CrossMark

Eur Respir J 2016; 48: 1593-1601

ORIGINAL ARTICLE
ASTHMA

Omalizumab reduces bronchial mucosal
IgE and improves lung function in
non-atopic asthma

Prathap Pillai’, Yih-Chih Chan', Shih-Ying Wu', Line Ohm-Laursen’,
Clare Thomas', Stephen R. Durham?, Andrew Menzies-Gow?,
Raj K. Rajakulasingam?, Sun Ying', Hannah J. Gould' and Chris J. Corrigan’

Affiliations: 'Dept of Respiratory Medicine and Allergy, and Randall Division of Cell and Molecular Biophysics,
King's College London, London, UK. 2Section for Allergy and Clinical Immunology at NHLI, Imperial College
London, London, UK. ®Dept of Respiratory Medicine and Allergy, Homerton University Hospital NHS
Foundation Trust, London, UK.

Correspondence: Prathap Pillai, Dept of Respiratory Medicine and Allergy, MRC-Asthma UK Centre for
Allergic Mechanisms of Asthma, Division of Asthma, Allergy and Lung Biology, (King's College, London) 5th
Floor, Tower Wing, Guy's Hospital, London, United Kingdom, SE1 9RT. E-mail: prathap.pillaildkcl.ac.uk

ABSTRACT  Omalizumab therapy of non-atopic asthmatics reduces bronchial mucosal IgE and inflammation
and preserves/improves lung function when disease is destabilised by staged withdrawal of therapy.

18 symptomatic, non-atopic asthmatics were randomised (1:1) to receive omalizumab or identical
placebo treatment in addition to existing therapy for 20 weeks. Bronchial biopsies were collected before and
after 12-14 weeks of treatment, then the patients destabilised by substantial, supervised reduction of their
regular therapy. Primary outcome measures were changes in bronchial mucosal IgE" cells at 12-14 weeks,
prior to regular therapy reduction, and changes in lung function (forced expiratory volume in 1s) after
destabilisation at 20 weeks. Quality of life was also monitored.

Omalizumab but not placebo therapy significantly reduced median total bronchial mucosal IgE* cells
(p<0.01) but did not significantly alter median total mast cells, plasma cells, B lymphocytes, eosinophils
and plasmablasts, although the latter were difficult to enumerate, being distributed as disperse clusters. By
20 weeks, lung function declined in the placebo-treated patients but improved in the omalizumab treated
patients, with significant differences in absolute (p=0.04) and % predicted forced expiratory volume in 1 s
(p=0.015).

Omalizumab therapy of non-atopic asthmatics reduces bronchial mucosal IgE" mast cells and improves
lung function despite withdrawal of conventional therapy.
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Introduction

Asthma remains a leading cause of suffering worldwide [1]. In the UK, an estimated 10% of the 5.2
million sufferers remain symptomatic and vulnerable to exacerbations [2]. The humanised, monoclonal
IgG, anti-IgE antibody omalizumab is the vanguard of an arsenal of new biologicals purposed to improve
the lives of severe asthma sufferers. Its clinical effectiveness in a substantial proportion of severe asthmatics
is now acknowledged by relevant bodies worldwide, including the British Thoracic Society (BTS) and The
National Institute for Health and Care Excellence [3] in the UK.

A major challenge when deploying treatment with biologicals for severe asthma is the possibility of
mechanistic variation in the disease, requiring pre-identification of potential responders to any specific
agent. In the case of omalizumab, the prima facie effect of which is to prevent binding of IgE to its high-
and low-affinity receptors [4, 5], the tacit assumption has been that it improves asthma stability
fundamentally by reducing or abolishing mast cell and basophil activation by cross-linking of
surface-bound allergen-specific IgE by allergen in suitably sensitised, “atopic” patients. Consequently, key
clinical trials investigating its efficacy, such as INNOVATE (The INvestigatioN of Omalizumab in seVere
Asthma TrEatment (INNOVATE) study) [6] have been limited to atopic asthmatics while its marketing
authorisation restricts its use to patients with “convincing IgE-mediated asthma”. This phrase is not
universally defined but is in practice usually equated with evidence of IgE sensitisation (by skin prick or in
vitro testing) to one or more common perennial aeroallergens. Conversely, the therapy has been denied to
at least, we estimate, 20000 otherwise eligible non-atopic severe asthmatics in the UK, and many more
worldwide (the prevalence of non-atopic, severe asthma was estimated at 50% of the total in the
ENFUMOSA (European Network For Understanding Mechanisms Of Severe Asthma) study [7] and
17-34% in the SARP (Severe Asthma Research Programme) study) [8].

