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Introduction

Allergic diseases such as allergic asthma and rhinitis are
caused by an immune inflammation dependent on the
allergenic material in pollen, dander and food, that the
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Abstract

Introduction: Omalizumab has been available for treatment of allergic asthma for
more than a decade and thus, its efficacy in routine treatment was of interest to
evaluate. Basophil allergen threshold sensitivity (CD-sens) has been shown to
correlate with the bronchial allergen threshold sensitivity and can be used
to objectively measure omalizumab treatment efficacy. We aimed to evaluate the
effect of omalizumab treatment of allergic asthma by CD-sens, as an objective
marker of the IgE-mediated inflammation, and related to SPT, spirometry, FeNO,
Asthma Control Questionnaire (ACQ), and Global Evaluation of Treatment
Effectiveness (GETE).

Methods: Thirty-two patients were treated with omalizumab for 16 weeks. CD-
sens was used to define the response and related to clinical parameters. If CD-sens
was negative (<0.1) (CD-sens low Group) the patient continued with the standard
dose. If CD-sens was >0.1 (CD-sens high Group) a second 16 weeks period with
25-50% dosage increase was started and evaluated after a total of 32 weeks.
Results: Nine of 32 patients became CD-sens negative after treatment (CD-sens
start: 8.0; 16 weeks: <0.01) and regarded as successful. 15/23 were unsuccessful
(CD-sens start: 13; 16 weeks: 1.65) and the omalizumab dose was increased. CD-
sens decreased significantly (p < 0.05) and further 3/15 patients became CD-sens
negative (CD-sens at 32 weeks: 0.5). There was a significantly smaller IgE-ab
fraction (IgE-ab/IgE) in the CD-sens low versus the CD-sens high Group
(p < 0.0001). A significant decrease in ACQ was seen in both groups after 16 weeks
treatment (p=0.05 and 0.01, respectively). No significant changes could be
detected for the other clinical parameters.

Conclusion: By the use of the objective laboratory method CD-sens, which
effectively measure the direct effect of omalizumab, that is, the IgE-mediated part
of the allergic asthma, in combination with clinical parameters it might be possible
to more effectively monitor and treat IgE-mediated allergic asthma.

patient is exposed to, and IgE antibodies (IgE-ab) produced
by repeated stimulation of the allergen.

Some 15 years ago a new approach to the treatment of
allergic asthma was introduced [1]. A humanized mouse
monoclonal antibody to human IgE is injected and blocks
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the structure on the Fc-part responsible for binding to the
Fcel-receptor on the surface of mast cells and basophilic
granulocytes. As a consequence an IgE-induced inflamma-
tion cannot be initiated. The monoclonal anti-IgE named
omalizumab was registered for treatment of allergic asthma
and became commercially available (Xolair, Novartis,
Switzerland).

Omalizumab is used in the clinical routine to treat severe
cases of allergic asthma and chronic urticaria [2]. The
registered omalizumab dosage is based on the patient serum
IgE concentration and the patient body weight and should
press down serum IgE to approximately 10 kU/L. However,
if the recommended dosage is given as many as 39% of the
patients have been reported to not respond satisfactory [3]
and the evaluation of lung function parameters over time in
omalizumab responder and non-responder patients remains
inconclusive [4]. Thus, several studies indicate that lung
function parameters are not sensitive enough to mirror the
treatment effectiveness of omalizumab in patients with
asthma [5-8].

Basophil allergen threshold sensitivity, CD-sens, where a
dose-response allergen stimulation of the basophils is
performed, has previously been shown to accurately measure
the IgE-mediated component of the allergic asthma and is
not influenced by the hyper-reactivity which is driven by
other factors [9]. The primary outcome for omalizumab, to
block the initiation of the IgE-mediated allergic inflamma-
tion, is effectively measured and monitored by CD-sens.
Thus, CD-sens is a simple and side-effect free alternative to
bronchial allergen threshold challenge.

The objective of this “real life” study was to evaluate the
effect of omalizumab treatment of allergic asthma by CD-
sens, as an objective marker of responders/non-responders
regarding the IgE-mediated inflammation, and to relate the
outcome to SPT and clinical parameters like FEV1, FEV1/
FVC, Fractional exhaled Nitric Oxide (FeNO), Asthma
Control Questionnaire (ACQ), and Global Evaluation of
Treatment Effectiveness (GETE).

Methods
Study population

Physicians treating patients with allergic asthma and
intending to introduce omalizumab were invited to
participate in a treatment follow-up study evaluating
omalizumab efficacy. Eighteen physicians and thirty-two
patients were included (Table 1). All patients had an
inadequate asthma control despite treatment with cicleso-
nide (n=4), high doses of budesonide/fluticasone com-
bined with long-acting beta-2-agonists (n=28), and/or
anti-leukotriens (n=11). All patients were multi-sensitized
verified with a positive SPT and detectable levels of IgE-ab.

