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Abstract

Background:

The anti-Igk monoclonal antibody, omalizumab, is approved in the US as add-on therapy for patients >12
years of age with moderate-to-severe persistent allergic asthma. Omalizumab is administered according to
the US Food and Drug Administration approved dosing table included in the prescribing information. The
dosing table was developed using Genentech’s free IgE assay and is designed to achieve free serum IgE
levels of <50 ng/mL, known to be associated with clinical benefit. Lack of clinical benefit in a subset of
patients on omalizumab has prompted demand for commercial free IgE assays to guide omalizumab dosing.
To date, two commercial free IgkE assays marketed by ViraCor-IBT (no longer offered) and BioTeZ have been
available to physicians.

Objective:
This study compares the results generated from the two commercial free IgE assays with the free IgE levels
generated by the Genentech assay.

Methods:

Two serum sample sets were prepared using 20 samples from patients with a wide range of IgE and
omalizumab from an omalizumab clinical trial and 36 samples from omalizumab-naive patients. Different
amounts of omalizumab were added to the 36 omalizumab naive samples based on measured total IgE
levels to ensure that a good range of IgE and omalizumab was represented in the study samples. Samples
were randomized for blinded analysis of free IgE levels using the Genentech, ViraCor-IBT and BioTeZ free
serum IgE assays. Analysis of samples in the ViraCor-IBT assay were conducted by ViraCor-IBT and the
analysis of samples using the Genentech and BioTeZ assay methods were conducted by a third party
contract research organization.

Results:

The ViraCor-IBT and BioTeZ free IgE assays demonstrated significantly higher free IgE levels than the
Genentech free IgE assay. Twenty-nine of 56 samples tested <50 ng/mL in the Genentech assay; of these,
12/29 (41%) and 20/29 (69%) tested >50 ng/mL in the BioTeZ and ViraCor-IBT assays, respectively. In the
BioTeZ free IgE evaluations, 11/20 samples that were re-tested had inter-assay differences ranging from
40-190%.

Conclusions:

Free ligand (such as IgE) measurements are challenging and dependent on the method and reagents used.
The Viracor-IBT and BioTeZ methods tend to over-estimate free serum IgE levels compared with the
Genentech free IgE assay. Using these assays to monitor therapy and adjust omalizumab doses post
treatment is considered off-label use and could lead to a potential risk for unnecessary treatment and/or
risk to patient safety.

Commercial immunoassays for free IgE and omalizumab Baker etal. 913



Curr Med Res Opin Downloaded from informahealthcare.com by 212.66.126.223 on 07/14/14
For personal use only.

Current Medical Research & Opinion  Volume 30, Number 5 May 2014

CMRO

Introduction

Asthma has an allergic basis in an estimated two thirds of
patients and the role of an IgE-mediated response in aller-
gic asthma is well established'™. The anti-IgE antibody
omalizumab (Xolair*) has been used successfully for sev-
eral years as an add-on treatment for patients who are 12
years of age and above with moderate-to-severe persistent
allergic asthma and symptoms that are inadequately con-
trolled with inhaled corticosteroids®. In the European
Union (EU) omalizumab is used as add-on therapy for
patients 6 years of age and above with severe persistent
allergic asthma, whose symptoms are inadequately con-
trolled with inhaled corticosteroids and long-acting 3,-
agonists7.

Free IgE levels fall rapidly following omalizumab ther-
apy and this reduction is maintained with continued ther-
apy®. Reduction of free serum IgE levels to <50 ng/mL has
been shown to be clinically efficacious™. In contrast, total
IgE levels are elevated following initiation of omalizumab
therapy due to formation and slow clearance of biologically
inactive omalizumab-IgE complexes, and remain elevated
for up to 1 year after discontinuation of treatment®®,

The appropriate dose of omalizumab is determined
using an approved dosing table that was derived using a
free IgE assay developed by Genentech and is included in
the prescribing information®. The approved dosing table
was designed to ensure that free serum IgE is reduced to a
clinically efficacious level of <50 ng/mL®’. The dose and
frequency of administration of omalizumab is determined
by a patient’s bodyweight (kg) and serum total IgE level
(IU/mL) before the start of treatment®. The omalizumab
prescribing information specifies that re-testing of total
IgE levels during omalizumab treatment is not recom-
mended and cannot be used as a guide for dose
determination®.

