well as in combination with
dupilumab, in patients with asthma are unclear.

METHODS
In a phase 2 trial, we randomly assigned, in a 1:1:1:1 ratio, adults with moderate-
to-severe asthma receiving inhaled glucocorticoids plus long-acting beta-agonists
(LABAS) to receive subcutaneous itepekimab (at a dose of 300 mg), itepekimab
plus dupilumab (both at 300 mg; combination therapy), dupilumab (300 mg), or
placebo every 2 weeks for 12 weeks. After randomization, LABA was discontinued
at week 4, and inhaled glucocorticoids were tapered over weeks 6 through 9. The
primary end point was an event indicating a loss of asthma control, assessed in
the itepekimab group and the combination group, as compared with the placebo
group. Secondary and other end points included lung function, asthma control,
quality of life, type 2 biomarkers, and safety.

RESULTS

A total of 296 patients underwent randomization. By 12 weeks, an event indicating
a loss of asthma control occurred in 22% of the patients in the itepekimab group,
27% of those in the combination group, and 19% of those in the dupilumab group,
as compared with 41% of those in the placebo group; the corresponding odds
ratios as compared with placebo were as follows: in the itepekimab group, 0.42
(95% confidence interval [CI], 0.20 to 0.88; P=0.02); in the combination group,
0.52 (95% CI, 0.26 to 1.06; P=0.07); and in the dupilumab group, 0.33 (95% CI,
0.15 to 0.70). As compared with placebo, the forced expiratory volume in 1 second
before bronchodilator use increased with the itepekimab and dupilumab mono-
therapies but not with the combination therapy. Itepekimab treatment improved
asthma control and quality of life, as compared with placebo, and led to a greater
reduction in the mean blood eosinophil count. The incidence of adverse events was
similar in all four trial groups.

CONCLUSIONS
Interleukin-33 blockade with itepekimab led to a lower incidence of events indicat-
ing a loss of asthma control than placebo and improved lung function in patients
with moderate-to-severe asthma. (Funded by Sanofi and Regeneron Pharmaceuti-
cals; ClinicalTrials.gov number, NCT03387852.)
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URRENTLY AVAILABLE BIOLOGIC THER-

apies targeting IgE, interleukin-4 and -13,

and interleukin-5 are effective in treating
moderate-to-severe type 2 asthma.'® However,
many patients with type 2 or non—type 2 asthma
continue to have symptoms, exacerbations, and
reduced lung function. Therefore, new therapies
targeting alternative pathophysiological pathways
are needed.

Genomewide association studies indicate a
genetic association between interleukin-33 and
asthma susceptibility.’!? When interleukin-33
binds to its cognate receptor (ST2) and engages
the coreceptor interleukin-1 receptor accessory
protein to initiate downstream signaling, cells
of both the innate and adaptive immune systems
are activated (Fig. S1 in the Supplementary Ap-
pendix, available with the full text of this article
at NEJM.org),’*"® resulting in type 2 and non-
type 2 inflammation that may contribute to air-
way diseases such as asthma and chronic ob-
structive pulmonary disease.*’® Mouse models
suggest that interleukin-33 blockade modifies
both type 2 and non-type 2 inflammation'® and
that inhibiting both the interleukin-4 and -13
and interleukin-33 cytokine pathways may have
additive effects.”

Itepekimab is a new human IgG4P monoclo-
nal antibody against interleukin-33. The objec-
tive of this trial was to evaluate the efficacy and
safety of itepekimab treatment, as compared with
placebo, in adults with moderate-to-severe asthma.
Dupilumab was added as an active comparator
in the trial because its efficacy has been shown
in this population and it was previously evalu-
ated in a similarly designed proof-of-concept
study.®” We also investigated whether combina-
tion therapy with anti—interleukin-33 (itepekimab)
and anti—interleukin-4 and -13 (dupilumab) would
result in additive effects.

METHODS

TRIAL DESIGN AND OVERSIGHT

We conducted this multicenter, randomized,
double-blind, placebo-controlled, parallel-group
(four groups), phase 2, proof-of-concept trial at
70 sites. The trial comprised a 4-week screening
period, followed by a 12-week intervention period
that incorporated the withdrawal of background
medication, and a 20-week post-intervention fol-

low-up period (Fig. 1A). The full protocol is
available at NEJM.org.

Data were collected by the investigators and
analyzed by the sponsors (Sanofi and Regeneron
Pharmaceuticals) and the investigators. The trial
was conducted in accordance with the principles
of the Declaration of Helsinki, the Good Clinical
Practice guidelines of the International Council
for Harmonisation, and applicable regulatory re-
quirements. The local institutional review board
or ethics committee at each trial center oversaw
trial conduct and documentation. All the patients
provided written informed consent.

All the authors participated in data interpre-
tation and provided input for the drafting of the
manuscript, critical feedback, and final approval
for the submission of the manuscript for publi-
cation. The authors vouch for the completeness
and accuracy of the data and for the adherence
of the trial to the protocol. All the investigators
had confidentiality agreements with the spon-
sors, which did not restrict the publication of
the results. Drafts of the manuscript were pre-
pared with the assistance of a medical writer
who was paid by the sponsors.

PATIENTS

Eligible patients were 18 to 70 years of age, had
had physician-diagnosed asthma for at least 12
months on the basis of the Global Initiative for
Asthma (GINA)® 2017 guidelines, and had been
receiving medium-to-high-dose inhaled glucocor-
ticoids (2250 ug of fluticasone propionate twice
daily or equivalent to a maximum of 2000 ug
per day) in combination with a long-acting beta-
agonist (LABA) for at least 3 months; the dose
had to be stable for at least 1 month before the
screening visit. The diagnosis of asthma was
substantiated by bronchodilator reversibility (de-
fined as an increase in the forced expiratory
volume in 1 second [FEV,] of at least 12% and an
absolute change of at least 200 ml after the ad-
ministration of albuterol) during screening or a
documented history of a 20% reduction in the
FEV, in response to a provocative concentration
of inhaled methacholine of less than 8 mg per
milliliter within 12 months before screening. Ad-
ditional inclusion criteria were an FEV, of 50 to
85% of the predicted value before bronchodilator
use at randomization and at least one severe
asthma exacerbation, defined as treatment with
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A Trial Design

Screening and Run-in

Period (4 wk) Follow-up Period

Intervention Period
Placebo, every 2 wk, subcutaneously
Itepekimab 300 mg, every 2 wk, subcutaneously
Itepekimab 300 mg-+dupilumab 300 mg, every 2 wk, subcutaneously
Dupilumab 300 mg, every 2 wk, subcutaneously

Fluticasone (250 pig twice daily or equivalent) o
T

! T
Wk Wk Wk Wk Wk Wk
0 4 6 9 12 32
L ] L Il ]
Background therapy * Inhaled No background
LABA glucocorticoid therapy
withdrawal taper

B Randomization and Follow-up

499 Patients were assessed for eligibility

203 Were not enrolled

296 Were enrolled and underwent randomization

73 Were assigned to receive 74 Were assigned to receive 75 Were assigned to receive

74 Were assigned to receive
placebo
41 Had eosinophil count of
=300 cells/mm? at baseline

itepekimab
36 Had eosinophil count of
=300 cells/mm? at baseline

itepekimab+dupilumab
32 Had eosinophil count of
=300 cells/mm? at baseline

dupilumab
31 Had eosinophil count of
=300 cells/mm?3 at baseline

43 Had eosinophil count of
<300 cells/mm? at baseline
1 Had missing data

42 Had eosinophil count of

37 Had eosinophil count of
<300 cells/mm? at baseline

33 Had eosinophil count of
<300 cells/mm? at baseline

<300 cells/mm? at baseline

1 Was excluded owing
to randomization error

74 Received placebo 73 Received itepekimab 74 Recewed itepekimab 74 Received dupilumab
+dupilumab

33 Did not complete 18 Did not complete 27 Did not complete 18 Dlrc;gni:]:::mplete
regimen . regimen
28 Had loss of control 16rai|21|i!s of control 20 Had loss of control 14 z'fafslt?,:;f control
- of asthma — of asthma — of'asthma | 2 Withdrew
3 Had adverse event - 3 Withdrew
- 1 Withdrew 1 Had poor adherence
1 Withdrew d oth 2 Had adverse event h |
d oth 1 Had other reason doth to the protoco
1 Had other reason 2 Had other reason
1 Had other reason

41 Completed the 12-wk trial 55 Completed the 12-wk trial 47 Completed the 12-wk trial 56 Completed the 12-wk trial

regimen regimen regimen regimen
8 Discontinued trial
| 3 Discontinued trial | 1 Discontinued trial | 3 Discontinued trial — 1 Had adverse event
7 Had other reason

71 Completed 32-wk trial period | | 72 Completed 32-wk trial period | | 71 Completed 32-wk trial period | | 67 Completed 32-wk trial period
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Figure 1 (facing page). Trial Design and Randomization
and Follow-up of the Patients.

