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Abstract

Aim: To determine the pharmacokinetic (PK) and pharmacodynamic (PD) comparability of a novel solution for
injection (solution) and the reference lyophilized powder formulation (powder) of omalizumab.

Methods: In this open-label, parallel-group study, adult atopic subjects (serum immunoglobulin [Ig] E 30-300 U/
ml; body weight, 40-90 kg) received a single subcutaneous dose (150 or 300 mg) of solution or powder omalizumab.
Serum concentrations of total omalizumab, free and total IgE and safety were determined up to 84 days post dose.
Bioequivalence was examined for dose-normalized parameters of omalizumab in serum: maximum concentration
(C,..): area under the concentration-time curve up to the last quantifiable concentration (AUC ) and up to infinity
(AUC,, ). Bioequivalence was concluded if the 90% confidence interval (Cl) of the ratio of solution vs. powder
geometric means was entirely contained within 0.8—1.25.

Results: 155 subjects were randomized and dosed (62.6% female; mean age, 34.7 years). Systemic exposure
to omalizumab was similar for the two formulations at both doses. PK bioequivalence was demonstrated (n = 153):
C,.. ratio of geometric means: 1.01 (90% CI: 0.95-1.08); AUC_,. .. 0.98 (0.92-1.05); AUC, , 0.98 (0.91-1.05).
Omalizumab mean elimination half-life: 22.1 days for solution; 22.9 days for powder. PD parameters (n = 154) of
free and total IgE in serum were comparable between formulations; each produced a 95% reduction from screening
in free IgE. Most common adverse events (AEs): headache (23.9%), sinus congestion (8.4%). No serious AEs were
reported.

Conculsions: The novel, ready-to-use omalizumab solution formulation is bioequivalent to the reference

lyophilized powder formulation.

Keywords: Allergic asthma; Bioequivalence; IgE; Lyophilized pow-
der formulation; Omalizumab; Solution for injection

Abbreviations: AE: Adverse Event; ANOVA: Analysis of Vari-
ance; AUC - Area Under the Concentration-time curve up to infin-
ity; AUC_ . : Area Under the Concentration-time curve up to the last
quantifiable concentration; CI: Confidence Interval; CL/F: Apparent
total body clearance from serum; C,,... maximum concentration; CV%:
Coeflicient of Variation; ECG: Electrocardiograph; ELISA: Enzyme-
linked Immunosorbent Assay; Ig: Immunoglobulin; PD: Pharmacody-
namic; PK: Pharmacokinetic; SAE: Serious Adverse Event; SD: Stan-
dard Deviation; t,: apparent terminal elimination half-life; T : time

1" max
to C_ °V /F : apparent volume of distribution during terminal phase;
\,: apparent elimination rate constant estimated by linear regression
analysis of the terminal portion of the log-linear serum concentration-

time curve
Introduction

Immunoglobulin (Ig) E is a key mediator of allergic reactions,
having a critical role in the induction and maintenance of chronic
airway inflammation and asthma-related symptoms [1]. Allergic (IgE-
mediated) asthma is one of the most common chronic respiratory
diseases, producing a variety of symptoms including cough, chest
tightness, wheeze and difficulty in breathing [1-3]. Absence from work/
school, lost productivity and reduced quality of life associated with the
disease imposes a significant burden on patients and society [4-7].
Omalizumab (XOLAIR®, Novartis Pharma AG, Basel, Switzerland)
is a recombinant DNA-derived humanized IgG monoclonal antibody
that selectively binds to human IgE. Omalizumab has been approved
as an add-on therapy in adults, adolescents and children (26 years) for

the treatment of IgE-mediated severe allergic asthma in the EU, and
in adults and adolescents (212 years) with moderate-to-severe allergic
asthma in the U.S.

Omalizumab binds to circulating IgE, and thus inhibits mast cell
and basophil activation by preventing the interaction of free IgE with
its receptors. Consequently, the IgE receptor cells are disarmed and the
initiation of the allergic cascade is prevented [8].