However, not all asthma patients receiving omalizumab
experience clinical benefits. Some treating physicians
believe that it would be beneficial to know whether the
prescribed omalizumab dose has reduced free serum IgE
levels into the therapeutic range (<50ng/mL). This has
created a demand for an omalizumab specific free-IgE
assay, to identify “patients who may have been under
dosed and in whom non-complexed IgE is free to continue
to arm FceR1 on mast cells and basophils” as stated in
one paper'’. However, it is important to note that such
post-treatment dose adjustments based on free IgE meas-
urements have not been approved by health authorities
and are considered off-label use.

To date, two commercial free serum IgE assays, one
from Viracor-IBT (no longer available), and the second
from BioTeZ have been marketed to allow physicians to

*Xolair is a registered trade name of Roche/Genentech, South San Francisco,
CA, USA; and Novartis AG, Basel, Switzerland
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measure free IgE in patients treated with omalizumab.
Although neither of the two commercial assays has been
validated for use during omalizumab therapy, they provide
physicians with an opportunity to monitor post-baseline
free serum IgE off-label. In principle, the amount of free
IgE detected in any sample can differ between assays. This
can be attributed to differences in formats, binding affinity
of capture and detection antibodies, sample dilution and
incubation times between assays, which influence the
equilibrium of omalizumab/IgE complexes. Given that
the commercial free IgE assays may potentially be used to
make treatment decisions in conjunction with the dosing
table and target free IgE levels that were derived from the
free IgE assay developed by Genentech, it is important to
fully understand whether there are differences between the
IgE data obtained from these assays compared with the
Genentech assay. The objective of this study was to evalu-
ate human serum samples with a wide range of serum total
IgE, free IgE, and omalizumab concentrations, and to com-
pare the values obtained from the two commercial assays to
values from Genentech’s free IgE assay.

Methods

Collection and pooling of samples: human serum
samples

Sera from patients diagnosed with allergic asthma were
used to prepare a set of 56 human serum samples; including
20 in vivo and 36 in vitro samples. The 20 in vivo human
serum samples were prepared using 44 clinical serum sam-
ples obtained from 32 allergic asthma patients who parti-
cipated in an omalizumab clinical trial (Genentech, South
San Francisco, CA, USA). To protect patient identity and
also provide sufficient sample volume for the various
assays, sera samples from patients with similar free IgE
and omalizumab profiles based on the clinical trial assay
data were combined to generate 20 ‘in-vivo’ samples
(Table 1).

The 36 ‘in-vitro’ human serum samples were prepared
using 15 individual human sera obtained from

Table 1. Summary of 20 ‘in-vivo’ samples generated for assay comparison.
Serum samples from patients with allergic asthma enrolled in omalizumab
clinical studies were pooled together to generate 20 ‘in-vivo’ samples. Each
‘in-vivo’ pooled sample was created from sera from two to three clinical
samples with similar free IgE and omalizumab levels. ‘In-vivo’ pooled
samples were targeted to have three levels of free IgE with varying levels of
omalizumab.

Free IgE Group Free IgE range No. of samples

Low 0-15ng/mL (0-6.2 IU/mL) 6
Mid 16-50 ng/mL (6.3-20.7 IU/mL) 7
High 51-150 ng/mL (20.8-62 IU/mL) 7
Total 20

www.cmrojournal.com  © 2014 Informa UK Ltd
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Table 2. Summary of 36 ‘in-vitro’samples with known omalizumab levels. Allergic asthma sera were obtained from 15 individuals, who had not been
previously exposed to omalizumab, and grouped according to measured total IgE levels. For each sample in each total IgE group, omalizumab was added at
approximately either 0, 3, 9, or 27 x the molar level of total IgE to generate a total of 36 ‘in-vitro’ samples.