Panel A shows the design of the trial. The use of long-
acting 82-agonist (LABA) was discontinued at week 4,
and the dose of fluticasone propionate (fluticasone) was
tapered between weeks 6 and 9; LABA and fluticasone
were restarted at week 12. Panel B shows the random-
ization and follow-up of the patients. One patient in the
placebo group received dupilumab in error at week 4 but
was included in the placebo group for the analyses. Among
the 203 patients who were not enrolled in the trial, 13.2%
were positive for tuberculosis on screening, and 9.0%
had a forced expiratory volume in 1 second that was out
of range for inclusion in the trial; the remaining patients
had other reasons for nonenrollment. After completion
of the 12-week trial regimen, 1 patient in the dupilumab
group discontinued because of an adverse event; all the
other patients who discontinued the trial at this time
point had other reasons.

systemic glucocorticoids or as hospitalization or
emergency medical care, within 12 months be-
fore screening. The trial enrolled patients across
a broad spectrum of baseline blood eosinophil
counts. The full eligibility criteria are provided
in the Supplementary Appendix.

TRIAL INTERVENTIONS

Patients were randomly assigned in a 1:1:1:1
ratio to receive subcutaneous injections of ite-
pekimab monotherapy (at a dose of 300 mg),
itepekimab plus dupilumab (both at 300 mg;
referred to as the combination group), dupilu-
mab monotherapy (at 300 mg), or placebo every
2 weeks for 12 weeks. Randomization was strati-
fied according to blood eosinophil count at
screening and according to country (see the
Supplementary Appendix). During the first
4 weeks of the intervention period (Fig. 1A), all
patients continued pretrial maintenance thera-
py with an inhaled glucocorticoid and LABA.
The LABA was discontinued at week 4, and the
inhaled glucocorticoid was then tapered over a
period of 2 to 3 weeks (depending on the start-
ing dose) starting at week 6. No background
therapy was permitted during weeks 9 through
12, after which patients returned to their
original background therapy and entered the
20-week follow-up period.

END POINTS
The primary efficacy end point was an event in-
dicating loss of asthma control during the inter-

vention period. Loss of asthma control was
defined as a reduction of at least 30% from
baseline in the morning peak expiratory flow on
2 consecutive days; at least six additional puffs
(as compared with baseline) of short-acting
B,-agonists, as reported by the patient in a elec-
tronic diary, in a 24-hour period on 2 consecu-
tive days; an asthma exacerbation leading to sys-
temic glucocorticoid treatment; an increase by a
factor of at least four in the most recent dose of
inhaled glucocorticoids; or an asthma-related
hospitalization or emergency department visit.®
If a patient had a loss of asthma control at any
time during the intervention period, the active
trial drug or placebo was discontinued and the
patient returned to receiving maintenance LABA
and inhaled glucocorticoids, with monitoring for
adverse events.

Secondary end points were the change from
baseline at week 12 in the FEV, assessed both
before and after bronchodilator use. Other effi-
cacy end points included the change in asthma
control as assessed with the five-item Asthma
Control Questionnaire (ACQ-5; scores range from
0 to 6, with higher scores indicating less con-
trol)” and in asthma-related quality of life as
assessed with the Asthma Quality of Life Ques-
tionnaire with Standardized Activities (AQLQIS];
scores range from 1 to 7, with higher scores in-
dicating better quality of life).*® For the ACQ-5
and AQLQ(S), the minimal clinically important
difference as proposed by the developers is an
improvement (i.e., a decrease on the ACQ-5 and
an increase on the AQLQIS]) of at least 0.5 points.
The Standardized Rhinoconjunctivitis Quality of
Life Questionnaire (RQLQ[S]) was assessed in
patients with coexisting allergic rhinitis.

Pharmacodynamic assessments included the
interleukin-33 level, blood eosinophil count, and
interleukin-4 and -13 pathway-specific biomark-
ers. Safety was evaluated on the basis of the in-
cidence of adverse events, changes in vital signs,
physical examination, clinical laboratory testing,
and 12-lead electrocardiography.

STATISTICAL ANALYSIS

Efficacy analyses were conducted in the modified
intention-to-treat population, which included all
the patients who underwent randomization and
received at least one dose of active trial drug or
placebo. Analyses were based on randomly as-
signed groups. The primary comparisons were
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itepekimab monotherapy as compared with pla-
cebo and combination therapy as compared with
placebo. We calculated that approximately 60 pa-
tients per group would be needed for the trial to
have 80% power (at a two-tailed alpha of 0.05)
to detect an absolute difference of 26 percentage
points in the percentage of patients with loss of
asthma control in the itepekimab or combina-
tion group as compared with the placebo group,
assuming that 15% of the patients would with-
draw. An incidence of 40% was assumed in the
placebo group. Primary and secondary end points
were also assessed in subgroups defined accord-
ing to baseline eosinophil count (<300 cells per
cubic millimeter [low] or >300 cells per cubic
millimeter [high]).

For the primary end point, a logistic-regression
model was used to compare the trial groups.
The model included terms for trial group, base-
line eosinophil strata, geographic region, back-
ground dose level of inhaled glucocorticoids at
randomization, and number of exacerbation
events within 1 year before screening. For each
pairwise comparison, the odds ratio and 95%
confidence interval were derived from the logistic-
regression model. P values were derived for
the two primary comparisons and were tested
at an alpha level of 0.025 with the use of a post
hoc Bonferroni correction for multiple compar-
isons.

The time to loss of asthma control after ran-
domization was analyzed with the use of a Cox
regression model with trial group, baseline eosino-
phil strata, geographic region, background dose
level of inhaled glucocorticoids at randomiza-
tion, and number of exacerbation events within
1 year before screening as covariates. Continu-
ous efficacy end points were analyzed with the
use of a mixed-effect model with repeated mea-
sures. The model included the change from base-
line values up to week 12 as a response variable
and included factors (fixed effects) for trial group,
baseline eosinophil strata, geographic region,
background dose level of inhaled glucocorticoids
at randomization, visit, trial group—by-visit inter-
action, baseline value, and baseline-by-visit in-
teraction as covariates; for spirometric end points,
sex and baseline height were additional factors.
The inclusion of data followed the rules listed
in Table S1. No imputations for missing data
were performed. The widths of confidence in-

tervals for the secondary and other end points
have not been adjusted for multiplicity, and
inferences drawn may not be reproducible. De-
scriptive statistics were used for demographic
and clinical characteristics and for biomarker
and safety variables.

RESULTS

PATIENTS

The trial was conducted from March 2018
through August 2019. Of the 499 patients with
moderate-to-severe asthma who underwent
screening, 296 were enrolled. One patient who
was assigned to the dupilumab group underwent
randomization in error and was not treated, so
the modified intention-to-treat population in-
cluded 295 patients (Fig. 1B).

The demographic and clinical characteristics
of the patients at baseline were generally bal-
anced across the trial groups (Table 1). At base-
line, most patients (66%) were receiving high-
dose inhaled glucocorticoids and had a mean
fraction of exhaled nitric oxide (FENO) between
24 parts per billion (ppb) and 33 ppb, with the
lowest value being observed in the combination
group. Discontinuation occurred more frequent-
ly in the placebo group (in 45% of the patients)
but was otherwise similar across the three active
treatment groups. The most common reason for
discontinuation was loss of asthma control
(Fig. 1B).

PRIMARY END POINT — LOSS OF ASTHMA CONTROL
In the modified intention-to-treat population,
the percentage of patients with an event indicat-
ing a loss of asthma control was lower in all
three active treatment groups than in the place-
bo group: 22% in the itepekimab group, 27% in
the combination group, and 19% in the dupil-
umab group, as compared with 41% in the pla-
cebo group. The corresponding odds ratios as
compared with placebo were as follows: in the
itepekimab group, 0.42 (95% CI, 0.20 to 0.88;
P=0.02); in the combination group, 0.52 (95%
CI, 0.26 to 1.06; P=0.07); and in the dupilumab
group, 0.33 (95% CI, 0.15 to 0.70) (Table 2). The
odds ratio for the comparison of combination
therapy with itepekimab monotherapy was 1.23
(95% CI, 0.57 to 2.65), and the odds ratio for the
comparison with dupilumab monotherapy was
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline (Randomized Population).*
Itepekimab plus
Placebo Itepekimab Dupilumab Dupilumab Total
Characteristic (N=74) (N=73) (N=74) (N=75) (N=296)
Age —yr 47.0+11.4 49.0+13.9 49.1+12.0 51.3+12.7 49.1+12.6
Female sex— no. (%) 47 (64) 50 (68) 51 (69) 41 (55) 189 (64)
Age at asthma onset — yr 28.8+17.6 31.6+19.9 31.5+18.1 32.6+17.8 31.1+18.3
Atopic medical condition — no. (%) 67 (91) 58 (79) 62 (34) 66 (38) 253 (85)
Never smoked — no. () 62 (84) 62 (85) 53 (72) 61 (81) 238 (80)
Dose of inhaled glucocorticoids — no. (%)
Medium 26 (35) 28 (38) 25 (34) 22 (29) 101 (34)
High 48 (65) 45 (62) 49 (66) 53 (71) 195 (66)
No. of asthma exacerbations in previous year 1.3+1.8 1.3£0.5 1.4+0.7 1.3+0.6 1.3+0.6
FEV, before bronchodilator use — liters 2.12+0.61 1.93+0.47 2.00+0.57 2.04+0.63 2.02+0.57
FEV, before bronchodilator use — % of 65.90+9.54 63.71+9.35 65.04+9.00 64.10+10.26 64.69+9.54
predicted value
FEV, reversibility — % 15.58+15.84 16.22+13.27 14.52+17.98 13.32+11.76 14.90+14.87
ACQ-5 scoref 2.19+0.38 2.12+0.40 2.07+0.38 2.25+0.41 2.16+0.40
AQLQ(S) global score| 4.68+0.95 4.58+0.94 4.77+0.79 4.67+0.90 4.68+0.90
Biomarker levels
Blood eosinophil count — cells per mm?||
Mean 408+348 420+575 338+253 325+263 372+382
Median (interquartile range) 325 290 245 260 280
(190-510) (170-470) (150-500) (160-440) (160-480)
FENO — parts per billion
Mean 33.3+42.6 30.3£24.3 24.3£17.9 28.2+27.0 29.0+29.4
Median (interquartile range) 19 (14-33) 23 (12-43) 19 (13-30) 19 (13-30) 20 (13-32)
Total IgE — IU/ml
Mean 317.6+£523.0  682.0+1798.0 314.4+412.7 367.5+548.8 419.3+998.8
Median (interquartile range) 161.5 140.0 144.5 170.0 160.5
(41.9-400.0)  (47.3-510.0) (63.1-396.0) (57.3-462.0) (55.0-416.0)