Omalizumab was first launched as a sterile, white, preservative-
free, lyophilized powder in a single-use vial that has to be reconstituted
with sterile water for injection (referred to as ‘omalizumab powder
for solution” hereafter). The powder for solution takes 15-20 min to
dissolve because of the high protein concentration. The solution should
be administered immediately after reconstitution. Chemical and
physical stability of the reconstituted product have been demonstrated
for 8 h if stored in the vial at 2-8°C and for 4 h if stored at 30°C. In-
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use storage times of the reconstituted product should not exceed these
periods [9]. Hence, to provide a more convenient dosage form of the
drug, a ready-to-use solution for injection (referred to as ‘omalizumab
solution” hereafter) was developed. The processes in manufacturing
omalizumab solution and powder for solution are identical except
for the final formulation step. Compared with the reconstituted
omalizumab powder for solution, the drug concentration in the
omalizumab solution formulation is increased from 125 to 150 mg/
ml, resulting in a reduction of the injection volume by about 17%, e.g.,
from 1.2 [9] to 1.0 ml for a dose of 150 mg omalizumab.

The current study was carried out to determine the pharmacokinetic
(PK)and pharmacodynamic (PD) comparability of the new omalizumab
solution with the reference omalizumab powder for solution after the
administration of a single subcutaneous dose.

Methods
Study design and population

This was an open-label, randomized, two-parallel-group Phase III
study conducted in four centers in the U.S. between November 2003
and August 2004.

Stable atopic male and female subjects (aged 18-65 years) with
mild-to-moderate allergic asthma or allergic rhinitis, serum IgE
levels of 30-300 IU/ml, body weight between 40 and 90 kg, and who
were otherwise in good health were eligible for enrolment in this
study. Exclusion criteria included history of smoking, use of oral or
parenteral corticosteroids, significant illness within the 2 weeks prior
to the initiation of the study, and history of clinically significant
drug allergy or previous monoclonal antibody therapy. Subjects with
surgical or medical conditions that could have significantly altered the
absorption, distribution, metabolism or excretion of any drug were also
excluded. Those who entered the study were not allowed to start allergy
vaccination therapy or take oral or parenteral corticosteroids at any
point during the study. Concomitant use of inhaled corticosteroids and
salbutamol as rescue medication was permitted.

The study was conducted in accordance with the International
Conference on Harmonization Good Clinical Practice guidelines and
the Declaration of Helsinki. Ethical approval for the trial was obtained
from the institutional review boards of each participating study center,
and written informed consent was received from all subjects included
in the study.

Study medication

Omalizumab solution was supplied in vials containing 150 mg of
drug in a volume of 1.0 ml. The contents of the vial were drawn into
a 3 ml syringe fitted with a 26 gauge needle. Omalizumab powder for
solution was supplied as a sterile, freeze-dried preparation, which was
reconstituted with 1.4 ml of sterile water for injection. After gentle
swirling for approximately 1 min, the vial was then swirled gently
for 5-10 seconds every 5 min to dissolve any remaining solids, until
no visible gel-like particles remained. The reconstituted powder for
solution was then drawn into a 3 ml syringe through an 18-gauge
needle that was replaced with a 25-gauge needle for subcutaneous
administration. In order to obtain the required 1.2 ml dose (which
contains 150 mg of omalizumab) any excess solution was expelled.

Study visits and treatments

The study included 15 outpatient visits: one baseline (screening)
visit to confirm eligibility (Day-1), one visit for study drug

administration (Day 1), and 13 visits from study Days 2 to 85 for PK
and PD evaluations. After screening, subjects were assigned to one
of 12 strata according to screening serum IgE level and body weight
(Table 1). Subjects in each stratum were randomized to receive a single
subcutaneous dose of either omalizumab solution or omalizumab
powder for solution. Subjects received a single dose of either 150 or 300
mg as shown in Table 1. Dosing strata and doses were taken from the
Xolair Summary of Product Characteristics [9].