Total IgE Total IgE range No. of Approximate molar ratios No. of samples generated Total no. of
group individual sera of omalizumab: per individual serum samples
total IgE added to each serum

Low 121-363 ng/mL (50-150 IU/mL) 3 0,3,9, 27x 4 12
Mid 364-847 ng/mL (150-350 IU/mL) 3 0,3,9,27x 4 12
High 848-1694 ng/mL (350-700 IU/mL) 1 0,3,9 27x 4 4

2 0x 1 2

2 3x 1 2

2 9x 1 2

2 27x 1 2
Total 15 36

Genentech ViraCor-IBT

free IgE assay
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Figure 1. Free IgE ligand binding assays by Genentech and Viracor-IBT. The Viracor-IBT assay is a fluoro-enzyme immunoassay (FEIA) similar to the
Genentech assay but utilizing an ImmunoCAP (a cellulose sponge) instead of a microtiter plate as the solid phase. Omalizumab and FceR1 are both specific for
the Fc-fragment of human IgE, thus any IgE bound to omalizumab is blocked from being captured and only free IgE is detected. B, biotin; B-Gal, beta
galactoside; mAb, monoclonal antibody; SA, streptavidin; SA-f3-Gal, streptavidin-beta-galactosidase.

omalizumab-naive individuals with known levels of
total IgE (Table 2). The individual human sera were pur-
chased from Bioreclamation (Hicksville, NY, USA).
Total IgE levels were within the Food and Drug
Administration (FDA) approved total IgE target-
treatment range for omalizumab (30-7001U/mL).
Known levels of omalizumab were added to individual
human sera to obtain a wide range of omalizumab/total
IgE molar ratios (from O to 27).

Free IgE assays

Genentech

The Genentech assay is a fluorescent version of the free
IgE  enzyme-linked immunosorbent assay (ELISA)
reported by Fahy et al. (1997) and Adelroth et al.
(2000)!12 The Genentech free IgE assay detects only
free IgE and has a reporting range of 2-150 ng/mL (0.83—
62 IU/mL). (Figure 1, Table E1). This assay has four con-

trols — a low, mid, high and a complex control. The low,

© 2014 Informa UK Ltd  www.cmrojournal.com

mid and high concentration controls were made by dilut-
ing a human plasma with high total IgE in fetal bovine
serum (FBS) targeting concentrations of 4, 20, and 100 ng/
mL human IgE. The complex control contains a mixture of
omalizumab and human IgE in human serum and targets
the middle of the calibration curve to produce a free
human IgE level of approximately 20 ng/mL. The complex
control is most relevant as it has complexes of omalizumab
and IgE identical to in vivo conditions. The inter-assay
variance on this control was 6.4% during validation.

Viracor-IBT

The Viracor-IBT free IgE assay uses the same capture
reagent as the Genentech free IgE assay, but utilizes high
binding ImmunoCAP instead of ELISA plates, a different
detection reagent, sample incubation times and sample
dilutions (Figure 1, Table El). The reporting range is
12.3-2662 ng/mL (5.1-1100 IU/mL); however, this assay

is no longer commercially available.

Commercial immunoassays for free IgE and omalizumab Baker etal. 915
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Figure 2. The BioTeZ assay (recovery ELISA IgE/omalizumab). The BioTeZ
assay measures both free IgE and omalizumab levels in a single assay.
Samples are treated with four concentrations of added IgE and incubated
simultaneously with HRP-labeled omalizumab in a streptavidin-coupled
microtiter plate coated with a biotin-labeled anti-human-IgE mAb. Only free
IgE should be detected since the IgE/omalizumab complexes in the sample
should not bind the HRP-omalizumab detection reagent. Standard curves
containing different levels of IgE combined with different levels of unlabeled
omalizumab are used with a complex equation to interpolate both free IgE
and omalizumab levels in the samples. B, biotin; HRP, horseradish
peroxidase; mAb, monoclonal antibody; SA, streptavidin.

BioTeZ

The BioTeZ recovery ELISA uses the method reported
previously by Strohner et al. (2012)" to simultaneously
quantify total therapeutic antibody level, in this case oma-
lizumab, and the free level of the target antigen (in this
case IgE) in human serum samples. The free IgE reporting
range is 2.4-4840 ng/mL (1-2000 IU/mL) in the absence of
omalizumab and 2.4-1210ng/mL (1-5001U/mL) in the

presence of omalizumab (Figure 2, Table E1).

Total IgE assay

Total IgE was measured in all 56 human serum samples by
Viracor-IBT laboratories (Lee’s Summit, MO, USA) using
a commercially available assay (ImmunoCAP 1000t) with
a reporting range of 4.84-12,100 ng/mL (2-5000 IU/mL).
The assay was verified by Genentech to have no interfer-
ence from omalizumab.