* Plus—minus values are means +SD. FENO denotes fraction of exhaled nitric oxide, and FEV, forced expiratory volume in 1 second.

7 Atopic medical condition included any of the following ongoing conditions: atopic dermatitis, allergic conjunctivitis, allergic rhinitis, eosino-
philic esophagitis, food allergy, hives, or a baseline total IgE level of at least 100 U per milliliter.

I A medium dose of inhaled glucocorticoids was defined as 250 to 500 pg of fluticasone propionate twice daily or equipotent inhaled gluco-
corticoids daily, and a high dose as more than 500 yg of fluticasone propionate twice daily or equipotent inhaled glucocorticoids daily.

§ The five-item Asthma Control Questionnaire (ACQ-5) is a patient-reported measure of the adequacy of asthma control and change in asthma
control that occurs either spontaneously or as a result of treatment. Scores range from 0 to 6, with higher scores indicating less asthma
control.

9§ The Asthma Quality of Life Questionnaire with Standardized Activities (AQLQ[S]) is a patient-reported measure of the effect of asthma on
quality of life. Scores range from 1 to 7, with higher scores indicating better quality of life.

| Data on the blood eosinophil count were missing for one patient in the dupilumab group.

1.59 (95% CI, 0.72 to 3.49) (Table S2). The per- compared with placebo, were as follows: in the
centages of patients with specific causes of loss itepekimab group, 0.46 (95% CI, 0.25 to 0.85); in
of asthma control are reported in Table S3. In the combination group, 0.58 (95% CI, 0.32 to
time-to-event analyses, the hazard ratios for an 1.03); and in the dupilumab group, 0.38 (95% CI,
event indicating a loss of asthma control, as 0.20 to 0.72) (Fig. 2A).
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Among patients with a high eosinophil count,
the odds ratios as compared with placebo were as
follows: in the itepekimab group, 0.39 (95% CI,
0.14 to 1.05); in the combination group, 0.30
(95% CI, 0.10 to 0.87); and in the dupilumab
group, 0.17 (95% CI, 0.05 to 0.58). Among pa-
tients with a low eosinophil count, the odds
ratios as compared with placebo were as follows:
in the itepekimab group, 0.46 (95% CI, 0.15 to
1.41); in the combination group, 0.92 (95% CI,
0.33 to 2.56); and in the dupilumab group, 0.62
(95% CI, 0.22 to 1.77) (Table 2).

SECONDARY END POINTS — LUNG FUNCTION

OVER TIME

At week 4, before LABA withdrawal, the improve-
ments in the FEV, before bronchodilator use, as
compared with placebo, were similar in all three
active-treatment groups. These improvements
were maintained for the remainder of the inter-
vention period in the two monotherapy groups
but not in the combination group (Fig. S2A). At
week 12, monotherapy with itepekimab or dupi-
lumab increased the FEV, before bronchodilator
use, as compared with placebo (least-squares
mean difference vs. placebo, 0.14 liters [95% CI,
0.01 to 0.27] and 0.16 liters [95% CI, 0.03 to
0.29], respectively); no improvement as compared
with placebo was seen with combination therapy
(least-squares mean difference, 0.10 liters; 95%
CI, —0.03 to 0.23) (Table 2).

At week 12, among patients with a high
eosinophil count at baseline, the least-squares
mean differences in the FEV, as compared with
placebo were as follows: with itepekimab, 0.22
liters (95% CI, 0.02 to 0.41); with combination
therapy, 0.19 liters (95% CI, —0.01 to 0.40); and
with dupilumab, 0.34 liters (95% CI, 0.14 to
0.54). No effect on the FEV, before bronchodila-
tor use was observed in the subgroup of patients
with a low baseline eosinophil count in any of the
trial groups. Details are provided in Table 2 and
Figure S2B and S2C.

Itepekimab monotherapy did not lead to an
increase, as compared with placebo, in the FEV,
after bronchodilator use at week 12; by contrast,
the combination therapy and dupilumab mono-
therapy each showed an increase as compared
with placebo at week 12 (Table S4). The effects
of itepekimab, dupilumab, and combination
treatment on lung function during the follow-up
period are shown in Figure S3.

OTHER END POINTS

ACQ-5 Score over Time

At week 12, all active treatments in the modified
intention-to-treat population showed improved
asthma control, as indicated by a greater de-
crease in the ACQ-5 score than was observed
with placebo. The least-squares mean differences
in the ACQ-5 score as compared with placebo
were as follows: in the itepekimab group, —0.42
(95% CI, -0.73 to —0.12); in the combination
group, —0.32 (95% CI, —0.63 to —0.01); and in the
dupilumab group, —0.46 (95% CI, —0.76 to —0.15)
(Table 2 and Fig. S4A). At week 12, a total of
56% of the patients who were treated with itepeki-
mab and 38% of those who received placebo met
or exceeded the threshold for the minimal clini-
cally important difference in the change in the
ACQ-5 score (odds ratio vs. placebo, 2.19; 95%
CI, 1.11 to 4.35). The corresponding values were
46% in the combination group (odds ratio vs.
placebo, 1.44; 95% CI, 0.73 to 2.86) and 55% in
the dupilumab group (odds ratio vs. placebo, 2.10;
95% CI, 1.06 to 4.16) (Table S5).

AQLQ(S) Score over Time

At week 12, all active treatments improved
asthma-related quality of life, as shown by a
substantially greater increase in the AQLQ(S)
score than was observed with placebo. The least-
squares mean differences as compared with
placebo were as follows: in the itepekimab group,
0.45 (95% CI, 0.14 to 0.77); in the combination
group, 0.43 (95% CI, 0.11 to 0.75); and in the
dupilumab group, 0.42 (95% CI, 0.11 to 0.73)
(Table 2 and Fig. S4B). A total of 49% of the
patients who were treated with itepekimab and
28% of those who received placebo met the
threshold for the minimal clinically important
difference in the change in the AQLQ(S) score
(odds ratio vs. placebo, 2.38; 95% CI, 1.19 to
4.78). The corresponding values were 38% in the
combination group (odds ratio vs. placebo, 1.59;
95% CI, 0.78 to 3.22) and 45% in the dupilumab
group (odds ratio vs. placebo, 2.15; 95% CI, 1.06
to 4.34).

RQLQ(S) Score over Time and Prespecified
Comparisons

In the subgroup of 192 patients who had co-
existing allergic rhinitis, neither itepekimab nor
dupilumab monotherapy led to a greater decrease
(indicating improvement) in the RQLQ(S) score

N ENGL J MED 385;18 NEJM.ORG OCTOBER 28, 2021

The New England Journal of Medicine

Downloaded from ngjm.org at UNIVERSITY OF LIVERPOOL on October 29, 2021. For persona use only. No other uses without permission.

Copyright © 2021 Massachusetts Medical Society. All rights reserved.