Drug administration and blood collection

Both omalizumab formulations were administered into the deep
subcutaneous tissue in the deltoid region of the right or left arm on
Day 1. Blood samples for PK (total omalizumab) and PD (free and
total IgE) assessments were collected from each subject within 30 min
prior to dosing and 6 and 12 h post-dose, after which the subjects were
discharged from the study center. The subjects re-visited the study
center for 13 additional PK and PD blood collection sessions on study
Days 2, 3,4, 6, 8,11, 15, 22, 29, 43, 57, 71 and 85. Blood was allowed to
clot for approximately 20 min and then centrifuged for 10 min. Serum
was removed and kept frozen at <-18°C pending analysis. End-of-
study evaluations were performed on Day 85 after collecting the last
blood sample.

Pharmacokinetic assessments

Concentrations of total omalizumab (i.e., the sum of free
omalizumab and omalizumab bound to IgE) in the serum samples
were determined by a specific enzyme-linked immunosorbent assay
(ELISA), as described previously [10]. The lower limit of quantification
for total omalizumab was 16 ng/ml, and the coefficients of variation
for quality control samples ranged between 4.4% and 6.2%. Serum
concentration-time data were used to calculate the following PK
parameters of omalizumab: maximum serum concentration (C_ ),
timetoC__ (t__),area under the serum concentration time curve from
time 0 to the time of the last quantifiable concentration (AUCO_ﬂaSI),
AUC from time 0 to infinity (AUC, ), apparent terminal elimination
half-life (t,), apparent total body clearance from serum (CL/F)
and apparent volume of distribution during terminal phase (V /F).
Calculations were performed in WinNonlin (Pharsight Corporation,
Mountain View, CA) using non-compartmental methods and actual
PK sampling times. AUC was calculated by the linear trapezoidal
rule; AUC, = AUC +C_ /\,where) isthe apparent elimination
rate constant estimated by linear regression analysis of the terminal
portion of the log-linear serum concentration-time curve; t, = In2/\ ;
CL/F = dose of omalizumab/AUC , ,and V /F = CL/F/A.C__, AUC
and AUC_  were also dose-normalized.

max:

tlast

Pharmacodynamic assessments

Free IgE levelsin the serum samples were determined by a previously
reported specific ELISA [11], and total IgE levels (i.e., the sum of free
and omalizumab-bound IgE) were determined by a micro-particle
enzyme immunoassay test kit, commercially available from Abbot Inc.,
USA. For free IgE, the lower limit of quantification was 0.78 ng/ml and
the upper limit was 150 ng/ml. The coefficients of variation for quality
control samples ranged between 2.8% and 9.3%. For total IgE, the lower
limit of quantification was 9.6 ng/ml and the coefficients of variation
ranged between 6.9% and 11.1%. Note that 1.0 IU/ml IgE corresponds
to 2.42 ng/ml IgE. The following PD parameters were determined for
free IgE: minimum serum concentration (C__ ), time to C__ (t ) and
maximum percentage decrease in serum free IgE concentration from
screening (max % decrease). Parameters determined for total IgE
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were: C_,t and maximum percentage increase in serum total IgE
max’ max

concentration from screening (max % increase).
Safety and tolerability assessments

Safety and tolerability assessments included: monitoring and
recording of all adverse events (AEs) and serious adverse events
(SAEs); regular checks of routine blood chemistry, hematology and
urinalysis results; electrocardiographic (ECG) recordings; and physical
examination and measurement of vital signs. Immunogenicity data
for anti-omalizumab-Fab and anti-omalizumab-Fc fragments were
determined by specific ELISAs in samples collected prior to the
administration of omalizumab and on study Day 85.

