Safety profile, pharmacokinetics, and biologic activity of
MEDI-563, an anti-IL-5 receptor « antibody, in a phase |
study of subjects with mild asthma
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Background: Increased eosinophil levels have been linked to
airway inflammation and asthma exacerbations. IL-5 is
responsible for eosinophil differentiation, proliferation, and
activation; IL-5 receptors are expressed on eosinophils and their
progenitors, and targeting such receptors induces eosinophil
apoptosis.

Objective: To evaluate the safety profile, pharmacokinetics, and
pharmacodynamics of MEDI-563, a humanized mAb targeting
the IL-S receptor o chain.

Methods: Single, escalating, intravenous doses (0.0003-3 mg/kg)
of MEDI-563 were administered to subjects with mild atopic
asthma (n = 44) over ~3 to 30 minutes in this open-label study.
Pulmonary function, symptom scores, adverse events, MEDI-
563 pharmacokinetics, and levels of C-reactive protein (CRP),
IL-6, eosinophil cationic protein (ECP), and eosinophils were
evaluated.

Results: Mean peripheral blood (PB) eosinophil levels decreased
in a dose-dependent fashion (baseline = SD, 0.27 = 0.2 X 10%/
1L; 24 hours postdose, 0.01 = 0.0 X 10%/uL); 94.0% of subjects
receiving >0.03 mg/kg exhibited levels between 0.00 X 10%/uL
and 0.01 x 10%/pL. Eosinopenia lasted at least 8 or 12 weeks
with doses of 0.03 to 0.1 and 0.3 to 3 mg/kg, respectively. ECP
levels were reduced from 21.4 = 17.2 pg/L (baseline) to 10.3 *
7.0 pg/L (24 hours postdose). The most frequently reported
adverse events were reduced white blood cell counts (34.1%),
nasopharyngitis (27.3%), and increased blood creatine
phosphokinase (25.0%). Mean C-reactive protein levels
increased ~5.5-fold at 24 hours postdose but returned to
baseline by study end; mean IL-6 levels increased ~3.9-fold to
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4.7-fold at 6 to 12 hours postdose, respectively. Pharmacokinetic
activity was dose proportional at doses of 0.03 to 3 mg/kg.
Conclusion: Single escalating doses of MEDI-563 had an
acceptable safety profile and resulted in marked reduction of PB
eosinophil counts within 24 hours after dosing. (J Allergy Clin
Immunol 2010;125:1237-44.)
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Eosinophils have been implicated in the pathogenesis of
asthma,’ although their exact biological role is not entirely under-
stood.” In a recent review, 40% to 60% of subjects with asthma
were estimated to have eosinophilic airway inflammation.® Eosin-
ophils produce mediators of inflammation, such as eosinophil cat-
ionic protein (ECP) and leukotrienes,* and a rise in sputum
eosinophils has been associated with asthma exacerbations.™® Se-
creted by T2 and mast cells, IL-5 is a key cytokine responsible
for the differentiation, proliferation, activation, and pulmonary
trafficking of eosinophils,”® and it may contribute to the onset
of asthma symptoms. IL-5 works synergistically with
granulocyte-macrophage colony-stimulating factor (GM-CSF),
IL-3, IL-4, IL-13, eotaxins, and other signaling proteins to induce
eosinophil-mediated inflammatory responses.2

Human IL-5 interacts with eosinophils via the IL-5 receptor
(IL-5R), which is expressed on eosinophils, basophils,7’9 and the
surface of some cultured human mast cells.'® IL-5R is a hetero-
dimer consisting of an o and a 3 chain. Monomeric IL-5Ra spe-
cifically binds IL-5 but with low affinity, whereas dimerization
with the B chain produces a high-affinity phenotype.'' The intra-
cellular portion of IL-5Ra is associated with Janus Activating
Kinase 2 (JAK?2), a protein tyrosine kinase essential in IL-5 signal
transduction.'*"?

Previous asthma clinical studies with humanized anti—IL-5
mAb therapies, such as mepolizumab and SCH55700, have
shown improvement in some efficacy parameters, although the
extent of their clinical benefit remains unclear.'*'> Recently, pos-
itive results were reported from 2 studies with mepolizumab.'®'”
In 1 study with a 50-week observational period, subjects with re-
fractory eosinophilic asthma (n = 61) received 12 monthly intra-
venous infusions of mepolizumab (750 mg). Active treatment led
to significant reductions of severe asthma exacerbations (mean,
2.0/subject) compared with placebo (mean, 3.4/subject; P = .02).'°
Statistically significant improvements were also found in quality
of life (P = .02) and eosinophil levels in the blood (P < .001) and
sputum (P = .002). In contrast, parameters such as forced expi-
ratory volume in 1 second (FEV,), symptom scores, and airway
hyperresponsiveness (AHR) failed to improve. In another smaller
study of subjects with prednisone-dependent eosinophilic airway
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Abbreviations used
ADCC: Antibody-dependent cell-mediated cytotoxicity
AE: Adverse event
AHR: Airway hyperresponsiveness
CPK: Creatine phosphokinase
CPKMB: Creatine phosphokinase, muscle and brain
CRP: C-reactive protein
ECP: Eosinophil cationic protein
FEno: Fractional exhaled nitric oxide
IL-5R: IL-5 receptor
JAK?2: Janus Activating Kinase 2
PB: Peripheral blood
WBC: White blood cell

inflammation (n = 20), 5 monthly intravenous infusions with
mepolizumab (also 750 mg) resulted in fewer asthma exacerba-
tions compared with placebo over a 24-week period.'” On aver-
age, the mepolizumab-treated subjects reduced their prednisone
dose by nearly 84% versus approximately 48% observed in those
in the placebo arm (P = .04).

MEDI-563, a humanized, recombinant immunoglobulin IgG
isotype mAb, binds with high affinity to a conformationally dis-
tinct epitope within domain 1 of the a-chain of IL-5R,'® and it
has the capacity to inhibit proliferation of IL-5-dependent cell
lines (half-maximal inhibitory concentration, 0.3 nmol/L)." In
addition, MEDI-563 has been engineered without a fucose sugar
residue in the CH2 region, a modification that results in augmen-
tation of eosinophil apoptosis in vitro via antibody-dependent
cell-mediated cytotoxicity (ADCC)."”

This first in-human, multicenter, open-label study evaluated the
safety profile, biological effects, and pharmacokinetic activity of
single ascending intravenous doses of MEDI-563 in adults with
mild atopic asthma.

