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Effect of IVL745, a VLA-4 antagonist, on
allergen-induced bronchoconstriction in
patients with asthma
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Background: Very late antigen (VLA-4) antagonists have been

proposed as potential therapies for diseases in which cell

recruitment and accumulation are causative. Asthma, which

is characterized by airway inflammation involving the

accumulation of eosinophils and mononuclear cells, is one

such disease.

Objective: We sought to assess the effect of IVL745, a VLA-4

antagonist, on the early and late asthmatic response (LAR) and

on markers of airway inflammation after allergen inhalation.

Methods: The study was of a placebo-controlled, double-blind,

randomized, 2-way crossover design. Sixteen subjects with

mild-to-moderate asthma controlled with short-acting

b2-agonists only and with a LAR to inhaled allergen

participated in the study. At one treatment period they took

20 mg of IVL745 and one treatment period placebo. Both

treatments were taken twice daily for 7 days, with a single dose

on day 8. Treatments were separated by a washout period of at

least 2 weeks. On day 7 of each treatment period, sputum was

induced and collected, and exhaled nitric oxide (NO) was

measured. On day 8, an inhaled bolus allergen challenge was

performed, and blood was taken for pharmacokinetics. On day

9, exhaled NO was measured, and a methacholine challenge

was done. On day 10, sputum was induced and collected.

Adverse events, peak expiratory flow (PEF), use of short-acting
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b2-agonists, and asthma symptoms were recorded daily

throughout the study.

Results: There was no statistically significant difference

between IVL745 and placebo in the effect on the LAR after

allergen challenge, as measured by the area under the curve

of the percentage change in FEV1 from the prechallenge

baseline (mean [SEM], 281.99 [18.80] after IVL745 and

272.58 [21.29] after placebo; 95% CI of difference, 236 to

16.8; P 5 .46) or by the maximum percentage change from

the prechallenge baseline (mean [SEM], 223.44 [4.73] after

IVL745 and 221.30 [5.17] after placebo; 95% CI

of difference, 211 to 6.29; P 5 .60). There was a statistically

significant decrease in the percentage of eosinophils in

sputum on day 7 of treatment with IVL745 (mean [SEM],

7.32 [1.46]) compared with placebo (mean [SEM], 15.00

[1.92]; 95% CI of difference, 213 to 21.2; P 5 .02). There

was no statistically significant difference between IVL745

and placebo with respect to the early asthmatic response,

methacholine hyperresponsiveness, exhaled NO,

postallergen sputum, symptoms, inhaled b2-agonist use,

or PEF.

Conclusion: In patients with mild-to-moderate atopic asthma,

IVL745 did not affect the early and late response to inhaled

allergen or markers of airway inflammation, except for a

modest reduction in sputum eosinophils. (J Allergy Clin

Immunol 2005;116:761-7.)

Key words: Very late antigen (VLA-4, a4b1) antagonist, inhaled
allergen challenge, late asthmatic response, eosinophil

Very late antigen (VLA-4, a4b1) is a heterodimeric
cell-surface molecule found on all leukocytes except
neutrophils, and its expression is upregulated by IL-4
and IL-13. VLA-4 is the receptor primarily responsible for
mononuclear cell and eosinophil trafficking: binding of
VLA-4 to vascular cell adhesion molecule 1 (VCAM-1)
on vascular endothelium arrests cell rolling and promotes
extravasation.1,2 VLA-4 also interacts with the extracel-
lular matrix protein fibronectin, which is implicated in the
regulation of eosinophil apoptosis.3,4 VLA-4 antagonists
have therefore been proposed as a therapeutic target in
diseases in which cell recruitment and accumulation are
causative.5,6 Asthma, which is characterized by airway
inflammation involving the accumulation of eosinophils
and mononuclear cells, is one such disease.7 VLA-4
antagonists are effective in animal models of asthma.1,7,8

To date, no results of human studies have been published.
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Abbreviations used