Omalizumab treatment in real life

For each patient the most important allergen triggering the
asthma was selected and followed by CD-sens and SPT.

The clinical follow-up was approved by the ethics
committee in Stockholm, 2014/674-31/4, and all patients
and caregivers gave their written informed consent to
participate in the study.

Study design

IgE (“total-IgE”) and IgE-antibodies, IgE-ab (“specific IgE”),
was analyzed before treatment and data including medical
history, physical examination as well as FEV1, FEV1/FVC,
exhaled NO-measurement, and CD-sens were analyzed
before and after a 16 weeks omalizumab-treatment period.
In some patients SPT wheal size data were available. Patients
or parents were asked to fill in an Asthma Control
Questionnaire (ACQ) on symptoms [10], before and after
16 weeks and a GETE [11] was performed by the physician
after treatment. CD-sens was used to evaluate the response to
omalizumab. A CD-sens of <0.1 (CD-sens low Group) was
regarded as a negative test and the treatment judged as
successful, while a CD-sens of >0.1 (CD-sens high Group)
was judged as unsuccessful. Omalizumab was given according
to the dosing scheme registered for allergic asthma i.e. dose
based on serum IgE concentration and body weight.

If CD-sens was <0.1 (CD-sens low Group) the patient
continued with the same dose of omalizumab and no further
follow up was performed. If CD-sens was >0.1 (CD-sens
high Group) a second 16 weeks period with a 25-50%
increase in omalizumab dosage was implemented and the
clinical and immunological evaluation was repeated after
these additional 16 weeks, that is, a total of 32 weeks
treatment.

Skin Prick Test

Skin Prick Test (SPT) was performed with relevant allergen
extracts (Soluprick, ALK, Copenhagen, Denmark) before the
start of treatment with omalizumab and after 16 and
32 weeks treatment. Histamine hydrochloride 10 mg/ml
(ALK) was used as positive control and the diluent as
negative control. The test was considered as positive if the
wheal was > 3 mm in diameter after 15 min and the degree of
reactivity was defined after measuring the wheal area (mm?).

Serum IgE analyses

IgE and IgE-ab to airborne allergens (timothy, birch, cat,
dog, horse, Altenaria, Dermatophagoides farinae [Dpt f])
were analyzed before start of treatment using ImmunoCAP "™
(Thermo Fisher Scientific, Uppsala, Sweden), according to
the instructions of the manufacturer. The cut-off for a
positive test was set to >0.1 kU4/L.
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Omalizumab treatment in real life

Table 1. Patient characteristics.

Patient  Age Male (M)/ IgE  IgE-ab IgE-ab
D years Female (F) Allergen  (kU/L) (kUpL) (%)
CD-sens low group
1 12 F Dpt f 522 >100 >20
5 14 M Dog 776 47 5.9
10 52 F Cat 150 0.5 0.3
12 26 F Birch 380 12 3.2
19 58 M Cat 140 1.4 1.0
22 49 M Dog 120 3.9 3.3
30 30 M Dog 820 24 2.9
31 59 F Horse 3700 46 1.2
36 14 M Birch 1878 32 1.7
CD-sens high group
2 23 F Birch 210 60 29
3 10 M Birch 210 250 21
4 17 M Birch 160 36 23
6 14 F Cat 3001 >100 >3.0
8 30 F Birch 160 16 10
9 19 F Dog 120 29 24
14 21 M Dog 6341 >100 >2.0
15 12 F Cat 280 14 5.0
16 17 F Birch 640 87 14
17 50 M Alternaria 180 6.1 3.4
18 46 F Birch 320 42 13
20 25 M Dog 70 15 21
21 1 M Cat 1000 >100 >10
23 26 F Birch 170 69 41
24 20 F Birch 370 44 12
25 30 F Birch 630 45 7.1
26 18 F Cat 730 95 13
29 15 M Cat 200 39 20
32 18 M Cat 397 69 17
33 12 M Birch 98 29 30
34 16 F Mite 13 5.7 44
37 7 M Birch 3700 55 1.5
38 45 M Birch 30 0.97 3.2

Fractional exhaled Nitric Oxide

FeNO was determined prior to spirometry, using the NIOX
MINO Airway Inflammation Monitor (Aerocrine AB, Solna,
Sweden) according to ATS/ERS criteria [12]. The determi-
nation of FeNO was performed before the start of treatment
with omalizumab and after 16 and 32 weeks treatment.
FeNO values are expressed as ppb.