Total omalizumab assay

Genentech
The Genentech total omalizumab assay is a sequential
ELISA with a reporting range >28 ng/mL'*.

TlmmunoCAP 1000 is a registered trade name of Phadia AB, Uppsala, Sweden

916  Commercial immunoassays for free IgE and omalizumab Baker et al.

BioTeZ

The BioTeZ recovery ELISA uses the method reported
previously by Strohner et al. (2012)" to simultaneously
quantify total omalizumab and the free IgE; the omalizu-
mab reporting range is 400-80,000 ng/mL (Figure 2,
Table E2).

Free IgE and omalizumab assay comparison

All 56 in vitro and in vivo serum samples were randomized
with unique identification numbers and sent out for
blinded evaluation to: 1) Viracor-IBT to determine free
IgE using the Viracor-IBT assay; 2) a contract research
organization (CRO) to determine free IgE using the
Genentech free IgE ELISA and the BioTeZ recovery
ELISA IgE/omalizumab assay; and 3) the CRO also
obtained omalizumab levels using either the BioTeZ
recovery ELISA or the Genentech total omalizumab
ELISA.

BioTez reproducibility

Based on the data from the first round of evaluation
any samples in the BioTeZ recovery ELISA exhibiting
free IgE levels of <30% or >300% of those obtained in
the Genentech free IgE assay were considered extreme
outliers. Twenty out of the 56 samples analyzed were
considered outliers. To confirm the outlier data, these
samples were re-randomized and submitted to a third
party CRO for a second round of blinded analysis using
the BioTeZ assay.

Data analysis

In all, six assays were performed in two CROs to determine
free IgE (using three different assay formats), total IgE
(by Phadia’s ImmunoCap assay) and omalizumab (by the
Biotez and Genentech assay formats) levels in 56 in vitro
and in vivo samples. Data obtained from each of the
56 samples at Viracor-IBT laboratoriessf CRO(s) were
unblinded and compiled at Genentech. Samples that
yielded less than reportable (LTR) or greater than report-
able (GTR) results in any of the six assays were entered as
either half the LTR or twice the GTR limits for the specific
assay. Among the 56 samples, 12 samples, (three in-vivo
samples plus nine in-vitro samples) were categorized as
omalizumab-negative; the remaining 44 samples (17 in-
vivo samples plus 27 in-vitro samples) were categorized
as omalizumab-positive. The molar ratio of omalizumab/
total IgE was calculated for each sample using the results
from Genentech’s total omalizumab assay and Phadia’s
ImmunoCap total IgE assay.

www.cmrojournal.com  © 2014 Informa UK Ltd
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Figure 3. Comparison of free IgE levels measured using the Genentech, Viracor-IBT, and BioTeZ free IgE assays in the 44 omalizumab-positive samples
sorted by increasing molar ratios of omalizumab/total IgE. Free IgE levels decreased with increasing omalizumab/total IgE molar ratios. Several samples
screening at <50 ng/mL free IgE in Genentech assay exhibited >50 ng/mL free IgE in commercial assays. The oval highlights a subset of omalizumab-
positive samples determined to have <50 ng/mL free IgE in the Genentech assay, but in general to have >50 ng/mL free IgE in the commercial assays. LTR,

lower than reportable.

Results

Evaluation of free IgE levels

All three assays showed a trend of decreasing free IgE with
increasing omalizumab/total IgE molar ratios (Figure 3).
However, both the Viracor-IBT and BioTeZ assays
tended to measure significantly higher levels of free IgE
compared with the Genentech assay in the omalizumab-
positive samples. Twelve (41%) and 20 (69%) of the 29
omalizumab-positive samples that had free IgE levels
<50ng/mL in the Genentech assay were >50ng/mL in
the BioTeZ and Viracor-IBT free IgE assays, respectively
(Table 3). Two of 44 omalizumab-positive samples (num-
bers 17 and 41) were GTR in the Genentech free IgE assay
(Figure 3). However, three of the 44 omalizumab-positive
samples (numbers 33, 37, and 44) with detectable free IgE
levels in both the Genentech and Viracor-IBT assays were
LTR or false negatives in the BioTeZ assay (Figure 3); and
three of the 12 omalizumab-negative samples (numbers 5,
52, and 56) had significantly lower levels of free IgE
detected in the BioTeZ assay compared with the
Genentech and Viracor-IBT methods (data not shown).
Forty-six of the original 56 samples had free IgE data in the
measurable range of the Genentech free IgE assay
(<150 ng/mL; data not shown). For these 46 samples the

