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Abstract
Interleukin-33 (IL-33) is a proinflammatory alarmin cytokine released by dam-
aged epithelial tissue cells that initiates and amplifies both type 1 and type 2 
inflammatory cascades. A role for IL-33 in atopic dermatitis (AD; a chronic, re-
lapsing type 2 inflammatory disease of the skin) has been proposed. Itepekimab 
is a novel human IgG4P monoclonal antibody against IL-33, currently in clini-
cal development for chronic obstructive pulmonary disease (COPD). Two global 
phase II studies—a dose-ranging itepekimab monotherapy study (NCT03738423) 
and a proof-of-concept study of itepekimab alone and in combination with 
dupilumab (NCT03736967)—were conducted in patients with moderate-to-
severe AD to assess safety, tolerability, pharmacokinetics, pharmacodynamics, 
and efficacy; both studies were terminated following an interim analysis of the 
proof-of-concept study, which failed to demonstrate the efficacy of itepekimab. 
In these two studies, itepekimab exhibited linear and dose-proportional pharma-
cokinetics. Pharmacodynamics of total IL-33 indicated that itepekimab saturated 
binding to the target in serum at 300 mg q2w and q4w doses, and decreased blood 
eosinophil counts. Concentration–time profiles of itepekimab and total IL-33 
were similar for itepekimab with or without dupilumab, and between East Asian 
and non-East Asian subgroups. Itepekimab was generally well tolerated, both 
alone and in combination with dupilumab. The lack of clinical efficacy for itepe-
kimab observed in these studies suggests that IL-33 may not be a key pathogenic 
driver in moderate-to-severe AD.
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INTRODUCTION

Interleukin-33 (IL-33), a proinflammatory alarmin cy-
tokine that initiates and amplifies innate and adaptive 
inflammatory cascades, is released by damaged epithelial 
tissue cells in response to insults, such as allergens, vi-
ruses, or other environmental triggers.1 When IL-33 binds 
to its cognate receptor (ST2) and engages the interleukin-
1 receptor accessory protein, signaling activates multiple 
downstream inflammatory pathways, resulting in the ini-
tiation and amplification of type 1 and type 2 inflamma-
tory cascades.2

Evidence suggests a role for IL-33 in atopic dermati-
tis (AD), a chronic, relapsing type 2 inflammatory disease 
of the skin that is characterized by pruritus, xerosis, and 
eczematous lesions whose features include erythema, 

infiltration/papulation, oozing with crusting, excoriations, 
and lichenification.3–6 IL-33 is typically not detectable in 
healthy tissue or blood but is overexpressed in keratino-
cytes of patients with AD, disrupting skin barrier function 
and promoting itch.7 IL-33 can stimulate group 2 innate 
lymphoid cells (ILC2), which are enriched in lesions of 
AD skin, to produce type 2 cytokines that further contrib-
ute to barrier dysfunction and eosinophilic inflammation.7

Itepekimab, also known as REGN3500 or SAR440340, 
is a novel human VelocImmune®-derived8,9 IgG4P 
monoclonal antibody (mAb) against IL-33. In phase I 
studies, itepekimab demonstrated dose-proportional 
linear pharmacokinetics (PK) with a long terminal half-
life of 30.0–31.6 days in healthy subjects and patients 
with asthma following intravenous or subcutaneous 
doses.10 In both populations, itepekimab administration 