METHODS

Subjects

Adults (age 18-45 years) with mild atopic asthma (nighttime symptoms
<l/wk and daytime symptoms <1/d, FEV, or peak expiratory flow >80% of
predicted, and peak expiratory flow variability <30%) were eligible.
A methacholine provocation dose causing 20% decrease in FEV; (PC,) of
<8 mg/mL was required during the first visit (day —14 to —7) or documented
within 6 months previously. Women were eligible if postmenopausal, surgi-
cally sterile, or willing to use birth control for the duration of the study. Sub-
jects who received topical corticosteroids other than nonprescription topical
steroids for dermatologic conditions within 6 months before the first visit or
those requiring a prescription medication other than contraceptives, 3,-ago-
nists, or anticholinergic agents for the treatment of mild asthma were ex-
cluded. Individuals were excluded if they had smoked tobacco within
1 year before the second visit on day O or had a smoking history of >5
pack-years; documented evidence of hepatitis B virus, HIV, or hepatitis C vi-
rus infection; any condition resulting in an increased eosinophil count (ex-
cept for asthma); or a body mass index <15 kg/m? or >30 kg/m* at the
first visit. The study was conducted in accordance with the Declaration of
Helsinki and was approved by an institutional review board/independent
ethics committee. Written informed consent was obtained from each subject
before study entry.

Study design
This was a phase I, multicenter, open-label, sequential dose-escalation
study with unique subjects for each cohort. A single intravenous dose of

J ALLERGY CLIN IMMUNOL
JUNE 2010

MEDI-563 was administered over ~3 to 30 minutes in the morning, according
to the following dose-escalation scheme: cohort 1 (n = 6), 0.03 mg/kg; cohort
2 (n = 6), 0.1 mg/kg; cohort 3 (n = 6), 0.3 mg/kg; cohort 4 (n = 9), 1 mg/kg;
and cohort 5 (n = 6), 3 mg/kg. Two additional cohorts (cohort 6 [n = 6], 0.003
mg/kg; cohort 7 [n = 5], 0.0003 mg/kg) were added to aid in identifying the
minimum effective dose (see Results). MEDI-563 was administered over 3 to
6 minutes in 84% of the subjects. The drug was initially manually filtered by
using a protein-sparing/low-protein binding filter (0.22 wm) before infusion.
However, because of some mild infusion-related reactions observed in cohort
5 (3 mg/kg; see Results), an in-line filter was subsequently used, and the
infusion rate was extended to 30 minutes.

Once all subjects within each cohort were administered the study drug at a
particular dose level, dose escalation continued to the next cohort if the safety
profile was deemed acceptable. Day 58 postdose was the end of study for
cohorts 1 and 2; however, as per a protocol amendment to lengthen the
observation time, day 84 postdose was the end of study for cohorts 3 to 7.
Subjects in cohorts 3 to 7 whose peripheral blood (PB) eosinophil counts
persisted at a level less than 70% of baseline were followed monthly beyond
day 84 postdose for 6 months and every 3 months thereafter for a maximum of
1 year, or until the eosinophil counts reached a level of >100 eosinophils/mm?
or >70% of the baseline value.

Pharmacologic activity

The pharmacologic activity of MEDI-563 was evaluated by measuring PB
eosinophil levels throughout the study and ECP levels on day 0 before dosing
and on days 1, 2, 7, 58, and 84.

Skin testing and assessment of pulmonary function, airway inflammation,
AHR, symptom scoring, and 3,-agonist use were also performed (see this ar-
ticle’s Methods and Results in the Online Repository at www.jacionline.org
for details).

Safety profile

The safety profile was primarily assessed by monitoring treatment-
emergent adverse events (AEs) throughout the study following administration
of MEDI-563. Other safety variables included assessment of vital signs,
hematology, C-reactive protein (CRP) levels, IL-6 levels, urinalysis, and
biochemistry parameters. Hematology, urinalysis, and biochemistry parame-
ters were assessed via standard techniques at local laboratories.

Pharmacokinetic sampling

Blood samples were collected on day 0 (2, 30, and 60 minutes; 2, 4, 8, and
12 hours postdose), day 1 (24 and 36 hour postdose), days 2 to 14 (same time as
dosing on day 0 = 1 hour), and days 28, 58, and 84. Plasma MEDI-563
concentrations were determined using a validated ELISA with a lower limit of
quantitation of ~60 ng/mL.

Statistical analyses

Descriptive statistics were used for continuous variables, frequency
distributions, and percentages for discrete variables. A sample size of 6
subjects/dose level was deemed clinically adequate to determine whether
subjects could be treated with the next dose level in this phase I study. The
intent-to-treat population consisted of all subjects assigned a study number,
whereas the safety population included all subjects who received the study
drug. These 2 populations were identical in this study, and the results reported
apply to both intent-to-treat and safety populations.

The primary safety endpoint evaluated the overall incidence of AEs
reported in each dose group. Secondary safety endpoints included changes in
laboratory assessments (hematology, biochemistry, and urinalysis), vital
signs, physical examinations, and electrocardiogram tests. Secondary phar-
macologic endpoints included assessment of eosinophil counts in the PB and
levels of fractional exhaled nitric oxide (FEno) and ECP. AHR was evaluated
as an exploratory endpoint in the new subjects enrolled in cohort 4 and subjects
in cohorts 5 to 7.


http://www.jacionline.org

J ALLERGY CLIN IMMUNOL
VOLUME 125, NUMBER 6

TABLE I. Demographics and baseline characteristics
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0.0003 mg/kg 0.003 mg/kg 0.03 mg/kg 0.1 mg/kg 0.3 mg/kg 1 mg/kg 3 mg/kg

Parameter (n =5) (n =6) (n =6) (n =6) (n = 6) (n=9) (n =6)
Age (y)

Mean 26.8 23.5 21.3 21.8 24.8 28.1 25.0

Range 19-38 18-30 19-25 18-29 20-41 20-40 20-34
Sex, n (%)

Male 0 (0.0) 1 (16.7) 5 (83.3) 2 (33.3) 3 (50.0) 4 (44.4) 2 (33.3)

Female 5 (100) 5 (83.3) 1 (16.7) 4 (66.7) 3 (50.0) 5 (55.6) 4 (66.7)
Race, n (%)

White 4 (80) 5 (83.3) 6 (100) 6 (100) 6 (100) 8 (88.9) 6 (100)

Black 0 (0) 1 (16.7) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Other 1 (20) 0 (0) 0 (0) 0 (0) 0 (0) 1(11.1) 0 (0)
BMI (kg/m?)

Mean 24.5 22.8 23.9 24.2 24.7 25.9 25.0

Range 19.3-30.8 17.8-25.5 19.1-32.6 21.7-30.2 21.7-28.7 20.0-32.0 20.9-29.4
FEV, (L),*

Mean (SD) 3.1 (0.3) 3.2 (04) 3.7 (0.5) 3.4 (04) 3.6 (0.6) 3.7 (0.8) 3.4 (0.6)
FEno (ppb).*

Mean (SD) 22.6 (18.2) 64.4 (41.4) 49.7 (50.2) 39.6 (29.7) 27.6 (12.7) 52.7 (41.4) 30.7 (26.6)

BMI, Body mass index; ppb, parts per billion.
*Measurements were within the normal predicted values.