Spirometry

Spirometry was performed according to ATS/ERS crite-
ria [13] at the same occasions as the FeNO evaluations. The
highest values of Forced Vital Capacity (FVC) and Forced
Expiratory Volume in 1 sec (FEV;) were used for analysis.
The spirometry system was calibrated each day using a 3L
precision syringe.
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Basophil activation

Blood drawn into heparin tubes were sent to the diagnostic
laboratory at Karolinska University Hospital in Solna,
Stockholm or Uppsala University Hospital in Uppsala and
analyzed within 24 h. Basophil activation was performed as
previously published [14]. Basophils were stimulated with
decreasing concentrations of an allergen extract (Aquagen or
Soluprick, ALK) until no response was obtained (concen-
tration range: 0.1-10,000 Standard Quality Unit (SQU)/ml
for Aquagen and 0.1-10,000 Arbitrary Units (AU)/ml for
Soluprick). Since the allergen extracts are not standardized
for potency or allergen composition the dose response
cannot be compared between different allergens but for each
Anti-FceRI
(Bithlmann Laboratories AG, Schonenbuch, Switzerland)
was used as positive control and RPMI (cell culture media
developed at Roswell Park Memorial Institute) as negative

allergen between samples and patients.

control. To identify the basophils, cells were stained for
CD203c and to detect activated basophils, the cells were
stained for CD63 (Immunotech, Marseille, France) followed
by analysis in a Navios flow cytometer (Beckman Coulter,
Inc., Fullerton, CA). Cut-off determining a positive test was
set to 5% of CD63-positive basophils. Patients, whose
basophils after stimulation with the positive control (anti-
FceRI) responded with less than 5% CD63 up-regulation,
were regarded as non-responders. Individuals with a
response between 5% and 16% were classified as low
responders. The cut-off of 16% was calculated (mean
76%-3 SD) from the positive controls of an in-house
reference material of 264 allergic children and adults [15].

Definition of CD-sens

To determine the basophil allergen threshold sensitivity,
CD-sens, the eliciting allergen concentration giving 50%
(EC50) of maximum CD63% up-regulation of the dose-
response curve was calculated. CD-sens definition: the
inverted value for EC50 multiplied by 100 [16]. A CD-sens of
<0.1 was regarded as a negative test. CD-sens cannot be used
to evaluate allergen sensitivity among non- and low
responders. CD-sens was analyzed before the start of
treatment with omalizumab and after 16 and 32 weeks
treatment.

Statistics

Continuous variables are presented as median and inter
quartile range if not either wise stated. Spirometry values
were converted to z-scores according to Quanjer et al. [17].
Differences between pre- and post-treatment samples were
tested with Wilcoxon matched-pairs signed rank test.
Statistical significance was considered at a p-value of
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<0.05. No adjustment for multiple testing has been
performed. Thus, significant results should be regarded as
descriptive and explorative. Statistical analyses were carried
out using GraphPad Prism (Version 7.04).

Results
Study population

Thirty-two asthmatic patients were treated with omalizu-
mab for 16 weeks. Fourteen of 32 patients (44 %) were male
and 15/32 (47 %) were 18 years or younger (Table 1).
Treatment was monitored by CD-sens, SPT (Table 2), FeNO,
patient questionnaires (ACQ), GETE (Table 3), and
spirometry (Table 4).

Table 2. Evaluation of CD-sens and SPT after omalizumab treatment.

Omalizumab treatment in real life

Treatment outcome according to CD-sens

Nine of 32 patients (28%) became CD-sens negative
(<0.1) after 16 weeks of omalizumab treatment and
were regarded as successful (CD-sens low Group), while
23/32 did not become CD-sens negative and treatment
was regarded as unsuccessful (CD-sens high Group)
(Fig. la and b) (Table 2). There was a significant
difference (p <0.0001) between the CD-sens low and
CD-sens high Group in the percentage of CD-sens
decrease when comparing the CD-sens before and after
treatment (ratio CD-sens before treatment/CD-sens
after treatment) (Fig. 2). The median ratios were 800
in the CD-sens low Group versus 26 in the CD-sens high
Group.

Allergen source

Allergen concentrations

Unit CD-sens SPT

Patient ID Allergen CD-sens CD-sens CD-sens Start 16w 32w Start 16w 32w

CD-sens low group
1 Dpt f Aquagen, ALK 0.1-10,000 SQU/ml 27 0.01 nt 15.9 3.1 nt
5 Dog Agquagen, ALK 0.1-10,000 SQU/ml 53 0.01 nt 50.2 nt nt
10 Cat Aquagen, ALK 0.1-10,000 SQU/ml 6.1 0.01 nt nt 12.5 nt
12 Birch Aquagen, ALK 0.1-10,000 SQU/ml 161 0.01 nt 19.6 12.6 nt
19 Cat Agquagen, ALK 0.1-10,000 SQU/mI 0.3 0.01 nt 283 12.6 nt
22 Dog Aquagen, ALK 0.1-10,000 SQU/mI 8.5 0.01 nt 15.9 442 nt
30 Dog Aquagen, ALK 0.1-10,000 SQU/ml 8.0 0.01 nt 63.6 19.6 nt
31 Horse Aquagen, ALK 0.1-10,000 SQU/ml 150 0.01 nt 86.5 nt nt
36 Birch Aquagen, ALK 0.1-10,000 SQU/mI 3.8 0.01 nt 71 71 nt