1663



The NEW ENGLAND JOURNAL of MEDICINE

—e— Placebo —¢— Itepekimab ~ —=— Itepekimab+dupilumab Dupilumab
A Primary End Point: Loss of Asthma Control
ol LAIBA gluzlzglgtanlr?iioid
o 90 withdlrawal taper
S 80+ ;
s R 1
o= 704 '
v 5 1
2T -
G € 7 :
< 0o I
oLV 504 I
S8 : Placeb
- 1 acebo
e ¥ -
58 & 304 1 Itepekimab+dupilumab
E“é 204 E ’_H_,—I_ﬁltepekimab
=] 1 1
S lo- . _,_.-4"_'_'_'7 Dupilumab
0 I T T T T T
0 2 4 6 8 10 12
Weeks since Randomization
No. of Patients
Placebo 74 69 65 60 54 50 31
Itepekimab 73 70 69 67 64 59 48
Itepekimab+dupilumab 74 73 68 63 60 54 32
Dupilumab 74 72 71 69 61 58 43
B Change in Total Interleukin-33 Level C Change in Blood Eosinophil Count
130+ LABA | Inhaled g ’E 400 LABA | Inhaled d
120+ . ucocorticoi _ . ucocorticoi
E = 1301 withdrawal & taper E § ;gg_ withdrawal & taper
8 £ 1004 98  250-
S @ gg- : o2 200+ !
= . ' [} !
§a 70 : 55 oo ] i
£ 60 95 50 A :
= i i - 3
£2 o] | 59 o 1
SE 30 : SE 507
c £ 20 ' c o 1004
= 1041 i 8.5 -1504
= 0 4 =8 -2004 '
_10 T i T T T T [ _250 T i T T T T
0 2 4 6 8 10 12 - 0 2 4 6 8 10 12
Weeks since Randomization Weeks since Randomization
No. of Patients No. of Patients
Placebo 74 72 60 52 Placebo 74 69 67 61 54 52
Itepekimab 73 71 68 63 Itepekimab 73 68 65 62 65 62
Itepekimab+ 74 73 65 56 Itepekimab+ 74 66 68 62 58 56
dupilumab dupilumab
Dupilumab 74 72 71 60 Dupilumab 74 71 67 68 69 56
D Change in FENO level E Change in Total IgE Level
154 LABA 50 LABA
Inhaled Inhaled
g withdrawal  glucocorticoid 2 withdrawal  glucocorticoid
3 10 ! taper S _ Dot ! taper
7 H 0w =
T —_ i T E
o) 5+ 1 o=
£ g - £2 -50+
Eg 04 Ew
8z &2 100 ;
S -5 I 8 .
S ] i
GE= ) i SFE  -150- .
= ' c .S '
8 ' 8 '
s -15 T t T T T T s -200 T t T T T T
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Weeks since Randomization Weeks since Randomization
No. of Patients No. of Patients
Placebo 73 69 66 58 49 Placebo 74 72 56
Itepekimab 73 65 66 63 61 Itepekimab 73 70 67
Itepekimab+ 74 69 66 62 54 Itepekimab+ 74 73 59
dupilumab dupilumab
Dupilumab 72 70 70 67 58 Dupilumab 74 73 63
1664 N ENGLJ MED 385;18 NEJM.ORG OCTOBER 28, 2021

The New England Journal of Medicine
Downloaded from ngjm.org at UNIVERSITY OF LIVERPOOL on October 29, 2021. For persona use only. No other uses without permission.
Copyright © 2021 Massachusetts Medical Society. All rights reserved.



ITEPEKIMAB IN MODERATE-TO-SEVERE ASTHMA

Figure 2 (facing page). Time-to-Event Analysis of Loss
of Asthma Control in the Modified Intention-to-Treat
Population and the Change from Baseline over Time
in Biomarkers in the Safety Population.

In Panel A, symbols indicate censored data for the pri-
mary end point (an event indicating a loss of asthma
control); in the other panels, symbols indicate the time
of assessment. A fraction of exhaled nitric oxide (FENO)
level of more than 20 parts per billion (ppb) is indica-
tive of type 2 inflammation.?!

at week 12 than was observed with placebo
(Table S6). Prespecified pairwise comparisons
for all primary, secondary, and other end points,
including the peak expiratory flow in the morn-
ing and evening, the forced vital capacity, a
forced expiratory flow between 25% and 75% of
the forced vital capacity, asthma symptom scores
in the morning and evening, the number of noc-
turnal awakenings, and the number of inhala-
tions per day of albuterol or levalbuterol for
symptom relief, are presented in Table S2.

Pharmacodynamic and Type 2 Asthma—Associated
Biomarkers

Itepekimab monotherapy and combination treat-
ment resulted in an increase from baseline in
the mean total interleukin-33 level throughout the
intervention period (Fig. 2B). Itepekimab mono-
therapy and combination treatment also resulted
in a reduction from baseline in the mean blood
eosinophil count, whereas dupilumab treatment
was associated with an expected, as previously
described,”® transient increase in the mean eosino-
phil count (Fig. 2C). Many pharmacodynamic
biomarkers of type 2 asthma that are reduced by
dupilumab therapy were also reduced by treat-
ment with itepekimab, although the magnitude
of the reduction tended to be less than that with
combination therapy or dupilumab monother-
apy, including the FENO and serum total IgE,
periostin, plasma eotaxin-3, and serum pulmo-
nary and activation-regulated chemokine (PARC)
levels (Fig. 2D and 2E and Table S7). The mean
serum levels of the interleukin-33 receptor sST2
(the soluble isoform of ST2) remained stable
throughout the trial in all the trial groups.

SAFETY

The incidence of adverse events was similar in
the four trial groups (70% in each of the itepeki-
mab, combination, and placebo groups and 66%

in the dupilumab group) (Table 3). The most
common adverse events, defined as those that
occurred in at least 5% of the patients and at a
higher incidence among patients who received
itepekimab than among those who received
placebo, were nasopharyngitis, allergic rhinitis,
nausea, and back pain (Table 3). The incidence
of injection-site reaction was lower in the itepeki-
mab group (1 patient [1%]) than in the other
groups (4 [5%] in each of the placebo and
dupilumab groups and 5 [7%] in the combina-
tion group). Most adverse events were of mild-
to-moderate severity. Across the four trial groups,
11 patients had serious adverse events, none of
which were considered by the investigator to
be related to an active trial drug or placebo
(Table S8).

DISCUSSION

This phase 2, proof-of-concept trial showed that
blockade of interleukin-33 resulted in beneficial
effects in patients with moderate-to-severe asth-
ma. Itepekimab therapy led to a significantly
lower incidence of events indicating a loss of
asthma control (odds ratio vs. placebo, 0.42) and
a greater increase in the FEV, before bronchodi-
lator use than placebo. A higher percentage of
patients in the itepekimab group than in the
placebo group met the threshold for a minimal
clinically important difference in assessments
of asthma control and quality of life. The incre-
mental improvement in lung function that was
observed by week 4 in combination with back-
ground inhaled glucocorticoid and LABA use
was also seen at week 12 after those background
therapies had been discontinued.

One of the objectives of the trial was to inves-
tigate whether itepekimab would be effective
both as monotherapy and in combination with
an active comparator. Dupilumab was chosen as
the active comparator because of its demonstrat-
ed efficacy in reducing severe asthma exacerba-
tion rates and improving lung function in patients
with moderate-to-severe asthma’ and because it
was previously studied in a similarly designed
phase 2 trial.®

The itepekimab and dupilumab monothera-
pies each showed efficacy with regard to asthma
control and FEV,. Although the effects of dupilu-
mab therapy were generally greater than those
observed with itepekimab therapy, particularly
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Table 3. Adverse Events.*
Itepekimab plus
Placebo Itepekimab Dupilumab Dupilumab
Event (N=74) (N=73) (N=74) (N=74)
number (percent)
Any adverse event 52 (70) 51 (70) 52 (70) 49 (66)
Any severe adverse event 2 (3) 0 1(1) 3 (4)
Any serious adverse event 3 (4) 3 (4) 2 (3) 3 (4)
Any adverse event leading to death 0 0 0 1 ()T
Any adverse event leading to permanent discon- 3 (4) 0 2 (3) 0
tinuation of active trial drug or placebo
Adverse event occurring in =5% of patients::
Nasopharyngitis 9 (12) 13 (18) 8 (11) 9 (12)
Urinary tract infection 2 (3) 1(1) 5(7) 3(4)
Upper respiratory infection, viral 5(7) 3 (4) 5(7) 2 (3)
Upper respiratory infection, bacterial 2 (3) 1(1) 4 (5) 2(3)
Headache 7(9) 6 (8) 5 (7) 10 (14)
Cough 5(7) 1(1) 0 1(1)
Allergic rhinitis 1(1) 3 (4) 0 5(7)
Nausea 2(3) 4(5) 2(3) 1Q)
Back pain 1Q1) 4(5) 2(3) 3 (4)
Injection-site reaction 4 (5) 1(1) 5(7) 4 (5)

* The adverse events reported here are those that occurred from the first administration of active trial drug or placebo to the

end of the follow-up period.

7 The death (due to alcohol poisoning) was not considered by the investigators to be related to dupilumab therapy.
i Adverse events are listed according to Medical Directory for Regulatory Activities preferred terms.

in patients with type 2 asthma, this trial was not
powered to detect such differences. It is possible
that the design of this trial regarding withdrawal
from inhaled glucocorticoid and LABA use is
advantageous for a type 2-specific inhibitor.
Dupilumab therapy may have been more effec-
tive in this context because it inhibits more of
the type 2 inflammation that is elicited by with-
drawal from inhaled glucocorticoids and LABA
therapy, whereas interleukin-33 blockade with
itepekimab may alter additional inflammatory
pathways but not as completely as a specific type
1 or type 2 inhibitor.

The hypothesis that blocking interleukin-33
and downstream interleukin-4 and -13 cytokines
would be more beneficial than monotherapy in
patients with asthma was not substantiated by
this trial design because no beneficial effects
were observed as compared with placebo when

itepekimab and dupilumab were used in combi-
nation. The biologic reason for this finding is
unclear and warrants further evaluation. Pharma-
codynamic biomarker data indicate that the find-
ings in the combination group were similar to
those in the itepekimab and dupilumab mono-
therapy groups, which suggests that each com-
ponent of the combination therapy continued
to result in expected pharmacodynamic effects.
A more complex interaction between interleukin-33
and the more downstream products of type 2
inflammation is also possible, but the design or
duration of this trial may have been insufficient
for the evaluation of other, potentially impor-
tant, long-term effects. Further work is needed
to better understand the interplay of these
mechanisms.