Much indirect evidence suggests that IgE may play a role in asthma regardless of conventional atopic
status. Epidemiologically, asthma was five-fold more prevalent in a cohort of non-atopic subjects with
elevated total serum IgE [9]. We and others have shown that atopic and non-atopic asthma are virtually
identical in terms of their bronchial mucosal cellular and molecular immunopathology [10-17], evidence
of local B cell switching to IgE synthesis [18, 19] and elevated local FceRI receptor expression [20] and
total bronchial mucosal IgE concentrations [21]. Furthermore, IgE directed against antigens other than
aeroallergens, such as viral antigens [22] and Staphylococcal enterotoxins [23] has been implicated in
asthma pathogenesis. IgE may influence mast cell function by antigen-independent mechanisms [24, 25]
and theoretically exacerbate asthmatic bronchial mucosal inflammation by mechanisms not involving mast
cells and basophils, such as by enhancing antigen capture [26]. All of these data lend weight to the view
that the presence or absence of atopy as operationally defined might not be an appropriate criterion for
predicting responsiveness to omalizumab therapy.

Consequently, we elected in a proof-of-concept study to address the hypotheses that omalizumab therapy
of non-atopic asthmatics reduces the numbers of IgE" leukocytes (B cells, plasmablasts and mast cells)
within the bronchial mucosa of the target organ and exerts a favourable effect on lung function in the
short term, as assessed by changes in forced expiratory volume in 1s (FEV1). To accomplish this, we
obtained bronchial biopsies from the patients before and after a 12-14 week course of treatment with
omalizumab or placebo while maintaining their current therapy and evaluated mucosal IgE" cell numbers
as a co-primary outcome measure. We then destabilised the patients over a further 6-8 week period, while
maintaining omalizumab/placebo therapy, by staged reduction of existing anti-asthma therapy according to
a protocol powered to detect changes in FEV1, the primary outcome measure.

Study design, patients and laboratory methods

Study design

This was a randomised, placebo-controlled, double-blind, parallel-group, proof-of-concept study of
20 weeks’ duration. Omalizumab and identical vehicle control manufactured to good clinical practice
standards were kindly supplied by the manufacturers (Novartis, Basel, Switzerland). The trial was approved
and monitored by Guy’s Research Ethics Committee (REC Ref: 09/H0804/43) and the Medicines and
Healthcare Products Regulatory Agency (CTA No: 14523/0219/001/0001) and registered on clinicaltrials.
gov (reference NCT01113437). Eligible patients were uncontrolled, non-atopic asthmatics who provided
written, informed consent recruited from the asthma clinics at Guy’s and St. Thomas’, the Royal
Brompton and the Homerton University Hospitals in London, UK.

Asthma was defined as a history of relevant symptoms and documented. i) >12% reversibility of FEV1 in
response to inhaled bronchodilator and/or ii) >8% variability of the peak expiratory flow during a 24 h
period or >20% variability over a period of 1-2 weeks. Uncontrolled disease was defined as regular (at
least 3 days per week) day- and night-time symptoms in the 3 months prior to screening despite regular
step 3-5 asthma treatment according to the BTS guidelines. Non-atopic was defined as negative skin prick
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and/or in vitro IgE tests (Grade 0 or <0.35 kU-L™!, ImmunoCAP, Phadia, Uppsalla, Sweden) to the
following local UK aeroallergens: mixed grass, mixed tree, mixed mould, cat, dog and house dust mite.
The non-atopic status of these participants was further confirmed by full immuno-solid phase allergen
chip (ISAC;Phadia) screening of their sera and bronchial biopsy homogenates (data presented elsewhere)
[21]. Exclusion criteria are listed in the supplementary material.