© 2014 Informa UK Ltd  www.cmrojournal.com

BioTeZ free IgE assay had an average percentage change of
1914+392 (%CV =205) and the Viracor-IBT free IgE
assay had an average percentage change of 230+95%
(9%CV =41) compared with the Genentech free IgE assay.

Evaluation of total IgE levels

Total IgE data generated by Phadia’s ImmunoCAP was
used to calculate the omalizumab/total IgE molar ratio of
each sample as described in Data analysis. As noted by
Hamilton et al.'>'¢, all commercial, FDA-approved total
IgE assays, including Phadia’s ImmunoCAP assay, are cali-
brated to the WHO IRP 75/502 total IgE standard and
exhibit accuracy within ~10% of each other. The preci-
sion of the different total IgE assays are all ~9%, indicating
no advantage to one particular total IgE assay method over
another for samples without any omalizumab. However,
we chose to use the Phadia ImmunoCAP assay for our
analysis because it has been shown (internally at
Genentech) to exhibit no interference from omalizumab
in samples.

Evaluation of omalizumab levels

The overall accuracy and precision of the Genentech total
omalizumab assay was confirmed during assay validation at

Commercial immunoassays for free IgE and omalizumab Baker etal. 917
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the CRO (inter-assay accuracy of 94.5% to 102.6% and
inter-assay precision of 6.1% to 11.2% throughout the
reportable range of the assay). The spread of BioTeZ
data around the Genentech data shows that the BioTeZ

Table 3. Comparison of free IgE results for the 44 omalizumab-positive
samples. The omalizumab dosing table was designed to define doses that
decrease patient free IgE levels to <50 ng/mL as determined using the
Genentech free IgE assay. The 44 omalizumab-positive samples were
therefore subdivided using the Genentech free IgE assay into two groups
with <50 ng/mL or >50 ng/mL free IgE (29 and 15 samples, respectively).
The number of omalizumab-positive samples exhibiting free IgE levels
above or below 50 ng/mL in the BioTez and ViraCor-IBT free IgE assays are
compared within the two Genentech free IgE sample subgroups.

Comparison of free IgE results
for the 44 omalizumab-positive

Genentech Free IgE

samples <50 ng/mL >50 ng/mL
29 15
BioTeZ Free IgE
<50 ng/mL 17 0
>50 ng/mL 12 15
ViraCor-IBT Free IgE
<50 ng/mL 9 0
>50 ng/mL 20 15

Twelve (41%) and 20 (69%) of the 29 samples with <50 ng/mL free IgE in
the Genentech free IgE assay tested as >50ng/mL in the BioTeZ and
Viracor-IBT free IgE assays respectively. Fifteen (100%) of the 15 samples
with >50 ng/mL free IgE in the Genentech free IgE assay tested as >50 ng/
mL in both the BioTeZ and Viracor-IBT free IgE assays.

omalizumab assay was highly variable, detecting approxi-
mately 20% to 3000% of omalizumab reported by the
Genentech assay (Figure 4). In addition, the BioTeZ
assay generated false-positive results in three of the
twelve omalizumab-negative samples (numbers 5, 52,
and 56) and false-negative results in eight of the 44 oma-
lizumab-positive samples (numbers 8, 17, 30, 31, 33, 39, 45
and 49) compared with the results from the Genentech
assay (Figure 4).

Reproducibility of the BioTeZ assay

Twenty samples that exhibited free IgE levels as <30% or
>300% of the corresponding Genentech free IgE results,
when first measured using the BioTeZ assay, were re-ran-
domized and reanalyzed using the BioTeZ assay (Table 4).
In repeat free IgE evaluations with the BioTeZ assay, more
than half of the samples (11/20) had inter-assay differences
ranging from 40% to 190%. The remaining nine samples
had free IgE results with a <30% difference between the
two evaluations. Similar inconsistencies between BioTeZ
assays were observed for total omalizumab measurements
(Table 4). Seventy percent of the in vivo samples (14/20)
had inter-assay differences ranging from 33% to 183%.
The remaining six samples had omalizumab levels that
differed by less than 30% between two evaluations.