Statistical analyses

The PK and PD parameters were summarized using descriptive
statistics (arithmetic mean and standard deviation [SD], median;
range; coefficient of variation). All subjects with evaluable PK data were
included in the PK data analysis, and the parameters were summarized
per formulation and dose. Additionally, the PK parameters were
pooled and summarized across the two doses of each formulation.
PD parameters were summarized per formulation. All subjects who
received treatment were included in the safety evaluation.

Inferential statistical analyses were performed on log-transformed
dose-normalized PK parameters using an analysis of variance
(ANOVA) model with stratum and formulation as factors. PK
bioequivalence was examined for dose-normalized C_, AUC
and AUC_, . using the standard bioequivalence criterion of the 90%
confidence interval (CI) of the ratio of the geometric means of the two
formulations (omalizumab solution vs. powder for solution) being
contained entirely within the range 0.8 to 1.25. PD comparability was
assessed using descriptive statistics and by visual inspection of the
concentration-time curves of free and total IgE. No inferential analysis
was performed on PD or safety data.

The sample size was selected to provide 80% power for the
bioequivalence test. Assuming a coefficient of variation for C__and
AUC of omalizumab of 40% as found in a previous study (Novartis,
data on file) and a true ratio of the geometric means of 0.95 (or 1.05), the
probability that the 90% CI of the ratio falls into the range 0.80 to 1.25
is 80% for 65 subjects in each treatment group (omalizumab solution
and omalizumab powder for solution). Thus, up to 160 subjects were
to be enrolled to ensure that there were at least 65 evaluable subjects in
each group at study completion.

Results
Patient disposition and demographics

A total of 155 subjects were randomized to study treatment, of
whom 154 subjects (96 females and 58 males; 80 in the omalizumab
powder for solution group and 74 in the omalizumab solution group;
104 at a dose of 150 mg and 50 at a dose of 300 mg) completed the
study; one subject in the omalizumab powder for solution group
withdrew consent and did not complete the study. Omalizumab PK
parameters were calculated for 153 subjects and were included in the
statistical analyses for the comparison of the two formulations; one
subject who received the omalizumab solution was excluded from the
PK analysis due to uncertainty of dosing time (which did not allow
calculation of the actual PK sampling times). Four subjects were
administered a treatment that did not comply with the randomization
schedule: two subjects incorrectly received the omalizumab solution

for injection and two incorrectly received the powder for solution. Data
were summarized and reported based on treatment received.

Demographics and baseline characteristics of the two treatment
groups were similar (Table 2). Of 155 patients included in the study,
62.6% were female, 74.2% were Caucasian and the mean age was 34.7
years.

Pharmacokinetic results

PK data were available for 52 and 21 subjects who received the
150 mg and 300 mg dose, respectively, of omalizumab solution and
for 52 and 28 subjects who received the 150 mg and 300 mg dose,
respectively, of omalizumab powder for solution. The omalizumab
solution and powder for solution formulations showed similar mean
serum concentration-time profiles of omalizumab at each dose level
(Figure 1). For both formulations, C___and AUC_, . of omalizumab
increased in proportion to the increase of dose, as shown in Figure 2.
For instance, mean C___was 16,395 ng/ml and 32,230 ng/ml for 150 mg
and 300 mg, respectively, for omalizumab solution and was 15,907 ng/
mland 32,571 ng/ml, respectively, for omalizumab powder for solution.
The mean CL/F was 258 ml/day and 266 ml/day for the two doses of the
omalizumab solution and 251 ml/day and 254 ml/day for the respective
doses of the omalizumab powder for solution. Consequently, dose-
normalized parameters of C_ , AUC,, and AUC ,  were similar for
the two doses of each formulation and all PK data (i.e. C,./ dose, AUC,
1e/dose and AUC | /dose and the dose-independent parameters t_,
t,, CL/F and V /F) were pooled per formulation for the further analysis.
Descriptive statistics (arithmetic mean + SD or median, range) for
these pooled parameters are presented in Table 3.