Noncompartmental pharmacokinetic data analysis was performed on
individual MEDI-563 plasma concentration data by using WinNonlin Profes-
sional (version 5.2; Pharsight Corp, Mountain View, Calif). Nominal collec-
tion times as prespecified in the study protocol were used for the data analysis.

RESULTS
Demographics and baseline characteristics

Of the 44 subjects enrolled, 39 (88.6%) completed the study.
Three subjects withdrew consent (0.1 mg/kg, n = 1; 1 mg/kg,n =
1; 3 mg/kg, n = 1), and 2 subjects (0.0003 mg/kg) were lost to
follow-up. Baseline characteristics were generally comparable
among all treatment groups (Table I).

Three additional subjects were added to the 1 mg/kg group (n =
9) when half of the 6 subjects in the 3 mg/kg group experienced a
cluster of AEs after infusion with MEDI-563 (see Safety profile).
All of these subjects completed the study.

Pharmacologic activity

MEDI-563 exhibited good pharmacologic activity, as evi-
denced by the reduced PB eosinophil and ECP levels. Eosinopenia
developed quickly in all dose cohorts. Persistent PB eosinophil
suppression was observed at doses ranging from 0.03 mg/kg to 3
mg/kg (Fig 1). Eosinopenia lasted at least 8 weeks in doses of 0.03
to 0.1 mg/kg and at least 12 weeks in doses of 0.3 to 3 mg/kg. One
day after dosing, the PB absolute eosinophil counts decreased to a
mean = SD of 0.01 = 0.00 X 10*/uL 1 day after administration of
doses ranging from 0.03 mg/kg to 3 mg/kg. Between day 7 and the
study end, 94.0% (31/33) of subjects in those cohorts demon-
strated persistent mean eosinophil depletion (0.00 X 10°/uL to
0.01 X 10*/pL). Two subjects in the 0.03 mg/kg (0.17 X 10/
pL) and 1 mg/kg (0.22 X 103/ML) groups manifested partial re-
covery of PB absolute eosinophil counts on days 58 and 84, re-
spectively. Eosinophil levels were not consistently reduced in
the 0.003 mg/kg and 0.0003 mg/kg groups, establishing a thresh-
old for consistent reduction of PB eosinophils at the 0.03 mg/kg
dose.

Similarly, ECP levels were reduced 24 hours postdose in all the
groups, with the exception of the 3 mg/kg group, which exhibited
transiently increased mean levels (~13%) relative to baseline
(Table II). Three of 6 subjects in the 3 mg/kg cohort had increased
ECP levels at 24 hours postdose. Two of the 3 subjects had
infusion-related AEs; 1 of these subjects had an ECP level of
42.3 pg/L, accounting for most of the ECP increase observed in
the 3 mg/kg cohort. By study end, mean ECP levels were below
baseline values in all cohorts.

Pulmonary function did not deteriorate during the study, and
asthma symptom scores and 3,-agonist use remained low. Airway
inflammation assessed by fractional exhaled nitric oxide was un-
changed (see Results in the Online Repository at www.jacionline.
org for details).

Safety profile

A total of 348 AEs were reported across all cohorts. Of those,
86.5% were mild and 13.5% were moderate in severity. None of
the AEs was severe, and no relationship between dose level and
incidence of AE was detected. Likewise, no serious AEs or deaths
were observed. Transient reductions of white blood cell (WBC)
counts (34.1%), nasopharyngitis (27.3%), and increased blood
creatine phosphokinase (CPK; 25.0%) were the most frequently
reported AEs (Table III).

A transient, mild decrease in WBC counts was observed in this
study across all cohorts. The maximum mean WBC decrease of
25.6% occurred 1 day after MEDI-563 infusion (52.3% of
subjects <4000 cells/pwL). However, these decreases were tran-
sient, and the proportion of subjects with WBC counts >4000
cells/uwL increased to 86.4%, 86.4%, and 92.9% by days 14, 28,
and 58, respectively. Mean absolute blood eosinophils were
reduced by 96.8% at day 1. Other mean absolute blood cell
counts were also decreased, but to a lesser degree (lymphocytes,
35.2%; monocytes, 20.5%; and neutrophils, 13.3%). Accounting
for the prevalence of each blood cell lineage and the absolute
mean reductions 1 day after MEDI-563 infusion, the rank order
of each cell lineage’s contribution to the overall decrease in
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FIG 1. Absolute eosinophil counts by cohort dose level: 0.03 mg/kg (cohort 1, A); 0.1 mg/kg (cohort 2, B);
0.3 mg/kg (cohort 3, C); 1 mg/kg (cohort 4, D); 3 mg/kg (cohort 5, E); 0.003 mg/kg (cohort 6, F); 0.0003 mg/kg

(cohort 7, G). ID, Identification.

WBC was as follows: lymphocytes (12.2%) > neutrophils
(7.0%) > eosinophils (4.4%) > monocytes (1.6%).

Because CPK values may vary naturally over time, a multi-
linear regression analysis of all CPK values and those from a
subgroup of subjects with peak CPK values >3 times the upper
limit of normal were analyzed. The results failed to demonstrate
a dose-dependent or time-dependent correlation with peak CPK
values (data not shown). Two subjects in the 3 mg/kg cohort
had normal CPK values at baseline, but they developed high
peak values (1515 U/L and 2009 U/L) on day 7. Only 1 of these
subjects developed electrocardiographic (transient ST segment)
changes during the trial; however, these were considered clini-
cally insignificant. Neither subject experienced chest or muscle
weakness or pain during this period.

According to a protocol amendment, all subjects with AEs
related to elevated CPK values (n = 7) had concomitant creatine
kinase, muscle, and brain enzyme levels measured. All creatine
kinase, muscle, and brain/CPK ratios from these subjects were
consistent with a peripheral muscle origin (creatine phosphoki-
nase, muscle and brain [CPKMBJ/CPK <2%).>*2! All subjects
with elevated peak CPK values were asymptomatic.