CD-sens high group
2 Birch Aquagen, ALK 0.1-10,000 SQU/ml 1786 16.6 nt 12.6 19.6 nt
3 Birch Aquagen, ALK 0.1-10,000 SQU/ml 0.8 0.3 nt nt nt nt
4 Birch Aquagen, ALK 0.1-10,000 SQU/ml 7.9 1.1 0.5 78.5 23.7 nt
6 Cat Aquagen, ALK 0.1-10,000 SQU/ml 78.8 2.7 0.5 44.2 12.6 15.9
8 Birch Aquagen, ALK 0.1-10,000 SQU/ml 244 8.4 3.0 nt nt 7.1
9 Dog Aquagen, ALK 0.1-10,000 SQU/ml 7.2 1.7 0.2 19.6 56.7 9.6
14 Dog Agquagen, ALK 0.1-10,000 SQU/mI 1.7 1.3 0.1 nt nt 442
15 Cat Agquagen, ALK 0.1-10,000 SQU/ml 8.8 34 0.01 33.2 28.3 70.9
16 Birch Aquagen, ALK 0.1-10,000 SQU/ml 13 0.3 0.01 19.6 19.6 3.1
17 Alternaria Soluprick, ALK 0.1-10,000 AU/ml 130 23 6.0 38.5 3.1 56.7
18 Birch Aquagen, ALK 0.1-10,000 SQU/ml 7.7 0.3 0.6 12.6 9.6 nt
20 Dog Aguagen, ALK 0.1-10,000 SQU/ml 9.2 0.4 nt 44.2 nt nt
21 Cat Aquagen, ALK 0.1-10,000 SQU/ml 2.0 0.1 0.1 33.2 9.6 9.6
23 Birch Aquagen, ALK 0.1-10,000 SQU/ml 110 1.6 0.9 28.3 19.6 15.9
24 Birch Agquagen, ALK 0.1-10,000 SQU/mI 29 0.8 nt 23.8 71 nt
25 Birch Aquagen, ALK 0.1-10,000 SQU/ml 17 0.1 0.01 12.6 7.1 15.9
26 Cat Agquagen, ALK 0.1-10,000 SQU/ml 427 0.5 0.8 19.6 12.6 9.6
29 Cat Aquagen, ALK 0.1-10,000 SQU/ml 80 30 1.4 23.7 63.6 33.2
32 Cat Aquagen, ALK 0.1-10,000 SQU/mI 115 4.1 0.2 269 63.6 56.7
33 Birch Aquagen, ALK 0.1-10,000 SQU/mI 448 0.6 nt 23.7 33.2 nt
34 Mite Agquagen, ALK 0.1-10,000 SQU/ml 3.6 0.1 nt 12.6 19.6 nt
37 Birch Aquagen, ALK 0.1-10,000 SQU/ml 70 0.8 nt nt nt nt
38 Birch Agquagen, ALK 0.1-10,000 SQU/mI 2.6 0.5 nt 21.2 15.9 nt

SPT, skin prick test, wheal in mm?; w, week; SQU/ml: standard quality unit/ml; AU/ml, arbitrary unit/ml; nt, not tested.
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Omalizumab treatment in real life

Table 3. Evaluation of FeNO, ACQ, and GETE after omalizumab
treatment.

FeNO ACQ GETE
Patient ID Start 16w 32w Start 16w 32w 16w 32w
CD-sens low group
1 54 58 nt 3.2 2.8 nt 2 nt
5 14 8 nt 3.0 2.7 nt 4 nt
10 59 25 nt 4.3 3.0 nt 2 nt
12 19 5 nt 2.0 2.3 nt 2 nt
19 39 57 nt 2.5 2.1 nt 3 nt
22 19 9 nt 3.5 2.2 nt 2 nt
30 11 15 nt 3.8 1.3 nt 3 nt
31 30 21 nt 4.2 2.5 nt 3 nt
36 nt nt nt 5.7 4.2 nt nt nt