AUC: Area under the curve

EAR: Early asthmatic response

IC50: Inhibitory concentration of 50%

LAR: Late asthmatic response

NO: Nitric oxide

PC20: Provocative concentration causing a

20% decrease in FEV1

PEF: Peak expiratory flow

VCAM-1: Vascular cell adhesion molecule 1

VLA-4: Very late antigen

IVL745, 3-[N-(3,4-dimethoxybenzyl)-2-{2-[3-methoxy-
4-(3-o-tolylureido) phenyl] acetylamino}acetamido] prop-
anoic acid, is a VLA-4 antagonist that is effective in
animal models of airway inflammation and asthma.
IVL745 was assessed in the Brown Norway rat model
of antigen-induced lung inflammation. IVL745, 3 mg/kg,
significantly inhibited antigen-induced eosinophil and
lymphocyte accumulation when lung tissue was examined
24 hours after antigen challenge. The effects of IVL745 on
allergen (Ascaris suum)–induced bronchoconstrictor re-
sponse in sheep was also assessed. A single dose of 1 mg/
kg given 30 minutes before allergen challenge completely
inhibited the late asthmatic response (LAR) and the devel-
opment of hyperresponsiveness (24 hours after allergen
challenge) to carbachol. IVL745 is safe and well tolerated
in healthy volunteers and asthmatic subjects up to the
maximum tested dose of 20 mg administered by means of
inhalation twice daily. It therefore merited assessment as
an anti-inflammatory agent in patients with asthma.

Inhaled allergen provocation in asthma has been used
extensively to test anti-inflammatory agents of potential
clinical benefit in asthma. In susceptible individuals there
is an early asthmatic response (EAR) within the first
2 hours, followed by an LAR at 3 to 9 hours after in-
halation of allergen.All anti-inflammatory drugs (eg, corti-
costeroids, theophylline, leukotriene receptor antagonists,
cromones, and anti-IgE9-14) and functional antagonists
(eg, long-acting b2-agonists

15) that are effective in con-
trolling asthma inhibit the LAR to inhaled allergen. The
LAR is accompanied by hyperresponsiveness of the
airways to direct and indirect bronchoconstriction stim-
uli16 and increased numbers of inflammatory cells, partic-
ularly eosinophils, in induced sputum.17 We therefore
assessed the effects of IVL745, an inhaled VLA-4 antag-
onist, against the LAR, sputum eosinophil counts, exhaled
nitric oxide (NO),18 asthma symptoms, inhaled b2-agonist
use, and peak expiratory flow (PEF).

METHODS

The study was done at 3 centers (Southampton General Hospital,

Hampshire; Kings Hospital, London; and HMR, Central Middlesex

Hospital, London). The study was approved by each center’s local

research ethics committee, and all subjects gave fully informed,

written consent. The study was performed in accordance with the

International Conference of Harmonization Guideline for Good

Clinical Practice.
Subjects

Sixteen adults (14 men and 2 women) aged 20 to 49 years (mean,

28.9 years) with mild-to-moderate atopic asthma were enrolled in the

study. Subjects had the following:mild-to-moderate asthma requiring

treatment with short-acting inhaled b2-agonists only; FEV1 at least

70% of predicted normal value; a positive skin prick test to allergen;

a provocative concentration of less than 8 mg/mL methacholine

causing a 20% decrease in FEV1 (PC20); and a documented EAR and

LAR to inhaled allergen. Subjects had to be nonsmokers for at least

12 months and not have used any inhaled corticosteroids for at least

2 months, leukotriene antagonists for at least 2 weeks, or long-acting

b2-agonists for at least 48 hours before screening. Subjects were

excluded if they had experienced a recent (within the last 6 weeks)

respiratory infection, a medical condition other than asthma, were

pregnant or lactating, or if of child-bearing potential and not using an

adequate barrier method of contraception.

Design

The study was of a placebo-controlled, double-blind, randomized,

2-way crossover design. During each study period, subjects were

treated with either IVL745 or matched placebo twice daily by

inhalation for 7 days, with a single dose on day 8. Treatments were

separated by a washout period of at least 2 weeks.

At screening, subjects underwent a methacholine challenge and

a skin prick test to allergen.

At baseline, subjects underwent an inhaled incremental allergen

challenge and then, 24 hours later, a methacholine challenge. Exhaled

NO was measured before and 24 hours after the allergen challenge.