The mean values of C__ /dose, AUC_, /dose and AUC_, /dose for
the two formulations were similar. For example, mean C../ dose was
108.8 ng/ml/mg for omalizumab solution compared with 106.9 ng/
ml/mg for omalizumab powder for solution. Median t__was 5 days
for both formulations. Values of t, (22.1 vs. 22.9 days), CL/F (260 vs.
251 ml/day) and V /F (8.02 vs. 8.11 1) were also similar between the
formulations. Furthermore, inter-subject variability was similar for
omalizumab solution and omalizumab powder for solution, as shown
by the coefficient of variation values (Table 3). For the dose-normalized
C,.o AUC .. and AUC values, coefficient of variation ranged
between 27.7% and 29.4% for the omalizumab solution and between
24.6% and 26.5% for the omalizumab powder for solution.

The statistical analysis of dose-normalized parameters C,.o AUC,
1 ad AUC - gave the following results: the point estimate (90% CI)
of the ratio of the geometric means for the comparison of omalizumab
solution versus powder for solution was 1.01 (0.95-1.08) for C__ /dose,
0.98 (0.92-1.05) for AUC, , /dose and 0.98 (0.91-1.05) for AUC, _/
dose. Thus, all ClIs were confined within the pre-specified range of 0.80
to 1.25 required for demonstration of bioequivalence.

Pharmacodynamic results

PD data were available for 74 subjects who received the omalizumab
solution and for 80 subjects who received the omalizumab powder
for solution. After omalizumab administration, free IgE serum levels
decreased rapidly whereas total IgE levels increased slowly (Figure
3 and Figure 4, respectively). Mean serum concentrations of free
and total IgE were comparable between both formulations. The PD
parameters are summarized in Table 4. For the omalizumab solution
and powder for solution, respectively, mean C__ of free IgE was 7.9 ng/
ml and 7.5 ng/ml, corresponding to a mean maximum decrease of IgE
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from screening of 95.3% and 95.8%. Median t  of free IgE was 2 days
for both formulations, and median t___of total IgE was 21 days for both
formulations.

Safety

No SAEs were reported during the study. There were 305 AEs
reported by 77 subjects (omalizumab solution, n = 33; omalizumab
powder for solution, n = 44). Of these AEs, 246 were rated as mild, 54
as moderate and five as severe. The severe AEs were upper respiratory
tract infection, sinusitis, influenza, tooth injury and tympanic
membrane perforation. None of the severe AEs were suspected of being
related to omalizumab. Headache was the most commonly reported
AE. Overall, 37 subjects (23.9%) reported 81 events of headache, out
of which 14 were considered to be study-drug related (11 mild and 3
moderate). AEs reported by more than four subjects in the overall study
population are summarized in Table 5. None of the subjects developed
anti-omalizumab antibodies. There were no differences between the
two groups with respect to changes in vital signs, ECG and biochemical
parameters.

Discussion

Omalizumab is the first monoclonal antibody for the treatment
of allergy-induced asthma, and its safety and efficacy has been
established in clinical trials [12-16]. Omalizumab was first licensed as
a stable lyophilized product (omalizumab powder for solution) to be
administered as a subcutaneous injection for the treatment of patients
with moderate-to-severe or severe persistent allergic (IgE-mediated)
asthma. A novel omalizumab liquid formulation (omalizumab
solution) for injection has been developed with the purpose of offering
greater ease of administration and improved convenience. The
reconstitution step of the omalizumab powder, which takes up to 20
min or longer in some cases [9], is not required for the omalizumab
solution. This facilitates drug administration and eliminates a potential
source of administration error, which could occur if the powder is
incompletely dissolved or the injection volume deviates from the target

volume (e.g. 1.2 ml for a dose of 150 mg). In addition, for a given dose
of omalizumab the injection volume is smaller for the omalizumab
solution than for the powder for solution. In the present study, the PK
and PD of the new omalizumab solution and the omalizumab powder
for solution (reference formulation) were compared in subjects with
elevated IgE levels.