The phases of the study protocol are summarised in figure 1.

Screening/baseline

After providing written, informed consent, during a baseline period of up to 4 weeks, patients were
assessed for compliance with the inclusion/exclusion criteria and prepared for future visits. Existing
anti-asthma medication was not changed but compliance encouraged.

First bronchoscopy and commencement of therapy

At a second visit patients completed a Juniper Asthma Control Questionnaire (ACQ) [27] and mini-Asthma
Quality of Life Questionnaire (mini-AQLQ) [28], then underwent pre-bronchodilator spirometry (Minispir
PC-based Spirometer, Winspiro Pro version 4.1.5 software; MIR, Rome, Italy) prior to the obtaining of 10
technically suitable bronchial mucosal biopsies from the right or left second- or third-generation bronchi at
fibreoptic bronchoscopy using an Olympus bronchoscope model BF XT40 OES (Olympus, Tokyo, Japan).
Patients then received their first subcutaneous injection of the trial medication (omalizumab or identical
placebo, allocated by the hospital pharmacy using randomisation tables with the patient and attending
physician blinded), the dosage and frequency of which (either 2 or 4 weekly) were determined as in standard
clinical practice based on their initial body weight and serum total IgE concentration as described in the
omalizumab summary of product characteristics. Where serum total IgE was below the lowest concentration
in the summary of product characteristics dosing table we administered the lowest dosage in the table (75 mg
every 4 weeks). Patients were observed for 2 h afterwards. At each subsequent dosing visit, patients were
examined clinically and encouraged to comply with their usual medication.

Second bronchoscopy
Within a 2 week window between 12 and 14 weeks after commencement of omalizumab/placebo therapy
(time A, figure 1), lung function was re-measured and repeat bronchial biopsies obtained as before.

Therapy reduction phase

Patients were instructed carefully how to use a Turbohaler device (AstraZeneca, London, UK) and asked,
commencing the day following the second bronchoscopy, to discontinue all existing inhaled and oral
anti-leukotriene or theophylline based anti-asthma medications and substitute them with regular budesonide/
formoterol combination therapy (Symbicort 100/6 Turbohaler 2 puffs twice daily initially for 4 weeks and
further reduced to 1 puff twice daily until the end of the study) with additional terbutaline (Bricanyl Turbohaler
(AstraZeneca) 500 pg per puff) as required for immediate relief of symptoms. For patients taking regular
additional oral prednisolone, an attempt was also made progressively to reduce the dosage according to a
predetermined regimen depending on the dosage at entry to the study (supplementary table E1). Omalizumab/
placebo therapy was continued for a total of 20 weeks while this new therapeutic regimen was pursued.

End of the study
At their penultimate visit, 20 weeks from commencement of omalizumab/placebo therapy (time B, figure 1),
patients completed final ACQ and mini-AQLQ questionnaires then underwent repeat spirometry before

-4 0 2 4 6 8 10 12 14 16 18 20
Screening | Omalizumab/placebo therapy (to week 20) Asthma treatment
reduction
A * A
Baseline Time A Time B
Spirometry Spirometry Spirometry
First bronchoscopy Second bronchoscopy ACQ
ACQ ACQ Mini AQLQ
Mini AQLQ Mini AQLQ End of the study

FIGURE 1 Clinical trial flow chart outlining interventions. Baseline: time from screening visit to first
bronchoscopy and commencement of omalizumab/placebo (weeks —4 to 0); time A: time span during which
the patients had a second bronchoscopy (weeks 12-14) after which therapy was reduced; time B: end of the
trial 20 weeks from the first injection of omalizumab/placebo. ACQ: Asthma Control Questionnaire; mini-
AQLQ: mini-Asthma Quality of Life Questionnaire.
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being asked to resume their original anti-asthma therapy. A final visit was arranged 2 weeks later to check
the patients’ wellbeing and enquire about any adverse reactions.

At any time during the study, in the event of an asthma exacerbation, defined as a need for rescue oral
corticosteroid medication for deterioration of symptoms and/or lung function, as agreed between the
patient and the study physician, patients were treated with a 10-day course of prednisolone 30 mg-day ™
instituted by the study physician. Such patients left the study, resumed their regular anti-asthma
medication and were followed up as necessary.