There was at least a 2-week washout period between baseline and

the start of the study.

IVL745 (20 mg) and placebo (100% lactose monohydrate)

were administered twice daily through an Ultrahaler (Aventis,

Bridgewater, NJ) metered-dose dry-powder inhaler19 as 10 consec-

utive actuations of the device. Day 1 morning, day 3 morning, day 5

morning, day 7 morning and evening, and day 8 morning doses were

observed by site personnel for each treatment period. All other doses

were taken by the subject without direct supervision. Morning doses

were taken around 8 AM, and evening doses were taken around 8 PM.

Adherence to treatment was checked by weighing the devices and

by subjects� recording of the time of dosing in a diary.

At each treatment period, the subjects underwent the following

tests. On day 7, they underwent induced sputum collection and

exhaled NO measurement 1 hour after the morning dose. On day 8,

they underwent an inhaled bolus allergen challenge 1 hour after the

morning dose. On day 9, they underwent exhaled NO measure-

ment, and a methacholine challenge was performed (approximately

24 hours after the allergen challenge). On day 10, they underwent

induced sputum collection. Blood samples for pharmacokinetics

were taken frequently for 24 hours after dosing on day 8 of each

treatment period.

Adverse events, PEF, use of short-acting b2-agonists, and asthma

symptoms were recorded daily throughout the study. Table I shows

the overall study schedule.

Specific tests

Allergen skin test. One hundred microliters of 3 allergens (house

dust mite, cat hair, and 6 grasses from ALK Abello, Ltd, Hørsholm,

Denmark) plus positive (histamine concentration of 10 mg/mL) and

negative controls were applied to the volar surface of the forearm at

least 2 cm apart. The skin was then pricked, without causing bleeding,

with a sterile lancet. The solutions were then wiped off the skin. After

15 minutes, the sites were observed for the development of a wheal

and flare. A positive test result was one in which the wheal response

was at least 2 mm greater than that produced by the negative control.
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TABLE I. Overall study schedule
Inhaled methacholine challenge. A prechallenge baseline FEV1

(Vitalograph dry wedge spirometer, Buckingham, United Kingdom)

to inhaled 0.9% saline was established. Subjects then inhaled

doubling concentrations of methacholine, and FEV1 was measured

after each concentration. The concentration of methacholine was

increased until a decrease in FEV1 of at least 20% from the saline

baseline value was achieved or the maximum concentration

(32 mg/mL) was inhaled. All inhalations were delivered through a

breath-activated dosimeter (Mefar, Bovezzo, Italy), with the subject

inspiring slowly from functional residual capacity to total lung

capacity over 1 second and then holding his or her breath for

6 seconds while wearing a nose clip. Five breaths were inhaled for

each concentration. The PC20 was calculated by means of inter-

polation on a logarithmic dose-response curve.20

Inhaled allergen challenge. At baseline, subjects underwent an

inhaled incremental allergen challenge. The allergen to which the

subject had been most responsive on skin prick testing was used.

Freeze-dried allergen extract (ALK Abello, Ltd) was diluted in 0.9%

saline to provide concentrations of 250 to 32,000 SQU/mL. Baseline

FEV1 was determined after inhalation of 0.9% saline, and then the

subject inhaled incremental concentrations of allergen, starting with

the lowest concentration. All inhalations were delivered through a

breath-activated dosimeter (Mefar) by inspiring slowly from func-

tional residual capacity to total lung capacity over 1 second and then

holding breath for 6 seconds while wearing a nose clip. Five breaths

were inhaled for each concentration. Inhalation of increasing con-

centrations of allergen continued until an EAR (a decrease of >20%

of saline baseline value) was achieved. FEV1 was then measured

at the following times after allergen inhalation: 20, 30, 45, and

60 minutes and 2, 3, 4, 4.5, 5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5, and 9 hours.

The LAR was defined as a decrease in FEV1 from saline baseline

value of more than 15% between 3 and 7 hours after allergen

challenge.

After dosing in each treatment period, subjects underwent an

inhaled bolus allergen challenge. The concentration of allergen

inhaled was equal to the sum of the incremental concentrations

inhaled.21

Sputum. Induced sputum was collected and processed using a

standard protocol.22 After bronchodilatation with salbutamol, sub-

jects inhaled hypertonic (4.5%) saline by means of nebulization.

