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Background: Interleukin-13 (IL-13) is a keymediator of T-helper-cell-type-2 (Th-2)-driven asthma, the inhibition
of which may improve treatment outcomes. We examined the safety, pharmacokinetics, pharmacodynamics,
and immunogenicity of VR942, a dry-powder formulation containing CDP7766, a high-affinity anti-human-IL-
13 antigen-binding antibody fragment being developed for the treatment of asthma.
Methods: We conducted a phase 1, randomized, double-blind, placebo-controlled, ascending-dose study at
Hammersmith Medicines Research, London, UK, which is now complete. Healthy adults aged 18–50 years
(n = 40) were randomized 3:1 to a single inhaled dose of VR942 0.5, 1.0, 5.0, 10, or 20 mg, or placebo. Adults
aged 18–50 years who were diagnosed with asthma for ≥6 months before screening, and had forced expiratory
volume in 1 s (FEV1) and forced vital capacity (FVC) values ≥70% of the predicted values at screening (n = 45),
were randomized to once-daily inhaled VR942 0.5 or 10mg, or placebo (2:2:1), or VR942 20mgor placebo (3:2),
for 10days. All participantswere randomized to receiveVR942or placebobased on a randomization list prepared
by an independent HMR statistician using SAS® software (SAS Institute, Cary, NC). The primary outcome was
safety and tolerability of VR942 (safety population, defined as all who received at least one dose of VR942 or
placebo). This study is listed on ClinicalTrials.gov (NCT02473939).
Findings: In the VR942 and placebo groups, treatment-emergent adverse events (TEAEs) were reported in 10/30
(33%) and 0/10 (0%) healthy participants, and in 16/29 (55%) and 9/16 (56%) participants with asthma, respec-
tively. Mild intermittent wheezing occurred in 7 participants (VR942 20 mg, n = 4; corresponding placebo,
n = 3), resolving spontaneously within 1 h. All TEAEs were mild or moderate; there were no deaths, serious
adverse events, or clinically significant changes in vital signs, electrocardiograms, or laboratory parameters.
There was no clinically significant immunogenicity, with only one participant with asthma considered positive
for treatment-related immunogenicity for CDP7766.
Interpretation: This study, considered to be the only example of a dry powder anti-IL-13 fragment antibody being
administered via inhalation, demonstrated that single and repeat doseswerewell tolerated over a period of up to
10 days in duration. Rapid and durable inhibition of fractional exhaled nitric oxide (FeNO) (secondary outcome)
provided evidence of pharmacological engagementwith the IL-13 target in the airways of participants diagnosed
withmild asthma. These data, together with the numerical improvements observed for predose FEV1, justify fur-
ther clinical evaluation of VR942 in a broader population of patients with asthma, and continue to support the
development of an inhaled anti-IL-13 antibody fragment as a potential future treatment that is alternative to
monoclonal antibodies delivered via the parenteral route.
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1. Introduction

Asthma has a marked impact on patients and society [1], especially
when symptoms are uncontrolled [2]. Approximately 300 million peo-
ple have asthma globally [3], of whom about 10% have severe and per-
sistent disease [4], characterized by uncontrolled symptoms despite
treatment with corticosteroids or other controller medications [1].

Cytokines play a cardinal role in the pathogenesis and severity of
asthma [5]. One such is interleukin (IL)-13 [6] that signals primarily
through the type 2 IL-4 receptor (IL-4R; composed of IL-13Rα1 and
IL-4Rα subunits [7]) and contributes to many key features of asthma,
including mucus production, eosinophilic airway inflammation, immu-
noglobulin E synthesis, bronchial fibrosis, and airway hyper-
responsiveness [8]. IL-13 is overexpressed in the sputum of patients
with asthma, particularly those with severe disease [9], and was
recently proposed as a biomarker for evaluating asthma control [10].
Elevated IL-13 levels in patients with uncontrolled asthma despite
corticosteroid treatment also support the notion of a potential associa-
tion between IL-13 and treatment resistance [9], implicating IL-13
signaling as a therapeutic target in severe asthma.

IL-13 stimulates inducible nitric oxide (NO) synthase in vitro, driv-
ing production and release of NO from lung epithelial cells [11,12]. Par-
enteral treatmentwithmonoclonal antibodies (MAbs) that inhibit IL-13
signaling reduces fractional exhaled NO (FeNO) levels [13–15]. Thus,
FeNO levelmay serve as a biomarker for lung inflammation [16]. Clinical
studies of anti-IL-13MAbs have demonstrated FeNO’s potential use as a
biomarker for pharmacological activity of these agents in the lungs of
patients with mild asthma, including inhaled corticosteroid (ICS)-
naïve individuals [15,17]. Randomized, placebo-controlled studies
with the anti-IL-13 MAbs lebrikizumab and tralokinumab, and the
anti-IL-4Rα MAb dupilumab, showed that parenteral administration
of these agents reduced exacerbation rates and improved lung function
in patients with uncontrolled T-helper-cell-type 2-driven asthma de-
spite corticosteroid therapy, while being well tolerated [13,14,18]. In
replicate phase 3 studies in patients with uncontrolled asthma,
lebrikizumab and tralokinumab reduced asthma exacerbations in
biomarker-high patients compared with placebo, although the reduc-
tions did not consistently show statistical significance in all patients
across both studies [19,20].
Agents that both inhibit IL-13 signaling and are deliverable directly
to the lungs are of particular interest. Pitrakinra, an IL-4 mutein that
binds to the IL-4Rα subunit and reduces IL-4- and IL-13-mediated in-
flammation in patients with asthma, was the first such drug to support
a role for inhaled delivery [21]. VR942 (UCB4144; UCB, Brussels,
Belgium) is formulated for inhalation as a dry powder and is being de-
veloped for the treatment of uncontrolled asthma. It contains
CDP7766, a humanized, high-affinity, neutralizing, anti-human-IL-13
antibody fragment that binds to IL-13, preventing binding to the IL-
13Rα1 subunit. In cynomolgus monkeys, nebulized CDP7766 was well
tolerated at all doses (0.1–60 mg/animal/day) and caused dose-
dependent inhibition of bronchoconstriction and reduction in levels of
proinflammatory cytokines induced by an inhaled allergen (Ascaris
suum), for up to 24 h [22].