105 - —@&— Genentech BioTeZ
M
(&)
pc'ﬁv

- , .m"w
E 104~ .F".‘
: '.,“,,.o--
c
o
= ,....‘
< | ]
8 108 + /’.4
5
P R S ._.!‘ _____________________________________ 400 ng/mL,
g LTR BioTeZ
5
N
£ 102
(@)

28 ng/mL,

_____________________________________________ LTR Genentech
[slele e sielaaie els)
10 rrrrrrrrrr1r1r_rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr1rrr1ro 1rrritT

5343 954342422213 55652 4144404914 1 174539 2537312655203836504827 8 5135302312421611 2 28323310 6 471346 7 1815 4 2919

Sample ID

Figure 4. Comparison of omalizumab levels in all 56 samples measured using the Genentech and BioTeZ omalizumab assays and sorted by increasing
omalizumab levels detected by using the Genentech assay. The vertical line divides the 12 omalizumab-negative (left-side) and 44 omalizumab-positive

(right-side) samples. The BioTeZ assay detected three false-positives (samples above the 400 ng/mL lower limit of reporting for the BioTeZ assay) in the 12
omalizumab negative samples and seven false-negatives (samples below the 400 ng/mL lower limit of reporting for the BioTeZ assay) in the 44 omalizumab-

positive samples. LTR, lower than reportable.
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Table 4. Repeat BioTeZ assay of free IgE and omalizumab levels in 20 samples showing large discrepancies between the Genentech assay and the BioTeZ
assay on first testing in the BioTeZ IgE assay. Reproducibility of the BioTeZ free IgE and omalizumab assay was tested by repeat analysis of 20 samples
determined to have <30% to >300% of the corresponding Genentech free IgE results in the first analysis.

Sample ID Free IgE level (ng/mL) % Difference® Omalizumab level (ng/mL) % Difference®
1st test 2nd test 1st test 2nd test

® 15 39 89 875 <400 126
6 83 41 68 11,787 16,419 33
8 385 74 136 <400 875 126
10 71 54 28 4991 4061 21
12 117 136 15 12,743 4043 104
17 917 686 29 <400 <400 0
20 357 182 65 558 949 52
26 212 534 86 1153 200 141
30 755 502 40 <400 <400 0
31 208 129 47 <400 2915 174
32 75 56 30 7866 13,661 54
B8 <2.4 49 190 <400 4372 183
36 93 22 124 967 <400 131
37 <2.4 <2.4 0 19,285 12,927 39
39 602 514 16 <400 <400 0
44 <2.4 <2.4 0 14,476 9487 42
45 941 829 13 <400 <400 0
49 237 213 11 <400 <400 0
52 12 5 82 12,054 7756 43
56 369 779 7 1854 <400 161

% Difference = (|Value1—Value2|/((Value1 + Value2)/2)) * 100.

2Eleven out of 20 samples (see shaded cells) had free IgE results with greater than 30% difference between two evaluations, with differences ranging from 40% to

190%.

PFourteen out of 20 samples (see shaded cells) had omalizumab levels with greater than 30% difference between two evaluations, with differences ranging from

33% to 183%.

Free IgE values of 1.2 ng/mL and omalizumab values of 200 ng/mL were used to calculate % differences for samples with free IgE levels of <2.4 ng/mL and

omalizumab levels of <400 ng/mL respectively.