Immunofluorescence

Bronchial biopsies were processed and analysed using double or single immunofluorescence, single
immunohistochemistry and confocal microscopy where appropriate according to our established protocols
described in the supplementary material. Biopsy sections were analysed objectively by operators ignorant
of their provenance.

Powering

In a previous therapy reduction study (CQAE397A2202) performed by Novartis in a similar patient group,
the standard deviation of the differences in FEV1 before and after reduction of inhaled corticosteroid was
found to be 9.550. Using 20 subjects per group, this would give a 90% chance of detecting a 10%
difference, with an alpha of 0.1 using a two-sided test. An investigator blinded interim analysis of
differences in FEV1, the primary outcome measure, following recruitment of 18 patients indicated a
significant improvement in FEV1 in the omalizumab, but not the placebo-treated group supporting our
hypothesis, and so the study was terminated at this stage. Changes in numbers of IgE" cells, the
co-primary outcome measure, were unprecedented and so could not be formally powered.

Statistical analysis

Baseline characteristics and demographic data were summarised using descriptive statistics. Changes in
numerical variables at the beginning and end of the study as well as differences in changes between the
omalizumab and placebo-treated groups were analysed by non-parametric statistics (Mann-Whitney U-test,
Wilcoxon rank sum test). All tests were two sided and a p-value <0.05 was considered significant. The
statistical software package used was GraphPad Prism version 5 (GraphPad Software, San Diego, CA, USA).

Results

Patients

The patients randomised to omalizumab or placebo were well matched in terms of distributions of age, sex,
body mass index, serum total IgE concentrations, smoking history, lung function, asthma symptom scores
and inhaled corticosteroid dosages (table 1). Inhaled corticosteroid dosages were reduced in both groups to
400 ug-day ™" beclometasone equivalent between 12-14 weeks and further to 200 ug-day™" between 16 and
20 weeks. In the omalizumab versus placebo-treated groups, seven versus eight patients were taking
long-acting B,-agonist, four versus one were taking oral leukotriene receptor antagonist and two versus two
were taking oral theophylline preparations. All these were stopped or substituted at time A (figure 1). One
patient randomised to omalizumab and three to placebo were taking oral prednisolone at dosages of
15 mg-day~' and 15, 10 and 5 mg-day™" respectively which were reduced to 7.5 mg-day™"' and 7.5, 5 and
0 mg-day " respectively according to the predetermined regimen (supplementary table E1). Of 18 patients
randomised, 15 completed the study. One patient allocated to placebo and two to omalizumab withdrew
prematurely (see Discussion section).

Airways inflammation

The median numbers of tryptase” mast cells, CD20" B cells, CD138" plasma cells, CD38" plasmablasts,
total IgE" cells, IgE"/tryptase” mast cells, IgE*/CD20" B cells, IgE*/CD138" plasma cells, and Barkans
Mogbel Kay-13 (BMK-13") eosinophils per unit area of the bronchial biopsy sections just prior to
commencement of omalizumab and at time A (after 12-14 weeks of omalizumab or placebo therapy with
no alteration of existing medications, see figure 1) are shown in table 2, while selected changes are depicted
graphically in figure 2. We observed a significant reduction in the median total IgE" cells (p<0.001), the
co-primary outcome measure, in the bronchial mucosa in the patients treated with omalizumab but not
placebo. No significant changes were observed in median numbers of any of the other cells analysed
following omalizumab or placebo therapy. Very few of the B cells and plasma cells showed detectable IgE
immunoreactivity as expected (table 2), so it was impracticable to evaluate changes. Clusters of CD38"
plasmablasts and CD20" B cells were detected in approximately one in every 10 sections of the mucosa
(figure 2f) but again these were insufficient in number to quantify possible changes.
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TABLE 1 Baseline demographics and clinical characteristics of non-atopic asthmatics randomised to omalizumab or placebo
therapy and absolute changes from baseline at times A and B