Here, we report data from the first-in-human, phase 1, randomized,
double-blind, placebo-controlled, ascending-dose study, which aimed
to assess the safety and tolerability of VR942 in healthy participants
and participants with asthma.

2. Materials and methods

2.1. Study design and participants

This was a two-part, phase 1, randomized, double-blind, placebo-
controlled, ascending-dose study. In part 1, healthy participants re-
ceived a single dose of VR942; in part 2, participants with asthma re-
ceived multiple doses of VR942. The trial was performed at
Hammersmith Medicines Research (HMR), London, UK, in compliance
with European Union Directives 2001/20/EC and 2005/28/EC, the Med-
icines for Human Use (Clinical Trials) Regulations 2004 and current
amendments, and the Declaration of Helsinki (Brazil Revision, 2013).
Ethical approval was obtained from the Scotland A Research Ethics
Committee. All participants gave written informed consent for partici-
pation and for data to be entered into The Over Volunteering Prevention
System [23]. This study is listed on ClinicalTrials.gov (NCT02473939).

Eligible for inclusion were men and women (non-child-bearing po-
tential) aged 18–50 years, ≥50 kg in weight, a body mass index of
18.0–31.0 kg/m2, and a peak inspiratory flow rate of ≥60 L/min for ≥2
s. Healthy participants had to have forced expiratory volume in 1 s
(FEV1) and forced vital capacity (FVC) values N80% of the predicted
values at screening, based on reference equations [24].

Participants with asthma were required to have a history of asthma
(as defined by the Global Initiative for Asthma guidelines [1]) for ≥6
months before screening, FEV1 and FVC values ≥70% of the predicted
values at screening (assessed without β2-agonist treatment [no use in
the previous 6 hours]) and based on reference equations [24], and an
FeNO level ≥35 parts per billion (ppb). Owing to challenges in recruiting
ICS-naïve participants, the protocol was amended to include partici-
pants receiving stable low-dose ICSs (beclomethasone ≤500 μg/day or
equivalent). For those taking ICS, FeNO values at screening and
predosing on day 1 had to be within 20% of each other.

Exclusion criteria included current smoker, a smoking history of
more than 10 pack-years, respiratory tract infection within 4 weeks of
screening, use of prescription or over-the-counter medicines (other
than paracetamol) 7 days before trial dosing, and use of aMAb 6months
before dosing. The use of short-acting β2-agonists (SABAs) was permit-
ted; individuals who had used leukotriene antagonists in the 2 weeks
before screening or long-acting β2-agonists (LABAs) at any time before
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screening were excluded. See the supplementary appendix for further
exclusion criteria.

All participants were randomized to receive VR942 or placebo based
on a randomization list prepared by an independent HMR statistician
using SAS® software (SAS Institute, Cary, NC). In part 1, 8 healthypartic-
ipantswere allocated to each VR942 dose group (0.5mg, 1.0mg, 5.0mg,
10 mg, 20 mg) and were randomized 3:1 to receive a single dose of
VR942 or placebo. In part 2, 9 participants with asthma were allocated
to each of the 0.5mg and 10mg groups, andwere randomized 2:1 to re-
ceive VR942 or placebo; 27 participants were allocated to the 20 mg
group and were randomized 3:2 to receive VR942 or placebo.

Placebo and active treatments for each group were identical in ap-
pearance. Doses were administered as 1–4 separate inhalations,
matched for placebo and active treatment within each cohort. HMR
site staff enrolled participants, and all trial personnel, participants, and
the study sponsor were blinded to treatment allocation.

2.2. Procedures

VR942 (Vectura Ltd, Chippenham, UK)was administered at nominal
doses of 0.5mg (1× 0.5mg inhalation), 1.0mg (2× 0.5mg inhalations),
5.0 mg (1 × 5.0 mg inhalation), 10 mg (2 × 5.0 mg inhalations), and
20 mg (4 × 5.0 mg inhalations). The formulation was contained in a
unit-dose blister and delivered via themultidose F1P dry-powder inhal-
er (DPI; Vectura Ltd, Chippenham, UK). See the supplementary appen-
dix for information about the sentinel approach to dosing.