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Interleukin-33 (IL-33), a proinflammatory alarmin cytokine released by damaged 
epithelial tissue cells, initiates and amplifies both type 1 and type 2 inflammatory 
cascades. IL-33 has been suggested as having a role in atopic dermatitis (AD), a 
chronic, relapsing type 2 inflammatory disease of the skin. Itepekimab is a novel 
human IgG4P monoclonal antibody against IL-33, currently in development for 
chronic obstructive pulmonary disease (COPD).
WHAT QUESTION DID THIS STUDY ADDRESS?
Is itepekimab safe and well tolerated in patients with moderate-to-severe AD? 
What are the pharmacokinetic and pharmacodynamic profiles of itepekimab 
during treatment in this population? Is itepekimab treatment efficacious in this 
population, either alone or in combination with dupilumab?
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Itepekimab was generally well tolerated, both alone and in combination with 
dupilumab, and no anti-drug antibodies to itepekimab were observed in ei-
ther study. Both itepekimab monotherapy and the combination of itepekimab 
and dupilumab were well tolerated in adults with moderate-to-severe AD. In 
these studies, itepekimab demonstrated linear and dose-proportional pharma-
cokinetics, which were similar in East Asian and non-East Asian subgroups; 
pharmacokinetics for itepekimab were similar with and without dupilumab. 
Pharmacodynamics of total IL-33 in serum indicated that itepekimab engaged the 
target and saturated binding in serum at 300 mg q2w and q4w doses; similar in-
creases in IL-33 were observed with and without dupilumab. Itepekimab lacked 
efficacy in both studies, which were terminated following an interim analysis of 
the proof-of-concept study.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
The lack of clinical efficacy observed in these studies suggests that IL-33 may 
not be a primary pathogenic driver in chronic moderate-to-severe AD. However, 
the pharmacokinetic and pharmacodynamic profiles of itepekimab characterized 
in this study are applicable to other Type 2 indications in which efficacy was 
demonstrated.
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led to increases in total serum IL-33 concentrations and 
decreased blood eosinophils, with durable effect.10 In a 
phase II trial in patients with asthma, itepekimab mono-
therapy reduced the frequency of loss of asthma control 
events and improved lung function; however, the com-
bination of itepekimab and dupilumab resulted in no 
additional observed beneficial effects over itepekimab 
monotherapy.11 In a phase II trial in chronic obstructive 
pulmonary disease (COPD), itepekimab versus placebo 
did not meet the primary endpoint in the overall popula-
tion; however, itepekimab reduced acute COPD exacer-
bations and improved lung function in the prespecified 
former-smoker subgroup.12 Two phase III studies of ite-
pekimab in COPD are currently ongoing (NCT04701983, 
NCT04751487).

Dupilumab, a fully human mAb8,13 that blocks the 
shared receptor component for IL-4/IL-13 and decreases 
markers of type 2 inflammation, is approved for the treat-
ment of AD, with or without concomitant topical steroid 
use.14–18 However, some patients do not achieve complete 
responses as defined by Investigator's Global Assessment 
(IGA) 0/1 (clear or nearly clear skin).19–21 A mouse model 
of airway inflammation suggests that simultaneous inhi-
bition of the IL-4/IL-13 and the IL-33 cytokine pathways 
may have additive effects.22 It was hypothesized that broad 
inhibition of type 2 and non-type 2 inflammation with a 
combination of itepekimab and dupilumab could further 
improve the efficacy of dupilumab in AD, potentially 
yielding a sustained duration of action and incrementally 
additive efficacy.

Despite successful clinical trials with treatments tar-
geting alarmins such as IL-33 and thymic stromal lymph-
opoietin (TSLP) in airway diseases including asthma and 
COPD,11,12,23 translation to clinical outcomes in AD for 
anti-alarmins have not met expectations. In a phase IIa 
study, treatment with the anti-TSLP mAb tezepelumab did 
not demonstrate statistically significant improvements in 
the primary end point, the proportion of patients achiev-
ing 50% reduction in Eczema Area and Severity Index 
(EASI) score.24 Similarly, despite significant improve-
ments in EASI scores for patients with AD following a sin-
gle intravenous dose of the anti-IL-33 mAb etokimab in a 
small, open-label phase IIa study, in the larger phase IIb 
placebo-controlled study, it failed to improve EASI scores 
relative to placebo.25,26 However, it was unclear to what 
extent outcomes in that phase IIb study were specific to 
etokimab and the design of that study or generalizable to 
the anti-IL-33 mechanism of action.

In this analysis, two phase II studies, a multiple sub-
cutaneous dose-ranging itepekimab monotherapy study 
(NCT03738423) and a proof-of-concept study of multi-
ple subcutaneous itepekimab doses alone and in combi-
nation with dupilumab (NCT03736967), were conducted 

in patients with moderate-to-severe AD; the studies were 
conducted simultaneously and terminated following an 
interim analysis of the proof-of-concept study showing 
lack of itepekimab efficacy. In the proof-of-concept study, 
no significant difference was found compared with pla-
cebo, and no incremental benefit was seen from itepe-
kimab plus dupilumab dual therapy. Once discontinued, 
patients in both studies entered the follow-up period, and 
blinding was maintained through last-patient last-visit.

Here, we report on the PK and pharmacodynamic (PD) 
properties of itepekimab, as well as the observed safety 
profile, in patients with moderate-to-severe AD enrolled 
in these two trials.