Omalizumab exerts its pharmacological effect by binding to
circulating IgE, whatever its allergen specificity, and prevents
subsequent IgE-mediated responses. Binding of omalizumab to IgE
reduces serum concentrations of free IgE and this reduction of serum
free IgE is a surrogate marker of omalizumab efficacy [10,17]. The
relationship between omalizumab and free IgE serum concentrations
has been evaluated and described in various papers, using PK/PD
modelling techniques [10,17-19]. From these evaluations, it is evident
that in a given population, the two formulations of omalizumab
would produce a comparable reduction of free IgE over a defined
time period only if the omalizumab concentration-time profiles were
also comparable. In our study, comparability of omalizumab PK was
investigated by using a standard bioequivalence approach [20], i.e., by
testing for equivalence of rate and extent of absorption of the drug into
the systemic circulation after subcutaneous administration of single
doses of the two formulations.

Bioequivalence studies are usually performed in healthy volunteers
[20]. This population, however, would not have allowed investigation
of the PD effect of omalizumab, i.e., the reduction of elevated IgE levels.
Therefore, the population selected for our study were atopic subjects
with mild-to-moderate asthma or allergic rhinitis and elevated serum
IgE levels of 30 to 300 IU/ml, who were otherwise in good health. In
this population we could study the PD effect of omalizumab in addition
to PK. The doses of omalizumab used in this study (150 mg or 300 mg,
see Table 1) are in agreement with the therapeutic doses for patients
with the body weight and baseline serum IgE characteristics of our
study subjects. Patients with the specified body weights and baseline
IgE levels who are eligible to be treated with omalizumab would receive
either 150 mg or 300 mg omalizumab every 4 weeks [9].

. Body weight (kg)
Screening IgE (1U/ml)
>40-50 >50-60 >60-70 >70-80 >80-90
30-100 150 mg 150 mg 150 mg 150 mg 150 mg
>100-200 300 mg 300 mg 300 mg 300 mg 300 mg
>200-300 300 mg 300 mg - - -
IgE = immunoglobulin E
Table 1: Omalizumab dosing strata.

Demographic parameter Omalizumab powder for solution Omalizumab solution Total
No. of subjects, n 81 74 155
Age (years), mean + SD 36.3+12.9 329+11.4 34.7+12.4
(range) (18-63) (18-64) (18-64)
Weight (kg), mean + SD 70.8+11.8 70.5+11.7 70.6 £11.7
(range) (47.4-90.0) (47.3-90.0) (47.3-90.0)
Gender, n (%)

Male 31(38.3) 27 (36.5) 58 (37.4)

Female 50 (61.7) 47 (63.5) 97 (62.6)
Race, n (%)

Caucasians 60 (74.1) 55 (74.3) 115 (74.2)

African—Americans 9(11.1) 10 (13.5) 19 (12.3)

Others 12 (14.8) 9(12.2) 21(13.5)

SD = standard deviation

Table 2: Patient demographics.

J Bioequiv Availab
ISSN:0975-0851 JBB, an open access journal

Volume 3(6): 144-150 (2011) - 147



Citation: Riviere GJ, Yeh CM, Reynolds CV, Brookman L, Kaiser G (2011) Bioequivalence of a Novel Omalizumab Solution for Injection Compared

with the Standard Lyophilized Powder Formulation. J Bioequiv Availab 3: 144-150. doi:10.4172/jbb.1000075

Formulation Statistics C,./dose Lo AUC , /dose AUC , /dose t, CL/F V,IF
(ng/ml/mg) (day) (day-pg/ml/mg) (day-pg/ml/mg) (day) (ml/day) ()]

Omalizumab Mean + SD 108.8 + 30.2 5.0° 3.89+1.08 4.26+1.25 221+3.7 |260 +96 8.02+2.25

solution (CV%) (27.8) — (27.7) (29.4) (16.9) (37.0) (28.1)

(n=73) Range 48.0-176.9 2.0-14.0 |1.44-6.37 1.50-7.33 14.8-31.6 136-667 4.69-17.48

Omalizumab powder |Mean + SD 106.9 + 28.3 5.0° 3.92+0.96 430+1.13 229+4.2 |252+82 8.11+227

for solution (CV%) (26.5) — (24.6) (26.2) (18.5) (32.4) (27.9)

(n=80) Range 41.5-175.7 1.0-14.0 |1.62-6.09 1.77-6.64 15.3-34.2 151-565 5.10-18.81

aMedian.