Participants were admitted to the clinic the day before dosing (day
−1) following a 4-week screening period. In part 1, healthy participants
received a single dose of VR942 or placebo and remained in the clinic
until all postdose assessments were complete (72 h postdose, day 4).
After the final in-clinic assessment, participants were discharged and
returned for follow-up visits on days 14 and 28. In part 2, participants
with asthma received once-daily morning doses of VR942 or placebo
for 10 consecutive days (days 1–10) and were assessed in clinic up to
96 h after the final dose (day 14) and as outpatients at day 28 (Fig. 1).

2.3. Outcomes

The primary objective was to evaluate the safety and tolerability of
single doses of VR942 (0.5 mg, 1.0 mg, 5.0 mg, 10 mg, and 20 mg) in
healthy participants, and the safety and tolerability of multiple ascend-
ing doses of VR942 (0.5mg, 10mg, and 20mg once daily for 10 days) in
participants with asthma. Secondary aims included determination of
the pharmacokinetic (PK) profile and immunogenicity of CDP7766 (all
participants), and the pharmacodynamic (PD) effect of VR942 on
FeNO level (participants with asthma).

Vital signs (systolic and diastolic blood pressure, heart rate, temper-
ature, and respiratory rate) were recorded, and 12-lead electrocardio-
grams (ECGs), physical examinations, spirometry (FEV1 and FVC),
pulse oximetry, and laboratory assessments (routine hematology, bio-
chemistry, urinalysis) were performed predose and at specified
postdose intervals up to the final follow-up visit (Fig. 1). FEV1 and FVC
were measured using a Microlab MK8 spirometer according to ATS/
ERS guidelines [25]. See the supplementary appendix for further details
regarding the assessment of vital signs and ECGs. Tolerability was
assessed throughout the study and included recording of all adverse
events (AEs), and comments recordedbyHMR site staff on an inhalation
checklist regarding participants’ tolerability of VR942 during dosing.

In participants with asthma, FeNO levels were measured at screen-
ing and on day −1, days 1–10 (predose, 0.5, 2, 6, and 12 h postdose),
days 11–14 (24, 48, 72, and 96 h after the last dose), and day 28 (fol-
low-up). FeNO was measured using a NIOX MINO® analyser according
to ATS/ERS guidelines [25]. On days when spirometry was also sched-
uled at the same time point, the FeNO level was measured first.

Blood samples for PK assessments in part 1 were taken predose and
at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 24, 48, and 72 h postdose. In part 2, samples
were collected predose and at 0.5, 1, 1.5, 2, 3, 4, 6, and 8 h postdose on
days 1 and 10, predose on days 2 and 9, and on days 11–14 (at 24, 48,
72, and 96 h after the last dose on day 10). A validated ligand plasma
binding assay method (quantitation range: 99.6–2000 ng/ml; PRA
Health Sciences, Assen, Netherlands) was used to measure free
CDP7766. In the assay, CDP7766 present in human serum binds to bio-
tinylated human IL-13 immobilized on streptavidin-coated plates.
Bound drug was detected using a goat anti-Human Kappa antibody
conjugated to ruthenium SULPHO TAG, and the resulting
electrochemiluminescent signal was measured on the Meso Scale Dis-
covery Sector Imager 6000. See the supplementary appendix for further
information regarding pharmacokinetics and immunogenicity
assessments.

Blood samples for evaluating anti-CDP7766 antibodies were taken
from all participants predose on day 1, and on days 14 and 28 after
the first dose of VR942 or placebo. Immunogenicity tests were per-
formed by PRA International (Groningen, Netherlands), using a validat-
ed assay. With a rabbit monoclonal anti-CDP7766, a sensitivity of 1.22
ng/mLwas demonstrated. Further details of themethodology for evalu-
ating anti-CDP7766 antibodies can be found in the supplementary
appendix.

2.4. Statistical analyses

To assess safety and tolerability while minimizing the number of
participants exposed to VR942, the target sample sizewas 8 participants
per dose group for part 1 (VR942, n = 6; placebo, n = 2) and 9 partic-
ipants for each of the 0.5 and 10 mg dose groups in part 2 (VR942, n =
6; placebo, n=3). For the 20mg dose group in part 2, the target sample
size for assessing PD effects was up to 35 participants (VR942, n = 21;
placebo, n = 14). This was adjusted (protocol amendment) following
a review of data from participants in the VR942 0.5 mg and 10 mg
dose groups. The previously assumed common standard deviation
(SD) of 30% was reduced to 24%, meaning 25 participants (VR942, n
= 15; placebo, n = 10) would be expected to provide ≥80% power to
detect a difference of 30% change from baseline in FeNO level between
the VR942 and placebo groups, given a 2-sided t-test with a 5% signifi-
cance level.