Saline inhalation was performed in 3 periods of 7 minutes; the

total time for nebulized saline inhalation was 21 minutes. After

each 7-minute period, subjects blew their noses and rinsed their

mouths to minimize salivary contamination before expectorating

sputum.

For sputum processing, dithiothreitol (Sigma, Poole, United

Kingdom) was added to the sputum. The sample was vortexed, fol-
lowed by gentle aspiration, and then left on a bench rocker for

15 minutes until the sputum was homogenized. Dulbecco’s PBS

(Sigma) was then added to the sample and vortexed to ensure

adequate mixing. The mixture was filtered through a 48-mm nylon

mesh filter and centrifuged at 3000 rpm for 4 minutes at 20�C.
The cell pellets from the sputum centrifugation were resuspended

for total cell counts and cell viability (by using Trypan Blue

exclusion) analysis with a hemacytometer. Slides were prepared by

using a Cytospin instrument (Shandon, Runcorn, United Kingdom)

and were stained with Wright’s Giemsa Accustain (Sigma) for

differential cell counts. Supernatant was stored at 280�C.
The following total and differential cell counts were analyzed in the

sputum: epithelial cells, lymphocytes, eosinophils, basophils, macro-

phages, and neutrophils. Fluid-phase measurements included eosino-

phil cationic protein, IL-5, GM-CSF, TNF-a, tryptase, and albumin.

Exhaled NO. Exhaled NO was measured with a modified chemi-

luminescence analyzer (Model LR2500, Logan Research, Rochester,

United Kingdom). Patients put on a nose clip and then took a deep

breath in through themouth. They then exhaled slowly for 30 seconds

into the mouthpiece, using a biofeedback indicator to guide flow rate.

Measured in this way, NO is representative of the lower airways

because expiration against resistance closes the soft palate, ensuring

no admixture from the nasopharynx.

Safety and tolerability

Adverse events were summarized by treatment, and no formal

statistical tests were done.

Pharmacokinetic analysis

Plasma samples were analyzed for IVL745 by using a validated

liquid chromatography tandem mass spectrometry method with a

minimum quantifiable limit of 10 pg/mL.23 Pharmacokinetic param-

eters were calculated by using noncompartmental methods.

Efficacy variables and analysis

The primary efficacy variables were as follows:

1. magnitude of LAR as measured by the area under the curve

(AUC) of the percentage change in FEV1 from the prechallenge

baseline value for the time period 3 to 9 hours after allergen

challenge;

2. magnitude of LAR as measured by the maximum percentage

change in FEV1 from the prechallenge baseline value in the time

period 3 to 9 hours after allergen challenge.

Secondary efficacy variables were EAR (measured as the AUC

and the maximum percentage change of FEV1 from prechallenge
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baseline value 0 to 2 hours after allergen challenge), PEF (morning

and evening) before dosing, asthma symptom score, number of

nighttime awakenings, b2-agonist use, cell and cytokine profiles in

induced sputum (comparison between placebo and IVL745 was done

for days 7 and 10), FEV1, forced vital capacity, methacholine PC20

24 hours after allergen challenge (placebo and IVL745 compared),

and NO measurements.

The AUC was calculated by using the trapezoid method. Dif-

ferences between groups were analyzed by using ANOVA models

appropriate to the 2-way crossover design. Necessary assumption

checks (to test normality and equality of variance) were verified for

the primary efficacy variables. The Wilcoxon rank sum test was used

if assumptions were seriously violated. Hypothesis testing was done

at the 5% 2-sided significance level for primary and secondary

efficacy variables.

Sample size

The sample size for this study was based on the simplified

assumption of a comparison of the 2 treatments by using a paired

t test. A 30% mean difference in the magnitude of the LAR between

treatments would be considered clinically important, so that value

was used to compute the sample size. Given that estimate, the sample

size required to detect a 30% difference in the magnitude of the

LAR would be 12, assuming a type I error rate of 0.05, a type II error

rate of 0.10 (ie, 90% power), and a within-patient SD of 25%.