C...x = maximum serum concentration, t = time to C__, AUC_, . = area under the serum concentration time curve from time O to the time of the last quantifiable

concentration, AUC = AUC from time O to infinity, t, = apparent terminal elimination half-life, CL/F = apparent total body clearance from serum, V/F = apparent volume
of distribution during terminal phase, SD = standard deviation, mean = arithmetic mean, CV% = coefficient of variation.

Table 3: Pharmacokinetic parameters of omalizumab in serum after subcutaneous administration of omalizumab solution or omalizumab powder for solution.

Free IgE Total IgE
Formulation Statistics C.in ton Max % decrease o toae Max % increase
(ng/ml) (day) from screening (ng/ml) (day) from screening
Omalizumab Mean + SD 7.90 + 4.06 2.0° 95.3+3.0 1,176 £ 723 21.0° 490 + 172
solution (CV%) (51.4) — (3.1) (61.5) — (35.2)
(n=74) Range 1.00-21.30 0.5-5.0 86.7-99.1 392-3,720 7.0-84.0 133-1,043
Omalizumab powder |Mean + SD 7.50+4.18 2.02 958 +2.7 1,136 + 685 21.02 446 + 220
for solution (CV%) (55.7) — (2.9) (60.3) — (49.4)
(n =80) Range 1.95-21.30 0.5-28.0 85.0-99.3 144-3,612 10.0-84.0 39-1,452
aMedian.
IgE = immunoglobulin E, C_. = minimum serum concentration, t . =timeto C_., C__ = maximum serum concentration, t _ =timeto C__, mean = arithmetic mean, SD =

standard deviation, CV% = coefficient of variation.

Table 4: Pharmacodynamic parameters of free and total IgE in serum after subcutaneous administration of omalizumab solution and omalizumab powder for solution.

Adverse events (preferred term) On‘:alizumab powder for solution (n = 81) Orr:alizumab solution (n = 74) '(I'not=al1 55)
n (%) n (%)
n (%)

Headache 21(25.9) 16 (21.6) 37 (23.9)
Sinus congestion 6 (7.4) 7(9.5) 13 (8.4)
Rhinorrhea 4 (4.9) 7(9.5) 11(7.1)
Pharyngolaryngeal pain 8(9.9) 3(4.1) 11(7.1)
Sneezing 5(6.2) 3(4.1) 8 (5.2)
Nausea 5(6.2) 3(4.1) 8 (5.2)
Nasal congestion 3(3.7) 4 (5.4) 7 (4.5)
Vomiting 3(3.7) 2(2.7) 5(3.2)
Arthralgia 4(4.9) 1(1.4) 5(3.2)
Nasopharyngitis 1(1.2) 4(5.4) 5(3.2)

Table 5: Most commonly reported adverse events (>4 subjects in the overall study population).

Instead of the standard two-period, two-sequence crossover design
which is normally used for the comparison of two formulations [20], we
used a parallel-group design. This design was chosen since omalizumab
has a very long half-life (averaged 26 days [9]) which would have
required a washout period of about 6 months between treatments in
a crossover study to allow omalizumab levels to drop below 1% of the
peak concentration.