Demographic, safety, and tolerability data were summarized de-
scriptively by treatment group (VR942 and pooled placebo) and time
point for the safety population (all participants who received at least 1
dose of study treatment). Absolute FeNO values and mean changes
from baseline were summarized by VR942 and pooled placebo groups
for the PD population (all participants who received at least 1 dose of
study treatment and who had at least 1 postdose FeNO measurement
recorded). Changes from baseline in FeNO level at 0.5 and 2 h post
last-dose on day 10 were compared between the VR942 20 mg and
pooled placebo groups using analysis of covariance (ANCOVA),
adjusting for treatment group and baseline FeNO level. Post hoc
ANCOVAs were performed for (1) the same endpoint and time points
for the placebo group and all active treatment groups, and (2) changes
from baseline in FeNO level predose on day 10 for the placebo group
and all active treatment groups. Weighted least-squares means for
FeNO values were obtained from the ANCOVA of change from baseline
in FeNO area under the concentration–time curve to postdose day 10
(AUC0–10), adjusting for treatment group and baseline FeNO level.
AUC0–10was normalized before analysis by dividing by the time interval
from dosing on day 1 to 12 h postdose on day 10 (nominally 9.5 days).

3. Results

3.1. Participants

In part 1, 50 healthy individuals were screened for inclusion (May
15, 2015 to July 24, 2015). Of these, 40 were randomized to receive
treatment; 1 participant in the VR942 0.5 mg group withdrew from
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Fig. 1. Study design. ECG: electrocardiogram; FeNO: fractional exhaled nitric oxide.
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the study on day 2 for personal reasons (Fig. 2). In part 2, 87 patients
with asthma were screened for inclusion (June 9, 2015 to March 8,
2016), and 45 were randomized; no participants withdrew (Fig. 2).

Demographics and baseline characteristics of healthy participants
and those with asthma were similar in the VR942 and placebo groups
(Table 1). All randomized healthy participants were male, with a
mean±SD ageof 33±9.2 years; all randomizedparticipantswith asth-
maweremale, with amean± SD age of 30± 7.5 years. All participants,
except 1with asthma, were ICS-naïve, and remained so for the duration
of the study.

3.2. Safety assessments

3.2.1. Healthy participants
Following administration of a single dose of VR942 in healthy partic-

ipants, 18 AEs were reported by 11/30 participants (37%) across all
VR942 groups (Table 2). In total, 15 treatment-emergent adverse events
(TEAEs) were reported by 10/30 participants (33%). Two TEAEs were
considered to be related to study medication: mild aphthous ulcer, re-
ported by 1 participant in the VR942 1.0 mg group, and moderate
cough, reported by 1 participant in the VR942 10 mg group. All TEAEs
were mild or moderate, and included nervous system disorders (n =
4), gastrointestinal disorders (n = 3), musculoskeletal and connective
tissue disorders (n= 2), and respiratory, thoracic, and mediastinal dis-
orders (n=2). Therewere noAEs or TEAEs in the placebo group and no
AEs that led to study withdrawal. None of the vital signs, ECG or labora-
tory values, or changes during the studywere considered to be clinically
significant by the investigator. A summary of the vital signs and ECG
data can be found in the supplementary appendix.

3.2.2. Participants with asthma
Following administration of VR942 0.5–20mg, 29 AEswere reported

by 16/29 participants with asthma (55%), 28 of which were TEAEs
(Table 3). In all, 15 AEs in 9/16 participants (56%) were reported in
the placebo group, ofwhich 13were TEAEs. In total, 16 TEAEswere con-
sidered by the investigator to be related to studymedication.Mild inter-
mittentwheezingwas reported by 4 out of 17 participantswho received
VR942 20 mg and by 3 out of 9 participants in the corresponding place-
bo group, all of whom received study treatment as 4 separate inhala-
tions. These events were mainly reported on day 1 within 5 min of
dosing, and resolved spontaneously within 1 h, although a further 7 ep-
isodes of mild, intermittent, and transient wheezing occurred through-
out the 10-day dosing period. As on day 1, these events resolved
spontaneously. One case of presyncope was reported, which occurred
more than 4 h after the first dose of VR942 20 mg and was considered
by the investigator to be possibly related to the device owing to the in-
halation maneuver used by this participant. Other TEAEs occurring in
more than 1 participant in any group were headache and rhinorrhea
(Table 3). None of the vital signs, ECG or laboratory values or changes
during the study were considered to be clinically significant by the in-
vestigator. A summary of the vital signs and ECG data can be found in
the supplementary appendix.

There was a numerically greater mean increase in predose FEV1 in
participants with asthma in the VR942 0.5 mg and 20 mg groups com-
pared with placebo (mean [SD] increase from baseline to day 14:
0.317 [0.299] L, 0.266 [0.209] L, and 0.109 [0.236] L, respectively; sup-
plementary appendix Table 1). Six out of 17 participants in the VR942
20 mg group and 5 out of 9 in the corresponding placebo group experi-
enced a reduction in FEV1 of more than 10% from predose to 10 min
postdose on day 1 (max. reduction of 29% and 30%, respectively); reduc-
tionswere transient, were associatedwithmildwheeze (recorded as an
AE) in 3 participants in the VR942 20mg group and 2 receiving placebo,
and resolved without treatment.

3.3. PD effects

VR942 treatment markedly decreased FeNO levels in participants
with asthma. The mean FeNO level decreased by approximately 22%
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from baseline to predose on day 2 (10mg and 20mg groups) compared
with a reduction of approximately 4% in the placebo group (Fig. 3).
Near-maximal reductions were observed on day 4 predose with
VR942 10 mg and 20 mg (approximately 42% and 46% reductions, re-
spectively), and on day 6 predose with placebo (approximately 28% re-
duction; Fig. 3). In all groups, reductions in mean FeNO level were
maintained for 96 h after the final dose on day 10, and returned to base-
line after the 14-day no-treatment period.

