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Abstract
Background Accumulating data implicate interleukin (IL)-33, a proinflammatory cytokine released locally
upon epithelial cell damage, in the pathogenesis of COPD. In a phase 2 study, itepekimab, a human
monoclonal antibody against IL-33, reduced exacerbations and improved lung function in a subgroup
analysis of former smokers with COPD with an acceptable safety profile.
Methods The study designs of AERIFY-1 and AERIFY-2 are described in this article.
Discussion The primary objective of AERIFY-1/2 (NCT04701983/NCT04751487), two phase 3 randomised,
double-blind, placebo-controlled trials, is to assess the efficacy and safety of itepekimab versus placebo in
a population of former smokers with moderate-to-severe COPD over up to 52 weeks. An additional
secondary population of current smokers are being enrolled in AERIFY-2. These two studies will enrol
patients (aged 40–85 years) with COPD and chronic bronchitis who had ⩾2 moderate or ⩾ 1 severe
exacerbations within the previous year despite standard-of-care triple or double background therapy. All
participants are required to have ⩾10-pack-year smoking history, and ⩾6 months since smoking cessation
for former smokers. The primary end-point is the annualised rate of moderate or severe acute exacerbation
of COPD. Secondary end-points include change from baseline in pre- and post-bronchodilator forced
expiratory volume in 1 s, and annualised frequency of severe exacerbations. Symptomatic end-points
include Evaluating Respiratory Symptoms in COPD and St. George’s Respiratory Questionnaire, safety and
anti-drug antibody responses.

Introduction
COPD is a heterogeneous lung condition characterised by chronic respiratory symptoms (dyspnoea, cough,
sputum production and/or exacerbations) due to abnormalities of the airways (bronchitis, bronchiolitis) and/
or alveoli (emphysema) that cause persistent, often progressive, airflow obstruction [1, 2]. The natural
history of COPD involves progressive decline in lung function, even in the absence of ongoing exposure to
causal factors such as cigarette smoke. Acute exacerbations are associated with significant morbidity,
more-rapid lung function decline and increased mortality, particularly following exacerbations that require
hospitalisation [3, 4].
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Main COPD treatment strategies include, among others, smoking cessation, long-acting bronchodilators
and inhaled corticosteroids (ICS); however, only minor incremental advances in treatment have been made
in the past 50 years [1]. Smoking cessation slows the rate of lung function decline and reduces the risk of
hospitalisation and mortality in COPD [1]. Despite this clinical benefit, former smokers with COPD are
still at high risk for exacerbations and have substantial residual morbidity. Globally, the prevalence of
COPD in former smokers has been reported as 16.33%, compared with 18.36% in current smokers and
7.20% in never-smokers, with smoking accounting for over 70% of cases in high-income countries [5].
Despite the efficacy of standard-of-care therapies, such as bronchodilators, in reducing exacerbations and
improving lung function and symptoms, a substantial proportion of patients with COPD continue to
experience frequent exacerbations and symptoms, with associated morbidity [6, 7]. There is a need for
novel therapies to further reduce the risk of exacerbations and symptoms, and improve other COPD
outcomes such as patient quality of life [6–11].

A number of small-molecule and biologic therapies aimed at inflammatory mediators of COPD have been
tested in clinical trials, including those targeting tumour necrosis factor-α, interleukin (IL)-1, IL-5 and
IL-5Rα, IL-8, IL-8R (CXCR2) and IL-17 [12]; so far none have demonstrated efficacy in a confirmatory
trial, and some have demonstrated safety concerns.