Characteristics and outcomes Baseline Time A Time B
Age years
Omalizumab 47 (22-66)
Placebo 53.50 (25-59)
Male/female n
Omalizumab 5/3
Placebo 3/5
Weight kg
Omalizumab 84 (55-133)
Placebo 87.50 (61-112)
Height cm
Omalizumab 172 (155-178)
Placebo 166 (152-177)
Never-smokers n (of 8 total)
Omalizumab 3
Placebo 4
Serum total IgE IU-mL~"
Omalizumab 75 (8-264)
Placebo 49 (2-284)
FEVI L
Omalizumab 2.44 (1.81-3.43) 0.225 (-0.32-1.24) 0.26 (0.03-0.67)%
Placebo 2.34 (1.16-3.66) 0.005 (—-0.30-0.45) —0.06 (-0.63-0.39)
FEV1% predicted
Omalizumab 75 (50-98) 6 (-13-36) 11 (1-19)7
Placebo 80 (47-114) —4 (=11-14) -2 (-23-15)
ACQ score
Omalizumab 2.28 (1.43-3.43) —0.50 (-1.85-0.72) —0.71 (=1.14-0.14)
Placebo 2.42(0.71-3.28) —0.35 (-1.00-0.57) —0.28 (-1.71-1.14)
Mini-AQLQ score
Omalizumab 4.33 (2.53-5.27) 0.18 (—1.00-2.26) 0.46 (—0.40-2.06)
Placebo 4.60 (3.73-5.80) 0.37 (—1.34-1.87) 0.67 (—1.60-2.30)

ICS BDP equivalent pg-day™"
Omalizumab
Placebo

2000 (800-4000)
1800 (500-2000)

No change from baseline
No change from baseline

Reduced to 200 ng BDP equivalent per day
Reduced to 200 ug BDP equivalent per day

Data are presented as median (range). FEV1: forced expiratory volume in 1 s; ACQ: Juniper Asthma Control Questionnaire; mini-AQLQ: Juniper
mini-Asthma Quality of Life Questionnaire; ICS: inhaled corticosteroids; BDP: beclometasone dipropionate. #: p=0.04, 1: p=0.015 compared with

baseline (Mann-Whitney U-test).

DOI: 10.1183/13993003.01501-2015

Lung function and asthma symptom scores

The primary outcome measure in this study was the change in median FEV1 in the omalizumab compared
with the placebo treated patients during the study (between baseline and time B in figure 1). The median
absolute and % predicted FEV1 improved during this period in the omalizumab treated patients, despite
substantial reduction of existing therapy, but deteriorated in the placebo-treated patients as anticipated
(median (semi-interquartile range) change 0.26 (0.07-0.64) versus —0.06 (—0.14-0.27) L; p=0.04; 11 (2-18)
versus —2.0 (—11-1.5) % predicted; p=0.015; see figure 3). As an exploratory measure, we also recorded
asthma symptom scores. As shown in table 1, the median ACQ score between baseline and 20 weeks (time
B) improved by what is regarded as a clinically meaningful degree in the patients randomised to
omalizumab but not placebo despite the staged reductions in existing therapy, although the differences
between the groups did not attain statistical significance. In contrast, median mini-AQLQ scores improved
to a similar extent in both groups.

Discussion

We conceived this study to challenge, in the light of current knowledge, the tacit assumption that
omalizumab therapy is of no clinical benefit in conventionally defined, non-atopic asthmatics. In lieu of a
large, long-term, conventional clinical trial in the first instance, which would have been difficult to fund
given the paucity of supportive evidence, we elected to provide proof of concept that omalizumab therapy
of these patients reduces IgE expression and IgE sensitisation of target cells within the bronchial mucosa
while exerting a favourable effect on lung function in the short term, as assessed by changes in FEV1. We
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TABLE 2 Bronchial mucosal inflammatory cells: absolute counts per mm? at baseline and
absolute changes at time A following treatment with omalizumab or placebo