Statistically significant reductions were observed when comparing
the effects of VR942 20 mg and placebo on FeNO levels from baseline
to 0.5 h and 2 h postdose on day 10 (prespecified ANCOVA; p = .015
and p = .028, respectively, for VR942 versus placebo; Table 4). In a
post hoc analysis comparing the effects of all active treatments versus
placebo at these 2 time points, statistically significant FeNO reductions
from baseline were demonstrated for the VR942 10 mg and 20 mg
groups versus placebo (p = .010 and p = .016, respectively; Table 4).

Statistically significant reductions in FeNO were seen from baseline
to predose on day 10 for the VR942 10mg and 20mg groups versus pla-
cebo (VR942 10 mg mean between-group difference [95% confidence
interval]: −17.5 [−29.5, −5.5] ppb; p = .005; VR942 20 mg: −11.6
[−20.5,−2.7] ppb; p= .012; post hoc ANCOVA; Table 5). No statistical-
ly significant changes were observed between VR942 0.5 mg and place-
bo in either analysis. The change from baseline in FeNO AUC0–10 was
significantly greater with VR942 10 mg and 20 mg than with placebo
(supplementary appendix Table 2).

3.4. PK measurements and immunogenicity

Plasma levels of CDP7766 in healthy participants and in participants
with asthma receiving VR942 20 mg were below the lower limit of
quantification for the PK analytical assay (b99.6 ng/ml), so the PK anal-
ysis could not be performed.

Seven of 40 healthy participants tested positive for CDP7766 anti-
bodies, but nonewere considered positive for treatment-related immu-
nogenicity; these participants also tested positive predose (inhibition
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Fig. 2. Trial profile of healthy participants (part 1) and participants with asthm
≥36.5%; an observation not considered unusual), and samples taken
on days 14 and 28 did not show an increase of at least fourfold in titer.
Of these 7 participants, only 1 had an AE, which was mild in severity
(musculoskeletal pain in the right foot).

In all, 9 of 45 participants with asthma tested positive for CDP7766
antibodies: 3/16 (18.8%) in the placebo group, 1/6 (16.7%) in the
VR942 10 mg group, and 5/17 (29.4%) in the VR942 20 mg group.
Only 1 of these had a negative predose sample (inhibition b36.5%) and
was therefore considered positive for treatment-related immunogenic-
ity for CDP7766 (20mg). The other samples that tested positive predose
did not show an increase of at least fourfold in titer on days 14 and 28.
The participant considered positive for treatment-related immunoge-
nicity for CDP7766 experienced one AE of mild continuous wheezing
on day 1, which started within 3 min of dosing and resolved after 20
min, and one AE of mild intermittent wheezing, which started within
1min of dosing on day 7 and resolved after 2 days. Of the 8 participants
who had a positive predose sample, 6 (placebo, VR942 10 mg and
VR942 20 mg all n = 2) experienced one or more AEs, which were all
mild or moderate in intensity (headache, n = 4; bruise at canula site,
drowsiness, intermittent cough, intermittent wheezing, itchy eyes,
oral haemorrhage, pain at canula site, sore throat, all n = 1).

4. Discussion

This study evaluated the safety and tolerability of a single inhaled
dose of VR942 in healthy participants (part 1) and the effects of
VR942 once-daily dosing for 10 days in participants with asthma receiv-
ing SABA treatment only (with 1 exception receiving SABA plus low-
dose ICS; part 2). VR942 0.5–20 mg was generally well tolerated in
both populations, and rapid, dose-related sustained FeNO reductions
were observed for VR942 10 and 20mg doses in participants with asth-
ma. There were no detrimental effects on predose FEV1 with VR942
treatment relative to placebo, and numerically greater increases in
predose FEV1 were observed from baseline for VR942 0.5 and 20 mg
compared with placebo.
Participants who failed screening = 42
 Did not meet entry criteria = 39
 No GP reply = 1
 Did not meet entry criteria/no GP reply = 1
 Subject withdrawn = 1

VR942 (20 mg)
n = 17

Safety 
Completed = 17 
PD = 17 

R942 (10 mg)
n = 6

fety 
mpleted = 6
 = 6

 N = 87 

, N = 45 

Participants who failed screening = 10
 Did not meet entry criteria = 8
 No GP reply = 2

VR942 (20 mg)
n = 6

Completed = 6 

VR942 (5.0 mg)
n = 6

Completed = 6  

VR942 (10 mg)
n = 6

Completed = 6 

ed, N = 50 

ized, N = 40 

a (part 2). GP: general practitioner; PD: pharmacodynamics population.



Table 1
Baseline demographic characteristics.