RESULTS

Safety and tolerability

Safety and tolerability were very good. Adverse events
were similar in nature and incidence with IVL745 and
placebo. Thirty-one all-causality adverse events were
reported during the study. Sixteen (all mild) were reported
with placebo, and 15 (14 mild and 1 moderate [muscular
skeletal shoulder pain]) were reported with IVL745.
The most common adverse events were headache
(6 with placebo and 6 with IVL745), nasopharyngitis
(2 with IVL745 and 1 with placebo), diarrhea (1 with
placebo and 1 with IVl745 [same subject]), nausea (1
with placebo and 1 with IVL745), and hiccups (2 with
placebo).

FIG 1. Pharmacokinetics of IVL745 (mean [SD]) on day 8, with IC50

VLA-fibronectin and IC50 VLA–VCAM-1 values shown.
Pharmacokinetics

Fig 1 shows the pharmacokinetic parameters on day 8.
IVL745 was rapidly absorbed, with a median time of peak
concentration of 1 hour, and the plasma concentrations
followed a biexponential decrease after reaching peak
concentrations. The plasma AUC0-24 and peak concentra-
tion values for IVL745 at 20 mg were 97.98 ng.h/mL and
25.88 ng/mL. The mean terminal half-life was 7.19 hours.

Efficacy

There was no statistically significant difference be-
tween IVL745 and placebo in the effect on the LAR
3 to 9 hours after allergen challenge, as measured by
the AUC of the percentage change in FEV1 from the
prechallenge baseline value (Table II and Fig 2) or by
the maximum percentage change from the prechallenge
baseline value (Table III).

With the exception of the day 7 sputum eosinophil
counts and day 7 neutrophil counts (Fig 3), secondary
efficacy variables did not differ significantly between
treatments. The median eosinophil count on day 7
was 0.048 3 106/mL after treatment with IVL745 and
0.206 3 106/mL after placebo. The median neutrophil
count on day 7 was 0.495 3 106/mL after IVL745 and
0.296 3 106/mL after placebo. There was a statistically
significant decrease in the percentage of eosinophils in
sputum on day 7 of treatment with IVL745 (mean, 7.32;
SEM, 1.46) compared with placebo (mean, 15.00; SEM,
1.92) (95%CI of difference, [213,21.2]; P5 .02). There
was a statistically significant increase in the percentage
of neutrophils in sputum on day 7 of treatment with
IVL745 (mean, 40.67; SEM, 3.65) compared with placebo
(mean, 21.49; SEM, 4.80) (95% CI of difference, [4.82,
33.5]; P 5 .02). No other sputum variables differed sig-
nificantly between treatments.

DISCUSSION

The effect of IVL745, a VLA-4 antagonist, on the
early and late response to inhaled allergen and markers of
airway inflammation in patients with mild-to-moderate
atopic asthma was assessed in this study. The dose
administered was 20 mg twice daily via the Ultrahaler
metered-dose dry-powder inhaler. This was considered the
maximum feasible dose given the number of actuations
required for dosing by using the formulation (10 actuations

TABLE II. Magnitude of LAR as measured by AUC of the

percentage change in FEV1 from the prechallenge base-

line value for the time period 3 to 9 hours after

allergen challenge

N Mean SEM Median

95% CI of

difference P value

IVL745 16 281.99 18.80 271.74 236 to 16.8 .46

Placebo 16 272.58 21.29 250.09
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FIG 2. Mean change (percentage) in FEV1 from prechallenge value in the 9 hours after allergen inhalation on

day 8 for placebo and IVL745.
for 20 mg). There was no effect of IVL745 on the LAR,
which was the primary efficacy variable. Except for a
modest reduction in sputum eosinophils on day 7 (before
allergen challenge), there was no effect of IVL745 on any
other secondary efficacy variable measured.