Mean * SD CRP levels increased ~5.5 fold from 0.37 = 0.9
mg/dL at baseline to 2.0 = 6.8 mg/dL at 24 hours postdose; levels
returned to baseline by study end (0.57 = 1.4 mg/dL; Table II).
Mean *= SD peak IL-6 levels increased from 2.7 £ 7.9 pg/mL
at baseline to 10.4 = 14.2 pg/mL at 6 hours postdose and

12.7 £ 19.7 pg/mL at 12 hours postdose; by 24 hours postdose,
mean * SD IL-6 levels decreased to 5.7 = 10.3 pg/mL (Table
II). These transient spikes in CRP and IL-6 levels were neither
dose-dependent nor associated with any clinical symptoms in
the majority of subjects, except for the 4 subjects described below.
A total of 4 subjects had >4 acute (<24 hours) infusion-related
AEFEs (0.03 mg/kg, n = 2; 3 mg/kg, n = 2). All AEs were transient;
2 subjects required minimal medical intervention (acetaminophen
and/or ibuprofen). One subject in cohort 1 (0.03 mg/kg) devel-
oped chills, sweating, nasal congestion, and a dry sore throat 23
hours after the infusion. The second subject in cohort 1 developed
mild flushing, fatigue, tension, and a generalized sensation of
warmth 4 to 6 hours after the infusion. In cohort 5 (3 mg/kg),
1 subject experienced nausea, light-headedness, fever, chills, and
headache approximately 7 hours after the infusion. A second
subject in cohort 5 developed a headache approximately 5 hours
postinfusion, followed by fever, chills, flushing, rigors, and
fatigue 3 to 4 hours later. To minimize the probability of acute
infusion-related AEs, subsequent infusions were extended to 30
minutes. Thus, 3 additional subjects in the 1 mg/kg group and 2
subjects in the 3 mg/kg group were infused over 30 minutes.
Because of the much lower dose involved, the last 2 dose de-
escalation cohorts, 6 (0.003 mg/kg) and 7 (0.0003 mg/kg), were
infused over 5 minutes. Neither these subjects nor those infused
over 30 minutes experienced a similar cluster of acute infusion-
related AEs as described for the 4 subjects in cohorts 1 and 5.
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TABLE Il. Safety parameters levels (mean = SD) by dose cohort*
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0.0003 mg/kg 0.003 mg/kg 0.03 mg/kg 0.1 mg/kg 0.3 mg/kg 1 mg/kg 3 mg/kg Total

Parameter (n =05) (n = 6) (n = 6) (n=#6) (n =6) (n=29) (n = 6) (n = 44)
CRP (mg/dL)

Baseline 0.38 = 0.4 0.09 = 0.1 0.17 £ 0.2 0.16 = 0.2 032 £ 04 0.26 = 0.3 127 =23 0.37 = 0.9

Day 1 0.29 = 0.3 0.34 = 0.3} 0.37 £ 0.2 0.32 = 0.2 0.58 £ 0.4 0.96 = 0.6 11.2 = 16.5 2.02 = 6.8%

End of study 0.30 = 0.5§ 0.08 = 0.1 NA NA 0.36 = 0.4} 0.22 = 0.3 1.83 =29 0.57 £ 1.49
ECP (ng/L)

Baseline 19.7 = 14.8 23.0 = 17.0 303 = 179 15.7 = 10.5 29.9 = 32.0 19.8 = 10.8 12.1 £ 9.6 214 =172

Day 1 9.8 £ 55 5.6 £24 109 = 3.5 120 = 7.3 10.8 = 5.0 94 £52 13.7 = 14.6 103 = 7.0

End of study 15.7 = 14.3§ 13.2 = 9.1 NA NA 6.5 = 3.67 7.9 £ 92| 6.1 = 11.0 9.2 = 949
IL-6 (pg/mL)

Baseline 0.58 = 0.4 0.48 = 0.6 1.9 £ 15 1.3 £08 1.2 = 0.71 79 = 169 23 %25 2.7 = 7.9%

6 hours# 12.0 = 13.8 1.6 £ 1.2 6.0 = 4.1 8.3 = 7.0 6.6 = 497 18.5 = 24.4| 16.3 = 16.2 10.4 = 14.2%*

12 hours# 9.7 = 1547+ 19 £1.8 74 = 338 17.5 = 26.1 5.3 * 4.67t 23.0 = 31.3 155 = 154 12.7 = 19.7%%*

Day 1 1.9 £ 1.1 1.6 £ 1.1 5.0 £ 34 6.0 £ 43 3.7 = 417 10.4 = 18.3 7.6 = 14.9 5.7 = 10.3%

CRP, Measured predose, 24 hours * 1 hour postdose, and on days 4, 7, 14, 28, 58, and 84; IL-6, measured 6, 12, and 24 hours * 1 hour postdose; NA, not available.

*Consisted of all the subjects who received the study drug.
fn = 5.

in = 43.

§n = 3.

Iy = 8.

n = 28.

#Postdose.

*¥n = 41,

Tin = 4.

TABLE lll. Frequency of adverse events*

No. (%) of subjects with adverse events

0.0003 mg/kg 0.003 mg/kg 0.03 mg/kg 0.1 mg/kg 0.3 mg/kg 1 mg/kg 3 mg/kg Total
Parameter (n =5) (n =6) (n = 6) (n = 6) (n =6) (n=9) (n =6) (N = 44)
WBC count decrease 0 (0.0) 4 (66.7) 3 (50.0) 1 (16.7) 1 (16.7) 5 (55.6) 1(16.7) 15 (34.1)
Nasopharyngitis 0 (0.0) 2 (33.3) 3 (50.0) 2 (33.3) 1 (16.7) 2 (22.2) 2 (333) 12(27.3)
Blood creatine phosphokinase increase 1 (20.0) 0 (0.0) 1(16.7) 2 (33.3) 2 (33.3) 3 (33.3) 2(33.3) 11 (25.0)
Headache 0 (0.0) 2 (33.3) 1 (16.7) 1 (16.7) 1(16.7) 1(11.1) 5(83.3) 11 (25.0)
CRP increase 1 (20.0) 1 (16.7) 1 (16.7) 1 (16.7) 1 (16.7) 3 (33.3) 2(33.3) 10 (22.7)
Neutrophil count decrease 0 (0.0) 2 (33.3) 2 (33.3) 1 (16.7) 1 (16.7) 3 (33.3) 1(16.7) 10 (22.7)
Urine protein presence 2 (40.0) 2 (33.3) 1 (16.7) 1 (16.7) 0 (0.0) 2 (22.2) 1 (16.7) 9 (20.5)
Nasal congestion 1 (20.0) 1 (16.7) 1 (16.7) 0 (0.0) 1 (16.7) 2 (22.2) 1 (16.7) 7 (15.9)
Blood potassium decrease 0 (0.0) 1 (16.7) 0 (0.0) 2 (33.3) 1 (16.7) 1(11.1) 1 (16.7) 6 (13.6)
Triglycerides increase 0 (0.0) 1 (16.7) 0 (0.0) 2 (33.3) 0 (0.0) 2 (22.2) 1 (16.7) 6 (13.6)
Fatigue 1 (20.0) 0 (0.0) 3 (50.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (33.3) 6 (13.6)
Hematocrit decrease 1 (20.0) 1 (16.7) 1 (16.7) 1 (16.7) 1 (16.7) 1 (11.1) 0 (0.0) 6 (13.6)
Percent monocyte increase 1 (20.0) 4 (66.7) 0 (0.0) 0 (0.0) 1 (16.7) 0 (0.0) 0 (0.0) 6 (13.6)

*Adverse events reported by >13% of the total population are presented.