Characteristic Healthy participants (N = 40) Participants with asthma (N = 45)

Placebo
(n = 10)

VR942 Placebo
(n = 16)

VR942

0.5 mg
(n = 6)

1 mg
(n = 6)

5 mg
(n = 6)

10 mg
(n = 6)

20 mg
(n = 6)

0.5 mg
(n = 6)

10 mg
(n = 6)

20 mg
(n = 17)

Age (years), mean (SD) 34 (8.4) 35 (11.0) 32 (14.3) 32 (5.4) 29 (9.7) 33 (7.3) 29 (9.3) 30 (6.4) 29 (4.7) 30 (7.3)
Men 10 (100%) 6 (100%) 6 (100%) 6 (100%) 6 (100%) 6 (100%) 16 (100%) 6 (100%) 6 (100%) 17 (100%)

Race
White 7 (70.0%) 4 (66.7%) 4 (66.7%) 3 (50.0%) 2 (33.3%) 5 (83.3%) 10 (62.5%) 3 (50.0%) 5 (83.3%) 12 (70.6%)
Black/African American 1 (10.0%) 1 (16.7%) 1 (16.7%) 1 (16.7%) 2 (33.3%) 0 2 (12.5%) 2 (33.3%) 1 (16.7%) 3 (17.6%)
Asian 0 1 (16.7%) 0 1 (16.7%) 1 (16.7%) 1 (16.7%) 0 1 (16.7%) 0 2 (11.8%)
Other 2 (20.0%) 0 1 (16.7%) 1 (16.7%) 1 (16.7%) 0 4 (25.0%) 0 0 0

BMI (kg/m2), mean (SD) 23.5 (2.51) 27.2 (2.35) 23.0 (3.04) 23.9 (1.54) 25.6 (2.56) 25.1 (1.97) 24.2 (3.01) 24.5 (2.61) 26.0 (3.24) 24.8 (3.06)

Smoking status
Former smoker 4 (40.0%) 1 (16.7%) 1 (16.7%) 1 (16.7%) 2 (33.3%) 2 (33.3%) 5 (31.3%) 2 (33.3%) 1 (16.7%) 3 (17.6%)
Never smoked 6 (60.0%) 5 (83.3%) 5 (83.3%) 5 (83.3%) 4 (66.7%) 4 (66.7%) 11 (68.8%) 4 (66.7%) 5 (83.3%) 14 (82.4%)
ICS-naïve 10 (100%) 6 (100%) 6 (100%) 6 (100%) 6 (100%) 6 (100%) 16 (100%) 6 (100%) 6 (100%) 16 (94.1%)

Spirometry, mean (SD)
FEV1 (L) 4.23 (0.435) 4.10 (1.012) 3.80 (0.580) 4.27 (0.818) 3.40 (0.318) 4.27 (0.385) 3.68 (0.895) 3.19 (0.435) 3.71 (0.718) 3.16 (0.723)
FEV1 (% predicted) 106 (8.7) 100 (17.2) 94 (9.5) 107 (16.5) 89 (4.8) 102 (10.9) 89 (17.1) 78 (10.4) 86 (11.7) 77 (13.5)
FEV1/FVC 0.80 (0.045) 0.81 (0.085) 0.77 (0.062) 0.82 (0.041) 0.80 (0.048) 0.79 (0.042) 0.75 (0.081) 0.68 (0.087) 0.72 (0.054) 0.69 (0.072)

FeNO (ppb), mean (SD) NA NA NA NA NA NA 68.1 (35.15) 79.7 (27.54) 51.8 (26.78) 92.6 (61.77)

BMI: bodymass index; FeNO: fractional exhalednitric oxide; FEV1: forced expiratory volume in1 s; FVC: forced vital capacity; ICS: inhaled corticosteroid; NA:not applicable; ppb: parts per
billion; SD: standard deviation.
Data are n (%) unless otherwise specified.
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VR942 was administered directly to the lungs via a unit-dose blister
DPI. Safety findings from this study align with findings from phase 2
studies of systemically administered anti-IL-13 MAbs lebrikizumab,
tralokinumab, GSK679586, and the anti-IL-4Rα MAb dupilumab,
which were also well tolerated [13,18,26,27]. Compared with subcuta-
neous administration, inhalation may provide a more rapid onset of ac-
tion at lower doses than systemic treatments and may be suitable for
use in a broader range of patients [1]. Systemic exposure to CDP7766
was below the limit of quantification following repeat dosing of
VR942 20mg; further studies are needed to explorewhether this trans-
lates into a reduced potential for systemic-related AEs.
Table 2
AEs in healthy participants from predose day 1 to day 28.

AE Placebo
(n = 10)

VR942

0.5 mg
(n = 6

Any AE 0 1 (17%
Any TEAE 0 0
Treatment-related TEAE 0 0

TEAEs by system order class Nervous system disorders 0 0
Headache 0 0
Dizziness 0 0