IL-33 is a proinflammatory cytokine localised to the nuclei of a variety of cell types, including epithelial
and endothelial cells [13]. When airway epithelial cells are exposed to airborne allergens, viruses, cigarette
smoke or air pollutants, IL-33 is released and acts as a short-lived alarmin molecule, which is proposed to
initiate and amplify both type 1 and type 2 inflammation [13]. Interestingly, single-cell transcriptomics
identify high levels of ST2 expression on mast cells in bronchial biopsies, and these cells have been
known to promote release of type 1 and non-type 2 cytokines. In a preclinical model of chronic airway
inflammation and exacerbation, IL-33 levels increased and induced a prolonged state of neutrophilic,
eosinophilic and CD4+ T-cell airway inflammation and tissue remodelling that was reversed by blockade
with an IL-33 neutralising antibody. Furthermore, inhibition of IL-33 in these models induced amelioration
of pathogenic transcriptomic signature and a reversion towards a healthy ciliated epithelium [14]. Indeed
IL-33 has been associated with increased mucus production and airway remodelling by promoting
production of fibroblasts [13].

Numerous studies have suggested that IL-33 may be a key pathophysiological driver of COPD [15–18],
including a phase 2 study identifying associations between functional variants in IL33 and IL1RL1 (the
gene for the IL-33 receptor) and COPD risk (NCT03546907) [19] (figure 1). The totality of data suggests
that IL-33 inhibition is predicted to be impactful for preventing exacerbations and improving lung function,
and may yield symptomatic benefit in patients with moderate-to-severe COPD [19].
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FIGURE 1 Itepekimab, a novel fully human anti-IL-33 monoclonal antibody, blocks the effects of IL-33, an alarmin implicated in type 1 and type 2
inflammation in COPD. IL: interleukin; Th: T helper; IFN: interferon; EGF: epidermal growth factor; TGF: transforming growth factor; TNF: tumour
necrosis factor.
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Itepekimab is a fully human monoclonal antibody against IL-33 (figure 1). A phase 2 proof-of-concept
trial in patients with COPD did not meet the primary end-point in the overall population, and efficacy was
not observed in the subgroup of current smokers. However, treatment with itepekimab resulted in a striking
reduction of moderate and severe exacerbation rates and improved lung function in a pre-specified
subgroup of former smokers during the treatment period [20]. It also demonstrated an acceptable
safety profile.

The objective of this report is to describe the study designs of the phase 3 AERIFY-1 and AERIFY-2
clinical trials, which aim to assess the efficacy and safety of itepekimab in former smokers with
moderate-to-severe COPD in replicate pivotal trials.

Materials and methods
Study objectives
In both AERIFY-1 and AERIFY-2, the primary objective is to evaluate the efficacy of itepekimab
compared with placebo on the annualised rate of moderate or severe acute exacerbations of COPD
(AECOPD) in former smokers with moderate-to-severe COPD. Secondary objectives include evaluation of
the efficacy of itepekimab on lung function, severe exacerbations, corticosteroid-treated exacerbations,
respiratory symptoms and health-related quality of life; and the safety/tolerability, pharmacokinetics and
immunogenicity of itepekimab in former smokers with moderate-to-severe COPD.

For AERIFY-2, a secondary population of current smokers, in which no efficacy of itepekimab was
observed in the phase 2 COPD study, will also be enrolled to further evaluate itepekimab in smokers or
confirm phase 2 study findings. The secondary objectives are to estimate the efficacy of itepekimab
compared with placebo on the annualised rate of acute moderate or severe COPD exacerbation and lung
function, and to evaluate the safety/tolerability, pharmacokinetics and immunogenicity of itepekimab.

Study design
Schematics of the study designs are shown in figure 2. AERIFY-1 and AERIFY-2 are global, multicentre,
randomised, double-blind, placebo-controlled, parallel-group, phase 3 studies designed to assess the
efficacy, safety and tolerability of two dosing regimens of itepekimab in patients with moderate-to-severe
COPD who are former smokers and are on an established triple or double controller therapy. Former
smokers will be randomised 1:1:1 to itepekimab 300 mg every 2 weeks (q2w), itepekimab 300 mg every
4 weeks (q4w) with alternating matching placebo at the 2-week interval between itepekimab dosing, or
matching placebo (q2w) administered subcutaneously (SC) during the treatment period, and will be
followed for safety for an additional 20-week post-treatment follow-up period. In AERIFY-2, a separate
cohort of current smokers with moderate-to-severe COPD on an established triple or double controller
therapy will be randomised 1:1 to SC itepekimab 300 mg q2w or matching placebo during the up to
52-week treatment period, with a 20-week post-treatment follow-up period.

