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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 (p¼ 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.

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

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

FceI-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 (n¼ 4), high doses of budesonide/fluticasone com-

bined with long-acting beta-2-agonists (n¼ 28), and/or

anti-leukotriens (n¼ 11). All patients were multi-sensitized

verified with a positive SPT and detectable levels of IgE-ab.

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. Omalizumabwas 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 10mg/ml

(ALK) was used as positive control and the diluent as

negative control. The test was considered as positive if the

wheal was� 3mm in diameter after 15min and the degree of

reactivity was defined after measuring the wheal area (mm2).

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 ImmunoCAP1

(Thermo Fisher Scientific, Uppsala, Sweden), according to

the instructions of the manufacturer. The cut-off for a

positive test was set to >0.1 kUA/L.

S. G. O. Johansson et al. Omalizumab treatment in real life

© 2018 The Authors. Immunity, Inflammation and Disease Published by John Wiley & Sons Ltd. 383



Fractional exhaled Nitric Oxide

FeNO was determined prior to spirometry, using the NIOX

MINOAirway InflammationMonitor (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 (FEV1) were used for analysis.

The spirometry system was calibrated each day using a 3 L

precision syringe.

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

allergen between samples and patients. Anti-FceRI
(B€uhlmann Laboratories AG, Sch€onenbuch, Switzerland)

was used as positive control and RPMI (cell culture media

developed at Roswell Park Memorial Institute) as negative

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 EC50multiplied 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

Table 1. Patient characteristics.

Patient
ID

Age
years

Male (M)/
Female (F) Allergen

IgE
(kU/L)

IgE-ab
(kUA/L)

IgE-ab
(%)

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 11 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
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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 wasmonitored by CD-sens, SPT (Table 2), FeNO,

patient questionnaires (ACQ), GETE (Table 3), and

spirometry (Table 4).

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. 1a 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.

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

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 Aquagen, ALK 0.1–10,000 SQU/ml 5.3 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 Aquagen, ALK 0.1–10,000 SQU/ml 0.3 0.01 nt 28.3 12.6 nt
22 Dog Aquagen, ALK 0.1–10,000 SQU/ml 8.5 0.01 nt 15.9 44.2 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/ml 3.8 0.01 nt 7.1 7.1 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 Aquagen, ALK 0.1–10,000 SQU/ml 1.7 1.3 0.1 nt nt 44.2
15 Cat Aquagen, ALK 0.1–10,000 SQU/ml 8.8 3.4 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 Aquagen, 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 Aquagen, ALK 0.1–10,000 SQU/ml 2.9 0.8 nt 23.8 7.1 nt
25 Birch Aquagen, ALK 0.1–10,000 SQU/ml 17 0.1 0.01 12.6 7.1 15.9
26 Cat Aquagen, 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/ml 115 4.1 0.2 269 63.6 56.7
33 Birch Aquagen, ALK 0.1–10,000 SQU/ml 448 0.6 nt 23.7 33.2 nt
34 Mite Aquagen, 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 Aquagen, ALK 0.1–10,000 SQU/ml 2.6 0.5 nt 21.2 15.9 nt

SPT, skin prick test, wheal in mm2; w, week; SQU/ml: standard quality unit/ml; AU/ml, arbitrary unit/ml; nt, not tested.
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IgE sensitization

At inclusion, IgE-ab were analyzed to the one inhalant

allergenmost important for triggering the asthma. There was

no significant difference (p¼ 0.08) in IgE-ab values (kUA/l)

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

(p¼ 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).

Skin Prick Test

SPTwas performed before and after 16 weeks of omalizumab

treatment in 24/32 patients (Table 2). The median ratios of

the wheal area in mm2 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

(p¼ 0.82) between the two groups.

FeNO

There was no statistically significant difference in FeNO

before treatment between the CD-sens low andCD-sens high

Group (p¼ 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 (p¼ 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) (p¼ 0.77).

Spirometry

FEV1, FVC, and FEV1/FVC values were similar between the

CD-sens low and CD-sens high Group at baseline (p¼ 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 (p¼ 0.71 and p¼ 0.87, respectively),

FVC (p¼ 0.32 and p¼ 0.53, respectively), or FEV1/FVC

(p¼ 1.00 and p¼ 0.99, respectively) (Table 4).