Gastrointestinal disorders 0 0
Aphthous ulcer 0 0
Diarrhea 0 0
Toothache 0 0

Musculoskeletal and connective tissue disorders 0 0
Arthralgia 0 0
Back pain 0 0

Respiratory, thoracic, and mediastinal disorders 0 0
Cough 0 0
Rhinorrhea 0 0

General disorders and administration-site conditions 0 0
Pyrexia 0 0

Infections and infestations 0 0
Urinary tract infection 0 0

Injury, poisoning, and procedural complications 0 0
Joint dislocation 0 0

AE: adverse event; TEAE: treatment-emergent adverse event.
Data are n (%).Medical Dictionary for Regulatory Activities preferred terms are used. Participant
In participants with asthma, a reduction of over 10% in FEV1 from
predose to 10 min postdose on day 1 was reported in 6 participants in
the VR942 20 mg group and 5 in the corresponding placebo group. All
these FEV1 reductions had returned to normal by 60min postdosewith-
out the need for treatment. The reductions in FEV1 were also associated
with mild wheezing in 3 participants in the VR942 20 mg group and 2
receiving placebo, which resolved spontaneously. These decreases
may have been due to the mass of powder and/or frequency of inhala-
tions, as participants received study treatment as 4 separate inhalations.
Participants in the study had good lung function (FEV1 and FVC N70%); it
is therefore possible that reductions in FEV1may provemore significant
dose

)
1 mg
(n = 6)

5 mg
(n = 6)

10 mg
(n = 6)

20 mg
(n = 6)

Total
(n = 30)

) 3 (50%) 2 (33%) 3 (50%) 2 (33%) 11 (37%)
3 (50%) 2 (33%) 3 (50%) 2 (33%) 10 (33%)
1 (17%) 0 1 (17%) 0 2 (7%)
1 (17%) 1 (17%) 1 (17%) 1 (17%) 4 (13%)
1 (17%) 1 (17%) 1 (17%) 1 (17%) 4 (13%)
0 0 0 1 (17%) 1 (3%)
1 (17%) 1 (17%) 0 1 (17%) 3 (10%)
1 (17%) 0 0 0 1 (3%)
0 1 (17%) 0 0 1 (3%)
0 0 0 1 (17%) 1 (3%)
0 2 (33%) 0 0 2 (7%)
0 1 (17%) 0 0 1 (3%)
0 1 (17%) 0 0 1 (3%)
0 0 2 (33%) 0 2 (7%)
0 0 1 (17%) 0 1 (3%)
0 0 1 (17%) 0 1 (3%)
0 1 (17%) 0 0 1 (3%)
0 1 (17%) 0 0 1 (3%)
1 (17%) 0 0 0 1 (3%)
1 (17%) 0 0 0 1 (3%)
0 0 0 1 (17%) 1 (3%)
0 0 0 1 (17%) 1 (3%)

s with at least one AE are counted only once per system organ class and preferred term.



Table 3
AEs in participants with asthma, from predose day 1 to day 28.

AE Placebo
(n = 16)

VR942 dose

0.5 mg
(n = 6)

10 mg
(n = 6)

20 mg
(n = 17)

Total
(n = 29)

Any AE 9 (56%) 3 (50%) 2 (33%) 11 (65%) 16 (55%)
Any TEAE 9 (56%) 3 (50%) 2 (33%) 11 (65%) 16 (55%)
Treatment-related TEAE 5 (31%) 2 (33%) 2 (33%) 8 (47%) 12 (41%)
Device-related TEAE 0 0 0 1 (6%)a 1 (3%)a

TEAEs by system order class
Nervous system disorders 2 (13%) 1 (17%) 2 (33%) 5 (29%) 8 (28%)
Headache 2 (13%) 1 (17%) 2 (33%) 3 (18%) 6 (21%)
Somnolence 1 (6%) 0 0 1 (6%) 1 (3%)
Presyncope 0 0 0 1 (6%) 1 (3%)
Sciatica 0 0 1 (17%) 0 1 (3%)

Respiratory, thoracic, and mediastinal disorders 4 (25%) 1 (17%) 0 5 (29%) 6 (21%)
Wheezing 3 (19%) 0 0 4 (24%) 4 (14%)
Rhinorrhea 0 1 (17%) 0 1 (6%) 2 (7%)
Oropharyngeal pain 1 (6%) 0 0 1 (6%) 1 (3%)
Sneezing 0 1 (17%) 0 0 1 (3%)

General disorders and administration-site conditions 2 (13%) 2 (33%) 0 1 (6%) 3 (10%)
Chest discomfort 1 (6%) 1 (17%) 0 0 1 (3%)
Catheter-site pain 0 0 0 1 (6%) 1 (3%)
Fatigue 0 1 (17%) 0 0 1 (3%)
Catheter-site bruise 1 (6%) 0 0 0 0

Gastrointestinal disorders 1 (6%) 0 0 1 (6%) 1 (3%)
Abdominal distension 0 0 0 1 (6%) 1 (3%)
Nausea 0 0 0 1 (6%) 1 (3%)
Mouth hemorrhage 1 (6%) 0 0 0 0

Infections and infestations 2 (13%) 0 0 1 (6%) 1 (3%)
Upper respiratory tract infection 1 (6%) 0 0 1 (6%) 1 (3%)
Gastroenteritis 1 (6%) 0 0 0 0

Skin and subcutaneous tissue disorders 0 1 (17%) 0 0 1 (3%)
Pruritus 0 1 (17%) 0 0 1 (3%)
Rash erythematous 0 1 (17%) 0 0 1 (3%)
Eye disorders 0 0 0 1 (6%) 1 (3%)
Eye pruritus 0 0 0 1 (6%) 1 (3%)

Musculoskeletal and connective tissue disorders 1 (6%) 0 0 0 0
Back pain 1 (6%) 0 0 0 0

AE: adverse event; TEAE: treatment-emergent adverse event.
Data are n (%).Medical Dictionary for Regulatory Activities preferred terms are used. Participants with at least one AE are counted only once per system organ class and preferred term.

a Considered to be a consequence of the inhalation maneuver performed by this participant.
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in patients with greater functional impairment. Lung function will be
monitored in future studies.