Since each formulation of omalizumab was given at two dose levels
(150 mg and 300 mg), the first step of our PK analysis was a descriptive
comparison between dose levels and between formulations at each
dose level. This is illustrated in Figures 1 and 2. Systemic exposure to
omalizumab increased dose-proportionally for each formulation and
was similar for the two formulations at each dose level. Consequently,
C,.o AUC  and AUC . were dose-normalized and all PK data
were pooled per formulation (Table 3). The statistical bioequivalence
analysis using an ANOVA model demonstrated bioequivalence of
omalizumab between the two omalizumab formulations. For all three
PK parameters tested (i.e. C__/dose, AUC  /doseand AUC , /dose)

0-tlast

the 90% CI of the treatment ratio was within the standard range (0.8
to 1.25) for concluding bioequivalence. The 90% CIs for these three
parameters were even tighter (range 0.91 to 1.08) than the standard
range. These tight 90% ClIs reflect the relatively low inter-subject
variability in omalizumab exposure observed in our study, as shown
by coeflicient of variation values of less than 30% for all PK parameters
tested for bioequivalence.

The comparable rate of absorption of omalizumab from each
formulation is further supported by the t _ values: the median
was 5 days for each formulation. Disposition and elimination of
omalizumab were also comparable between the formulations as
shown by the respective mean CL/F, V /F and t, values which were all
close together (Table 3).

As discussed above, the PD marker for omalizumab efficacy is
free IgE, and this study showed that the time course of serum free
IgE after injection of omalizumab solution was superimposed on that
after injection of the omalizumab powder for solution (Figure 3).
Also, the maximum percentage decrease of free IgE from screening
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Figure 1: Arithmetic mean (+standard deviation [SD] for omalizumab powder

for solution; —SD for omalizumab solution) omalizumab serum concentration-

time profiles by formulation and dose.
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Figure 2: Arithmetic mean (+standard deviation) omalizumab maximum
concentration (C__; panel A) and area under curve from time 0 to infinity
(AUC,, > panel B).
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Figure 3: Arithmetic mean (+standard deviation [SD]) serum concentrations of
free immunoglobulin (lg) E after subcutaneous administration of omalizumab
solution and omalizumab powder for solution.

[Footnote] Due to assay limitations, the highest quantifiable free IgE
concentration is 150 ng/ml. All values higher than 150 ng/ml were considered
as equal to 150 ng/ml for mean and SD calculations.
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Figure 4: Arithmetic mean (tstandard deviation) serum concentrations of
total immunoglobulin (Ig) E after subcutaneous administration of omalizumab
solution and omalizumab powder for solution.

was comparable (95.3% vs. 95.8%) between the formulations and was
reached 2 days (median) after dosing.

Formation of complexes of IgE with omalizumab shifts IgE
clearance from the relatively fast clearance of free IgE to the slower
complex clearance [18,21]. This apparent reduction in IgE clearance,
together with a redistribution of the ligand from extravascular sites
into the systemic circulation [22], results in elevation in serum total
IgE levels after omalizumab treatment. Thus, as a result of omalizumab
binding to IgE, serum concentrations of free IgE are reduced, whereas
concentrations of total IgE (i.e., the sum of free and omalizumab
bound IgE) are increased. The latter is illustrated in Figure 4. Again,
both formulations show very similar effects with a maximum increase
reached 21 days (median) after dosing of each formulation.

The safety findings in this study were consistent with an earlier
randomized, double-blind, dose-ranging, placebo-controlled trial
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that assessed the efficacy and safety of omalizumab administered
prophylactically in patients with seasonal allergic rhinitis [23]. The
safety results of that study revealed that headache, upper respiratory
tract infection and viral infection were the most frequently reported
AEs with omalizumab treatment; furthermore, the results showed that
injection site reactions were mild and infrequent. In the current study,
the most common AEs were headache and sinus congestion.

In conclusion, based on systemic exposure to omalizumab, our
study demonstrated bioequivalence between the new omalizumab
solution and the standard omalizumab powder for solution following
single subcutaneous administration to subjects with elevated IgE levels.
Additionally, both formulations produced a 95% reduction in free IgE
and had similar safety profiles. These data suggest that the omalizumab
solution would be expected to provide efficacy and safety similar to that
of the omalizumab powder for solution formulation.
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