The key differences between itepekimab and
dupilumab were observed in the pharmacody-
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namic effects on downstream biomarkers. The
use of itepekimab as monotherapy, and in com-
bination with dupilumab, resulted in increased
levels of measured interleukin-33, which is re-
flective of a longer halflife of interleukin-33
when it is bound to itepekimab. All three active
treatments tended to reduce the FENO and the
IgE level, biomarkers that reflect interleukin-13
and interleukin-4 activity,”®> whereas only itepe-
kimab, as monotherapy or in combination with
dupilumab, reduced the blood eosinophil count,
a biomarker that is associated with interleukin-5
activity.?? In contrast, blood eosinophil counts
increased with dupilumab monotherapy. This
effect of dupilumab has been noted before and
reflects a transient accumulation of eosinophils
in the vascular compartment as a result of con-
tinued interleukin-5 activity in the face of inhibi-
tion of production of interleukin-13— and inter-
leukin-4—dependent chemokines and cytokines.
The reduction in the plasma eotaxin-3 level that
was seen after dupilumab treatment is consistent

with anti—interleukin-5 monoclonal antibodies,
and it had a lesser effect than dupilumab therapy
on the interleukin-13 product eotaxin-3. This
finding may reflect incomplete inhibition of
type 2 inflammation, most likely because other
alarmins (molecules produced by damaged tis-
sue that activate inflammation), such as thymic
stromal lymphopoietin, are still active. Further
studies are needed to better understand the
complex physiology involved in asthma and to
find predictive biomarkers for response to anti—
interleukin-33 blockade.

In this trial, we found that itepekimab mono-
therapy led to a lower incidence of events indi-
cating loss of asthma control and to improved
lung function, findings that are consistent with
a role for interleukin-33 in the pathogenesis of
exacerbations and airflow limitation in asthma.
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Supplementary Appendix

This appendix has been provided by the authors to give readers additional information about their work.
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4. SUPPLEMENTARY METHODS

4.1 Full Inclusion and Exclusion Criteria

4.1.1 Inclusion criteria

Participants were eligible to be included in the study only if all of the following criteria applied.
| 01. Adult patients with a physician diagnosis of asthma for 212 months based on the Global
Initiative for Asthma (GINA) 2017 Guidelines.
| 02. Patients with existing treatment with medium to high dose ICS (>250 ug of fluticasone
propionate BID or equipotent ICS daily dosage to a maximum of 2000 pg/day of fluticasone
propionate or clinically comparable) in combination with a LABA as second controller for >3
months with a stable dose 21 month prior to Visit 1. Please note that the lower limit of allowed
ICS dose (500 pg of fluticasone propionate daily) corresponded to the upper limit of medium
dose defined by GINA guidelines. Patients receiving medium ICS dose <500 pg daily were not
eligible.
| 03. Patients with pre-bronchodilator FEV; >40% of predicted normal at Visit 1/Screening. Pre-
bronchodilator FEV; 250% but <85% of predicted normal at Visit 2/Baseline.
| 04. Patients with reversibility of 212% and 200 ml in FEV; after administration of 2 to 4 puffs
(200-400 pg) of albuterol/salbutamol or levalbuterol/levosalbutamol during screening, or
documented history of a reversibility test that met this criteria within 12 months prior to Visit 1,
or documented positive response to methacholine challenge (a decrease in FEV; by 20% [PC20]
of <8 mg/ml) within 12 months prior to Visit 1/Screening were considered acceptable to meet
this inclusion criterion.
1 05. Patients were to have experienced, within 1 year prior to Visit 1, any of the following

events at least once



e Treatment with a systemic steroid (oral or parenteral) for worsening asthma
e Hospitalization or emergency medical care visit for worsening asthma

| 06. Signed written informed consent.

4.1.2 Exclusion criteria

E 01. Patients <18 years or >70 years of age (i.e., have reached the age of 71 at the screening
visit).
E 02. Patients with body mass index (BMI) <16 kg/m?.
E 03. Chronic lung disease (for example, chronic obstructive pulmonary disease [COPD], or
idiopathic pulmonary fibrosis [IPF]), which might impair lung function, or another diagnosed
pulmonary or systemic disease associated with elevated peripheral eosinophil counts, eg
eosinophilic granulomatosis with polyangiitis.
E 04. History of life-threatening asthma (i.e., severe exacerbation that required intubation).
E 05. Comorbid disease that might interfere with the evaluation of IMP.
E 06. Patients with any of the following events within the 4 weeks prior to their screening Visit 1
or during the screening period

e Treatment with 1 or more systemic steroid (oral or parenteral) bursts for worsening

asthma

e Hospitalization or an emergency medical care visit for worsening asthma
E 07. 5-item Asthma Control Questionnaire (ACQ-5) <1.25 or >3.0 at Visit 2/randomization.
During the screening period, ACQ-5 of up to <4 was acceptable.
E 08. Anti-IgE therapy (e.g., omalizumab [Xolair®]) within 130 days prior to Visit 1 or any other
biologic therapy (including anti-interleukin-5 mAb) or systemic immunosuppressant (e.g.,

methotrexate, any anti-TNF mAbs, B and/or T cell targeted immunosuppressive therapies) to



treat inflammatory disease or autoimmune disease (e.g., rheumatoid arthritis, inflammatory
bowel disease, primary biliary cirrhosis, systemic lupus erythematosus, multiple sclerosis) and
other diseases, within 2 months or 5 half-lives prior to Visit 1, whichever was longer.

E 09. Patients with a history of a systemic hypersensitivity reaction to a monoclonal antibody.

E 10. Patients on or initiation of bronchial thermoplasty within 2 years prior to Visit 1 or plan to
begin therapy during the screening period or the randomized IMP treatment period.

E 11. Current smoker or cessation of smoking within the 6 months prior to Visit 1.

E 12. Previous smoker with a smoking history >10 pack-years.

E 13. Current history of substance and/or alcohol abuse.

E 14. Inability to follow the procedures of the study (e.g., due to language problems,
psychological disorders) or unable to read, understand and fill a questionnaire or use an
electronic diary without any help.

E 15. Exposure to another investigative drug (small molecules as well as monoclonal antibodies)
within a time period prior to Visit 1 that was <5 PK half-lives of the antibody. In case the half-life
was not known, then the minimum interval since the exposure to the prior investigative
antibody was 6 months. The minimum interval since exposure to any other (non-antibody)
investigative study medication was 30 days prior to Visit 1.

E 16. Clinically relevant abnormal laboratory values suggesting an unknown disease and
requiring further evaluation.

E 17. Patients who had previously been treated in any clinical trial of itepekimab or dupilumab
or had been treated with commercially available dupilumab.

E 18. Patient was the Investigator, or any Subinvestigator, research assistant, pharmacist, study
coordinator, other staff, or relative thereof directly involved in the conduct of the study.

E 19. Prisoners and patients who were legally institutionalized.



Exclusion criteria related to the active comparator and/or mandatory background therapies
E 20. Clinically significant abnormal ECG at Visit 1 that might affect the conduct of the study in
the judgment of the investigator.
E 21. Concomitant severe diseases or diseases for which the use of ICS (e.g., active and inactive
pulmonary tuberculosis) or LABA based on judgment of investigator were contraindicated.
E 22. Use of injectable glucocorticosteroids or oral systemic glucocorticosteroids within 1 month
prior to Visit 1/Screening or more than 4 courses of IV glucocorticosteroids within the 6 months
prior to Visit 1.
E 23. Patients during the screening period that required medications or therapy that were
prohibited as concomitant medications.
E 24. A patient with a history of clinically significant renal, hepatic, cardiovascular, metabolic,
neurologic, hematologic, ophthalmologic, respiratory, gastrointestinal, cerebrovascular or other
significant medical illness or disorder which, in the judgment of the investigator, could interfere
with the study or require treatment that might interfere with the study. Specific examples
include but are not limited to uncontrolled diabetes, severe hypertension, severe ischemic heart
disease, unstable angina in the last 6 months, unstable cardiac arrhythmias, and Class IV heart
failure.
E 25. Exclusion related to tuberculosis (TB)
e Active TB or a history of incompletely treated TB.
e Confirmed Quantiferon-positive patients (no active disease) were excluded from the
study unless all of the following conditions were met
— Patients with a history of prior documented completed chemoprophylaxis for
latent TB infection (with a treatment regimen as per local guidelines) or

treatment of active TB infection, and



— Had obtained consultation with a specialist to rule out or treat active TB

infection, and

— Review and approval from sponsor had been granted
e Suspected extrapulmonary TB infection.
e Patients at high risk of contracting TB, such as close contact with individuals with active
or latent TB.
e Patient who received Bacille Calmette Guérin (BCG)-vaccination within 12 months prior
to Screening Visit 1.
E 26. Patients on dry powder inhaler (DPI) controller within 1 month prior to visit 1 in those
countries where the study specified doses of controllers are not available in the DPI formulation.
Exclusion criteria related to the current knowledge of itepekimab
E 27. Known allergy to doxycycline or related compounds or known allergy to itepekimab
excipients.
E 28. Females who were lactating, breastfeeding, or who were pregnant.
E 29. Women of childbearing potential (premenopausal female biologically capable of becoming
pregnant) who

e Did not have

— A confirmed negative serum B-human chorionic gonadotropin (B-hCG) test at
Visit 1
— Negative urine pregnancy test prior to Visit 2/Randomization
e Who were not protected by one of the acceptable forms of effective contraception
during the protocol-defined time frame
Postmenopausal women (defined as 212 consecutive months without menses) were not

required to use additional contraception.