CD-sens high group

2 113 19 nt 2.8 0.3 nt 1 nt
3 >60 n.t nt 4.5 1.0 nt 1 nt
4 50 18 17 1.2 0.3 nt 2 nt
6 30 16 71 2.8 0.3 0.5 nt nt
8 11 14 Nt 0.3 0.3 0.3 3 3
9 12 8 15 1.8 1.2 0.8 3 1
14 60 9 11 1.2 0.2 0.3 2 2
15 59 34 22 5.2 2.0 1.2 2 2
16 18 7 6 1.0 0.8 0.3 3 1
17 27 11 21 4.3 2.5 1.7 2 2
18 8 9 9 2.5 0.8 0.5 2 2
20 26 15 nt 3.8 3.7 nt 3 nt
21 49 11 20 2.0 0.7 0.5 2 1
23 13 34 15 0.01 0.7 0.7 2 2
24 32 32 nt 3.0 2.5 nt 2 nt
25 24 20 26 2.2 1.8 0.5 2 2
26 13 8 8 1.0 0.2 0.1 2 2
29 11 12 16 1.7 0.8 0.5 2 2
32 5 6 7 1.2 0.5 0.3 nt nt
33 nt nt nt nt 1.2 nt nt nt
34 nt nt nt 2.8 3.8 nt nt nt
37 39 17 nt 4.0 2.7 nt 3 nt
38 32 27 nt 1.5 2.2 nt 2 nt

ACQ, asthma control questioner; FeNO, fractional exhaled nitric
oxide; GETE, global evaluation of treatment effectiveness; nt, not
tested.

IgE sensitization

At inclusion, IgE-ab were analyzed to the one inhalant
allergen most important for triggering the asthma. There was
no significant difference (p =0.08) in IgE-ab values (kU4/1)
between the CD-sens low and CD-sens high Group.
However, there was a significantly lower IgE-ab fraction
(IgE-ab/IgE) in the CD-sens low vs. the CD-sens high Group
(p=0.002) (Fig. 3a and b). In the CD-sens low Group 7/9
tested patients (78%) had an IgE-ab fraction <5% at the start
of omalizumab treatment while in the CD-sens high Group 5
of 23 tested patients (22%) had an IgE-ab fraction <5%
(Table 1).

S. G. O. Johansson et al.

Skin Prick Test

SPT was performed before and after 16 weeks of omalizumab
treatment in 24/32 patients (Table 2). The median ratios of
the wheal area in mm? before and after treatment (ratio SPT
before treatment/SPT after treatment) with omalizumab was
1.9 in the CD-sens low Group versus 1.4 in the CD-sens high
Group. There was no statistical significant difference
(p=0.82) between the two groups.

FeNO

There was no statistically significant difference in FeNO
before treatment between the CD-sens low and CD-sens high
Group (p=0.92). No change in FeNO levels between start
and follow-up was seen, neither in the CD-sens low Group
nor in the CD-sens high Group (p=0.43 and 0.06,
respectively) (Table 3). In addition, there was no significant
difference in the ratio of FeNO before and after 16 weeks
treatment (ratio FeNO before treatment/FeNO after treat-
ment) between CD-sens low Group (median ratio 1.6) and
CD-sens high Group (median ratio 1.7) (p =0.77).

Spirometry

FEV1, FVC, and FEV1/FVC values were similar between the
CD-sens low and CD-sens high Group at baseline (p = 0.45,
0.48, and 0.56, respectively) and no significant difference
could be detected after 16 weeks of treatment in any of the
two groups for FEV1 (p=0.71 and p =0.87, respectively),
FVC (p=0.32 and p=0.53, respectively), or FEV1/FVC
(p=1.00 and p=0.99, respectively) (Table 4).

Lung function was in addition calculated as z-score FEV,/
FVC (Table 4). No statistical significant changes in z-score
FEV,/FVC after 16 weeks of omalizumab treatment were
observed neither in the CD-sens low Group (n=7) nor in the
CD-sens high Group (n=17) (p=0.90 and p=0.84,
respectively). Also, neither was there any significant difference
in decrease in z-score FEV/FVC after 16 weeks of treatment
(ratio z-score FEV,/FVC before treatment/z-score FEV,/FVC
after treatment) between the two groups (p=0.71).

ACQ

ACQ was significantly higher before treatment in the CD-
sens low Group versus the CD-sens high Group (p=0.01)
(Table 3). Further, there was a statistically significant
decrease in ACQ after 16 weeks treatment with omalizumab
in both the CD-sens low Group and the CD-sens high Group
(p=0.05 and 0.01, respectively). However, there was no
significant difference in the ACQ ratio before and after
treatment (ratio ACQ 1/ACQ 2) between the two groups
(p=0.23).

386 © 2018 The Authors. Immunity, Inflammation and Disease Published by John Wiley & Sons Ltd.
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Table 4. Evaluation of spirometry after omalizumab treatment.