Discussion

Asthma is a common chronic inflammatory disease of the
airway that results in considerable morbidity and mortal-
ity. The positive response to IgE-targeted therapy with
omalizumab in persistent allergic asthma is well estab-
lished’. The omalizumab dosing table was developed
using results from Genentech’s free IgE assay from multiple
clinical studies. Subsequently, the dosing table was con-
firmed by other investigators to be close to achieving the
optimal <50 ng/mL (20.8 IU/mL) free IgE which correlates
with improved clinical symptoms'*. Two commercial free
IgE assays have been developed which allow physicians to
measure free IgE levels in patient samples post omalizumab
treatment. Compared to the Genentech free IgE assay, on
which the dosing table in the product label is based, both
commercial assays generally overestimated free IgE levels
by an appreciable amount. Notably, 12 (41%) and 20
(69%) of the 29 omalizumab-positive samples shown to
have IgE levels <50ng/mL in the Genentech assay
returned levels >50ng/mL in the BioTeZ and Viracor-
IBT assays respectively. In addition, the BioTeZ assay
reported extreme values (<30% or >300% of the corres-
ponding Genentech data) for approximately one third of
the total 56 samples. Repeat evaluation of these samples
demonstrated poor reproducibility of the BioTeZ assay for
both free IgE and omalizumab levels.

© 2014 Informa UK Ltd  www.cmrojournal.com

The results reported here thus demonstrate that the
commercial assays evaluated are not reliable for monitor-
ing free IgE and, if used during omalizumab treatment,
might overestimate free IgE levels. Over-estimation of
free IgE levels could have two potential consequences: 1)
physicians might unnecessarily increase the omalizumab
dose to achieve further reductions in free IgE, thereby
incurring additional cost without providing additional
benefit to the patient, further potentially administer
off-label doses of omalizumab; or 2) they might
prematurely discontinue treatment on the mistaken
assumption that the treatment is not effectively reducing
free IgE.

Genentech does not intend to claim that their method
of free IgE quantification is superior to that of the com-
mercial assay formats evaluated in this study. Rather they
wish to re-emphasize that the Genentech free IgE assay is
the clinically relevant assay because it was used to generate
the FDA -approved dosing table for omalizumab. The doses
recommended in the dosing table aim to achieve serum
levels of free IgE (i.e. IgE not complexed with omalizumab)
of <50 ng/mL (20.8 IU/mL), levels known to deliver clin-
ical benefit®. The omalizumab product label clearly states
that on-treatment re-testing of serum total IgE levels
cannot be used to guide dosing, and re-initiation of treat-
ment after a period of treatment of less than 1 year should
be based on the original pre-treatment serum levels of IgE°.
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Furthermore, the product label does not state that free IgE
levels should be monitored after treatment is initiated.

The stability of the IgE/therapeutic antibody complex
can be affected by multiple factors, resulting in different
free IgE measurements depending on the assay format,
reagents used, sample dilution, and incubation times.
The over-estimation of free IgE levels by the commercial
assays evaluated relative to the Genentech assay may arise
from use of methodologies that promote disruption of oma-
lizumab-IgE complexes. The Viracor-IBT free IgE method
used a very similar format to the Genentech method
(Figure 1), but used the Phadia ImmunoCap technology
versus the ELISA format. One reason for over-recovery in
the Viracor-IBT method is the use of the Phadia technol-
ogy. The high binding capacity of the ImmunoCap cellu-
lose sponge in addition to the high IgE binding affinity of
the receptor compared with omalizumab for IgE can lead to
disruption of the omalizumab—IgE complex resulting in
over-recovery of free IgE. The unusually long sample incu-
bation times and high sample dilution could be responsible
for over-recovery of free IgE in the BioTeZ method. The
complexity of free ligand assays underscores the import-
ance of adhering to the approved dosing table that was
developed based on data from the Genentech assay.

From a clinical perspective, although omalizumab rap-
idly reduces free IgE (within 1 hour post»dose)B, responses
to omalizumab treatment, and the timing of these
responses, vary between individuals. Hamilton et al.
(2005) suggested that analysis of the free and total IgE
levels 1 month post omalizumab treatment may aid phys-
icians in confirming adequate dosing for patients who do
not experience the anticipated clinical response!.
However, response to omalizumab is typically not observed
until 12 to 16 weeks after dosing’, and in some patients can
take longer!”™. In an analysis of two clinical studies of
patients with moderate-to-severe allergic asthma, it was
noted that, among patients who responded to 16 weeks
of treatment with omalizumab, only 61% responded at 4
weeks whereas 87% had responded at 12 weeks !,
Furthermore, another study shows that among 71 allergic
asthmatics who did not exhibit a clinical response within
the first 16 weeks of treatment with omalizumab added to
optimized asthma therapy, 27 responded to omalizumab
after a further 16 weeks of treatment?®. This suggests
that, by prolonging the initial observation time, it could
be possible to extend the therapeutic benefits of omalizu-
mab to a larger subgroup of potential ‘late responders’ who
were prematurely classified as non-responders on the basis
of the 16 week period of clinical evaluation.