METHODS

Study designs and patients

Studies were conducted in accordance with ethical princi-
ples that have their origin in the Declaration of Helsinki 
and are consistent with the International Council for 
Harmonization Guideline for Good Clinical Practice and 
applicable regulatory requirements. Informed consent 
was obtained from each patient prior to study enrollment. 
Protocols and informed consent forms were approved by 
relevant institutional review boards or ethics committees. 
Patients, principal investigators, and study-site personnel 
were blinded to all randomization assignments through-
out the studies.

The dose-ranging phase IIb trial was a randomized, 
double-blind, placebo-controlled, parallel-group study to 
investigate the efficacy, safety, and pharmacokinetic pro-
files of itepekimab in adults with moderate-to-severe AD 
(Figure  1a). Patients were randomized to subcutaneous 
(SC) itepekimab 300 mg every 2 weeks (q2w), 300 mg every 
4 weeks (q4w), 100 mg q4w, 30 mg every 8 weeks (q8w), or 
placebo q2w for 16 weeks, with a 20-week follow-up pe-
riod. Itepekimab was administered as one 2 mL and one 
1 mL injections (300 mg), one 1 mL injection (100 mg), 
or one 0.3 mL injection (30 mg). Additional placebo in-
jections were administered to patients on active drugs 
during the treatment period to maintain blinding between 
regimens. Patients were enrolled from seven countries: 
Australia, Canada, Czechia, Germany, Hungary, Japan, 
Poland, Republic of Korea, Spain, and the United States.

The proof-of-concept phase IIa trial was a randomized, 
double-blind, placebo-controlled study to assess the efficacy 
and safety of itepekimab as monotherapy and in combina-
tion with dupilumab in adults with moderate-to-severe AD 
(Figure 1b). Participants were randomized to SC itepekimab 
300 mg q2w, dupilumab 300 mg q2w, itepekimab 300 mg 
q2w + dupilumab 300 mg q2w, or placebo q2w for 16 weeks, 
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with a 20-week follow-up period. Itepekimab was adminis-
tered as one 2 mL and one 1 mL injections (300 mg) and dup-
ilumab was administered as one 2 mL injection (300 mg) or 
two 2 mL injections (600 mg loading dose). Additional pla-
cebo injections were administered to patients on active drugs 
during the treatment period to maintain blinding between 
regimens. Dupilumab regimens were administered with a 
600 mg loading dose upon initial injection. Patients were 
enrolled from seven countries: Belgium, Czechia, Germany, 
Poland, Republic of Korea, Spain, and United States.

Eligible patients in both studies were aged 18–75 years, 
with chronic AD present for at least 3 years prior to 

screening. Other inclusion criteria included EASI score 
≥16, IGA score ≥3, ≥10% body surface area (BSA) of 
AD involvement, weekly average of daily Peak Pruritus 
Numerical Rating Scale (PP-NRS) score ≥4, and docu-
mented history of inadequate response to topical AD 
medication. Exclusion criteria included participation in a 
prior anti-IL-33 class medication clinical study; body mass 
index <16 kg/m2; active chronic or acute infection requir-
ing treatment with systemic antibiotics, antivirals, anti-
parasitics, antiprotozoals, or antifungals within 2 weeks 
before the baseline; and the presence of skin comorbidi-
ties that may interfere with study assessments.

F I G U R E  1   Study designs of the (a) dose-ranging study and (b) proof-of-concept study. Dupilumab arms included a 600 mg loading 
dose on day 1. Following an interim analysis of the proof-of-concept study indicating a lack of efficacy, both studies were terminated; once 
discontinued, patients in the treatment period entered the 20-week follow-up period at their next study visit. AD, atopic dermatitis; D, day; 
EASI, Eczema Area and Severity Index; EOS, end of study; EOT, end of treatment; N, enrolled population; q2w, every 2 weeks; q4w, every 
4 weeks; q8w, every 8 weeks; R, randomization; SC, subcutaneous; W, week.