Pharmacokinetic profile

At doses of 0.03 mg/kg to 3 mg/kg, the mean maximum
concentration (1 pwg/mL to 82 pwg/mL) and mean area under the
curve (5 pg*d/mL to 775 pg*d/mL) were approximately dose-
proportional (Table IV; Fig 2). The faster systemic clearance
and shorter half-life observed with MEDI-563 at the 0.03 mg/
kg dose level was likely attributed to the pharmacokinetic levels
falling below the assay limit of quantitation in the terminal elim-
ination phase. Two additional cohorts were dosed at 0.003 mg/kg
and 0.0003 mg/kg; however, because of the limited sensitivity of
the pharmacokinetic assay, MEDI-563 plasma concentrations at
these dose levels could not be quantified.

MEDI-563 mean volume of distribution (52 mL/kg to 93 mL/
kg) was greater than the plasma volume, suggesting potential

binding of MEDI-563 to IL-5SRa—expressing blood cells and/or
moderate penetration into extravascular tissues.

DISCUSSION

MEDI-563 produced depletion of circulating PB eosinophil
levels within 24 hours at all doses administered. This effect
persisted for at least 2 to 3 months in subjects dosed in the 0.03
mg/kg to 3 mg/kg range. Basophil counts were not reported in this
study because of the known difficulties of obtaining a reliable
measurement using standard techniques.22 Future studies will use
flow cytometry to assess changes in basophils counts. In addition
to the biological effect observed, no deterioration of lung function
was detected after administration of single-dose MEDI-563. This
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TABLE IV. Noncompartmental pharmacokinetic parameters
summary*

Doset (mg/kg)

0.03 0.1 0.3 1 3
Parameter (nh=6) (n=6) (n=2¢6) (n=9) (n =5)
Chnax (ng/mL) 103 4=*1 8§ £2 239 82 = 18

AUC, (pg*d/mL) 5*2 26x5 79 *17 185 * 34 775 £ 110
CL (mL/kg/d) 7*x3 4=x1 407 4=x3 4 =06
V¢ (mL/kg) 65 28 6828 9312 52=*45 71 =*18
Ty (d) 7x2 134 19x4 12 x4 16 = 3

AUC «, Area under the curve from time 0 extrapolated to infinite time; CL, systemic
clearance; C,,,,, maximum concentration; T;,,, elimination half life; V,, volume of
distribution at steady state.

*Parameters are presented as mean * SD.

FObservations for cohort 6 (0.003 mg/kg) and cohort 7 (0.0003 mg/kg) were below the
limit of quantitation.

—&— Cohort 1 (0.03 mg/kg)
1004 —w— Cohort 2 (0.1 mg/kg)
—&— Cohort 3 (0.3 mg/kg)
—&— Cohort 4 (1 mg/kg)
Cohort 5 (3 mg/kg)

0.14

Plasma concentration (ug/mL)

0.01 4

0.001 4= T T T T
0 14 28 42 56 70 84

Time (days after dosing)

FIG 2. Mean (=SD) MEDI-563 concentration-time profile. Mean MEDI-563
plasma concentration after a single intravenous dose of 0.03 mg/kg, 0.1
mg/kg, 0.3 mg/kg, 1 mg/kg, and 3 mg/kg.

is noteworthy because lung function was designed to detect po-
tential changes signaling the presence of an AE. Similarly, the
overall mean daily asthma symptom scores and albuterol use
were low during the study. These results were not unexpected
given that the population studied had mild asthma.

Mature eosinophils are terminally differentiated blood cells
that rapidly undergo cell death in the absence of IL-5, IL-3, GM-
CSF, or other eosinophil-active cytokines. Thus, theoretically,
MEDI-563 could be eliminated via a target-mediated clearance
pathway, in which the antibody binds to IL-5R expressed on the
eosinophil membrane and is catabolized along with either IL-5R
internalization or eosinophil destruction. However, such target-
mediated clearance effect on MEDI-563 pharmacokinetics was
not observed in this study, most likely because of the rapid
shrinking of the antigen pool (PB eosinophil counts) upon MEDI-
563 dosing. The MEDI-563 pharmacokinetics were apparently
dose-linear with a mean elimination half-life of approximately 2
to 3 weeks, which is typical for human IgG antibodies. Limita-
tions of the pharmacokinetic assay sensitivity precluded the
characterization of the terminal phase at the 0.03 mg/kg dose level
and the quantitation of MEDI-563 plasma concentrations after the
0.0003 mg/kg or 0.003 mg/kg doses.
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At the dose levels tested (0.0003 mg/kg to 3 mg/kg), MEDI-563
had an acceptable safety profile in subjects with mild atopic
asthma. Reduced WBC counts, nasopharyngitis, and increased
CPK levels were the most frequently reported AEs, with no dose-
dependency or serious AEs observed. Four subjects experienced
>4 acute infusion-related AEs (0.03 mg/kg, n = 2; 3 mg/kg, n =
2) apparently associated with the rapid infusion rate. A similar
cluster of acute infusion-related AEs was not observed, however,
in any other subjects after modifications were made to the dosing
regimen. An intravenous infusion rate of at least 30 minutes will
therefore be recommended for all future studies.

The mechanisms responsible for the transient, nonspecific
decrease in WBC counts remain unclear. In preclinical studies,
mild, transient neutropenia was noted in 2 cynomolgus monkeys
that received multiple 30 mg/kg intravenous doses of MEDI-563,
whereas no decrease in WBC counts was observed in monkeys
treated with the same dose of MEDI-563 via subcutaneous
injection (MedIlmmune, data on file). These data suggest that
route of MEDI-563 administration may influence potential effects
on WBC counts.