For men in the study;
e Male participants with female partners of childbearing potential were not eligible to
participate unless they agree to ONE of the following (during the protocol-defined time

frame)

— Were abstinent from penile-vaginal intercourse as their usual and preferred
lifestyle (abstinent on a long term and persistent basis) and agree to remain

abstinent

— Agreed to use a male condom plus partner use of a contraceptive method with a
failure rate of <1% per year when having penile-vaginal intercourse with a
woman of childbearing potential who was not currently pregnant
e Men with a pregnant or breastfeeding partner had to agree to remain abstinent from
penile-vaginal intercourse or use a male condom during each episode of penile
penetration (during the protocol-defined time frame)
E 30. Diagnosed active parasitic infection (helminths), suspected or high risk of parasitic
infection, unless clinical and (if necessary) laboratory assessments have ruled out active
infection before randomization.
E 31. History of human immunodeficiency virus (HIV) infection or positive HIV 1/2 serology at
Visit 1.
E 32. Known or suspected history of immunosuppression, including history of invasive
opportunistic infections (e.g., tuberculosis, histoplasmaosis, listeriosis, coccidioidomycosis,
penumocystosis, aspergillosis), despite infection resolution; or unusually frequent, recurrent or
prolonged infections, per investigator's judgment.
E 33. Evidence of acute or chronic infection requiring treatment with antibacterial, antivirals,

antifungals, antiparasitics, or antiprotozoals within 4 weeks before Visit 1, significant viral



infections within 4 weeks before Visit 1 that may not have received antiviral treatment (e.g.,
influenza receiving only symptomatic treatment).
E 34. Live attenuated vaccinations within 12 weeks prior to Visit 1 or planned live, attenuated
vaccinations during the study; see 16-1-1-protocol [Appendix B] for list of prohibited live,
attenuated vaccines.
E 35. Patients with autoimmune disease or patients using systemic immunosuppressive therapy
for autoimmune disease (e.g., rheumatoid arthritis, inflammatory bowel disease, primary biliary
cirrhosis, systemic lupus erythematosus, multiple sclerosis, etc.) or patients with high titer
autoantibodies at screening who are suspected of having high risk for developing autoimmune
disease at the discretion of the investigator or the sponsor.
E 36. Patients requiring maintenance treatment with non-selective B-1 adrenergic receptor
blockers.
E 37. Active hepatitis or patients with positive or indeterminate hepatitis B surface antigen (HBs
Ag), hepatitis B core antibody (HBc Ab) (confirmed with presence of hepatitis B virus [HBV] DNA)
or positive hepatitis C virus antibody (HCV Ab) (confirmed with presence of HCV RNA) at
screening Visit 1.
E 38. Any prior history of malignancy or active malignancy, including lymphoproliferative
diseases (except successfully treated carcinoma in-situ of the cervix, non-metastatic squamous
cell or basal cell carcinoma of the skin) within 5 years prior to Screening Visit 1.
E 39. Clinically significant laboratory tests at Visit 1

e Alanine transaminase (ALT) or aspartate transaminase (AST) >3 times upper limit of

normal range (ULN)
e Hemoglobin <10 g/dl for male and <9 g/dl for female

e Neutrophils <1.5 K/mm?3 (except <1.0 /mm?3for those of African descent)
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e Platelets <100 K/mm?
e Creatinine 2150 pmol/I
Additional exclusion criteria during or at the end of the screening period
E 40. Patient who had withdrawn consent before enrollment/randomization.

E 41. Despite screening of the patient, enrollment/randomization was stopped at the study

level.
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4.2 Study Design and Interventions

Patients were randomly assigned in a 1:1:1:1 ratio to receive subcutaneous injections of itepekimab
monotherapy (300 mg), itepekimab plus dupilumab (both 300 mg), dupilumab monotherapy (300 mg),
or placebo every 2 weeks for 12 weeks. Randomization was stratified by blood eosinophil count at
screening (<150/cells/ul, 150 to <300 cells/ul, and =300 cells/ul) and by country. During the first 4 weeks
of the treatment period (Fig.1 of main text), patients continued their pre-trial maintenance ICS/LABA or
LABA. LABA was discontinued at week 4 and ICS then tapered over a 4- to 5-week period from week 6.
No background therapy was permitted from week 9 through 12, after which patients returned to their
original background therapy and entered the 20-week safety follow-up period. This approach permitted
us to observe the effects of itepekimab as a monotherapy and in combination with dupilumab when

added to background therapy, after LABA discontinuation, and during ICS tapering.

4.3 Statistical Considerations
The baseline value was defined as the last available value prior to the first dose of study drug.

4.3.1 Sample size determination

Data from a previous 12-week study of dupilumab with similar design, population, and background
treatment (ACT11457) showed an 87% relative reduction in the rate of LOAC (44% in placebo group
versus 6% in dupilumab group). The sample size calculations were based on the primary endpoint,

incidence of LOAC with the following assumptions:

e Incidence rate of 40% in the placebo group
e A 26% absolute rate reduction (to 14%) in the itepekimab group

e A 2-sided x2 test at 5% significance level with 80% power

Based on the above assumptions, and allowing for approximately 15% dropout rate, 60 patients

12



per treatment group were needed. Calculations were made using nQuery Advisor 7.0.

4.3.2 Populations for analyses

The modified intention-to-treat population (mITT) was defined as all randomly assigned patients who
received 21 dose of the study drug analyzed by randomized treatment.
The safety population was defined as all patients exposed to the study drug, regardless of the amount of

exposure, analysed according to the treatment actually received.

4.3.3 Efficacy analyses

A responder analysis was performed for ACQ-5 and AQLQ(S) endpoints at Week 12, where responder
status was determined based on data included according to the rules in Table S1. For ACQ-5, a patient is
considered as a responder if change from baseline in ACQ-5 is < -0.5, or as a non-responder if change
from baseline is > -0.5 or missing. For AQLQ(S), a patient is considered as a responder if change from
baseline in AQLQ(S) global score is 2 0.5, or as a non-responder if change from baseline is < 0.5 or
missing. The logistic regression model included treatment, baseline score, baseline eosinophil strata,

region and background ICS dose level at randomization.

5. SERIOUS ADVERSE EVENTS

Eleven patients experienced serious adverse events; none were considered related to study drug. Three
occurred in the placebo group (vascular encephalopathy, acute cholecystitis, and nasal polyps), 3 in the
dupilumab group (jaw abscess, alcohol poisoning, and acute respiratory failure; aortic aneurysm; and
aortic valve incompetence), 3 in the itepekimab group (asthma, deep venous thrombosis, and left side
lower lobe pneumonia), and 2 in the combination therapy group (alanine aminotransferase [ALT]

increased and acute pyelonephritis); none were considered related to the study drugs (Table S8).
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6. FIGURES
Figure S1. Mechanism of Action of Interleukin-33.
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Adapted from Gandhi NA, Bennett BL, Graham NM, Pirozzi G, Stahl N, Yancopoulos GD. Nat Rev Drug
Discov 2016;15:35-50.

IL denotes interleukin, ILC innate lymphoid cells, IFN interferon, NK natural killer, Th2 T helper Type 2,
TNF tumor necrosis factor.
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Figure S2. Change From Baseline Over Time in Lung Function (pre-bronchodilator FEV,).
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Figure S3. Change in FEV; During Treatment Period and Post-treatment Period in Patients Who
Completed Treatment up to Week 12. Panel A shows change from baseline in pre-bronchodilator FEV;
and Panel B shows change from baseline in post-bronchodilator FEV;.
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Figure S4. Change From Baseline in Patient-reported Outcomes in the mITT Population.
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7. TABLES

Table S1. Data Inclusion Rules for Analyses of Secondary and Other Efficacy Endpoints.

If the patient has Use data up to

LOAC with rescue medication ? Last value before start of LOAC

LOAC without rescue medication ® Value collected at End of Treatment

OCS use without LOAC Last value before start of OCS

Neither LOAC or OCS Value collected at Week 12/End of Treatment

2 |f the patient meets at least one of the following three criteria: 26 additional reliever puffs of salbutamol/albuterol or
levosalbutamol/levalbuterol in a 24 hour period (compared to baseline) on 2 consecutive days; increase in ICS >4 times the last prescribed ICS
dose (or 250% of the prescribed ICS dose at V2 if background therapy withdrawal completed); requiring use of systemic (oral and/or parenteral)
steroid treatment. ® If the patient meets none of the three criteria listed above and meets one or both of the following: A 30% or greater

reduction from baseline in morning PEF on 2 consecutive days; requiring Hospitalization or emergency room visit.
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Table S2. Primary, Secondary, and Other Efficacy Endpoints in the mITT (All Comparisons).