Omalizumab treatment in real life

FEV, FVC FEV1/FVC Z-score FEV, Z-score FVC Z-score FEV1/FVC
Patient
ID Start 16w 32w Start 16w 32w Start 16w 32w Start 16w 32w Start 16w 32w Start 16w 32w
CD-sens low group
1 167 205 nt 193 242 nt 087 08 nt -3.10 -2.21 nt -3.21 -2.05 nt —-0.30 -0.62 nt
5 231 284 nt 336 350 nt 076 081 nt —-142 -1.09 nt -0.64 -0.75 nt —-1.44 -0.75 nt
10 245 2.82 nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt
12 3.07 403 nt 413 424 nt 090 091 nt 0.77 1.01 nt 0.27 0.37 nt 0.72 093 nt
19 293 214 nt 379 295 nt 077 073 nt -063 -235 nt -0.51 -2.05 nt -0.23 -0.89 nt
22 207 239 nt 294 313 nt 070 076 nt —-291 -2.23 nt —-2.37 -=2.01 nt -1.49 -0.60 nt
30 372 409 nt 624 647 nt 060 063 nt —1.50 -0.83 nt 1.06 1.42 nt —-3.07 -2.69 nt
31 1.75 190 nt 219 248 nt 080 077 nt -1.12 -0.60 nt -1.11 -0.33 nt —-0.04 -0.51 nt
36 2.14 3.4 nt 193 242 nt 087 085 nt nt nt nt nt nt nt nt nt nt
CD-sens high group
2 346 369 nt 445 442 nt 078 083 nt —-3.10 -2.21 nt 0.55 0.49 nt -1.32 -0.50 nt
3 1.70 197 nt 232 237 nt 073 083 nt —-142 -1.09 nt 1.37 1.46 nt —-2.03 -0.67 nt
4 233 312 nt 402 435 nt 058 072 nt 0.77 1.01 nt -0.71 -0.07 nt —-3.33 -2.27 nt
6 162 190 1.78 1.88 2.00 2.01 092 088 085 -063 —-235 -3.04 -274 -261 -286 043 -040 -0.80
8 nt 290 269 nt 379 nt nt 076 nt -—-291 -223 nt nt 0.90 nt nt —1.31 nt
9 3.65 347 344 411 391 403 089 089 08 -1.50 -0.83 0.13 050 0.07 0.31 0.07 0.08 -0.44
14 391 375 458 545 nt 6.02 072 nt 076 —-1.12 —-0.60 -0.90 -0.88 nt -0.10 —-1.83 nt -1.25
15 1.82 200 nt 259 274 Nt 070 073 nt -030 0.26 nt 0.53 0.94 Nt -2.52 =225 nt
16 3.82 396 384 4.04 407 436 095 093 088 -0.21 1.05 0.04 -041 -0.38 0.03 1.06 068 -0.12
17 251 3.83 362 448 446 475 0.78 083 0.77 -329 -160 -0.65 -091 -093 -046 -0.13 066 -0.38
18 295 266 281 nt 344 378 nt 077 074 -249 -2.67 nt 055 049 -0.74 -132 -0.50 -0.96
20 490 450 nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt
21 260 277 271 273 296 3.09 092 084 0.88 1.56 1.04 134 0.79 1.19 1.03 1.10 -0.35 0.35
23 3.14 3.04 3.16 3.71 358 380 085 085 083 -1.83 -2.07 -182 -18 -2.09 -1.70 -0.09 -0.03 -0.30
24 303 260 nt 412 319 nt 074 08 nt -071 -1.80 Nt 0.76 —-1.25 Nt —-2.04 -1.05 nt
25 275 265 267 319 3.18 3.12 086 083 08 -153 -1.76 —-1.70 —-1.64 —-1.66 —-1.78 0.21 -0.24 0.13
26 358 365 nt 402 400 4.09 089 091 089 027 043 045 0.17 4.00 028 0.01 042 0.13
29 279 290 288 340 361 365 082 080 079 —-157 —-163 —-199 -124 -1.15 —-143 -0.78 —-1.01 -1.19
32 3.51 3,57 364 510 509 536 065 067 068 -242 -249 -2.04 -0.60 -088 -041 -266 -248 -236
33 2.02 183 nt nt nt nt nt nt nt 0.35 -0.46 nt 0.69 0.68 nt -0.68 —-1.72 nt
34 3.36 3.11 nt 393 400 nt 086 078 nt 0.43  0.91 nt 1.17 1.43 nt -1.10 -0.79 nt
37 166 1.77 nt 445 442 nt 078 083 nt nt nt nt nt nt nt nt nt nt
38 3.03 2.6 nt 232 237 nt 073 083 nt nt nt nt nt nt nt nt nt nt

FEV,, forced expiratory volume in 1 sec; FVC, forced vital capacity; nt: not tested.