Lung function was in addition calculated as z-score FEV1/

FVC (Table 4). No statistical significant changes in z-score

FEV1/FVC after 16 weeks of omalizumab treatment were

observed neither in the CD-sens lowGroup (n¼ 7) nor in the

CD-sens high Group (n¼ 17) (p¼ 0.90 and p¼ 0.84,

respectively). Also, neitherwas there any significant difference

in decrease in z-score FEV1/FVC after 16 weeks of treatment

(ratio z-score FEV1/FVC before treatment/z-score FEV1/FVC

after treatment) between the two groups (p¼ 0.71).

ACQ

ACQ was significantly higher before treatment in the CD-

sens low Group versus the CD-sens high Group (p¼ 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

(p¼ 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

(p¼ 0.23).

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.
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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 (p¼ 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

(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 FEV1/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

Table 4. Evaluation of spirometry after omalizumab treatment.

FEV1 FVC FEV1/FVC Z-score FEV1 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 1.67 2.05 nt 1.93 2.42 nt 0.87 0.85 nt �3.10 �2.21 nt �3.21 �2.05 nt �0.30 �0.62 nt
5 2.31 2.84 nt 3.36 3.50 nt 0.76 0.81 nt �1.42 �1.09 nt �0.64 �0.75 nt �1.44 �0.75 nt
10 2.45 2.82 nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt
12 3.07 4.03 nt 4.13 4.24 nt 0.90 0.91 nt 0.77 1.01 nt 0.27 0.37 nt 0.72 0.93 nt
19 2.93 2.14 nt 3.79 2.95 nt 0.77 0.73 nt �0.63 �2.35 nt �0.51 �2.05 nt �0.23 �0.89 nt
22 2.07 2.39 nt 2.94 3.13 nt 0.70 0.76 nt �2.91 �2.23 nt �2.37 �2.01 nt �1.49 �0.60 nt
30 3.72 4.09 nt 6.24 6.47 nt 0.60 0.63 nt �1.50 �0.83 nt 1.06 1.42 nt �3.07 �2.69 nt
31 1.75 1.90 nt 2.19 2.48 nt 0.80 0.77 nt �1.12 �0.60 nt �1.11 �0.33 nt �0.04 �0.51 nt
36 2.14 3.4 nt 1.93 2.42 nt 0.87 0.85 nt nt nt nt nt nt nt nt nt nt