The etiology of the observed elevated CPK levels at baseline
and after treatment in a subset of subjects is unknown. Elevated
serum CPK values have been reported in patients with asthma
with exacerbations.?>>* Moreover, treatment with [3>-agonists or
nonasthma drugs, such as statins, has been shown to increase se-
rum CPK levels.>>%’ Yet none of the subjects developed asthma
exacerbations or used statins in this study. The lack of a dose or
time correlation with peak CPK values does not seem to support
a relationship between the administration of MEDI-563 and the
elevated CPK levels observed. However, the data do not exclude
the possibility that impressive PB eosinophil depletion by MEDI-
563 could lead to mediator release from eosinophils undergoing
direct cytolysis, thus affecting neighboring cells in tissues such
as skeletal muscle. A recent study supports the capacity of eosin-
ophils to promote bronchial smooth muscle injury via release of
ECP in asthma.?®

If direct drug effects are excluded, the more likely explanation
for the mild to moderate sporadic increases in the CPK levels is
recreational exercise.”’ The majority of subjects in this trial were
young adults with a mean age of 24 years (range, 19-41 years).
Unfortunately, no exercise diaries were maintained during the
study to confirm this effect. Also, because the study did not in-
clude a placebo group, an estimate of the prevalence of CPK ele-
vations could not be determined. Further investigations including
serial measurements of serum troponin are underway in ongoing
clinical studies of MEDI-563 to address the effects observed on
CPK levels.

Active depletion of eosinophils by mechanisms involving
ADCC through the targeting of the IL-5Ra is a novel approach
for the treatment of asthma, which may offer potential advantages
over therapies directed at the IL-5 molecule alone. It has been
shown that inhibition of IL-5 significantly reduces blood and
sputum eosinophil counts in patients with asthma. However, the
incomplete removal of tissue eosinophils by anti—IL-5 therapy
may be a result of other cytokines, such as IL-3 and GM-CSF,
which can also promote eosinophil survival.***? Second, acti-
vated eosinophils in vitro and in the airways of patients with
asthma may express decreased IL-5Ra surface <3)(pression.33’34
Thus, activated eosinophils may be less responsive and therefore
less dependent on IL-5 for survival, diminishing the effects of
anti—IL-5 mAbs.
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The main biological effect of MEDI-563 is the induction of
active eosinophil killing through an enhanced ADCC effector
function (in vitro half maximal effective concentration, 0.9 pmol/
L, eosinophils; 0.6 pmol/L, basophils),19 although it also inhibits
IL-5-mediated receptor activation. Because of the high-binding
affinity to the FcyRIlIla region, afucosylated IgG; mAbs, such as
MEDI-563,% can overcome the inhibitory effects exhibited by
serum IgG, which limit the ADCC activity of their fucosylated
counterparts.*® In addition, although reduced expression levels
of IL-5Ra have been reported in the airway eosinophils of subjects
with asthma,** ADCC appears to be relatively insensitive to sur-
face density of target receptors.”’ It is theoretically plausible, how-
ever, that if surface IL-5Ra expression on airway eosinophils falls
below the threshold required for ADCC, this mechanism of eosin-
ophil depletion may become inactive. Immunohistochemistry
studies of lung biopsies from subjects with mild asthma indicate
that MEDI-563 stains more than 90% of eosinophils in the
airways, suggesting that receptors for IL-5 are present and can
be engaged in that key location.'® Finally, the ADCC activity in
MEDI-563 may circumvent the V/F158 functional polymorphisms
associated with the FeyRIIIa region of fucosylated IgG; mAbs.*®

These theoretical advantages translate into specific pharmaco-
dynamic benefits. For example, MEDI-563 has a faster kinetic rate
of PB eosinophil depletion than mepolizumab, with a peak
reduction occurring at 24 hours, compared with a gradual reduc-
tion reaching a peak at 4 weeks after dosing of mepolizumab.15
Secondly, the median PB eosinophil levels at 1 month after dosing
are lower with MEDI-563 than mepolizumab. A single 750-mg in-
travenous dose of mepolizumab resulted in eosinophil levels of 45
cells/pL (85% reduction) at 4 weeks.> In contrast, a single intra-
venous dose (>0.03 mg/kg) of MEDI-563 led to median levels of
10 cells/pL (94.5% reduction) at 24 hours and O cells/uL (100%
reduction) at 4 weeks after dosing. Lastly, dosing with 3 monthly
intravenous doses of mepolizumab (750 mg) induced PB eosino-
penia that lasted a mean of 9 weeks (range, 4-20 weeks) in one
study'® and 12 weeks in another.*® In contrast, a single intravenous
infusion of MEDI-563 (>0.3 mg/kg; n = 21) resulted in PB eosin-
openia that lasted at least 12 weeks in all but 1 subject (4.8%). Pro-
longed depletion of eosinophils has the potential to improve
asthma morbidity. However, 2 reports*®*! have described clinical
syndromes in individuals deficient in eosinophils and basophils,
underscoring the importance of continued safety vigilance in on-
going and future MEDI-563 studies.

In summary, our study demonstrated that MEDI-563 had an
acceptable safety profile in subjects with mild atopic asthma at all
doses tested. After a single intravenous dose >0.3 mg/kg, PB
eosinopenia persisted for at least 12 weeks. Further evaluation is
planned to determine whether the changes observed in eosinophil
counts will result in clinical improvements of diseases associated
with elevated circulating or tissue-infiltrating eosinophils like
asthma.

We acknowledge Wendy White, PhD, Nancy Lee, PhD, and Young Qin, BS,
for their contributions to pharmacokinetic assay development and implemen-
tation and pharmacokinetic data analysis, and Vali Sevastita, MS, formerly
with MedImmune, LLC, and Miriam Gitler, PhD, MedImmune, LLC, for their
professional medical writing support.

Clinical implications: MEDI-563 provokes peripheral blood eo-

sinopenia via enhanced antibody-dependent cell-mediated cyto-
toxic activity and may be a useful therapeutic option for asthma.

BUSSE ET AL 1243

REFERENCES

1. Walsh GM, Sexton DW, Blaylock MG. Corticosteroids, eosinophils and bronchial
epithelial cells: New insights into the resolution of inflammation in asthma.
J Endocrinol 2003;178:37-43.

2. Rosenberg HF, Phipps S, Foster PS. Eosinophil trafficking in allergy and asthma.
J Allergy Clin Immunol 2007;119:1303-10.

3. Zhang JY, Wenzel SE. Tissue and BAL based biomarkers in asthma. Immunol Al-
lergy Clin North Am 2007;27:623-32.

4. Bhowmick B, Singh D. Novel anti-inflammatory treatments for asthma. Expert
Rev Respir Med 2008;2:617-29.

5. Dente FL, Bacci E, Bartoli ML, Cianchetti S, Di Franco A, Costa F, et al. Magni-
tude of late asthmatic response to allergen in relation to baseline and allergen-
induced sputum eosinophilia in mild asthmatic patients. Ann Allergy Asthma
Immunol 2008;100:457-62.

