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Rationale: Extensive evidence in animal models supports a role for
IL-13 in the pathobiology of asthma. IMA-638 and IMA-026 are fully
humanized IgG1 antibodies that bind to different epitopes and
neutralize IL-13 bioactivity.
Objectives: We hypothesized that anti–IL-13 treatment would inhibit
allergen-induced late-phase asthmatic responses, airway hyperres-
ponsiveness, and inflammation in subjects with asthma.
Methods: Fifty-six subjects with mild, atopic asthma were recruited
for two double-blind, randomized, placebo-controlled, parallel
group trials to compare IMA-638 and IMA-026 IL-13 antibody
treatments with placebo treatment. Drug was administered on Days
1 and 8, and allergen challenges were performed on Days 14 and 35.
The primary outcome variable was the late-phase area under the
curve (AUC), and secondary outcome variables were the early- and
late-phase maximum percent fall in FEV1, early AUC, allergen-
inducedshift in airwayhyperresponsiveness, andsputumeosinophils.
Measurements and Main Results: The treatment difference with IMA-
638 on Day 14 was 219.1 FEV1 3 hour (95% confidence interval:
236.2, 21.9) for the allergen-induced early AUC and 223.8 FEV1 3

hour (95% confidence interval: 246.4, 21.2) for the late AUC (both
P , 0.05), but this effect was lost by Day 35. Treatment with IMA-026
did not attenuate the asthmatic responses on Day 14 or Day 35. There
was no effect of either antibody on allergen-induced airway hyper-
responsiveness or sputum eosinophils. The frequency of adverse
events after administration of the IL-13 antibodies was similar to
placebo.
Conclusions: IL-13 has a role in allergen-induced airway responses in
humans. Further study is required to determine whether anti–IL-13
monoclonal antibodies will be beneficial clinically.
Clinical trial registered with www.clinicaltrials.gov (NCT 00410280
and NCT 00725582).

Keywords: anti–interleukin-13 therapy; mild asthma; allergen inhala-

tion challenge; late asthmatic response; airway inflammation

Asthma is a chronic inflammatory disease of the airways
characterized by recurrent episodes of chest tightness and
cough, with variable airflow obstruction, mucus hypersecretion,
and airway hyperresponsiveness. There is extensive evidence to
support a major role for IL-13 in the pathobiology of asthma. In
vitro, IL-13 induces many cellular responses relevant to asthma,
such as B-cell immunoglobulin E (IgE) production, generation
of eosinophil chemoattractants, maturation of mucus-secreting
goblet cells, production of extracellular matrix proteins and
myofibroblast differentiation, and enhanced contractility of
airway smooth muscle cells in response to cholinergic agonists
(1–5). In animal models, administration of exogenous IL-13
induces airway inflammation and airway hyperresponsiveness
changes, and neutralization of IL-13 effectively reduces these
changes after allergen inhalation (6, 7). In human subjects with
asthma, IL-13 is present in bronchoalveolar lavage fluid col-
lected after segmental allergen challenge (8–10), implicating the
cytokine in allergic airway responses. IL-13 is thought to
mediate most of its effect through binding to receptors IL-
13Ra1 and IL-4Ra.

IMA-638 and IMA-026 are fully humanized IgG1 antibodies
that bind to and potently neutralize IL-13 bioactivity in vitro
(11). They have similar pharmacokinetic (PK) characteristics in
preclinical models (12), and have shown efficacy in sheep (IMA-
638) (13) and cynomolgus monkey (IMA-638 and IMA-026)
(11, 14) models of allergen challenge. IMA-638 is specific for
the IL-13 epitope that binds IL-4Ra, whereas IMA-026 is
specific for the IL-13 epitope that binds IL-13Ra1 and IL-
13Ra2. In the two studies reported here, IMA-638 and IMA-
026 were evaluated in a human allergen inhalation challenge
model. We hypothesized that anti–IL-13 treatment would in-
hibit allergen-induced late-phase asthmatic responses, airway
hyperresponsiveness, and inflammation in subjects with mild

AT A GLANCE COMMENTARY

Current Scientific Knowledge on the Subject

Extensive evidence in animal models supports a role for
IL-13 in the pathobiology of asthma, and IL-13 blockade is
being actively investigated as a therapy for the treatment of
asthma.