CD-sens high group
2 3.46 3.69 nt 4.45 4.42 nt 0.78 0.83 nt �3.10 �2.21 nt 0.55 0.49 nt �1.32 �0.50 nt
3 1.70 1.97 nt 2.32 2.37 nt 0.73 0.83 nt �1.42 �1.09 nt 1.37 1.46 nt �2.03 �0.67 nt
4 2.33 3.12 nt 4.02 4.35 nt 0.58 0.72 nt 0.77 1.01 nt �0.71 �0.07 nt �3.33 �2.27 nt
6 1.62 1.90 1.78 1.88 2.00 2.01 0.92 0.88 0.85 �0.63 �2.35 �3.04 �2.74 �2.61 �2.86 0.43 �0.40 �0.80
8 nt 2.90 2.69 nt 3.79 nt nt 0.76 nt �2.91 �2.23 nt nt 0.90 nt nt �1.31 nt
9 3.65 3.47 3.44 4.11 3.91 4.03 0.89 0.89 0.85 �1.50 �0.83 0.13 0.50 0.07 0.31 0.07 0.08 �0.44
14 3.91 3.75 4.58 5.45 nt 6.02 0.72 nt 0.76 �1.12 �0.60 �0.90 �0.88 nt �0.10 �1.83 nt �1.25
15 1.82 2.00 nt 2.59 2.74 Nt 0.70 0.73 nt �0.30 0.26 nt 0.53 0.94 Nt �2.52 �2.25 nt
16 3.82 3.96 3.84 4.04 4.07 4.36 0.95 0.93 0.88 �0.21 1.05 0.04 �0.41 �0.38 0.03 1.06 0.68 �0.12
17 2.51 3.83 3.62 4.48 4.46 4.75 0.78 0.83 0.77 �3.29 �1.60 �0.65 �0.91 �0.93 �0.46 �0.13 0.66 �0.38
18 2.95 2.66 2.81 nt 3.44 3.78 nt 0.77 0.74 �2.49 �2.67 nt 0.55 0.49 �0.74 �1.32 �0.50 �0.96
20 4.90 4.50 nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt nt
21 2.60 2.77 2.71 2.73 2.96 3.09 0.92 0.84 0.88 1.56 1.04 1.34 0.79 1.19 1.03 1.10 �0.35 0.35
23 3.14 3.04 3.16 3.71 3.58 3.80 0.85 0.85 0.83 �1.88 �2.07 �1.82 �1.86 �2.09 �1.70 �0.09 �0.03 �0.30
24 3.03 2.60 nt 4.12 3.19 nt 0.74 0.82 nt �0.71 �1.80 Nt 0.76 �1.25 Nt �2.04 �1.05 nt
25 2.75 2.65 2.67 3.19 3.18 3.12 0.86 0.83 0.86 �1.53 �1.76 �1.70 �1.64 �1.66 �1.78 0.21 �0.24 0.13
26 3.58 3.65 nt 4.02 4.00 4.09 0.89 0.91 0.89 0.27 0.43 0.45 0.17 4.00 0.28 0.01 0.42 0.13
29 2.79 2.90 2.88 3.40 3.61 3.65 0.82 0.80 0.79 �1.57 �1.63 �1.99 �1.24 �1.15 �1.43 �0.78 �1.01 �1.19
32 3.51 3.57 3.64 5.10 5.09 5.36 0.65 0.67 0.68 �2.42 �2.49 �2.04 �0.60 �0.88 �0.41 �2.66 �2.48 �2.36
33 2.02 1.83 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 3.93 4.00 nt 0.86 0.78 nt 0.43 0.91 nt 1.17 1.43 nt �1.10 �0.79 nt
37 1.66 1.77 nt 4.45 4.42 nt 0.78 0.83 nt nt nt nt nt nt nt nt nt nt
38 3.03 2.6 nt 2.32 2.37 nt 0.73 0.83 nt nt nt nt nt nt nt nt nt nt

FEV1, forced expiratory volume in 1 sec; FVC, forced vital capacity; nt: not tested.
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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,

a rather 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].

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, FEV1,

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

Figure 1. The individual CD-sens values for all patients in the (a). CD-
sens low Group, n¼ 9 and (b). CD-sens high Group, n¼ 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.

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.

Omalizumab treatment in real life S. G. O. Johansson et al.

388 © 2018 The Authors. Immunity, Inflammation and Disease Published by John Wiley & Sons Ltd.



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 75 kU/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 10 kU/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

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

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 (p¼ 0.002). Results are expressed as median and
inter quartile range and a statistical significance was considered at a
p-value of <0.05.

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.

S. G. O. Johansson et al. Omalizumab treatment in real life

© 2018 The Authors. Immunity, Inflammation and Disease Published by John Wiley & Sons Ltd. 389



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, FEV1/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.

Authors' Contributions

All authors SGOJ, GJ, JH, and AN, conceived and designed

the study; acquired, analyzed, and interpreted the data;

drafted the article; wrote and critically revised the manu-

script; and involved in the final approval of the version to be

published.

Conflict of Interest

SGOJ has received reimbursement for attending a

symposia and research funds from Novartis Sweden. AN

has received speakers fee and research funds from Novartis

Sweden.

References

1. Holgate, S. T., A. G. Chuchalin, J. Hebert, J. Lotvall, G. B.

Persson, K. F. Chung, J. Bousquet, H. A. Kerstjens, H. Fox, J.

Thirlwell, G. D. Cioppa, et al. 2004. Efficacy and safety of a

recombinant anti-immunoglobulin E antibody (omalizumab)

in severe allergic asthma. Clin. Exp. Allergy 34(4): 632–638.

2. Tonacci, A., L. Billeci, G. Pioggia, M. Navarra, and S.

Gangemi. 2017. Omalizumab for the treatment of chronic

idiopathic urticaria: systematic review of the literature.

Pharmacotherapy 37(4):464–480.

3. Bousquet, J., K. Rabe, M. Humbert, K. F. Chung, W. Berger,

H. Fox, H. A. Kerstjens, J. Thirlwell, Cioppa, et al. 2007.

Predicting and evaluating response to omalizumab in

patients with severe allergic asthma. Respir. Med. 101(7):

1483–1492.