Outcome Placebo Itepekimab Itepekimab Dupilumab
(n=74) (n=73) + dupilumab (n=74)
(n=74)
Primary endpoint
Incidence of patients with LOAC event during 12-week 30 (40.5) 16 (21.9) 20 (27.0) 14 (18.9)

intervention period — no. (%)

OR vs. placebo (95% Cl)

0.42 (0.20 to 0.88)

0.52 (0.26 to 1.06)

0.33(0.15t0 0.70)

*%

P value vs. placebo 0.02 0.07 NA
OR vs. itepekimab (95% Cl) 1.23(0.57 to 2.65)
OR vs. dupilumab (95% Cl) 1.59 (0.72 to 3.49)
Secondary endpoints*
LS mean change in pre-bronchodilator FEV1 (L) from —0.04 (0.05) 0.10 (0.05) 0.06 (0.05) 0.12 (0.05)

baseline to week 12 (SE)
LS mean difference vs. placebo (95% Cl)
LS mean difference vs. itepekimab (95% Cl)

LS mean difference vs. dupilumab (95% Cl)

0.14 (0.01 to 0.27)

19

0.10 (-0.03 to 0.23)

—0.04 (-0.16 to 0.09)

~0.06 (-0.18 to 0.07)

0.16 (0.03 t0 0.29)



LS mean change in post- bronchodilator FEV: (L) from —0.05 (0.05) —0.00 (0.04) 0.07 (0.04) 0.09 (0.04)
baseline to week 12 (SE)
LS mean difference vs. placebo (95% Cl) 0.05 (—-0.07 t0 0.17) 0.13 (0.01 to 0.25) 0.14 (0.02 to 0.26)
LS mean difference vs. itepekimab (95% Cl) 0.08 (—0.04 t0 0.19)
LS mean difference vs. dupilumab (95% Cl) —-0.01 (-0.13t0 0.10)
Other endpoints*
LS mean change in AM PEF (L/min) from baseline to week 12 —19.87 (7.69) —-19.45 (7.28) -3.71(7.39) -5.63 (7.17)
(SE)
LS mean difference vs. placebo (95% Cl) 0.43 (—20.03 to 20.88) 16.17 (—4.49 to 36.83) 14.24 (-6.22 to 34.71)
LS mean difference vs. itepekimab (95% Cl) 15.74 (-4.33 t0 35.82)
LS mean difference vs. dupilumab (95% Cl) 1.92 (-18.08 to 21.93)
LS mean change in PM PEF (L/min) from baseline to week 12 —13.26 (7.62) —23.93 (7.23) -7.26 (7.39) -5.21(7.14)
(SE)
LS mean difference vs. placebo (95% Cl) —10.67 (—30.98 to 9.64) 6.00 (—14.59 to 26.59) 8.05 (—12.29 to 28.40)
LS mean difference vs. itepekimab (95% Cl) 16.67 (—3.36 to 36.70)
LS mean difference vs. dupilumab (95% Cl) —2.05 (—22.04 to 17.93)
LS mean change in FVC (L) from baseline to week 12 (SE) —0.01 (0.06) 0.10 (0.06) 0.07 (0.06) 0.14 (0.06)

LS mean difference vs. placebo (95% Cl)

LS mean difference vs. itepekimab (95% Cl)

0.10 (-0.05 to 0.26)

0.07 (-0.09 to 0.23)

~0.03 (-0.18 t0 0.12)

0.15 (-0.01 to 0.31)

20



LS mean difference vs. dupilumab (95% Cl)
LS mean change in FEF 25-75% (L/s) from baseline to week
12 (SE)
LS mean difference vs. placebo (95% Cl)
LS mean difference vs. itepekimab (95% Cl)
LS mean difference vs. dupilumab (95% Cl)
LS mean change in ACQ-5 score from baseline
to week 12 (SE)
LS mean difference vs. placebo (95% Cl)
LS mean difference vs. itepekimab (95% Cl)
LS mean difference vs. dupilumab (95% Cl)
LS mean change in AQLQ(S) score from baseline
to week 12 (SE)
LS mean difference vs. placebo (95% Cl)
LS mean difference vs. itepekimab (95% Cl)
LS mean difference vs. dupilumab (95% Cl)
LS mean change in AM asthma symptom score from
baseline to week 12 (SE)

LS mean difference vs. placebo (95% Cl)

-0.02 (0.06) 0.15 (0.06)
0.17 (0.01 to 0.33)
-0.54 (0.12) -0.96 (0.11)
-0.42 (-0.73 to —0.12)
0.43 (0.12) 0.88 (0.11)
0.45 (0.14 to 0.77)
0.11 (0.09) -0.15 (0.08)

~0.26 (~0.50 to —0.02)

~0.08 (-0.23 to 0.08)

0.10 (0.06)

0.12 (-0.04 to 0.28)
~0.05 (~0.20 to 0.10)
-0.07 (-0.23 t0 0.08)

-0.86 (0.11)

-0.32 (-0.63 to —0.01)
0.10 (-0.20 to 0.40)
0.14 (-0.16 to 0.44)

0.86 (0.11)

0.43 (0.11 to 0.75)
-0.02 (~0.33 t0 0.29)
0.01 (-0.29 to 0.32)

—-0.14 (0.09)

—0.25 (~0.49 to —0.00)

0.17 (0.06)

0.19 (0.03 to 0.35)

-1.00 (0.11)

—0.46 (~0.76 to —0.15)

0.85 (0.11)

0.42(0.11t0 0.73)

-0.17 (0.08)

—0.28 (~0.53 to —0.04)
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LS mean difference vs. itepekimab (95% Cl)

LS mean difference vs. dupilumab (95% Cl)
LS mean change in PM asthma symptom score from —0.02 (0.09)
baseline to week 12 (SE)

LS mean difference vs. placebo (95% Cl)

LS mean difference vs. itepekimab (95% Cl)

LS mean difference vs. dupilumab (95% Cl)
LS mean change in nocturnal awakenings from 0.20(0.12)
baseline to week 12 (SE)

LS mean difference vs. placebo (95% Cl)

LS mean difference vs. itepekimab (95% Cl)

LS mean difference vs. dupilumab (95% Cl)
LS mean change in number of inhalations/day of albuterol or 0.20(0.33)
levalbuterol for symptom relief from baseline to week 12 (SE)

LS mean difference vs. placebo (95% Cl)

LS mean difference vs. itepekimab (95% Cl)

LS mean difference vs. dupilumab (95% Cl)

-0.15 (0.08)

-0.13 (~0.36 to 0.09)

0.05 (0.11)

-0.16 (~0.47 t0 0.16)

-0.70 (0.31)

~0.90 (-1.79 to -0.02)

0.01 (-0.22 to 0.25)
0.04 (-0.20 to 0.27)

-0.18 (0.08)

-0.16 (~0.39 t0 0.07)
-0.02 (-0.25 to 0.20)
0.13 (-0.10 to 0.35)

0.03 (0.11)

-0.18 (-0.50 to 0.14)
-0.02 (-0.33 t0 0.29)
0.06 (-0.25 to 0.37)

0.13 (0.32)

~0.07 (~0.98 t0 0.83)
0.83 (-0.03 to 1.70)

0.71 (-0.16 to 1.58)

-0.30 (0.08)

-0.28 (~0.51 to —0.06)

-0.03 (0.11)

—0.24 (-0.55 to 0.08)

-0.59 (0.31)

-0.79 (-1.68 t0 0.11)

ACQ-5 denotes 5-item Asthma Control Questionnaire, AM morning, AQLQ(S) Asthma Quality of Life Questionnaire (Standardized Version), Cl

confidence interval, FEV; forced expiratory volume in 1 second, FVC forced vital capacity, LOAC loss of asthma control, LS least squares, mITT



modified intention-to-treat, OR odds ratio, PEF peak expiratory flow, PM evening, RQLQ(S) standardized Rhinoconjunctivitis Quality of Life
Questionnaire, SE standard error, yr year.

*Confidence intervals for secondary and other endpoints have not been adjusted for multiplicity and inferences drawn from the intervals may
not be reproducible.

**P values are reported only for the 2 primary treatment comparisons.
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Table S3. Summary of LOAC Events in the mITT Population.

Placebo Itepekimab Itepekimab Dupilumab
(n=74) (n=73) + dupilumab (n=74) (n=74)
Patients with LOAC, no. (%) 30 (40.5) 16 (21.9) 20(27.0) 14 (18.9)
Patients with a reduction of 230% in morning peak expiratory flow
22 (29.7) 12 (16.4) 14 (18.9) 11 (14.9)
from baseline on 2 consecutive days, no. (%)
Patients with 26 additional puffs of short acting 32 agonists in a 24-
7(9.5) 3(4.1) 9(12.2) 3(4.1)
hour period relative to baseline on 2 consecutive days, no. (%)
Patients with an increase of >24x the most recent dose in ICS use, no.
1(1.4) 0 0 0
(%)
Patients an asthma exacerbation requiring systemic glucocorticoid
7 (9.5) 3(4.1) 3(4.1) 3(4.1)
treatment, no. (%)
Patients with an asthma-related hospitalization or emergency room
0 1(1.4) 0 0

visit, no. (%)

ICS denotes inhaled corticosteroids, LOAC, loss of asthma control, mITT modified intention-to-treat.
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Table S4. Secondary Efficacy Endpoint post-bronchodilator FEV; in mITT and by Baseline Eosinophil Subgroup.