AERIFY-1 was initiated on 16 December 2020 with a planned completion date of 28 November 2025.
AERIFY-2 was initiated on 12 February 2021 with a planned completion date of 17 October 2025.

These global trials are being conducted in accordance with the Declaration of Helsinki, the International
Conference on Harmonisation Good Clinical Practice guideline and applicable regulatory requirements.
The protocol and informed consent forms were approved by Independent Ethics Committees and
Institutional Review Boards. Patients provide written informed consent before participation.

Study subjects
Selected patient eligibility criteria for AERIFY-1 and AERIFY-2 are presented in table 1. The AERIFY-1
and AERIFY-2 primary populations are patients with COPD who are former smokers, defined as a
smoking history of ⩾10 pack-years with smoking cessation (abstinence) occurring ⩾6 months prior to
screening, a threshold chosen because of the 87% lower odds of smoking resumption in patients who have
achieved this milestone compared with those with <6 months of abstinence [21, 22]. The decision to focus
on this population was informed by: 1) the efficacy observed in the pre-specified subgroup analysis by
smoking status in the proof-of-concept study ACT15104 discussed above; 2) a safety profile observed in
this population; and 3) the large unmet need in former smokers with COPD [5].

There is also unmet need in current smokers with COPD; however, efficacy was not observed in this
population in the ACT15104 proof-of-concept study. This population was included in AERIFY-2 as a
separate cohort after a risk–benefit assessment considering the observed safety profile in this population
and the possibility that the phase 2 findings could represent type 2 error. The sample size (n=280) of

https://doi.org/10.1183/23120541.00718-2023 3

ERJ OPEN RESEARCH STUDY PROTOCOL | K.F. RABE ET AL.



current smokers in AERIFY-2 is larger than the number of active smokers in the phase 2 study, providing
an opportunity to re-assess efficacy of itepekimab in this population.

End-points
A summary of the study end-points is provided in table 2. The primary end-point in both studies is the
annualised rate of moderate or severe AECOPD. Moderate exacerbations are defined as acute worsening of
respiratory symptoms requiring either systemic corticosteroids and/or antibiotics. Severe exacerbations are
those requiring hospitalisation, observation for >24 h in an emergency department or urgent care facility,
or resulting in death. AECOPD events will be evaluated by an adjudication committee. The rate of
moderate-to-severe AECOPD is an important clinical and regulatory end-point that assesses the effect of a
drug on the disease [23, 24], and prevention of exacerbations is of meaningful benefit to patients. There
has been no formally established clinically meaningful minimum reduction for AECOPD because of the
complexity and frequency of the events [24, 25].

The key secondary end-point is the change from baseline in pre-bronchodilator (BD) forced expiratory
volume in 1 s (FEV1) at Week 24. FEV1 is a clinically relevant measure of lung function impairment and
disease severity in COPD, and changes in FEV1 are widely considered to be a relevant measure of the
effect of an intervention on airway mechanics [24]. In the former smoker population in the ACT15104

Screening
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b) Itepekimab phase 3 (AERIFY-2): study design
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FIGURE 2 Itepekimab phase 3 study design: a) AERIFY-1; b) AERIFY-2. R: randomisation; SC: subcutaneous;
q2w: every 2 weeks; q4w: every 4 weeks.
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TABLE 1 Selected patient eligibility criteria

Inclusion criteria Exclusion criteria

Primary population of former smokers (AERIFY-1 and AERIFY-2)
• 40 to 85 years of age
• Physician diagnosis of COPD for at least 1 year based on the
GOLD definition