4. Paganin, F., G. Mangiapan, A. Proust, A. Prudhomme, J.

Attia, S. Marchand-Adam, S. Adam, F. Pellet, F. Milhe, B.

Melloni, et al. 2017. Lung function parameters in omalizu-

mab responder patients: an interesting tool? Allergy

72(12):1953–1961.

5. Lanier, B. Q., J. Corren, W. Lumry, J. Liu, A. Fowler-Taylor,

andN. Gupta. 2003. Omalizumab is effective in the long-term

control of severe allergic asthma. Ann. Allergy. Asthma.

Immunol. 91(2):154–159.

6. Niven, R., K. F. Chung, Z. Panahloo, M. Blogg, and G. Ayre.

2008. Effectiveness of omalizumab in patients with inade-

quately controlled severe persistent allergic asthma: an open-

label study. Respir. Med. 102(10):1371–1378.

7. Buhl, R., M. Soler, J. Matz, R. Townley, J. O’Brien, O. Noga,

K. Champain, H. Fox, J. Thirlwell, and G. Della Cioppa. 2002.

Omalizumab provides long-term control in patients with

moderate-to-severe allergic asthma. Eur. Respir. J. 20(1):

73–78.

8. Gouder, C., L. M. West, and S. Montefort. 2015. The real-

life clinical effects of 52 weeks of omalizumab therapy for

severe persistent allergic asthma. Int. J. Clin. Pharm. 37(1):

36–43.

9. Dahlen, B., A. Nopp, S. G. O. Johansson, M. Eduards, M.

Skedinger, and J. Adedoyin. 2011. Basophil allergen threshold

sensitivity, CD-sens, is a measure of allergen sensitivity in

asthma. Clin. Exp. Allergy 41(8):1091–1097.

10. Juniper, E. F., P. M. O’Byrne, G. H. Guyatt, P. J. Ferrie, and

D. R. King. 1999. Development and validation of a

questionnaire to measure asthma control. Eur. Respir. J.

14(4):902–907.

11. Braunstahl, G. J., C. W. Chen, R. Maykut, P. Georgiou, G.

Peachey, and J. Bruce. 2013. The eXpeRience registry: the

‘‘real-world’’ effectiveness of omalizumab in allergic asthma.

Resp Med. 107(8):1141–1151.

12. American Thoracic S and European Respiratory S. 2005. ATS/

ERS recommendations for standardized procedures for the

online and offline measurement of exhaled lower respiratory

nitric oxide and nasal nitric oxide, 2005. Am. J. Respir. Crit.

Care Med. 171(8):912–30.

13. Miller, M. R., J. Hankinson, V. Brusasco, F. Burgos, R.

Casaburi, A. Coates, R. Crapo, P. Enright, C. P. van der

Grinten, P. Gustafsson, et al. 2005. Standardisation of

spirometry. Eur. Respir. J. 26(2):319–338.

14. Nopp, A., S. G. O. Johansson, J. Ankerst, G. Bylin, L. O.

Cardell, R. Gronneberg, K. Irander, M. Palmqvist, and H.

Oman. 2006. Basophil allergen threshold sensitivity: a useful

approach to anti-IgE treatment efficacy evaluation. Allergy

61(3):298–302.

Omalizumab treatment in real life S. G. O. Johansson et al.

390 © 2018 The Authors. Immunity, Inflammation and Disease Published by John Wiley & Sons Ltd.



15. Glaumann, S., A. Nopp, S. G. O. Johansson, M. Rudengren,

M. P. Borres, and C. Nilsson. 2012. Basophil allergen threshold

sensitivity, CD-sens, IgE-sensitization andDBPCFC inpeanut-

sensitized children. Allergy 67(2):242–247.

16. Johansson, S. G. O., A. Nopp, M. Hage, N. Olofsson, J.

Lundahl, L. Wehlin, L. Soderstrom, V. Stiller, and H. Oman.

2005. Passive IgE-sensitization by blood transfusion. Allergy

60(9):1192–1199.

17. Quanjer, P.H.,G. L.Hall, S. Stanojevic, T. J. Cole, J. Stocks, and

G. L. Initiative. 2012. Age- and height-based prediction bias in

spirometry reference equations. Eur. Respir. J. 40(1):190–197.