It should, however, be acknowledged that some patients
do not respond to omalizumab and there are many poten-
tial underlying factors affecting response other than free
IgE levels!.

As specified by the prescribing information, the most
effective method for evaluating continued need for
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omalizumab is still periodic assessment of the patient’s dis-
ease severity and level of asthma control (as specified in
the prescribing information)®.

Conclusion

There are clearly multiple factors that should be con-
sidered in addition to the absolute free IgE levels of
patients, as they can impact the efficacy of omalizumab
in non-responders. Given the variability in the disease
and mechanisms of non-responsiveness to omalizumab,
achieving the same target free IgE level for every individ-
ual may not be adequate to improve the overall response
rate to omalizumab treatment. Moreover, it is important to
note that the omalizumab dosing table was developed
based on data measured by the free IgE assay developed
by Genentech. Our findings demonstrate that commer-
cially available assays do not provide a reliable assessment
of free IgE levels and indicate that use of these assays to
monitor omalizumab therapy and adjust omalizumab doses
off-label could have negative consequences for patients.
The prescribing information for omalizumab states that
dosing should be determined based on total IgE at baseline;
total IgE levels are elevated during omalizumab treatment
due to circulating IgE-omalizumab  complexes.
Accordingly re-testing IgE levels cannot be used to deter-
mine omalizumab doses®. Our findings demonstrate that
commercially available assays do not provide a reliable
assessment of free IgE levels and indicate that use of
these assays to monitor omalizumab therapy and adjust
omalizumab doses off-label could have negative conse-
quences for patients.
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Supplementary tables

Table E1. Overview of free IgE assays.

patients. Lancet 2005;365:974-6

Free IgE assays
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Genentech ViraCore-IBT BioTeZ
Assay format Sequential  ELISA Sequential  ImmunoCap Simultaneous  ELISA
Capture reagent FceR1-1gG SA-ImmunoCap/Biotin-FceR1 SA-well/Biotin-anti-hu IgE mAb

Detection reagent  Biotin-anti-hu IgE mAb

(with SA-B-Gal)

{3-Gal-anti-hu IgE mAb HRP-omalizumab

Sample dilution Neat (1:2 in well) Neat BioTeZ 1:20-1:40 (1:80-1:160 in well)
Sample incubation ~ 1.5hrs at RT 0.5hrs at RT Overnight at 2-8°C
IgE reporting range  0.83-62 IU/mL 5.1-1100 IU/mL (12.3-2662 ng/mL) Without omalizumab 1-2000IU/mL  With omalizumab

(2-150 ng/mL) 1-500 IU/mL

(2.4-1210 ng/mL)

(2.4-4840 ng/mL)

Data reported Free IgE Free IgE, total IgE, free/total IgE ratio

(total IgE separate assay)

Free IgE and omalizumab

[3-Gal, beta-galactosidase; C, centigrade; ELISA, enzyme-linked immunosorbent assay; HRP, horseradish peroxidase; hu, human; mAb, monoclonal antibody; SA,
streptavidin; SA-B-Gal, streptavidin-beta-galactosidase; RT, room/ambient temperature.
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Table E2. Overview of omalizumab assays.

Omalizumab assays

Genentech BioTeZ
Assay format Sequential ELISA Simultaneous ELISA
Capture reagent Human-myeloma-derived IgE from the U266 cell SA-well/Biotin-anti-hu IgE mAb
Detection reagent HRP-anti-omalizumab mAb HRP-omalizumab
Sample dilution >1:100 1:20-1:40 (1:80-1:160 in well)
Sample incubation Overnight at RT Overnight at 2-8°C
Omalizumab reporting range >28ng/mL 400-80,000 ng/mL
Data reported Omalizumab Omalizumab and free IgE

C, centigrade; ELISA, enzyme-linked immunosorbent assay; HRP, horseradish peroxidase; hu, human; mAb, monoclonal antibody;
RT, room/ambient temperature; SA, streptavidin.
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