• Moderate-to-severe COPD with post-BD FEV1/FVC ratio <0.70 and a
post-BD FEV1 % predicted ⩾30% and <80% at screening (Visit 1A) and
at baseline/randomisation (Visit 2)

• Smoking history of ⩾10 pack-years
• Participant-reported history of signs and symptoms of chronic
bronchitis (chronic productive cough for at least 3 months in the year
prior to screening in a participant in whom other causes of chronic
cough (e.g., inadequately treated gastro-oesophageal reflux or
chronic rhinosinusitis; or clinical diagnosis of bronchiectasis) has
been excluded)

• Participants with a documented history of high exacerbation risk
defined as having had ⩾2 moderate or ⩾1 severe exacerbations within
the year prior to screening (Visit 1A), with at least one exacerbation
treated with systemic corticosteroids; at least one exacerbation must
have occurred while participants were on their current controller
therapy

• Participants with SoC controller therapy, including triple (LAMA+LABA
+ICS) or double therapy (ICS+LABA or LAMA+LABA)

• BMI ⩾18.0 kg·m−2 or ⩾16.0 kg·m−2 for participants enrolled in
East-Asian countries

• Female participant not pregnant, not breastfeeding, not of
child-bearing potential or following contraceptive guidance

• Informed consent
• Patients who are not currently smoking; smoking cessation must have
occurred ⩾6 months prior to screening

• Current diagnosis of asthma according to the GINA guidelines, or
documented history of asthma unless asthma resolved before 18 years
of age and has not recurred

• Clinically significant new abnormal electrocardiogram within 6 months
prior to screening

• Clinically significant and current pulmonary disease other than COPD
• Diagnosis of cor pulmonale, evidence of right cardiac failure or
moderate-to-severe pulmonary hypertension

• Hypercapnia requiring bilevel positive airway pressure
• Moderate or severe AECOPD within 4 weeks prior to screening
• Prior history of or planned: lung pneumonectomy or lung volume
reduction procedures

• Unstable ischaemic heart disease, cardiac arrythmias, uncontrolled
hypertension, tuberculosis, human immunodeficiency virus

• Suspicion of, or confirmed, COVID-19 infection or in contact with
known exposure to COVID-19 at screening; known history of COVID-19
infection within 4 weeks prior to screening; history of requiring
mechanical ventilation or extracorporeal membrane oxygenation
secondary to COVID-19 within 3 months prior to screening;
participants who have had a COVID-19 infection who have not yet
sufficiently recovered to participate in the procedures of a clinical trial

• Evidence of acute or chronic infection requiring systemic treatment
with antibacterial, antiviral, antifungal, antiparasitic or antiprotozoal
medications within 4 weeks before screening

• Participants with active autoimmune disease or participants using
immunosuppressive therapy

• History of malignancy within 5 years before screening, except
completely treated in situ carcinoma of the cervix, completely treated
and resolved nonmetastatic squamous or basal cell carcinoma of
the skin

• Previous use of itepekimab
• Active smoking or vaping of any products (e.g., nicotine,
tetrahydrocannabinol) within 6 months prior to screening

• Participants with a confirmed positive cotinine test at screening or
baseline/randomisation, in the absence of nicotine replacement
therapy with negative anabasine test at screening

Secondary population of current smokers (AERIFY-2 only)
• 40 to 85 years of age
• Physician diagnosis of COPD for at least 1 year based on the
GOLD definition

• Moderate-to-severe COPD with post-BD FEV1/FVC ratio <0.70 and a
post-BD FEV1% predicted ⩾30% and <80% at screening (Visit 1A) and
at baseline/randomisation (Visit 2)

• Smoking history of ⩾10 pack-years
• Participant-reported history of signs and symptoms of chronic bronchitis
(chronic productive cough for at least 3 months in the year prior to
screening in a participant in whom other causes of chronic cough (e.g.,
inadequately treated gastro-oesophageal reflux or chronic rhinosinusitis;
or clinical diagnosis of bronchiectasis) has been excluded)