Results of studies in similar populations showing that FeNO levels
are responsive to anti-IL-13 therapies [15,17,28] and those in which
IL-13 stimulates lung epithelial NO production make FeNO an intuitive
endpoint for an inhaled treatment. Our analyses showed a dose–
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Fig. 3.Mean percentage change in FeNO level from baseline to predose in participants with asth
bars represent 95% CI. Boxed data (day 10) represent the prespecified analysis timepoint. CI: c
response effect for reduction in FeNO level following VR942 treatment,
whereby no effectwas observedwithVR942 0.5mg comparedwith pla-
cebo in contrast to the rapid reductions in FeNOwith VR942 10 mg and
20 mg, which were significantly greater than the effect of placebo and
were sustained for up to 96 h post cessation of treatment administra-
tion. FeNO reductions have been reported with other anti-IL-13 and
10 11 14 FU
e (days)

Treatment
Placebo
VR942 (0.5 mg)
VR942 (10 mg)
VR942 (20 mg)

ma. Placebo n= 16, VR942 0.5 mg n= 6, VR942 10mg n= 6, VR942 20mg n= 17. Error
onfidence interval; FeNO: fractional exhaled nitric oxide; FU: follow-up.



Table 4
Least-squares mean changes in FeNO level from baseline to postdose on day 10, in participants with asthma.

VR942 dose Hours postdose,
day 10

Least-squares mean for change
from baseline, ppb

Between-treatment difference for
VR942 – placebo (95% CI), ppb

p value

VR942 Placebo (n = 16)

Prespecified ANCOVA
20 mg (n = 17) 0.5 −48.7 −36.7 −12.0 (−21.6, −2.5) .015

2 −45.5 −33.1 −12.4 (−23.4, −1.5) .028

Post hoc ANCOVA
0.5 mg (n = 6) 0.5 −33.7 −33.6 −0.1 (−11.5, 11.3) .986

2 −35.5 −30.3 −5.2 (−18.3, 7.9) .428
10 mg (n = 6) 0.5 −51.1 −33.6 −17.5 (−29.0, −6.1) .004

2 −48.0 −30.3 −17.6 (−30.8, −4.5) .010
20 mg (n = 17) 0.5 −45.5 −33.6 −11.9 (−20.5, −3.4) .007

2 −42.5 −30.3 −12.1 (−21.9, −2.4) .016

ANCOVA: analysis of covariance; CI: confidence interval; FeNO: fractional exhaled nitric oxide; ppb: parts per billion.
Values were calculated using an ANCOVA of the change from baseline in FeNO level at each time point for all cohorts, adjusted for treatment group and baseline FeNO level.

Table 5
Least-squares mean changes in FeNO level from baseline to predose on day 10, in participants with asthma.

VR942 dose Least-squares mean for change from
baseline, ppb

Between-treatment difference for
VR942 – placebo (95% CI), ppb

p value

VR942 Placebo (n = 16)

0.5 mg (n = 6) −35.0 −31.1 −3.8 (−15.8, 8.1) .518
10 mg (n = 6) −48.7 −31.1 −17.5 (−29.5, −5.5) .005
20 mg (n = 17) −42.7 −31.1 −11.6 (−20.5, −2.7) .012

ANCOVA: analysis of covariance; CI: confidence interval; FeNO: fractional exhaled nitric oxide; ppb: parts per billion.
Values were calculated using an ANCOVA of the change from baseline in FeNO level to predose for all cohorts, adjusted for treatment group and baseline FeNO level.
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anti-IL-4Rα candidates in participants with asthma not using ICS
[15,17,28] and in those with uncontrolled asthma [14,19,27,29], where
attenuation was associated with improvements in several clinical
outcomes, including lung function and annualized exacerbation
rates [19,26]. FeNO reductions observed with placebo in this study
may have been due to participants being domiciled for the 10-day
treatment period, therefore having a lower exposure to lung NO
stimuli (e.g., environmental allergens, pollutants) than at home. A
similar effect was reported in patients with asthma undergoing al-
pine rehabilitation, in whom significant reductions in FeNO levels
over the first 2 weeks were attributed to house dust mite allergen
avoidance [30–32].

We consider this to be the only evaluation of an inhaled anti-IL-13
treatment effect on daily in-clinic FeNO levels. Study limitations include
evaluating VR942 treatment in those with mild asthma, and the dura-
tion of the study (with regard to establishing the potential for
immunogenicity).

In conclusion, this phase 1, placebo-controlled, dose-escalation
study showed that inhaled VR942 (0.5–20mg)was generallywell toler-
ated in healthy participants and participants with asthma.We showed a
convincing PD effect at 10 mg and 20 mg doses, demonstrating rapid
and sustained FeNO reductions greater than those observedwith place-
bo. This supports target engagement of VR942 with IL-13 pathways in
the airways of patients with asthma, justifying further clinical evalua-
tion in future trials.
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