(a)

(b)

Itepekimab 300 mg SC q2w (N = 26)

Itepekimab 300 mg SC q2w (N = 52)

Itepekimab 300 mg SC q4w (N = 25)

Dupilumab 300 mg SC q2w (N = 51)

Itepekimab 300 mg SC q2w + 
dupilumab 300 mg SC q2w +  (N = 52)

Itepekimab 100 mg SC q4w (N = 27)

Itepekimab 30 mg SC q8w (N = 26)

Placebo SC q2w (N = 25)

Adults with
moderate-to-
severe AD

Placebo SC q2w (N = 51)

Adults with
moderate-to-
severe AD

Screening period
up to 5 weeks

Double-blind treatment period
16 weeks

Follow-up period
20 weeks

Screening period
up to 5 weeks

Double-blind treatment period
16 weeks

Follow-up period
20 weeks

R

R

Week 5 Day 1 Week 36
(EOS)

Week 16 (EOT)
Primary endpoint (% change in EASI score)

Week 16 (EOT)
Primary endpoint (% change in EASI score)

Week 5 Day 1 Week 36
(EOS)
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An interim data analysis was conducted for the proof-
of-concept study by an unblinded management team. This 
analysis indicated that the efficacy of itepekimab mono-
therapy in patients with moderate-to-severe AD was not 
compelling when compared with the dupilumab-positive 
control arm. Additionally, no incremental benefit or in-
creased duration of action was seen in the itepekimab plus 
dupilumab combination therapy arm compared with dup-
ilumab monotherapy. As a result of this lack of efficacy, 
a decision was made to terminate both ongoing studies. 
Patients in the treatment period were discontinued from 
the study drug and entered the 20-week follow-up period 
at their next study visit. The study team that was involved 
in the conduct of the study remained blinded until the da-
tabase lock.

Outcomes

The primary efficacy end point for both studies was the 
percent change from baseline in EASI score at Week 16. 
Secondary end points included concentration–time pro-
files of functional itepekimab in serum and incidence 
of treatment-emergent anti-drug antibodies (ADAs) re-
sponses to itepekimab. Concentrations of total IL-33 in 
serum and percent change from baseline in blood eosino-
phil counts over time were also assessed.

Study assessments

In both studies, samples for measurement of drug con-
centrations and total IL-33 were collected at baseline and 
weeks 2, 4, 8, 12, and 16 during the treatment period, 
and weeks 20, 24, 28, 32, and 36 during the follow-up pe-
riod. Samples for determination of ADAs were collected 
at baseline, Week 16, and Week 36. Additional intensive 
PK sampling was performed 1, 3, and 7 days after the first 
dose. Six patients from Japan were enrolled in the dose-
ranging study. All samples were collected prior to admin-
istration of the study drug on dosing days.

Using methods previously reported,10 concentrations 
of functional itepekimab (i.e., itepekimab with ≥1 un-
occupied binding site) in serum were measured using a 
validated enzyme-linked immunosorbent assay (ELISA) 
on serum samples taken before each dose (lower limit of 
quantification [LLOQ] = 0.078 mg/L) and at the end of the 
study. The functional itepekimab PK assay utilized ite-
pekimab as the assay standard and human IL-33 as the 
capture reagent. Concentrations of functional itepekimab 
below the LLOQ were fixed to LLOQ/2.

Concentrations of total IL-33, which includes free IL-
33 and IL-33 bound to itepekimab or soluble ST2 (sST2), 

were determined from serum samples using an electro-
chemiluminescence immunoassay (LLOQ = 31.3 pg/mL). 
The assay included acid pretreatment of serum samples 
to improve the detection of IL-33 in the presence of itepe-
kimab or sST2. Total IL-33 was captured by a biotinylated 
anti-IL-33 human mAb and detected by a ruthenylated 
anti-human IL-33 mAb. Concentrations of total IL-33 
below the LLOQ were fixed to zero.

ADAs in serum were assessed using a validated electro-
chemiluminescence bridging immunoassay that employs 
a mouse anti-itepekimab mAb as the positive control and 
labeled drugs as the bridge components. The assay involves 
potentially three different evaluations: an initial screen, a 
confirmation assay based on competition, and a measure-
ment of the titer of anti-itepekimab antibodies in a sample. 
Patients were classified as having a treatment-emergent 
ADA response to itepekimab if they had a negative ADA 
assay result or a missing result at baseline and subse-
quently had a positive ADA assay result after the first dose.

Safety was monitored via assessment of treatment-
emergent adverse events (TEAEs), clinical laboratory 
tests, vital signs, and standard 12-lead electrocardiograms 
(ECG).