6. Scott KA, Wardlaw AJ. Eosinophilic airway disorders. Semin Respir Crit Care
Med 2006;27:128-33.

7. Takatsu K, Takaki S, Hitoshi Y. Interleukin-5 and its receptor system: implications
in the immune system and inflammation. Adv Immunol 1994;57:145-90.

8. Rothenberg ME, Hogan SP. The eosinophil. Annu Rev Immunol 2006;24:
147-74.

9. Toba K, Koike T, Shibata A, Hashimoto S, Takahashi M, Masuko M, et al. Novel
technique for the direct flow cytofluorometric analysis of human basophils in
unseparated blood and bone marrow, and the characterization of phenotype and
peroxidase of human basophils. Cytometry 1999;35:249-59.

10. Dahl C, Hoffmann HJ, Saito H, Schiotz PO. Human mast cells express receptors
for IL-3, IL-5 and GM-CSF; a partial map of receptors on human mast cells cul-
tured in vitro. Allergy 2004;59:1087-96.

11. Tavernier J, Devos R, Cornelis S, Tuypens T, Van der Heyden J, Fiers W, et al. A
human high affinity interleukin-5 receptor (IL5R) is composed of an IL5-specific
alpha chain and a beta chain shared with the receptor for GM-CSF. Cell 1991;
66:1175-84.

12. Ogata N, Kouro T, Yamada A, Koike M, Hanai N, Ishikawa T, et al. JAK2 and
JAKI1 constitutively associate with an interleukin-5 (IL-5) receptor alpha and betac
subunit, respectively, and are activated upon IL-5 stimulation. Blood 1998;91:
2264-71.

13. Takaki S, Kanazawa H, Shiiba M, Takatsu K. A critical cytoplasmic domain of the
interleukin-5 (IL-5) receptor alpha chain and its function in IL-5-mediated growth
signal transduction. Mol Cell Biol 1994;14:7404-13.

14. Leckie MJ, ten Brinke A, Khan J, Diamant Z, O’Connor BJ, Walls CM, et al. Ef-
fects of an interleukin-5 blocking monoclonal antibody on eosinophils, airway
hyper-responsiveness, and the late asthmatic response. Lancet 2000;356:2144-8.

15. Flood-Page PT, Menzies-Gow AN, Kay AB, Robinson DS. Eosinophil’s role re-
mains uncertain as anti-interleukin-5 only partially depletes numbers in asthmatic
airway. Am J Respir Crit Care Med 2003;167:199-204.

16. Haldar P, Brightling CE, Hargadon B, Gupta S, Monteiro W, Sousa A, et al. Me-
polizumab and exacerbations of refractory eosinophilic asthma. N Engl J Med
2009;360:973-84.

17. Nair P, Pizzichini MM, Kjarsgaard M, Inman MD, Efthimiadis A, Pizzichini E,
et al. Mepolizumab for prednisone-dependent asthma with sputum eosinophilia.
N Engl J Med 2009;360:985-93.

18. Koike M, Nakamura K, Furuya A, Tida A, Anazawa H, Takatsu K, et al. Establish-
ment of humanized anti-interleukin-5 receptor alpha chain monoclonal antibodies
having a potent neutralizing activity. Hum Antibodies 2009;18:17-27.

19. Kolbeck R, Kozhich A, Koike M, Peng L, Andersson CK, Damschroder MM, et al.
MEDI-563, a humanized anti-IL-5 receptor o mAb, with enhanced antibody-
dependent cell-mediated cytotoxicity function. J Allergy Clin Immunol 2010;
125:1344-53.

20. Thompson WG, Mahr RG, Yohannan WS, Pincus MR. Use of creatine kinase MB
isoenzyme for diagnosing myocardial infarction when total creatine kinase activity
is high. Clin Chem 1988;34:2208-10.

21. Lee TH, Goldman L. Serum enzyme assays in the diagnosis of acute myocardial
infarction. Recommendations based on a quantitative analysis. Ann Intern Med
1986;105:221-33.

22. Ducrest S, Meier F, Tschopp C, Pavlovic R, Dahinden CA. Flowcytometric anal-
ysis of basophil counts in human blood and inaccuracy of hematology analyzers.
Allergy 2005;60:1446-50.

23. Burki NK, Diamond L. Serum creatine phosphokinase activity in asthma. Am Rev
Respir Dis 1977;116:327-31.

24. Karetzky MS. Blood studies in untreated patients with acute asthma. Am Rev Re-
spir Dis 1975;112:607-13.

25. Sykes AP, Lawson N, Finnegan JA, Ayres JG. Creatine kinase activity in patients
with brittle asthma treated with long term subcutaneous terbutaline. Thorax 1991;
46:580-3.



1244 BUSSE ET AL

26.

217.

28.

29.

30.

31.

33.

34.

Chazan R, Jaworski A, Tadeusiak W, Azzabi M, Droszcz W. Comparison of the
influence of ipratropium bromide and salbutamol on activity of phosphocreatine ki-
nase (CK) and isoenzyme CK-MB. Pneumonol Alergol Pol 1994;62:70-4.
Kashani A, Phillips CO, Foody JM, Wang Y, Mangalmurti S, Ko DT, et al. Risks
associated with statin therapy: a systematic overview of randomized clinical trials.
Circulation 2006;114:2788-97.

Solarewicz-Madejek K, Basinski TM, Crameri R, Akdis M, Blaser K, Rabe KF,
et al. T cells and eosinophils in bronchial smooth muscle cell death in asthma.
Clin Exp Allergy 2009;39:845-55.

LaPorta MA, Linde HW, Bruce DL, Fitzsimons EJ. Elevation of creatine phospho-
kinase in young men after recreational exercise. JAMA 1978;239:2685-6.

Tai PC, Sun L, Spry CJ. Effects of IL-5, granulocyte/macrophage colony-
stimulating factor (GM-CSF) and IL-3 on the survival of human blood eosinophils
in vitro. Clin Exp Immunol 1991;85:312-6.

Peacock CD, Misso NL, Watkins DN, Thompson PJ. PGE 2 and dibutyryl cyclic
adenosine monophosphate prolong eosinophil survival in vitro. J Allergy Clin Im-
munol 1999;104:153-62.

. Shinagawa K, Trifilieff A, Anderson GP. Involvement of CCR3-reactive chemo-

kines in eosinophil survival. Int Arch Allergy Immunol 2003;130:150-7.

Liu LY, Sedgwick JB, Bates ME, Vrtis RF, Gern JE, Kita H, et al. Decreased ex-
pression of membrane IL-5 receptor alpha on human eosinophils: II. IL-5 down-
modulates its receptor via a proteinase-mediated process. J Immunol 2002;169:
6459-66.