• Participants with a documented history of high exacerbation risk
defined as having had ⩾2 moderate or ⩾1 severe exacerbations within
the year prior to screening (Visit 1A), with at least one exacerbation
treated with systemic corticosteroids; at least one exacerbation
must have occurred while participants were on their current
controller therapy

• Participants with SoC controller therapy, including triple (LAMA+LABA
+ICS) or double therapy (ICS+LABA or LAMA+LABA)

• BMI ⩾18.0 kg·m−2 or ⩾16.0 kg·m−2 for participants enrolled in
East-Asian countries

• Female participant not pregnant, not breastfeeding, not of
child-bearing potential or following contraceptive guidance

• Current diagnosis of asthma according to the GINA guidelines, or
documented history of asthma unless asthma resolved before 18 years
of age and has not recurred

• Clinically significant new abnormal electrocardiogram within 6 months
prior to screening

• Clinically significant and current pulmonary disease other than COPD
• Diagnosis of cor pulmonale, evidence of right cardiac failure or
moderate-to-severe pulmonary hypertension

• Hypercapnia requiring bilevel positive airway pressure
• Moderate or severe AECOPD within 4 weeks prior to screening
• Prior history of or planned: lung pneumonectomy or lung volume
reduction procedures

• Unstable ischaemic heart disease, cardiac arrythmias, uncontrolled
hypertension, tuberculosis, human immunodeficiency virus

• Suspicion of, or confirmed, COVID-19 infection or in contact with
known exposure to COVID-19 at screening; known history of COVID-19
infection within 4 weeks prior to screening; history of requiring
mechanical ventilation or extracorporeal membrane oxygenation
secondary to COVID-19 within 3 months prior to screening;
participants who have had a COVID-19 infection who have not yet
sufficiently recovered to participate in the procedures of a clinical trial

• Evidence of acute or chronic infection requiring systemic treatment
with antibacterial, antiviral, antifungal, antiparasitic or antiprotozoal
medications within 4 weeks before screening

Continued

https://doi.org/10.1183/23120541.00718-2023 5

ERJ OPEN RESEARCH STUDY PROTOCOL | K.F. RABE ET AL.



proof-of-concept study, the least squares mean difference for the change from baseline in pre-BD FEV1 to
Week 24 versus placebo was 90 mL (95% CI 20–150 mL, nominal p=0.0076).

Additional end-points in the study will focus on patient-reported outcomes including symptom control and
safety and tolerability of itepekimab treatment. The former is of particular importance as cough and
sputum are prominent features of chronic bronchitis [1]. To measure symptom control, the Evaluating
Respiratory Symptoms in COPD (E-RS:COPD) tool will be used to measure the effect of itepekimab on
severity of treatment of respiratory symptoms in COPD; the validated 11-item E-RS:COPD assesses
severity of respiratory symptoms overall and severity of individual symptoms such as breathlessness, cough
and sputum, and chest symptoms [26]. Safety will be evaluated based on the incidence of
treatment-emergent adverse events, adverse events of special interest, serious adverse events and adverse
events leading to permanent treatment discontinuation.

Itepekimab dose regimens and background therapy
Itepekimab demonstrated a long terminal half-life of 30.0 to 31.6 days following single intravenous or SC
doses in healthy subjects or multiple SC doses in patients with asthma, indicative of potential for extended
dosing intervals [27]. A population pharmacokinetic model was developed to describe concentrations of
functional itepekimab (molecules with one or two free binding sites) in serum of healthy subjects and

TABLE 1 Continued

Inclusion criteria Exclusion criteria

• Informed consent
• Patients who are currently smoking ⩾1 cigarette/day on average in
the week prior to screening

• Participants with active autoimmune disease or participants using
immunosuppressive therapy