18. Nopp, A., L.O. Cardell, and S.G.O. Johansson. 2013. CD-Sens

can Be a reliable and easy-to-Use complement in the diagnosis

of allergic rhinitis. Int. Arch. Allergy Immun. 161(1):87–90.

19. Brandstrom, J., A. Nopp, S. G. O. Johansson, G. Lilja, A. C.

Sundqvist, M. P. Borres, and C. Nilsson. 2015. Basophil

allergen threshold sensitivity and component-resolved diag-

nostics improve hazelnut allergy diagnosis. Clin. Exp. Allergy

45(9):1412–1418.

20. Santos, A. F., A. Douiri, N. Becares, S. Y. Wu, A. Stephens, S.

Radulovic, S. M. Chan, A. T. Fox, G. Du Toit, V. Turcanu,

et al. 2014. Basophil activation test discriminates between

allergy and tolerance in peanut-sensitized children. J. Allergy

Clin. Immunol. 134(3):645–652.

21. Lai, T., S. Wang, Z. Xu, C. Zhang, Y. Zhao, Y. Hu, S. M. Chan,

A. T. Fox, G. Du Toit, V. Turcanu, et al. 2015. Long-term

efficacy and safety of omalizumab in patients with persistent

uncontrolled allergic asthma: a systematic review and meta-

analysis. Sci. Rep. 5:8191.

22. Kallieri, M., A. I. Papaioannou, E. Papathanasiou, P. Ntontsi,

S. Papiris, and S. Loukides. 2017. Predictors of response to

therapy with omalizumab in patients with severe allergic

asthma—a real life study. Postgrad. Med. 129(6):598–604.

23. Menzella, F., C. Galeone, D. Formisano, C. Castagnetti, P.

Ruggiero, A. Simonazzi, and L. Zucchi. 2017. Real-life efficacy

of omalizumab after 9 years of follow-up. Allergy Asthma

Immunol. Res. 9(4):368–372.

24. Ankerst, J., A. Nopp, S. G. O. Johansson, J. Adedoyin, and H.

Oman. 2010. Xolair is effective in allergics with a low serum

IgE level. Int. Arch. Allergy Imm. 152(1):71–74.

25. Johansson, S. G. O., H. Oman, A. Nopp, and S. Pettersson.

2006. The importance of IgE antibody levels in anti-IgE

treatment. Allergy 61(10):1216–1219.

26. Johansson, S. G. O., A. Nopp, H. Oman, J. Ankerst, L. O.

Cardell, R. Gronneberg, H. Matsols, S. Rudblad, V. Strand,

and G. Stalenheim. 2009. The size of the disease relevant IgE

antibody fraction in relation to ’total-IgE’ predicts the efficacy

of anti-IgE (Xolair (R)) treatment. Allergy 64(10):1472–1477.

27. Eckman, J. A., P. M. Sterba, D. Kelly, V. Alexander, M. C. Liu,

B. S. Bochner, H. Matsols, S. Rudblad, V. Strand, and G.

Stalenheim. 2010. Effects of omalizumab on basophil and

mast cell responses using an intranasal cat allergen challenge.

J. Allergy Clin. Immunol. 125(4): 889–895. e7.

28. Nilsson, C., L. Nordvall, S. G. Johansson, and A. Nopp. 2014.

Successful management of severe cow’s milk allergy with

omalizumab treatment and CD-sens monitoring. Asia Pac.

Allergy. 4(4):257–260.

29. Brandstrom, J., M. Vetander, G. Lilja, S. G. O. Johansson,

A. C. Sundqvist, F. Kalm, C. Nilsson, and A. Nopp. 2017.

Individually dosed omalizumab: an effective treatment

for severe peanut allergy. Clin. Exp. Allergy 47(4):

540–550.

30. Alhossan, A., C. S. Lee, K. MacDonald, and I. Abraham. 2017.

‘‘Real-life’’ effectiveness studies of omalizumab in adult

patients with severe allergic asthma: meta-analysis. J. Allergy

Clin. Immunol. Pract. 5(5):1362–1370. e2.

S. G. O. Johansson et al. Omalizumab treatment in real life

© 2018 The Authors. Immunity, Inflammation and Disease Published by John Wiley & Sons Ltd. 391