GETE

There was no statistically significant difference in GETE
between the CD-sens low and the CD-sens high Group after
16 weeks of treatment (p =0.17) (Table 3).

Increased omalizumab dosage

For 23 patients the treatment were regarded unsuccessful as
judge by CD-sens. For fifteen of these 23 patients the
omalizumab dose was increased by 25-50% during an
additional 16 weeks treatment that is, a total of 32 weeks
treatment. CD-sens decreased significantly (p <0.05) and
further 3/15 patients became CD-sens negative (Fig. 4). After
increased dose of omalizumab the median CD-sens ratio

© 2018 The Authors. Immunity, Inflammation and Disease Published by John Wiley & Sons Ltd.

(CD-sens before treatment/CD-sens after increased dose)
increased from 26 to 81.

No further improvement could be detected for the tested
clinical parameters SPT (Table 2), FeNO, ACQ, GETE
(Table 3), or FEV1 and FEV,/FVC after increased
omalizumab dose (Table 4).

Discussion

Allergic asthma is caused by an allergen-IgE-ab mediated
inflammation inducing a bronchial airway response. The
presence of IgE-ab in blood can be detected by in-vitro
immunoassay and their presence on the inflammatory cells
that is, mast cells in the tissue and basophilic granulocytes in
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Figure 1. The individual CD-sens values for all patients in the (a). CD-
sens low Group, n=9 and (b). CD-sens high Group, n=23. All patients
had a reduced CD-sens and 9/32 (28 %) became CD-sens negative. A
statistical significance was considered at a p-value of <0.05.

blood, by allergen provocation like skin tests and allergen
inhalation.

Omalizumab has been available during several years for
treatment of allergic asthma. Its mechanism is to bind free
circulating IgE. Since there is a balance between free and cell
bound IgE, the amount of IgE including IgE-ab present on
mast cells and basophils is reduced upon omalizumab
treatment. As a consequence the initiation of the IgE-ab
mediated inflammation is blocked.

The clinically relevant allergen sensitivity in allergic
asthma can be determined by bronchial allergen challenge,
arather complicated, and not risk free diagnostic procedure.
By an in-vitro dose-response allergen stimulation of the
basophils, their allergen threshold sensitivity, CD-sens [16]
can be accurately determined. Studies have shown that CD-
sens correlates significantly with bronchial allergen thresh-
old sensitivity [9], nasal allergen challenge [14, 18], and oral
food challenge [15, 19, 20].
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Figure 2. Difference in % CD-sens decrease (ratio CD-sens before
treatment/CD-sens after treatment) between CD-sens low and CD-sens
high Groups. Results are expressed as median and inter quartile range
and a statistical significance was considered at a p-value of <0.05.

In the present clinical “real-life” study, the efficacy of
omalizumab has been evaluated by CD-sens as an objective
marker of the IgE-mediated inflammation in parallel with
clinical parameters like SPT, FEV1, FEV1/FVC, FeNO, ACQ,
and GETE.

The response to omalizumab treatment was defined by
CD-sens. We found that 28% of the patients became CD-
sens negative after 16 weeks omalizumab treatment and they
were regarded as successful (CD-sens low Group). In
addition, the CD-sens decrease after treatment (ratio CD-
sens before treatment/CD-sens after treatment) was much
greater in the CD-sens low Group, ratio 800, as compared to
the CD-sens high Group, ratio 26. By prolonging the
treatment period in combination with an increased dosage
another 20% of the CD-sens high Group showed a positive
efficacy of omalizumab treatment. However, despite a
marked decrease in IgE-mediated inflammation, as mea-
sured by CD-sens, no conclusive improvement could be
detected using clinical parameters like SPT, FeNO, FEVI,
FEV1/FVC, ACQ, or GETE after 16 weeks or prolonged/
increased dosage treatment. The likely explanation is that it
takes a longer time for a bronchial inflammation to be
eliminated. Most long-term studies have focused on the
safety aspect. A systemic review and a meta-analysis from
2015 described the safety profile of omalizumab was
excellent, the treatment was well tolerated, as only
infrequent, and generally mild local reactions were observed
following treatment. There were no drug-related serious
adverse events reported [21]. However, in a recently
published study the additional improvement of the asthma
after longer omalizumab treatment, that is, more than
16 weeks, showed that although the majority of patients
responded already at 16 weeks (defined as “fast responders”)
some patients did require longer treatment that is, 24 weeks
(defined as “slow responders”) for more successful
outcome [22]. Another study of omalizumab treatment
efficacy on quality of life and FEV1% found that the efficacy

388 © 2018 The Authors. Immunity, Inflammation and Disease Published by John Wiley & Sons Ltd.
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Figure 3. IgE-ab to the most important allergen triggering the asthma
was analyzed. (a) There was no significant difference in IgE-ab values
between the CD-sens low and CD-sens high Group. (b) There was a
significantly smaller IgE-ab fraction (IgE-ab/IgE) in the CD-sens low vs the
CD-sens high Group (p=0.002). Results are expressed as median and
inter quartile range and a statistical significance was considered at a
p-value of <0.05.

gradually increased from baseline to 32 weeks and 4 and 9
years [23].