What This Study Adds to the Field

The current study suggests that blocking binding of IL-13
to the IL-4 receptor a chain attenuates allergen-induced
bronchoconstriction during the early and late asthmatic
responses.
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asthma. Some of the results of these studies have been pre-
viously reported in the form of an abstract (15).

METHODS

Subjects

Fifty-six subjects with mild atopic stable asthma were recruited for two
clinical trials (NCT 00410280 and NCT 00725582). These subjects were
nonsmoking, 18 to 60 years old, with body weight between 50 and 115 kg.
FEV1 was at least 70% of predicted and the provocative concentra-
tion of methacholine causing a 20% fall in FEV1 (methacholine
PC20) was not more than 16 mg/ml (Table 1). Subjects had no other
lung disease, no self-reported lower respiratory tract infection or
worsening of asthma for 4 weeks before screening, and avoided
exposure to sensitizing allergens apart from house dust mite. Subjects
were not currently using inhaled corticosteroids (ICS) and used
no asthma medication with the exception of infrequently inhaled b2-
agonist, which was withheld for 8 hours before spirometry. Rigorous
exercise and caffeinated beverages were avoided before laboratory
visits.

Study Design

Two clinical trials were conducted at four study centers. Each trial was
designed as double-blind, randomized, placebo-controlled, and with
parallel groups, and each compared treatment with a humanized IL-13

antibody (either IMA-638 or IMA-026, 2 mg/kg) to treatment with
placebo (Figure 1). The primary outcome variable was the late-phase
asthmatic response, and the secondary outcome variables were the
early-phase asthmatic response, airway hyperresponsiveness, sputum
eosinophils, safety, and tolerability. The trials were performed from
April 2007 to March 2008 (IMA-638) and from January 2009 to June
2009 (IMA-026). The randomized sequence of treatment was computer-
generated, and treatment kit number was assigned on the day of dosing,
using a centralized system. All subjects and trial staff remained blind to
the random order until after locking the database, with the exception of
the unblinded study nurse who prepared and administered the drug but
performed no study assessments.

The study was approved by the ethics research board of the
respective institutions, and signed informed consent was obtained from
subjects. Screening of subjects occurred over 1–2 weeks with assess-
ments of airway hyperresponsiveness, skin prick test, and safety labs
(Figure 1). Responses to inhaled allergen challenge were also mea-
sured, and subjects who developed an early-phase asthmatic response
(a fall in FEV1 of at least 20% within 2 h after allergen challenge),
followed by a late-phase asthmatic response (a fall in FEV1 of at least
a 15% between 3 and 7 h after allergen challenge) were randomized to
receive drug or placebo at a 1:1 allocation ratio. Each treatment period
consisted of two subcutaneous doses of humanized IL-13 antibody
administered 1 week apart. Allergen challenges were conducted 14 and
35 days after the first dose. Methacholine PC20 was measured 24 hours
before and 24 hours after allergen challenges. Sputum was collected
after the methacholine challenge, and also 7 hours after allergen

TABLE 1. SUBJECT DEMOGRAPHICS

IMA-638 (n 5 14) Placebo (n 5 13)

Subject Sex Age (yr) % FEV1 M PC20 Allergen Subject Sex Age (yr) % FEV1 M PC20 Allergen