Cell type

Absolute numbers
per mm? at baseline

Difference between
baseline and time A

Tryptase® mast cell
Omalizumab
Placebo

CD20" B cell
Omalizumab
Placebo

CD138" plasma cell
Omalizumab
Placebo

CD38* plasmablast
Omalizumab
Placebo

IgE* cell
Omalizumab
Placebo

IgE*™ mast cell
Omalizumab

7.22 (0-124.77)
29.92 (4.32-75.64)

1.48 (0.00-9.67)
2.10 (0.29-9.35)

0.00 (0.00-36.63)
1.68 (0.00-6.80)

3.91 (0.00-14.57)
0.61(0.00-39.39)

12.38 (1.22-175.90)
16.45 (2.86-60.92)

9.19 (0.00-124.46)

10.88 (—61.64-57.70)
3.68 (—14.66-13.08)

0.00 (—8.25-4.80)
—0.15 (—1.32-6.39)

0.00 (—4.42-3.47)
—0.24 (-1.93-1.13)

3.07 (-3.83-69.72)
—-0.21 (-28.39-8.67)

—5.44 (-109.89--1.30)**
4.98 (-17.08-17.81)

—1.89 (-99.94-33.31)

Placebo 26.16 (4.32-50.23) 7.88 (—17.58-24.08)
IgE* B cell

Omalizumab 0.00 (0.00-0.28) 0.00 (0.00-0.32)

Placebo 0.00 (0.00-0.00) 0.00 (0.00-0.00)
IgE* plasma cell

Omalizumab 0.00 (0.00-5.98) 0.00 (-5.41-0.00)

Placebo 0.00 (0.00-0.46) 0.00 (-0.46-0.00)

BMK-13" eosinophil
Omalizumab 9.03 (2.92-17.20)
Placebo 4.26 (0.31-21.36)

—0.76 (=14.40-4.47)
0.81 (-9.65-7.57)

Data are shown as the median and range. BMK-13: Barkans Mogbel Kay-13. **: p<0.01.

obtained bronchial biopsies before and after 12-14 weeks of treatment with omalizumab or placebo while
maintaining existing therapy, reasoning that any differences in mucosal cell populations between the active
and placebo cohorts observed under these conditions would be attributable to omalizumab. We set changes
in mucosal IgE" cells as a co-primary outcome measure, although we were unable to power the study to
detect such changes a priori because of lack of any pre-existing data. To obtain proof of concept that
omalizumab can improve lung function, we then destabilised the patients by staged reduction of their
therapy according to a protocol previously validated by Novartis and powered to detect changes in FEV1.
Although we failed to recruit 40 patients as suggested by the original power calculation (recruitment of
patients with severe asthma willing to undergo two bronchoscopic procedures followed by supervised
reduction of their existing therapy and attend 10 study visits over a period of 6 months was a considerable
challenge), we were able to demonstrate with considerably fewer patients a clear and statistically significant
effect of omalizumab but not placebo in improving FEV1 within a time frame used to gauge responsiveness
clinically. In fact, all of the patients treated with omalizumab improved their FEV1 over the 20 week period
of the study, despite substantial reduction of their existing therapy. We also explored changes in quality of
life and, although the study was not powered to examine these it revealed further intriguing data,
particularly an improvement in ACQ score, which is arguably more reflective of short-term asthma stability
than mini-AQLQ, which may improve in response to increased surveillance in the context of a clinical trial.
These data are congruent with a previous, ground breaking, placebo-controlled proof-of-concept clinical
trial by Garcia et al. [29] examining the clinical effects of omalizumab in non-atopic asthmatics, who were
also able to demonstrate improvement of FEV1 in their patients and a trend towards improvement in global
evaluation of clinical effectiveness and asthma exacerbation rate.

Two patients randomised to omalizumab therapy withdrew, the first following an exacerbation just after
commencing omalizumab and prior to any change in therapy. The second patient elected to withdraw
during the therapy reduction phase despite lack of any objective evidence of deterioration. The data from
this patient’s bronchial biopsies, but none of the clinical data were included in the final analysis. One
patient assigned to placebo withdrew immediately following screening. Although in larger studies
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tryptase” mast cells; d) CD138" plasma cells; e] CD38" plasmablasts. Wilcoxon rank sum test used for comparison. f] Germinal centre-like
follicle of CD38" plasmablasts (red) counterstained with nucleoprotein (blue). Scale bar=50 um

withdrawal rates may reflect the efficacy of a novel therapy, this is clearly not applicable in the present
study. One patient assigned to omalizumab and three to placebo were taking oral corticosteroids. Since we
hypothesised that omalizumab reduces IgE expression in the target organ of non-atopic asthmatics whose
existing therapy is maintained, and that omalizumab therapy preserves/improves FEV1 in the face of
significant therapy reduction, it is unlikely that our conclusions have been influenced by this.