It has previously been reported that in patients with a
serum IgE concentration below 75kU/L, no difference in
asthma efficacy between treatment with omalizumab or
placebo could be detected [3]. Patients with a low serum IgE
concentration often have a large IgE-ab fraction, that is, a
high percentage of IgE-ab out of IgE [24]. This could be the
explanation for lack of efficacy of omalizumab, as it is likely
that significant levels of IgE-ab remain even if IgE is pressed
down to 10kU/L [25]. Using CD-sens, a study of
omalizumab in patients with a small or a large IgE-ab
fraction showed that the recommended omalizumab dose
was not efficient if the IgE-ab fraction was larger than
4% [26]. This was also confirmed in a study with intra nasal
cat allergen challenge [27]. In the present study, we found a
significantly smaller IgE-ab fraction in the CD-sens low
Group, where 78% had an IgE-ab fraction <5% at the start of
omalizumab treatment, compared to only 22% for the CD-
sens high Group. Therefore, the size of the IgE-ab fraction

Omalizumab treatment in real life
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Figure 4. The individual CD-sens values for all patients in the CD-sens
high Group after treatment with regular (16 weeks) as well as increased
omalizumab dose (32 weeks). All patients had a reduced CD-sens and
3/15 became CD-sens negative. A statistical significance was considered
at a p-value of <0.05.

should be considered before start of omalizumab treatment,
as it could indicate whether treatment with a regular
omalizumab dose will be efficient or not.

We have previously shown, in patients with allergic
asthma [24] or IgE-mediated allergy to milk [28] or
peanut [29], that an increased omalizumab dose could
further eliminate additional IgE-ab and improve clinical
symptoms not only from the lung but also from the nose,
gastro-intestinal tract, and dermis. We hypothesized that the
recommended dose of omalizumab was too low in the 23
patients in the CD-sens high Group in the present study. In
15 of these patients the omalizumab dose was increased by
25-50%. CD-sens decreased significantly and further 3/15
patients became CD-sens negative. In addition, the median
CD-sens ratio (CD-sens before treatment/CD-sens after
increased dose) increased from 26 to 81 indicating a more
successful inhibition of basophil activation and the IgE-
mediated inflammation. Even though the basophil allergen
sensitivity decreased, as many as 80% (12/15) of the patients
were still positive in CD-sens, perhaps due to a low and
moderate increase in omalizumab dose. We have previously
reported an increase of the initial dose up to 400% to be
necessary to eliminate clinical symptoms in severely peanut
allergic patients [29].

The results from this study show 72% of patients had an
unsuccessful effect of omalizumab. This number was
decreased to 62% after increased omalizumab dose. These
numbers are higher than in a previous report from Bousquet
et al. where 39% of the patients were reported as Non-
Responders as judged by clinical parameters [3]. The most
likely explanation is that our small “real life” study consists
of a heterogeneous group of patients with a severe and
difficult to treat allergic asthma and a large IgE-ab fraction.
Although not as scientifically rigorous as clinical trials, these
types of trials remain important in understanding how a

© 2018 The Authors. Immunity, Inflammation and Disease Published by John Wiley & Sons Ltd. 389
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therapy performs in the clinic [21]. The heterogeneity
between studies may be a consequence of variations between
different countries, different health care givers, from one
clinical setting to another, and between different health care
financing systems [30]. For financial reasons and practical
purposes, omalizumab is usually not prescribed until
conventional drugs have failed. Further, in severe allergic
asthma, the non-specific bronchial inflammation induced by
IgE-ab is severe. The IgE-mediated part can be affected and
controlled by omalizumab and evaluated by CD-sens.
However, even if the IgE-mediated inflammation is
eliminated, asthma symptoms dependent on the local,
non-specific bronchial reactivity will remain and should be
treated accordingly.

In summary, despite a marked decrease in IgE-mediated
inflammation, as measured by CD-sens, no conclusive
improvement could be detected using clinical parameters
like SPT, FeNO, FEV1, FEVI/FVC, ACQ, or GETE. This
highlights the difficulties in evaluating omalizumab treat-
ment effect and the importance of combining different
diagnostic methods. By the use of the objective laboratory
method CD-sens, which effectively measures the direct effect
of omalizumab, that is, the IgE-mediated part of the allergic
asthma, in combination with clinical parameters, it might be
possible to more effectively monitor and treat IgE-mediated
allergic asthma.
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