Gregory B, Kirchem A, Phipps S, Gevaert P, Pridgeon C, Rankin SM, et al. Differ-
ential regulation of human eosinophil IL-3, IL-5, and GM-CSF receptor alpha-chain
expression by cytokines: IL-3, IL-5, and GM-CSF down-regulate IL-5 receptor

35.

37.

39.

40.

41.

J ALLERGY CLIN IMMUNOL
JUNE 2010

alpha expression with loss of IL-5 responsiveness, but up-regulate IL-3 receptor
alpha expression. J Immunol 2003;170:5359-66.

Okazaki A, Shoji-Hosaka E, Nakamura K, Wakitani M, Uchida K, Kakita S, et al.
Fucose depletion from human IgGl oligosaccharide enhances binding enthalpy
and association rate between IgGl and FcgammaRIIla. J Mol Biol 2004;336:
1239-49.

. lida S, Misaka H, Inoue M, Shibata M, Nakano R, Yamane-Ohnuki N, et al. Non-

fucosylated therapeutic IgG1 antibody can evade the inhibitory effect of serum im-
munoglobulin G on antibody-dependent cellular cytotoxicity through its high
binding to FcgammaRIlla. Clin Cancer Res 2006;12:2879-87.

van Meerten T, van Rijn RS, Hol S, Hagenbeek A, Ebeling SB. Complement-
induced cell death by rituximab depends on CD20 expression level and acts com-
plementary to antibody-dependent cellular cytotoxicity. Clin Cancer Res 2006;12:
4027-35.

. Niwa R, Hatanaka S, Shoji-Hosaka E, Sakurada M, Kobayashi Y, Uehara A, et al.

Enhancement of the antibody-dependent cellular cytotoxicity of low-fucose IgG1
is independent of FcgammaRIIla functional polymorphism. Clin Cancer Res
2004;10:6248-55.

Buttner C, Lun A, Splettstoesser T, Kunkel G, Renz H. Monoclonal anti-
interleukin-5 treatment suppresses eosinophil but not T-cell functions. Eur Respir
J2003;21:799-803.

Juhlin L, Michaélsson G. A new syndrome characterised by absence of eosinophils
and basophils. Lancet 1977;1:1233-5.

Mitchell EB, Platts-Mills TA, Pereira RS, Malkovska V, Webster AD. Acquired
basophil and eosinophil deficiency in a patient with hypogammaglobulinaemia
associated with thymoma. Clin Lab Haematol 1983;5:253-7.



J ALLERGY CLIN IMMUNOL
VOLUME 125, NUMBER 6

METHODS
Skin testing

Subjects were tested for reactions to a standard battery of seasonal and
perennial allergens at the first visit, unless tested within the previous 12
months. Sensitivity was demonstrated by skin prick or intradermal testing.
A positive skin test was defined as a wheal >3 mm larger than the diluent
after skin prick testing or 7 mm larger than the diluent following intradermal
testing. The Mantoux (purified protein derivative [PPD]) test was conducted
at visit 1 in subjects without a previous positive reaction. These subjects were
injected (0.5 mL 5 tuberculin units PPD) intradermally in the forearm. Re-
sults were reviewed within 48 to 72 hours post-PPD administration.
A positive result was defined as a >15 mm induration or by the presence
of blisters. All subjects with a positive reaction were excluded from the
study.

Pulmonary function, airway inflammation, and

hyperresponsiveness

FEV, was measured according to the American Thoracic Society guideli-
nes®! before and after administration of albuterol (200 wg) delivered from a
metered-dose inhaler at screening (days —14 to —7), baseline before to dos-
ing, 6 and 12 hours after dosing on day 0, and days 1, 2, 7, 14, 28, 58, and
84. FEno was measured™ using NIOX MINO (Aerocrine, New Providence,
NJ) at a flow rate of 50 mL/s throughout the study before spirometric mea-
surements or 1 hour postevaluation. The methacholine challenge was also per-
formed according to American Thoracic Society guidelines™ in the low-dose
(0.0003 mg/kg, 0.003 mg/kg) and high-dose (1 mg/kg, 3 mg/kg) cohorts on
days 28, 58, and 84.

Asthma symptom score and R,-agonist use

Subjects were asked to record their symptoms and the number of short-
acting [3,-agonist puffs used daily in a diary, and the scores were collected
at every visit. Symptoms were rated on a scale of 9 (maximum) to 0
(minimum).
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RESULTS
Skin testing

All subjects in the study had a least one positive allergen skin
prick test (Table EI).

Pulmonary function, airway inflammation, and
asthma control

Pulmonary function and airway inflammation remained con-
stant throughout the study in all 7 cohorts, as demonstrated by the
total mean levels of FEV, (baseline, 3.47 = 0.6 L; day 58, 3.48 =
0.6 L) and FEyo (baseline, 42.25 = 35.2 parts per billion; day 58,
42.774 = 33.1 parts per billion). No changes were observed in
PC,q during the study in the dose cohorts tested (0.0003 mg/
kg, 0.003 mg/kg, 1 mg/kg, 3 mg/kg). The overall mean daily
asthma symptom scores after dosing were low in all cohorts
(0.41 = 0.4 [0.0003 mg/kg], 0.50 = 0.6 [0.003 mg/kg], 0.75 =
0.6 [0.3 mg/kg], 0.75 £ 1.4 [1 mg/kg], 0.49 = 0.6 [3 mg/kg]).
Likewise, the overall mean daily albuterol use after dosing was
low (0.65 = 0.8 puffs [0.0003 mg/kg], 0.50 = 0.7 puffs [0.003
mg/kg], 0.45 = 0.7 puffs [0.3 mg/kg], 0.27 = 0.5 puffs [1 mg/
kgl, 0.30 = 0.4 puffs [3 mg/kg]) during the study.

REFERENCES

El. American Thoracic Society, Medical Section of the American Lung Association.
Standardization of spirometry: 1994 update. Am J Respir Crit Care Med 1995;
152:1107-36.

E2. American Thoracic Society, European Respiratory Society. ATS/ERS recommen-
dations for standardized procedures for the online and offline measurements of
exhaled lower respiratory nitric oxide and nasal nitric oxide, 2005. Am J Respir
Crit Care Med 2005;171:912-30.

E3. American Thoracic Society. Guidelines for methacholine and exercise
testing—1999. Am J Respir Crit Care Med 2000;161:309-29.



1244.e2 BUSSE ET AL J ALLERGY CLIN IMMUNOL
JUNE 2010

TABLE E1. Allergen frequency from skin testing*

Allergen type Frequency
Cat n=22
Ragweed n =20
Alternaria n=19
Dermatophagoides pteronyssinus n=15
Dermatophagoides farinae n=13
Timothy grass n=11
Bermuda grass n =10
Maple/box elder tree n=10

*Allergens detected in >10 subjects are represented here.
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