101 F 25 89.5 7.74 HDM (DP) 102 F 40 88.0 0.62 HDM (DP)

105 M 30 101.5 4.00 HDM (DP) 106 M 38 79.3 1.86 Grass

108 M 20 116.2 0.66 Grass 107 M 46 90.0 9.31 HDM (DP)

109 F 26 99.9 3.39 HDM (DP) 110 F 21 86.4 11.43 HDM (DP)

113 F 18 72.8 2.21 Cat 112 F 21 89.2 1.47 Cat

116 M 25 108.5 3.48 HDM (DF) 114 M 19 80.0 1.06 Grass

117 F 23 82.0 0.39 HDM (DP) 115 F 20 78.6 13.87 HDM (DP)

118 F 21 96.8 1.87 Cat 202 M 42 81.5 1.48 HDM (DF)

204 M 30 98.7 11.77 HDM (DP) 208 F 23 84.3 1.24 Cat

206 M 26 95.1 1.62 HDM (DP) 211 F 40 79.7 5.36 Cat

220 F 31 76.1 0.61 GRASS 214 F 19 86.8 2.03 HDM (DF)

223 M 27 101.0 1.26 Grass 218 F 44 111.8 6.92 Cat

301 F 43 82.5 0.08 HDM (DF) 303 M 47 97.5 1.17 Grass

302 M 21 81.2 0.13 Grass

Mean 26.1 93.0 1.3* Mean 32.3 87.1 2.7

SEM 1.7 3.4 SEM 3.2 2.5

IMA-026 (n 5 14) Placebo (n 5 15)

Subject Sex Age (yr) % FEV1 M PC20 Allergen Subject Sex Age (yr) % FEV1 M PC20 Allergen

104 F 21 92 4.31 Cat 101 F 27 93 2.46 HDM (DP)

106 M 21 77 2.27 Grass 105 M 22 84 4.30 HDM (DP)

107 M 20 96 0.54 Ragweed 108 F 21 85 0.84 Cat

109 F 20 100 0.47 Cat 110 M 44 104 1.44 Cat

113 F 20 87 1.12 Cat 111 M 19 84 0.91 HDM (DP)

114 M 32 93 6.33 Cat 112 F 50 95 2.21 HDM (DP)

203 F 46 110 3.25 Cat 201 F 41 85 4.59 Cat

205 M 43 85 2.46 HDM (DF) 204 F 57 79 0.25 Cat

207 F 29 89 0.32 Tree 206 M 26 79 0.22 Cat

209 M 32 72 1.24 HDM (DF) 208 F 30 92 0.14 Cat

302 F 56 95 0.16 Cat 213 F 49 103 0.44 HDM (DF)

303 F 44 84 0.28 HDM (DF) 304 M 22 83 0.13 Grass

307 M 48 107 0.90 Tree 311 M 47 71 0.28 Grass

401 M 32 82 1.05 Cat 404 M 21 75 1.30 HDM (DF)

410 M 26 83 1.54 Grass

Mean 33.1 90.6 1.1* Mean 33.5 86.5 0.8

SEM 3.3 2.8 SEM 13.0 9.6

Definition of abbreviations: % FEV1 5 percent predicted forced expiratory volume in 1 second; DF 5 Dermatophagoides farinae; DP 5 Dermatophagoides pteronyssinus;

F 5 female; HDM 5 house dust mite; M 5 male; M PC20 5 provocative concentration of methacholine causing a 20% fall in FEV1.

Data are shown as means 6 SEM, with the exception of M PC20, which is shown as the geometric mean.
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challenge. Blood was collected for pharmacokinetic analysis, eosino-
phils, IL-13, and IgE levels predosing and until 56 days (IMA-026) and
168 days (IMA-638) after the first dose.

Laboratory Procedures

Study medication. Drug was supplied in a lyophilized form and
reconstituted with sterile water into a 100-mg/ml solution by the
unblinded study nurse. Two doses of 2 mg/kg were administered
subcutaneously approximately 1 week apart, based on the actual body
weight of the subject. The total dose of 4 mg/kg was chosen on the basis
of results of the phase I trials demonstrating safety and tolerability at
doses up to 4 mg/kg. Placebo was the excipient in the antibody
formulation.

Methacholine inhalation test. Methacholine inhalation challenge
was performed as described by Cockcroft (16), using tidal breathing
from a Wright nebulizer (Roxon, Montreal, PQ, Canada). The test was
terminated when a fall in FEV1 of at least 20% of the lowest postsaline
value occurred, and the methacholine PC20 was calculated.

Allergen inhalation challenge. Allergen inhalation was performed
as described by O’Byrne and colleagues (17). The concentration of
allergen extract for inhalation was determined from a formula de-
scribed by Cockcroft and coworkers (18). During a screening period,
doubling concentrations of allergen were given until a fall of at least
20% in FEV1 at 10 minutes after allergen challenge was reached. The
FEV1 was then measured at regular intervals until 7 hours after
allergen inhalation. Subjects with an early- and late-phase asthmatic
response were enrolled. The same dose of allergen was to be
administered for the two postdosing allergen challenges on Day 14
and Day 35.