IVL745 has a favorable profile for an asthma therapy:
it can be delivered by means of inhalation, has low
oral bioavailability, and yields low systemic exposure.19

In preclinical experiments single doses of IVL745 re-
duced the airway inflammatory response of sensitized rats
(3 mg/kg intratracheally: significant inhibition of antigen-
induced accumulation of eosinophils and lymphocytes)
and sheep (1 mg/kg nebulized: significant inhibition of the
early-phase bronchoconstriction and total inhibition of the
late-phase bronchoconstrictor response to inhaled aller-
gen). That effect was observed both immediately and for
at least 6 hours after a single dose. In the present study a
lower dose (0.19-0.36 mg/kg) was administered to human
subjects compared with the effective dose in animal
models on a milligram per kilogram basis, and that might
account for the negative results. However, the animal

TABLE III. Magnitude of LAR as measured by the

maximum percentage change in FEV1 from the

prechallenge baseline in the 3 to 9 hours after

allergen challenge

N Mean SEM Median

95% CI of

difference P value

IVL745 16 223.44 4.73 221.86 211 to 6.29 .60

Placebo 16 221.30 5.17 218.05
studies were done with single doses, and repeated twice
daily dosing (as in the present study) would be expected to
be more effective than a single dose of the same milligram
per kilogram value given that current anti-inflammatory
drugs for asthma (eg, steroids) are more effective on
repeated dosing than after a single dose.

FIG 3. Percentage of eosinophils and neutrophils in sputum on

day 7 (error bars indicate SEM).
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The inhibitory concentration of 50% (IC50) values for
IVL745 for adhesion to VCAM-1 and fibronectin are 20
nM (11.85 ng/mL) and 2 nM (1.185 ng/mL), respectively.
In human subjects systemic exposure was less than that
achieved in animal models; however, blood concentra-
tions achieved after inhaled administration of IVL745
(peak concentration) were higher (2-fold and 20-fold,
respectively) than the IC50 values for VCAM-1 and
fibronectin (Fig 1). It is unclear how systemic exposure
relates to efficacy of VLA-4 antagonists in asthma. In a
number of animal models with different VLA-4 antago-
nists, local delivery to the lung was efficacious, whereas
administration through other routes that achieved far
higher systemic exposure were not efficacious.5 The oral
bioavailability of IVL745 is negligible, and therefore in
our study the systemic exposure reflects the amount of
drug deposited in the lungs rather than being absorbed
through the gastrointestinal tract. Therefore because the
drug was deposited directly to the organ of interest and
also achieved systemic exposures in excess of the IC50, it
is likely that the local exposure in lungs was adequate.
However, we cannot totally rule out that efficacy could
have been achieved if higher doses could have been given.

Lack of compliance with the dosing regimen is not
likely to account for the negative results. Forty percent of
the doses were administered by site personnel; other doses
were recorded in a diary, and the devices were weighed.
Those records showed that compliance with the dosing
regimen was excellent.

The only marker of airways inflammation to show a
significant difference between IVL745 and placebo was
the sputum eosinophil count after 7 days� treatment.
Eosinophils accumulate in the lungs in large numbers in
patients with asthma. Increases in sputum eosinophils
predict loss of control of asthma,24 and antiasthma treat-
ments that are effective anti-inflammatory agents do
reduce lung eosinophilia. However, drugs that selectively
reduce eosinophils, such as recombinant human IL-12 and
IL-5 blocking mAbs, have failed to affect the disease
process, and the role of eosinophils in the pathogenesis
of asthma has therefore been questioned.25-27 A VLA-4
antagonist, developed to prevent eosinophil extravasa-
tion, has been shown in this study to reduce eosinophil
numbers in sputum, if only moderately. However, as with
other drugs that reduce eosinophil numbers, they do not
reduce the LAR. Therefore this study further supports the
questioning of a central role of eosinophils in the LAR.
It might be because therapies targeting eosinophils only
partially suppress lung eosinophils and that complete
suppression is needed for efficacy or redundant pathways
might maintain accumulation of eosinophils in the lung.
Studies with VLA-4 antagonists have shown positive
results in multiple sclerosis and Crohn’s disease,28,29 and
results of other trials in asthma are awaited.

In conclusion, in patients with mild-to-moderate atopic
asthma, IVL745, an inhaled VLA-4 antagonist, did not
affect the early and late response to inhaled allergen or
markers of airway inflammation, except for a modest
reduction in sputum eosinophils after 7 days� treatment.
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