• History of malignancy within 5 years before screening, except
completely treated in situ carcinoma of the cervix, completely treated
and resolved nonmetastatic squamous or basal cell carcinoma of
the skin

• Previous use of itepekimab
• Vaping of any products (e.g., nicotine, tetrahydrocannabinol) within
6 months prior to screening

GOLD: Global Initiative for Chronic Obstructive Lung Disease; BD: bronchodilator; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity;
SoC: standard of care; LABA: long-acting β2-agonist; LAMA: long-acting muscarinic antagonist; ICS: inhaled corticosteroids; BMI: body mass index;
GINA: Global Initiative for Asthma; AECOPD: acute exacerbation of COPD.

TABLE 2 End-points in the former smoker population in AERIFY-1 and AERIFY-2

End-points

Primary end-point Annualised rate of moderate or severe AECOPD
Secondary end-points
Lung function Change from baseline in pre-BD FEV1 to Week 24 (key secondary end-point)

Change from baseline in post-BD FEV1 to Weeks 24 and 52
Change from baseline in pre-BD FEV1 to Week 52
Rate of change in post-BD FEV1 from baseline (post-BD FEV1 slope) to Week 52

Exacerbations Time to first moderate or severe AECOPD
Annualised rate of severe AECOPD
Time to first severe AECOPD
Annualised rate of corticosteroid-treated AECOPD

Patient-reported outcomes Change from baseline in E-RS:COPD total score to Weeks 24 and 52
Change from baseline in SGRQ total score to Weeks 24 and 52
Proportion of participants with a decrease from baseline of at least 4 points in SGRQ total score

Safety Incidence of treatment-emergent adverse events, adverse events of special interest, serious adverse events
and adverse events leading to permanent treatment discontinuation

Incidence of potentially clinically significant laboratory test, vital signs and electrocardiogram abnormalities
Pharmacokinetics and
immunogenicity

Functional concentrations of itepekimab in serum
Incidence of treatment-emergent anti-itepekimab antibody responses

AECOPD: acute exacerbation of COPD; BD: bronchodilator; FEV1: forced expiratory volume in 1 s; E-RS:COPD: Evaluating Respiratory Symptoms in
COPD; SGRQ: St George’s Respiratory Questionnaire.
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patients with COPD or asthma and used to simulate potential dose regimens. Itepekimab 300 mg q2w and
300 mg q4w regimens are expected to achieve mean trough concentrations at steady-state ⩾2-fold of
concentrations associated with maximum in vivo efficacy in a murine model of asthma induced by chronic
house dust mite exposure [14].

In the ACT15104 proof-of-concept study, itepekimab 300 mg administered SC q2w during the 24- to
52-week treatment period was well tolerated, safe and efficacious in reducing the rate of exacerbations and
improving lung function in the subgroup of former smokers with COPD [19]. Itepekimab 300 mg SC q2w
administered over 12 weeks had an acceptable safety profile and was efficacious in a phase 2 study
of patients with moderate-to-severe asthma [28]. Based on these data and phase 1 data, a regimen of
itepekimab 300 mg SC q2w is being studied in both AERIFY-1 and AERIFY-2 to replicate the findings
of the phase 2 ACT15104 study; in addition, a regimen of itepekimab 300 mg q4w is being studied in
former smokers in both studies (figure 2).

Participants in AERIFY-1/2 must be on a stable regimen of background controller therapy for COPD
prior to enrolment and throughout the up to 52-week treatment period with either triple therapy
(ICS+long-acting β2-agonist (LABA)+long-acting muscarinic antagonist (LAMA)) or double therapy
(ICS+LABA, or LAMA+LABA).