Sputum analysis. Sputum was induced and processed according to
the method described by Pizzichini and coworkers (19). The total cell
count was determined with a Neubauer hemocytometer chamber
(Hausser Scientific, Blue Bell, PA) and expressed as the number of
cells per milliliter of sputum. Cells were prepared on glass slides for
differential counts and stained with Diff-Quik (American Scientific
Products, McGaw Park, IL). One of the investigative sites was
designated to perform centralized inflammatory cell counting for all
of the sites. All sputum samples were used regardless of squamous cell
contamination; however, the cell percentage was based only on the
inflammatory cells and airway epithelial cells.

Peripheral blood analyses. Blood samples were collected to measure
total IgE, and blood eosinophils. Serum samples were analyzed for
IMA-638 and IMA-026 levels and anti–IMA-638 and anti–IMA-026
antibodies by validated ELISA. Serum maximum concentration (Cmax)
and the time to attain Cmax (tmax) were determined directly from the
observed data. Last-dose PK parameters were derived from the serum
concentration versus time data by a noncompartmental PK analysis
method implemented in WinNonlin (version 5; Pharsight, Mountain
View, CA). Serum samples were analyzed for IL-13 levels by a validated
immunoassay (20).

Statistical Analysis

No formal sample size calculations were performed because this is
a proof-of-concept study. The sample size was largely determined on
the basis of feasibility and previous experience showing that 15 subjects
per treatment arm are sufficient to evaluate efficacy of drug on late-
phase bronchoconstriction (21). Data were analyzed from the intent-to-
treat population and are presented as means 6 standard error of the
mean (SEM) or standard deviation (SD) as indicated. Methacholine

PC20 was calculated by linear interpolation of the log dose–response
curves and log-transformed to fit a normal distribution before statis-
tical analysis, and is presented as geometric mean 6 range. The
primary analysis was the treatment comparison of the area under the
curve (AUC) for the late-phase asthmatic response between active
drug and placebo. Secondary analyses were conducted on the maxi-
mum percent fall of the early- and late-phase asthmatic responses, the
AUC for the early response, the allergen-induced shift in methacholine
PC20, and sputum eosinophil counts, The differences from pre- to
postallergen challenge were computed, and drug and placebo were
compared by analysis of covariance with predose data (collected during
the screening period) as the baseline covariate, and treatment as a
factor.

RESULTS

Twenty-seven subjects were enrolled into the IMA-638
study (IMA-638, n 5 14; placebo, n 5 13) and all completed
the study. Twenty-nine subjects were enrolled into the IMA-026
study (IMA-026, n 5 14; placebo, n 5 15) (Table 1). Two
subjects randomized to placebo did not complete the IMA-026
study; one was withdrawn on Day 1 with urticaria, and one was
withdrawn on Day 15 because of an asthma exacerbation.

IMA-638 and IMA-026 Pharmacokinetics

The serum concentration–time profiles of IMA-638 and IMA-
026 in these allergen challenge studies were consistent with
their respective single-dose pharmacokinetics. The terminal
elimination half-life for IMA-638 and IMA-026 after the last
and second dose was 25.1 days (64.7 SD) and 26.1 days (66.3
SD), respectively (Figure 2). The Cmax after the second dose
was 30.5 mg/ml (6 6.4 SD) and 28.3 mg/ml (6 5.0 SD), and tmax

after the second dose was 8.5 days (6 4.4 SD) and 8.5 days (6

3.5 SD), for IMA-638 and IMA-026, respectively, consistent
with the respective tmax observed in single ascending dose
studies. After the two subcutaneous doses on Days 1 and 8,
the highest drug concentration was observed approximately on
Day 14 (8 d after the second dose), on the day of the first
allergen challenge. Overall the 2 3 2 mg/kg PK profile of the
two IMA antibodies was similar in both studies.