Placebo Itepekimab Itepekimab Dupilumab
(n=74) (n=73) + dupilumab (n=74) (n=74)
LS mean change in post-bronchodilator FEV: (L) from —0.05 (0.05) 0(0.04) 0.07 (0.04) 0.09 (0.04)
baseline to week 12 (SE)
LS mean difference vs. placebo (95% CI)* 0.05 (—-0.07 t0 0.17) 0.13 (0.01 to 0.25) 0.14 (0.02 to 0.26)
Patients with baseline eosinophils <300 cells/uL (n=155) 19 32 30 32
LS mean change in post-bronchodilator FEV1 (L) from 0.03 (0.07) —0.05 (0.06) 0.02 (0.06) —0.02 (0.05)
baseline to week 12 (SE)
LS mean difference vs. placebo (95% CI)* —0.08 (—0.24 to 0.09) —0.01 (-0.18 t0 0.15) —0.05(-0.21t0 0.12)
Patients with baseline eosinophils 2300 cells/ul (n=140) 23 26 21 25
LS mean change in post-bronchodilator FEV: (L) from —0.06 (0.06) 0.09 (0.06) 0.19 (0.07) 0.27 (0.07)

baseline to week 12 (SE)

LS mean difference vs. placebo (95% Cl)*

0.15 (-0.02 to 0.32)

0.25 (0.07 to 0.42)

0.33(0.16 to 0.50)

Cl denotes confidence interval, FEV; forced expiratory volume in 1 second, LS least squares, mITT modified intention-to-treat, SE standard error.

*Confidence intervals have not been adjusted for multiplicity and inferences drawn from the intervals may not be reproducible.
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Table S5. Responder Analysis for Patient-Reported Outcomes (mITT Population) at Week 12.

Placebo Itepekimab Itepekimab Dupilumab
(n=74) (n=73) + dupilumab (n=74) (n=74)
ACQ-5 score
Responder — no. (%) 28 (37.8) 41 (56.2) 34 (45.9) 41 (55.4)
OR vs placebo (95% Cl)* 2.19 (1.11 to 4.35) 1.44 (0.73 to 2.86) 2.10(1.06 to 4.16)
AQLQ(S) score
Responder — no. (%) 21 (28.4) 36 (49.3) 28 (37.8) 33 (44.6)

OR vs placebo (95% Cl)* 2.38(1.19t0 4.78)

1.59 (0.78 to 3.22)

2.15 (1.06 to 4.34)

ACQ-5 denotes 5-item Asthma Control Questionnaire, AQLQ(S) Asthma Quality of Life Questionnaire (Standardized Version), Cl confidence

interval, mITT modified intention-to-treat.

*Confidence intervals have not been adjusted for multiplicity and inferences drawn from the intervals may not be reproducible.
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Table S6. Change from Baseline to Week 12 in RQLQ(S) Overall Score in Patients with Comorbid Allergic Rhinitis.

Placebo Itepekimab Itepekimab Dupilumab
(n=54) (n=43) + dupilumab (n=44) (n=51)
Baseline, mean (SD) 2.19 (1.35) 1.92 (1.28) 1.88 (1.05) 2.02 (0.90)
Week 12
LS mean change from baseline (SE) —-0.31 (0.16) —0.57 (0.16) -1.01 (0.16) —0.69 (0.15)
LS mean difference vs placebo (95% CI)* —0.26 (-0.70t0 0.18) —0.70 (-1.14 to —-0.26) —0.38 (—0.80 to 0.03)
LS mean difference vs. itepekimab (95% Cl) —0.44 (-0.88 to 0.01)
LS mean difference vs. dupilumab (95% Cl) —-0.32 (-0.74 t0 0.11)

Cl denotes confidence interval, RQLQ(S) Standardized Rhinoconjunctivitis Quality of Life Questionnaire, SE standard error.

*Confidence intervals have not been adjusted for multiplicity and inferences drawn from the intervals may not be reproducible.
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Table S7. Mean Change in Biomarkers Over the 12-Week Treatment Period in the Safety Population.

Placebo (n=74)

Itepekimab (n=73)

Itepekimab + dupilumab (n=74)

Dupilumab (n=74)

Mean (SD) Median Mean (SD) Median Mean (SD) Median Mean (SD) Median
BL Wk12  Change BL Wk12 Chg BL Wk 12 Chg BL  Wk12 Chg BL Wk 12 Chg BL Wk12 Chg BL Wk 12 Chg BL Wk12 Chg
Blood
4.202 4.036 -0.170 4.274 3.695 -0.620 - 4.197 3.733 -0.448 4.188 3.896 -0.274
neutrophil, 3.880 3.720 -0.195 3.840 3.420 3.775 3.745 -0.190 3.665 3.600 -0.065
(1.690)  (1.677)  (2.066) (1.772)  (1.528)  (1.678) 0.405 (1.618) (1.163)  (1.508) (1.818)  (1.314)  (1.560)
Giga/L
Calcitonin, 2.20 1.91 -0.05 2.99 2.64 -0.13 2.07 2.12 -0.09 2.30 2.13 0.11
1.00 1.00 0 1.00 1.00 0 1.00 1.00 0 1.00 1.00 0
pg/mL (2.34) (1.49) (0.93) (5.04) (4.26) (1.77) (2.65) (3.02) (0.90) (2.77) (2.58) (1.24)
Periostin, 84.72 86.34 3.42 86.12 77.30 -7.00 83.45 70.81 -12.91 95.13 68.67 -27.08
74.40 82.50 7.95 73.30 69.90 -4.50 77.90 65.75 -3.95 76.20 64.50 -11.70
ng/mL (45.93)  (31.97) (37.74) (48.17)  (31.20)  (33.89) (47.18)  (25.72)  (44.13) (58.45)  (22.50)  (47.57)
Plasma
47.14 48.60 2.20 50.83 97.19 42.96 77.85 27.42 -59.13 99.44 49.17 -63.96
eotaxin-3, 46.65 40.50 -0.90 34.20 30.80 -2.80 41.95 23.20 -16.75 41.60 27.55 -17.65
(26.50)  (30.54)  (28.85) (67.80) (362.43) (353.70) (206.33)  (23.58) (232.51) (327.66)  (109.68) (256.81)
pg/mL
Serum
70,529.7 70,884.9 -520.8 - 74,869.9 76,095.2 -71.4 66,778.9 51,7929 -13,331.1 - 76,802.4 62,155.0 -16,416.3 -
PARC, 64,550.0 60,400.0 59,500.0 63,100.0 100.0 53,900.0 46,800.0 62,150.0 55900.0
(35,272.4) (39,633.7) (33,740.2) 6300.0 (65,778.5) (58,055.3) (68,606.9) (41,623.6) (22,185.9) (3,0306.1) 7850.0 (53,821.7) (39,164.1) (41,620.8) 7550.0
pg/mL
Soluble
sST2in 9738.8 6155.0 -3881.9 10,483.7 7903.5 -3390.8 7077.3 5117.0 -497.1 6408.4 5523.6 -1129.8
5925.0 5535.0 -70.0 5290.0 5440.0 -90.0 5075.0 4760.0 -395.0 5350.0 5125.0 -63.0
serum,  (17,300.3) (2708.3) (17,784.5) (28,806.2) (17,472.3) (20,411.4) (13,142.0) (1884.0) (1923.9) (5095.3) (2113.8) (5260.4)
pg/mL

BL denotes baseline, Chg change, PARC Pulmonary and Activation-Regulated Chemokine, SD, standard deviation, sST2 soluble suppression of

tumorigenesis-2, Wk week.
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Table S8. Treatment-emergent SAEs in the Safety Population.

Itepekimab
Event Placebo Itepekimab Dupilumab
+ dupilumab
no. (%) (n=74) (n=73) (n=74)
(n=74)
Any treatment-emergent SAE 3(4.1) 3(4.1) 2(2.7) 3(4.1)
Treatment-emergent SAEs by MedDRA PT
Pyelonephritis acute 0 0 1(1.4) 0
Abscess jaw 0 0 0 1(1.4)
Pneumonia 0 1(1.4) 0 0
Vascular encephalopathy 1(1.4) 0 0 0
Aortic valve incompetence 0 0 0 1(1.4)
Aortic aneurysm 0 0 0 1(1.4)
Deep vein thrombosis 0 1(1.4) 0 0
Acute respiratory failure 0 0 0 1(1.4)
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Asthma 0 1(1.4) 0 0

Nasal polyps 1(1.4) 0 0 0
Cholecystitis acute 1(1.4) 0 0 0
Alanine aminotransferase increased 0 0 1(1.4) 0
Alcohol poisoning 0 0 0 1(1.4)

MedDRA denotes Medical Directory for Regulatory Activities, PT Preferred Term, SAE serious adverse event.
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