Sample size estimation and analysis
Taking into account the results of the phase 2 study [20], the sample size was determined based on the
following assumptions for the primary end-point of annualised rate of moderate or severe AECOPD:
1) mean treatment duration per participant of 0.94 years; 2) an annualised placebo rate of 1.5; and 3) a
dispersion parameter of 1.0 for the negative binomial distribution. With a total of 930 former smokers,
each study will have a 90% power to detect a 30% relative reduction in the primary end-point based on a
two-sided significance level of 0.05. As a result of the geopolitical situation that began in Ukraine on 24
February 2022, which has led to disruptions in the conduct of the study in that world region, the sample
size of AERIFY-1 was increased to n=960 to compensate for the shorter than expected observation
duration in participants in Ukraine; no new participants were recruited in Ukraine or Russia, due to the
uncertainties of the impact and unfolding dynamics of the situation at the time. In addition, during the
COVID-19 pandemic, overall a lower than expected rate of exacerbations has been reported in COPD
patients. This is likely the result of social distancing and/or mask wearing leading to fewer respiratory
infections, a known trigger for COPD exacerbations [29]. The sample size of n=930 patients may therefore
be increased to compensate for a lower than expected end-point event rate, with an additional 24–52 weeks
treatment period for potential additional participants.

For AERIFY-2, the targeted enrolment for the secondary current smoker cohort is n=280 (140 per arm) in
addition to the n=930 former smokers with COPD. Assuming the rate of moderate-to-severe AECOPD is
similar between itepekimab and placebo within current smokers, as was seen in the proof-of-concept
study [19], a sample size of 280 participants yields an 80% probability to observe a risk reduction of
<15% at the end of the study. The precision of the estimate of risk reduction is 30% (95% CI half-width).
The original sample size of n=240 for current smokers was increased to n=280 because of the same reason
as mentioned before (lower than expected rate of AECOPD due to the COVID-19 pandemic).

Efficacy analyses will be performed in former smokers in the intention-to-treat population, defined as all
randomised participants according to the treatment group as randomised. Similar efficacy analyses will be
performed in the secondary population of current smokers in AERIFY-2. Safety analyses will be
performed in the safety population, defined as all participants exposed to treatment, analysed according to
the treatment actually received.

The primary estimand will be a treatment policy estimand for AERIFY-2. This estimand compares the
treatment effect on efficacy for the participants randomised to an itepekimab regimen versus placebo,
regardless of what treatment participants actually received or treatment adherence status [30]. For
AERIFY-1 the primary estimand will be a treatment policy estimand except for participants enrolled in
Ukraine, for whom the primary estimand will be a “while-on-treatment” policy estimand (as defined by
ICH-E9-R1). This policy estimand considers the response to treatment prior to the occurrence of a relevant
intercurrent event, in this case the Ukraine/Russia military conflict, since treatment responses as
determined by this study’s end-points occurring during a military conflict may not be adequately captured.

The efficacy end-points of annualised rates of moderate or severe AECOPD and severe AECOPD will be
analysed using a negative binomial regression model, with the total number of events as the response
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variable and log-transformed observation duration as the offset variable. Time-to-event end-points will be
analysed using a Cox regression model. The change from baseline in continuous variables such as FEV1 and
patient-reported outcomes will be analysed using a mixed-effect model with repeated measures approach.

Discussion
AERIFY-1 and AERIFY-2 are randomised, double-blind, placebo-controlled, 52-week phase 3 trials
designed to confirm the efficacy and safety of itepekimab in former smokers with moderate-to-severe
COPD observed in a phase 2 study [19].

The choice of primary end-point for this study is informed by the course of COPD disease, which
demonstrates rapid disease progression and increased mortality following exacerbations, particularly severe
exacerbations that require hospitalisation [3, 4], with preventing exacerbations as a key goal of COPD
management [1]. In addition, despite a subset of patients achieving exacerbation reduction with
standard-of-care therapy, a proportion of patients with moderate-to-severe COPD continue to experience
exacerbations [6, 7].