Statistical analysis

Due to the premature termination of the study, no formal 
statistical analyses were performed, and all summaries 
presented are descriptive statistics. Functional itepekimab 
concentrations were analyzed in all randomized patients 
who received any dose of itepekimab and who had at least 
one non-missing concentration result following the first 
dose of the study drug. Total IL-33 concentrations were 
analyzed in all randomized patients who received any 
dose of the study drug (active or placebo) and who had at 
least one non-missing concentration result following the 
first dose of study drug. ADAs to itepekimab were ana-
lyzed in all patients who received any study drug (active or 
placebo) and who had at least one non-missing ADA re-
sult after the first dose of study drug. Safety end points, 
including blood eosinophil counts, were analyzed in all 
randomized patients who received any study drug (active 
or placebo). EASI scores were analyzed in all randomized 
patients. For efficacy assessments, data after rescue treat-
ment was set to missing.

Analyses of function itepekimab, total IL-33, and blood 
eosinophils over time included all data for patients who 
completed the study per the original protocol, and data 
from patients who prematurely discontinued treatment 
was included for the remainder of the dosing interval 
after the last dose for pharmacokinetic and pharmaco-
dynamic assessments (e.g., 2, 4, or 8 weeks after the last 
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dose for patients receiving q2w, q4w, or q8w regimens, 
respectively). All collected samples were included for 
determination of ADA status, irrespective of study drug 
discontinuation. Safety assessments utilized all collected 
data.

RESULTS

Patient characteristics

In both studies, baseline demographics and disease char-
acteristics were generally similar across treatment groups 
(Table 1). In the proof-of-concept study, there was a lower 
proportion of East Asian and non-East Asian patients in 
the dupilumab group (19.6%, 10/51) and a higher propor-
tion in the placebo group (46.0%, 23/50), compared with 
30.8% (16/52) in the itepekimab group and 36.5% (19/52) 
in the itepekimab plus dupilumab groups.

Itepekimab exposure

Due to the early termination of these two studies, only 
34.1% (44/129) of randomized patients in the dose-ranging 
study and 29.1% (60/206) of randomized patients in the 
proof-of-concept study completed the 16-week treatment 
period. The duration of treatment exposure by dose group 
for patients who received the study drug in each study is 
provided in Tables S1 and S2.

Itepekimab pharmacokinetics

Concentration–time profiles of itepekimab in the dose-
ranging study and proof-of-concept study are shown in 
Figure 2a,b, respectively. In the dose-ranging study, mean 
concentration–time profiles exhibited parallel terminal 
elimination slopes (linear PK) (Figure 2a). Concentration–
time profiles for itepekimab 300 mg q2w were similar to 
those for monotherapy or with dupilumab in the proof-of-
concept study, and coadministration of dupilumab did not 
affect the itepekimab PK profile (Figure 2b).

In the dose-ranging study, up to Week 2, all patients 
had received a single dose of the study drug, allowing for 
assessment of dose proportionality of itepekimab concen-
trations independent of the frequency of administration. 
Concentrations of functional itepekimab concentrations 
in serum measured at Week 2 appeared approximately 
dose proportional across the different treatment groups 
(Table 2). An accumulation of ~ 2- to 4.5-fold was observed 
in itepekimab trough concentration (Ctrough) after the last 
dose when compared with the first dose for itepekimab 

q2w (300 mg) or q4w (100 or 300 mg) dosing regimens, 
while no accumulation was observed for the q8w (30 mg) 
regimen. The median half-life for itepekimab ranged from 
23.1 to 27.8 days between treatment groups. Samples col-
lected in the absorption phase were limited to six patients 
(enrolled at sites in Japan) for whom the median (range) 
of tmax after the first was 6.98 (2.21–14.0) days and consis-
tent with prior reports.10

In the proof-of-concept study, the highest mean Ctrough 
of functional itepekimab were observed at Week 16 for 
both itepekimab alone and itepekimab in combination 
with dupilumab, indicating the itepekimab 300 mg q2w 
regimen may require at least 16 weeks to achieve a steady 
state (Figure  2b; Table  2). An accumulation of approxi-
mately threefold was observed for the itepekimab Ctrough 
measured after the last dose at Week 16 when compared 
with after the first dose for itepekimab 300 mg q2w alone 
and in combination with dupilumab.

Concentration–time profiles for itepekimab in serum 
were similar between East Asian and non-East Asian 
patients within each treatment group for both studies 
(Figure S2A,B).