Allergen-induced Asthmatic Responses

Eleven subjects did not receive the highest dose of allergen as
determined during the screening challenge, mainly for safety
reasons. Administering lower doses of allergen to these subjects
did not influence the measures of efficacy because this occurred
in a manner resulting in an overall smaller challenge in the
placebo groups.

IMA-638 significantly attenuated the early maximum percent
fall in FEV1 and the early-phase AUC (AUC0–2h) during the
early-phase asthmatic response on Day 14 (P , 0.05), but this
effect was lost on Day 35. In addition, IMA-638 significantly in-
hibited the late-phase AUC (AUC3–7h) measured on Day 14 (P ,

0.05). The maximum percent fall in FEV1 during the late-phase
asthmatic response was reduced by IMA-638 on Day 14, but this

Figure 1. Study schematic. AHR 5 airway hyperrespon-
siveness; PK 5 pharmacokinetics; SI 5 sputum induc-

tion; SPT 5 skin prick test.
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was not significantly different from placebo (P 5 0.09). The
treatment difference is shown in Table 2. The observed differ-
ences between IMA-638 and placebo on Day 14 are not due to
lower allergen doses because only subjects in the placebo group
did not receive full doses of allergen. Had these subjects re-
ceived full doses of allergen, the treatment difference between
IMA-638 and placebo could have been even greater. Even
though IMA-026 attenuated the late-phase asthmatic response
compared with placebo at the final time points, these changes
did not reach statistical significance. IMA-026 did not inhibit the
early-phase asthmatic response (Figure 3 and Table 2).

Airway Hyperresponsiveness

The PC20 values for most subjects decreased after each allergen
challenge; however, there was no difference between the treat-
ment groups in terms of PC20 values or the change from
preallergen challenge to postallergen challenge for any of the
time points examined in either study (Figure 4). Furthermore,
there were no statistically significant treatment differences in
the log2 PC20 values of IMA-638 or IMA-026 on allergen-
induced airway hyperresponsiveness.

Sputum Inflammatory Cells

Sputum eosinophils increased significantly both 7 and 24 hours
after allergen challenge with placebo treatment (P , 0.0001).
There was no effect of either IMA-638 or IMA-026 on sputum
eosinophils (Figure 5) or any other sputum cell types after
allergen challenge (P . 0.05).

IL-13 Levels in Serum

Total serum IL-13 (free and IMA-bound) concentration–time
profiles are shown in Figure 2. IL-13 concentrations increased
after IMA-638 and IMA-026, but not placebo, administration.
This increase in IL-13 is most likely due to an increase in bound
(although inactive) IL-13. Because the IL-13 assay detects both
free IL-13 and IL-13 bound to the IMA antibodies, the free
IL-13 levels are much lower in the anti–IL-13–treated subjects
than in the placebo subjects. The observed elevation of IL-13
levels during IMA-026 treatment was much higher than with
IMA-638 treatment.

Eosinophils, Total and Specific IgE in Blood

There was no effect of IMA-638 or IMA-026 on the levels of
eosinophils or total IgE measured in peripheral blood at any
time point from Day 8 to the final postdose evaluation.

Safety

Hematology, chemistry, and urinalysis were similar across the
treatment groups. There was no clinically significant change in
safety labs, electrocardiograms, or vital signs after treatment of
IMA-638 or IMA-026. Sixteen treatment-emergent adverse
events (AEs) were reported by 7 subjects (50%) dosed with
IMA-638, and 15 AEs were reported in 8 subjects (62%) dosed
with the corresponding placebo treatment. Fifteen AEs were

Figure 2. Mean serum pharmacokinetics (PK) and IL-13 levels mea-
sured before and after dosing with IMA-026, IMA-638, and placebo.