The study designs presented here will help to further identify the patient population most likely to benefit
from itepekimab treatment. These studies were designed with an enrichment strategy [30, 31], intended to
confirm data from the phase 2 study, where efficacy was observed in the former smoker subgroup. Current
smokers were also included to ascertain the efficacy observed in this subgroup, as well as to provide
additional safety data in this population to clinicians. The inclusion of both study populations may provide
further insight into differences in disease mechanism between current and former smokers with COPD.
These studies will also be a resource for future post hoc analyses aimed at identifying predictors of
response.

For current smokers, smoking cessation is a critical first step in modifying the clinical course of COPD [1].
Smoking cessation slows the rate of lung function decline and reduces the risk of hospitalisation and
mortality; however, former smokers with COPD continue to suffer from lung function decline and remain
at high risk for exacerbations and substantial morbidity and mortality [1, 8, 11]. The differential efficacy of
itepekimab observed in the phase 2 study may provide additional motivation for smoking cessation [19].

The differential efficacy observed between current and former smokers in the phase 2 study is
incompletely understood [19]. Recent data provide a specific biological rationale for the observed
difference in the efficacy of itepekimab between former and current smokers. In the airway epithelium,
IL-33 expression is limited to basal airway epithelial cells, a cell population that is reduced in number in
patients who smoke [32]. These data suggest that itepekimab may not be efficacious in patients who are
actively smoking, due to a diminished number of IL-33-containing basal cells in the airway epithelium. If
the efficacy of itepekimab in former but not current smokers with COPD is confirmed in the AERIFY
phase 3 trials, these data would suggest that IL-33 released from airway basal cells is an important
contributor to COPD exacerbation in former smokers, and that other pathways may continue to drive
progression of COPD in current smokers.

Differential efficacy by smoking status has been observed with several other COPD therapies, including
ICS and macrolides, as shown in figure 3 [19, 33–39]. In the SUMMIT study, ICS+LABA reduced
exacerbations by 36% compared with placebo among former smokers and by 19% compared with placebo
among current smokers [34]. In the InforMing the PAthway of COPD Treatment (IMPACT) study, the
addition of ICS to LAMA+LABA resulted in a 30% reduction in exacerbations in former smokers
compared with a 14% reduction in current smokers [34]. A subgroup analysis of a randomised trial of
macrolide therapy in COPD demonstrated that exacerbation risk reduction with azithromycin was strongest
among former smokers, with comparatively little effect among current smokers [33].

Dupilumab has been demonstrated to significantly reduce exacerbations in populations of former smokers
with eosinophilic COPD [40]. However, no pivotal studies on biologics have demonstrated any efficacy
outside of this subpopulation with high circulating eosinophil levels. Mepolizumab, an anti-IL-5 antibody,
as add-on therapy to ICS+LABA, demonstrated a 2% reduction in exacerbations in the overall COPD
population, and an 18–20% reduction in exacerbations in those with high circulating eosinophils [9].
Benralizumab, an anti-IL-5 receptor antibody, as add-on therapy to ICS+LABA, showed mixed results in
patients with COPD and high circulating eosinophils, with reduction of exacerbations ranging from 4%
worsening to 17% improvement, depending on dose [10]. The improvement in both exacerbation rate and
lung function observed with itepekimab in former smokers with COPD supports the hypothesis that IL-33
might be important in both acute and chronic inflammatory airway responses [20, 28].
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In summary, the AERIFY-1 and -2 trials, two phase 3, randomised, double-blind, placebo-controlled trials,
are designed to comprehensively evaluate the efficacy and safety data for a novel, first-in-class compound
that targets both type 2 and type 1 inflammatory pathways in COPD.
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FIGURE 3 Current evidence for differential treatment effects between former and current smokers with COPD. BD: bronchodilator; CXCL2:
chemokine (C-X-C motif ) ligand 2; FEV1: forced expiratory volume in 1 s; ICS: inhaled corticosteroids; IL: interleukin; LABA: long-acting β2-agonist;
LAMA: long-acting muscarinic antagonist. #: results from ICS/LABA of former smokers versus placebo compared with ICS/LABA of current smokers
versus placebo. ¶: no p-value was reported.
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