Itepekimab pharmacodynamics

IL-33 was undetectable at baseline in most patients. Total 
IL-33 levels in serum increased after administration of 
itepekimab in both studies, and predominantly repre-
sent IL-33 in a complex with itepekimab at post-baseline 
timepoints (Figure  3a,b). IL-33 levels reached a similar 
plateau for 300 mg q2w or q4w in the dose-ranging study, 
indicating that both regimens saturated binding to the IL-
33 target in serum (Figure 3a). Total IL-33 increased to a 
similar level for itepekimab 300 mg q2w with and with-
out dupilumab in the proof-of-concept study (Figure 3b). 
Mean concentrations of total IL-33 returned to baseline 
levels by Week 28 for the itepekimab 30 mg q8w group in 
the proof-of-concept study but remained elevated through 
Week 36 for all other itepekimab dose groups in both 
studies. Total IL-33 was unaffected by treatment with a 
placebo in either study or dupilumab monotherapy in the 
proof-of-concept study. Concentration–time profiles for 
total IL-33 in serum were similar between East Asian and 
non-East Asian patients within each treatment group for 
both studies (Figure S4A,B).

In the dose-ranging study, reductions in median per-
cent change from baseline in blood eosinophil counts were 
observed by Week 4 and reached a nadir between weeks 8 
and 16; however, there was no apparent relationship be-
tween dose and magnitude or time to onset of decreases 
(Figure  3c). Blood eosinophils returned to baseline by 
Week 36 for the 30 mg q8w cohort, while reductions were 
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maintained through Week 36 for the higher dose cohorts. 
Blood eosinophils remained at or above baseline levels for 
the placebo group throughout the study. In the proof-of-
concept study, decreases were observed by Week 4 and 
sustained to Week 36 for the itepekimab monotherapy and 
combination with dupilumab treatment arms (Figure 3d). 
Decreased blood eosinophils were also observed for pa-
tients receiving placebo in the proof-of-concept study, but 
not the dose-ranging study. Observed decreases in patients 
who received itepekimab were consistent with those pre-
viously observed in healthy subjects, patients with asthma, 
and patients with COPD.10,11 For patients receiving dupi-
lumab monotherapy, a transient increase in blood eosino-
phil counts at Week 8, followed by a decline to baseline or 

lower, was consistent with prior reports for dupilumab in 
patients with atopic dermatitis.27

Safety

A summary of TEAEs during the study periods of the 
dose-ranging study and the proof-of-concept study are 
shown in Table 3.

In the dose-ranging study, the number of patients with 
at least 1 TEAE reported during the study period was 
54.9% (56/102) in the combined itepekimab group and 
44.0% in the placebo group (11/25). The higher incidence 
of nasopharyngitis (10.8% in itepekimab vs. 0% in placebo) 

F I G U R E  2   Concentration–time 
profiles of itepekimab during the study 
period in the (a) dose-ranging study and 
(b) proof-of-concept study. Concentrations 
below the lower limit of quantitation 
(LLOQ) were set to LLOQ/2. Patients who 
prematurely discontinued treatment were 
censored at timepoints more than one 
dosing interval after the last administered 
dose.
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and worsening of disease (atopic dermatitis reported in 
23.5% in itepekimab vs. 12.0% in placebo) contributed to 
the higher incidence of all TEAEs between the itepekimab 
and placebo groups.

Most of the reported TEAEs were mild or moderate in 
intensity. Overall, there were three treatment-emergent SAE 
reported (gastroenteritis norovirus and road traffic accident, 
both in the 300 mg q2w group, and breast cancer in the 
300 mg q4w group; Table S3), and none were assessed by the 
investigator as related to the study drug. There were three 
patients who permanently discontinued the study drug due 
to TEAEs (one each from the placebo [type IV hypersensi-
tivity reaction], itepekimab 30 mg q8w [dermatitis atopic], 
and 300 mg q2w groups [dermatitis atopic]). One death not 
related to the study drug (road traffic accident) was reported 
in the itepekimab 300 mg q2w group.