TABLE 2. EARLY- AND LATE-PHASE ASTHMATIC RESPONSES

Phase Units Day IMA-638 Placebo Treatment Difference P Value 95% Confidence Interval

Early Maximum % fall 14 220.4 230.2 29.8* 0.04 219.16, 20.35

35 222.8 226.8 24.1 0.39 213.5, 5.4

AUC0–2h (FEV1 3 h) 14 21.5 40.6 219.1* 0.03 236.2, 21.9

35 25.8 38.9 213.2 0.13 230.3, 4.0

Late Maximum % fall 14 212.8 219.3 26.4 0.09 214.0, 1.2

35 211.3 215.6 24.2 0.27 211.8, 34

AUC3–7h (FEV1 3 h) 14 25.5 49.3 223.8* 0.04 246.4, 21.2

35 21.9 39.1 217.2 0.13 239.7, 5.4

Phase Units Day IMA-026 Placebo Treatment Difference P Value 95% Confidence Interval

Early Maximum % fall in FEV1 14 229.8 227.5 2.4 0.65 28.1, 12.9

35 230.2 230.6 20.4 0.94 210.8, 10.0

AUC0–2h (FEV1 3 h) 14 40.6 39.0 1.5 0.88 218.3, 21.3

35 41.4 44.1 22.6 0.79 222.2, 17.0

Late Maximum % fall in FEV1 14 216.4 220.9 24.5 0.31 213.4, 4.4

35 215.8 222.1 26.3 0.16 215.1, 2.5

AUC3–7h (FEV1 3 h) 14 37.3 46.2 28.8 0.52 236.3, 18.7

35 34.7 51.4 216.8 0.22 244.0. 10.5

Definition of abbreviations: AUC 5 area under the curve; AUC0–2h, AUC3–7h 5 early- and late-phase AUC measurements, respectively.

*P , 0.05.
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reported by 9 subjects (60%) dosed with IMA-026, and 11 AEs
were reported in 5 subjects (36%) dosed with the corresponding
placebo treatment. Upper airway infections, injection site
erythema and irritation, and pharyngolaryngeal pain were the
most commonly reported AEs, with no apparent difference in

frequencies between active drug and placebo. All AEs were
considered mild in severity and of short duration. There were
no serious adverse events reported in either study. All serum
samples collected had negative anti-IMA serum titers (,1.40
units) except for one subject receiving IMA-026, who had

Figure 3. The allergen-induced

maximum percent fall in FEV1

shown during the screening
period, and again at 14 and

35 days postdosing with IMA-

026, IMA-638, and placebo.

Data are shown as means 6

SEM. *P , 0.05.

Figure 4. Airway hyperrespon-

siveness measured as metha-

choline PC20 (provocative
concentration of methacho-

line causing a 20% fall in

FEV1) before and after allergen

challenges during the screen-
ing period, and again at 14

and 35 days postdosing with

IMA-026, IMA-638, and pla-
cebo. Individual and group

mean data are shown.
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a single positive serum titer on Day 21 of 1.85 units. Subsequent
analysis showed no neutralizing antibodies present.

DISCUSSION

Our investigations compared the efficacy of two different anti–
IL-13 monoclonal antibodies, IMA-638 and IMA-026, in an
allergen challenge model of human allergic asthma. These
antibodies target different epitopes of human IL-13 with similar
affinity constants, and both are potent neutralizers of IL-13
bioactivity in vitro (11). IMA-638 treatment significantly re-
duced both early and late asthmatic responses after allergen
challenge, to a similar degree as leukotriene antagonists (22).
This is in contrast to ICS, which do not suppress early asthmatic
responses but completely abolish late asthmatic responses (22).
IMA-026 appeared to reduce the late-phase asthmatic response,
but the reduction did not reach statistical significance. These
findings demonstrate the potential utility of targeting IL-13 for
the treatment of allergen-induced airway responses.

IMA-638 and IMA-026 are directed toward distinct, non-
overlapping epitopes of human IL-13, and differentially inhibit
the binding of IL-13 to IL-13Ra1 and IL-4Ra chains of the
receptor. IMA-638 blocks binding of IL-13 to IL-4Ra, but
allows IL-13 interaction with IL-13Ra1, whereas IMA-026
prevents the interaction of IL-13 with IL-13Ra1. In the current
study, IMA-638 and IMA-026 displayed comparable PK char-

acteristics, with a long circulating half-life of 25–26 days, but
much higher titers of IL-13 (free plus bound) were detected in
the circulation after dosing with IMA-026 as compared with
IMA-638. This observation could be explained by differences in
clearance of IL-13 complexed to IMA-638 and IMA-026.
Mechanisms for the clearance of IL-13 in vivo are not well
understood, but may involve interaction with IL-13Ra2 (23),
which binds IL-13 with high affinity and internalizes the
cytokine (24). IL-13Ra2 is thought to act primarily as a natural
antagonist and decoy (25), with potential signaling activity
under some conditions (26). Humans lack the soluble form of
IL-13Ra2, but inducibly express cell surface IL-13Ra2 on
a range of cell types (27, 28). If IL-13Ra2 has a role in
mediating cytokine clearance, this could account for the ob-
served difference in circulating IL-13 concentrations.