Having demonstrated that IgE is increased in the bronchial mucosa of non-atopic asthmatics [21], we here
additionally show that omalizumab therapy substantially reduces the numbers of cells exhibiting associated
IgE, consistent with our hypothesis. This presumably reflects sequestering by omalizumab of free IgE
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FIGURE 3 Comparison of effect of treatment with omalizumab and placebo on changes in absolute and %
predicted forced expiratory volume in 1 s (FEV1) between baseline and times A and B. Bars represent the
median and interquartile range. Mann-Whitney U-Test used for comparison.
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within the bronchial mucosa, resulting in down regulation of its receptors on local target cells [30-32].
Similarly, in a study of mild atopic asthmatics [33], treatment with omalizumab reduced numbers of
bronchial mucosal FceRI™ and IgE" cells. Although this is the only clearly described anti-inflammatory
activity of omalizumab, there is little understanding of its functional consequences for asthma severity and
control, especially in a setting of non-atopic disease. Indeed, in the absence of a clear correlation between
down regulation and IgE" cells and clinical efficacy in the omalizumab-treated patients in our study, it is
possible to hypothesise that this effect is epiphenomenal and not relevant to amelioration of asthma. It is
well established that the clinical effectiveness of omalizumab varies in individual patients in a manner not
predicted by their baseline, circulating IgE concentrations [34], suggesting that responsiveness does not
simply reflect overall IgE production (at least in the circulation). In addition, CHANEZ et al. [35] showed
that, while in a group of severe atopic asthmatics omalizumab therapy reduced expression of FceRI on
blood basophils and plasmacytoid dendritic cells (a finding also confirmed in the study by Garcia et al.
[29]), there was no correlation with clinical responsiveness.

To further explore possible functional consequences of omalizumab therapy we looked for changes in
inflammatory cell numbers in the bronchial mucosa (such changes cannot prove cause and effect but may
provide mechanistic clues). In the event, we observed none. The study may not have been sufficiently
powered to detect such changes. A further caveat is the issue of cell clusters. It was with great interest that
we noted clusters of CD38" plasmablasts and CD20" B cells in approximately one in 10 sections of the
bronchial mucosa, consistent with our previous observation that these cells switch locally to IgE synthesis
[18]: this would likely be accompanied by multiple cellular divisions [36]. It is technically challenging to
enumerate changes in numbers of cells distributed as discrete clusters. Even assuming, however, that
omalizumab does also inhibit local B cell differentiation and IgE synthesis in the bronchial mucosa,
consistent with its known effects on IgE expressing B cells and antigen-presenting cells [37, 38], it is again
not yet clear if and why this may be important in asthma.

Designed as it was to provide proof of concept, the present study has limitations. The study was neither
designed nor powered to detect influences of omalizumab therapy on “conventional” clinical outcomes; in
particular, changes in quality of life or disease exacerbation rate. We were unable, as mentioned, to power
the study for the proposed histopathological end points because of paucity of prior, relevant data and
because of the difficulty of enumerating cells in clusters in very small samples of the bronchial mucosa.

Notwithstanding these observations, our findings and those of others referred to herein arguably merit
closer examination of the therapeutic worth of anti-IgE therapies in non-atopic asthma in larger studies
with conventional clinical outcomes, potentially addressing a large therapeutic need.

The greater challenge for the future will be to uncover further mechanisms whereby IgE can regulate the
severity and stability of asthma, enabling more substantial appraisal of the likelihood that any given
individual will respond clinically to anti-IgE therapy using criteria which extend beyond the boundaries of
conventional atopic status. This is a key theme of our ongoing research.
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