In the proof-of-concept study, the number of patients 
with at least 1 TEAE reported during the study period was 
placebo, 54.0% (27/50); itepekimab, 50.0% (26/52); itepe-
kimab plus dupilumab, 53.8% (28/52); and dupilumab, 
68.6% (35/51). Most TEAEs were mild or moderate in in-
tensity. Overall, nine treatment-emergent serious adverse 
events (SAEs) were reported in five patients (Table S4), of 
which 1 (in the placebo group) was assessed by the investi-
gators to be related to the study drug (hypersensitivity in a 
patient with multiple pre-existing allergies); the unrelated 
SAEs were intercranial aneurysm and ruptured cerebral 
aneurysm [dupilumab group, N = 2]; acute respiratory fail-
ure, encephalopathy, tracheobronchitis, and cerebrovascu-
lar accident [itepekimab group, N = 1]; and a death caused 
by Goodpasture's syndrome and sepsis [itepekimab plus 
dupilumab group, N = 1]. There were five patients who 
permanently discontinued the study drug due to TEAEs.

No ADAs to itepekimab were observed in either study; 
additionally, all patients were negative at baseline.

Measures of efficacy

In the dose-ranging study, mean percent change from base-
line in EASI score at Week 16 was −33.5% (n = 10) in pla-
cebo, and −57.9% (n = 7), −52.7% (n = 7), −80.0% (n = 7), 
and −54.0% (n = 9) in the itepekimab 30 mg q8w, 100 mg 
q4w, 300 mg q4w, and 300 mg q2w groups, respectively 
(Figure S3A).

An interim analysis of the proof-of-concept study, fo-
cusing on data through 8 weeks of treatment, led to termi-
nation of both studies due to a lack of compelling efficacy 
for itepekimab. At Week 8, mean percent change from 
baseline in EASI scores were − 37.9% (n = 34) in the pla-
cebo group, −44.9% (n = 37) in the itepekimab monother-
apy group, −67.7% (n = 41) in the dupilumab group, and 
−63.1% (n = 38) in the itepekimab plus dupilumab group.T
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At Week 16 in the proof-of-concept study, mean per-
cent changes from baseline in EASI score at Week 16 
were − 52.4% (n = 19) in the placebo group, −66.6% (n = 14) 
in the itepekimab monotherapy group, −77.8% (n = 22) 
in the dupilumab group, and −76.9% (n = 20) in the ite-
pekimab plus dupilumab group (Figure  S3B). While the 
dupilumab arm was consistent with the phase 3 SOLO-1/2 
studies of dupilumab in AD, the placebo arm showed a 
greater increase.19

DISCUSSION

Inhibition of type 2 inflammation by blocking Il-4/I-13 
signaling via IL-4Rα with dupilumab has been highly ef-
fective in AD.19 Itepekimab monotherapy did not result in 
meaningful improvements in EASI scores relative to pla-
cebo, and did not result in additional clinical improvements 

in combination with dupilumab over dupilumab mono-
therapy. Baseline disease characteristics in the patients 
enrolled in both studies were consistent with patients 
with moderate-to-severe AD. Baseline blood eosinophils 
were similar to those seen in prior AD studies,18,19 and 
consistently higher than those observed previously in 
asthma18 or COPD.12 Despite minimal improvements in 
AD efficacy end points, itepekimab 300 mg q2w has dem-
onstrated efficacy in airway diseases of asthma and COPD 
for which IL-33 is thought to play a more pivotal role.11,12

IL-33 and ST2 have a role in the initiation and ampli-
fication of type 1 and type 2 inflammation cascades.1,2 
When itepekimab and dupilumab were investigated in a 
murine model of chronic airway inflammation induced by 
house dust mite exposure, the combination of both drugs 
demonstrated superior efficacy to either agent alone in the 
late phase of mixed type 1 and 2 inflammation.28 In clin-
ical trials of patients with COPD, another airway disease 

F I G U R E  3   Concentration of total IL-33 (a, b) in serum and blood eosinophils (109/L) (c, d) during the study period in the dose-ranging 
study and proof-of-concept study, respectively. For (a, b): Concentrations below the LLOQ were set to zero. Patients who prematurely 
discontinued treatment were censored at timepoints more than one dosing interval after the last dose. Data are shown as mean (SD). For (c, 
d): Change from baseline in blood eosinophils presented in the SAF population. Data are shown as median. IQR, interquartile range; LLOQ, 
lower limit of quantitation; q2w, every 2 weeks; q4w, every 4 weeks; q8w, every 8 weeks; SAF, safety.
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characterized by mixed inflammation,29 reduced rates of 
acute exacerbations of COPD and improvement in lung 
function have been observed for patients who are former 
smokers receiving itepekimab,12 and patients with a type 2 
phenotype characterized by blood eosinophil counts >300 
cells/μL receiving dupilumab.30