IMA-638 reduced both early- and late-phase asthmatic
responses. The late-phase asthmatic response involves leuko-
cyte influx to the lung, along with increased vascular perme-
ability (29). In human allergen challenge studies, an IL-4 variant
also showed reduced late-phase asthmatic responses (30),
consistent with a role for IL-4 and IL-13 in the late-phase
reaction. In contrast, the early-phase asthmatic response to
allergen challenge is due to the rapid release of preformed
mediators, including histamine, prostaglandins, and leukotri-
enes (29). An effect of IMA-638 on early-phase bronchocon-
striction had been seen preclinically in a sheep model (13), but
the mechanism for this effect is not clear. IL-13 could play a role
in early-phase bronchoconstriction by directly inducing smooth
muscle contractility (31), enhancing the contractile response to
leukotrienes (32), modulating the production of leukotrienes or
expression of leukotriene receptors (33), or priming mast cells
for increased FceR1 and histamine release (34). An effect of
IMA-638 but not IMA-026 suggests that blocking signaling
through IL-4Ra may be more effective on allergen-induced
early- and late-phase bronchoconstriction than in blocking
signaling through IL-13Ra1. Although IMA-638 blocks IL-13
interaction with IL-4Ra, both antibodies were directed against
IL-13 cytokine and not IL-13Ra1/IL-4R shared with IL-4, and
have no neutralization activity against IL-4 (11).

The effect of IMA-638 was limited to the inhibition of the
early- and late-phase asthmatic FEV1 response. There was no
effect of either anti–IL-13 antibody on airway hyperresponsive-
ness (AHR) to methacholine, blood or sputum eosinophils, or
total IgE. The lack of an effect on AHR was surprising, based
on the extensive preclinical literature demonstrating that IL-13
antagonists attenuate allergen-induced AHR in animal models
(6, 7). It was also surprising that neither anti–IL-13 antibody
inhibited allergen-induced airway inflammation, as shown pre-
viously in cynomolgus monkeys (11, 14). Although the number
of sputum samples available for assessment was low, we
observed no patterns in blood or airways to indicate efficacy.
It is not known, however, what effect long-term IL-13 antago-
nism would have on AHR or inflammation in chronic asthma.
These results also highlight a lack of correlation that can exist
between animal models of asthma and human asthma.

In other studies, in which patients with uncontrolled asthma,
who were receiving ICS or ICS and long-acting inhaled b2-
agonists (LABAs) were treated with IMA-638 (35) or AMG
317, an IL-4R antagonist (36) for 12 weeks, there was no effect
on symptoms, lung function, or time to exacerbation compared
with placebo (35, 36). The differences in the results between the
data reported here and the 12-week chronic asthma studies
might reflect differences in the patient populations (i.e., subjects
with stable mild asthma receiving only short-acting inhaled b2-
agonists in the current studies, and subjects with uncontrolled
moderate–severe asthma receiving ICS or ICS/LABAs in the

Figure 5. Allergen-induced sputum eosinophils during the screening

period, and again at 14 and 35 days postdosing with IMA-026, IMA-

638, and placebo. Data are shown as means 6 SEM.
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chronic asthma studies). Allergen inhalation challenge is a clin-
ical model of a mild asthma exacerbation, so another possibility
is that IMA-638 might have had an effect on a different end
point such as asthma exacerbations, similar to what has been
reported for the anti–IL-5 antibody mepolizumab (37, 38), and
that would require a study longer than 12 weeks in duration to
establish.

We conclude that IL-13 has a role in causing allergen-
induced airway responses in humans. Further study is required
to determine whether anti–IL-13 monoclonal antibodies will be
beneficial in chronic asthma.
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