Both clinical studies of itepekimab in patients with AD 
were terminated following an unblinded interim assess-
ment of data through Week 8 from the proof-of-concept 
study, where it was determined that the efficacy of itepe-
kimab was not sufficient to continue the studies. Although 
trough concentrations of itepekimab had not achieved 
steady state by Week 8 and greater improvement in signs 
and symptoms of AD through Week 16 was possible, it 
was deemed that a therapy requiring such an extended 
onset of benefit was not favorable for the treatment of 
patients with moderate-to-severe AD. Prior studies using 
anti-IL-33 drugs, including LY3375880 and etokimab, 
have also shown a lack of efficacy in AD, and a higher ite-
pekimab dose regimen was considered unlikely to change 
the outcome.31,32 Although patients with AD exhibit an 
increased expression of IL-33 and ST2 in response to al-
lergen exposure and increased expression of IL-33 in AD 
lesions,33 the lack of clinical efficacy of anti-IL-33 drugs 
suggests that IL-33 may not be a key pathogenic driver of 
AD. The role of anti-IL-33 therapies, being upstream of 
IL-13, may be largely redundant with the effects of dupi-
lumab in predominantly type 2 inflammatory conditions 
like AD.

Although these two studies were prematurely termi-
nated, study integrity and blinding to the sites, operational 
teams, and study patients were maintained through last-
patient last-visit of the follow-up period. Over 100 patients 
completed the treatment period as originally planned in 
either study and provided a large amount of pharmacoki-
netic and/or pharmacodynamic data. The inclusion of pa-
tients who prematurely discontinued the study drug with 
censoring following discontinuation allowed for further 
enrichment of these datasets. A placebo control group 
was used in the proof-of-concept study as the study, was 
designed to mirror the inclusion and exclusion criteria of 
the two-placebo-controlled, phase 3 dupilumab pivotal 
trials SOLO 1/SOLO2,19 to enable a comparison of the ite-
pekimab efficacy to the historical data. Rescue drugs were 
available to enrolled patients if the patient's AD signs and 
symptoms became unmanageable.

In these phase II studies in adults with moderate-to-
severe AD, itepekimab demonstrated both linear and 
dose-proportional pharmacokinetics that were unaffected 
by coadministration with dupilumab. Pharmacodynamic 
assessments indicated itepekimab successfully engaged 
the target, with downstream impacts evident in reduced 

blood eosinophil counts. The pattern of increasing total 
IL-33 concentrations following itepekimab treatment is 
consistent with prolonged circulation of the short-lived 
IL-33 alarmin as a complex with itepekimab. Similar peak 
concentrations of total IL-33 were observed in patients 
receiving itepekimab 300 mg q2w and q4w, suggesting 
equivalent saturating of binding in serum.

A frequent concern expressed by global health author-
ities is potential differences in the pharmacokinetics of 
investigational drugs between East Asian and Western 
patients, which may result from demographic, genetic, 
or epigenetic differences between these populations. This 
risk is lower for mAbs that are not metabolized and have 
limited tissue penetration than for small molecule drugs, 
especially when PK is linear and there is less potential for 
differences in target expression between ethnic groups to 
impact PK.34 The concentration–time profiles of itepe-
kimab and total IL-33 were similar for patients with AD 
from East Asian and non-East Asian (North American 
and European) subgroups, and supported the inclusion of 
patients with COPD from East Asian countries in global 
phase III studies without dose adjustment.

Itepekimab was generally well tolerated in these stud-
ies, adding to the accumulating evidence of its acceptable 
safety profile.10–12 No treatment-emergent ADAs to itepe-
kimab were observed in either study. Safety in patients 
treated with dupilumab was consistent with the known 
safety profile in patients with moderate-to-severe AD.19

In conclusion, these studies demonstrate that both 
itepekimab monotherapy and the combination of itepe-
kimab and dupilumab were well tolerated in adults with 
moderate-to-severe AD, with no ADA response seen to 
itepekimab. The pharmacokinetics and pharmacody-
namics of itepekimab were consistent with expectations 
from prior studies. A lack of clinical efficacy in an interim 
analysis led to the termination of these studies, and sug-
gests that IL-33 may not be a primary pathogenic driver in 
chronic atopic dermatitis.
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