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ABSTRACT U-BIOPRED is a European Union consortium of 20 academic institutions, 11
pharmaceutical companies and six patient organisations with the objective of improving the understanding
of asthma disease mechanisms using a systems biology approach.

This cross-sectional assessment of adults with severe asthma, mild/moderate asthma and healthy
controls from 11 European countries consisted of analyses of patient-reported outcomes, lung function,
blood and airway inflammatory measurements.

Patients with severe asthma (nonsmokers, n=311; smokers/ex-smokers, n=110) had more symptoms and
exacerbations compared to patients with mild/moderate disease (n=88) (2.5 exacerbations versus 0.4 in the
preceding 12 months; p<0.001), with worse quality of life, and higher levels of anxiety and depression.
They also had a higher incidence of nasal polyps and gastro-oesophageal reflux with lower lung function.
Sputum eosinophil count was higher in severe asthma compared to mild/moderate asthma (median count
2.99% versus 1.05%; p=0.004) despite treatment with higher doses of inhaled and/or oral corticosteroids.

Consistent with other severe asthma cohorts, U-BIOPRED is characterised by poor symptom control,
increased comorbidity and airway inflammation, despite high levels of treatment. It is well suited to identify
asthma phenotypes using the array of “omic” datasets that are at the core of this systems medicine approach.

@ERSpublications
Severe asthma results in more airway inflammation, worse symptoms and lower lung function,
despite increased therapy http://ow.ly/QznR3

Introduction

A substantial number of patients with asthma require systemic corticosteroids to control symptoms and/or
suffer from poor control and frequent severe exacerbations despite currently available treatment [1, 2].
Although recently developed biologic compounds targeting cytokines of the type 2 pathways show promise
[3, 4], identification of new treatment targets and the selection of patients best suited to respond to
individual biologics is still hampered by a poor understanding of the physiological, pathological and
molecular heterogeneity of severe asthma [5, 6].

Severe asthma is a collection of disease entities with varying pathophysiological characteristics [7] that
result in symptoms of cough, wheeze and breathlessness, with frequent exacerbations. To address the
problem of phenotypic difference and heterogeneity, the Unbiased Biomarkers for the Prediction of
Respiratory Disease Outcomes (U-BIOPRED) project was set up in 2009 as a public—private partnership
within the framework of the Innovative Medicines Initiative, engaging academia, the pharmaceutical
industry and patient groups. The aim of U-BIOPRED is to identify multi-dimensional phenotypes of
severe asthma and new treatment targets using a combination of state of the art “omics” (transcriptomic,
proteomic, lipidomic and metabolomic) technologies applying a systems biology approach [8], thereby
driving unbiased discovery in both adult and paediatric severe asthma [9]. This novel approach is designed
to make drug development more effective and efficient.

We present the baseline characteristics of the adult participants with severe asthma who form the majority of
the U-BIOPRED cohort and compare these participants with those suffering from mild/moderate disease, in
terms of their clinical, symptomatic, functional and biomarker features. In a parallel paper the characteristics of
the paediatric cohort are reported. These first publications of U-BIOPRED will serve as the reference documents
for all subsequent publications using the “omics” technologies that are at the core of this programme.

Methods

Participants

This was a multicentre prospective cohort study recruiting from 16 clinical centres in 11 European
countries. Details of the participating centres, assessments and standard operating procedures are available

This study is registered on ClinicalTrials.gov (identifier: NCT01982162).
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in the online supplement. Prior to enrolment participants with severe asthma were required to have been
under follow-up by a respiratory physician for at least 6 months, during which time assessments had been
undertaken to optimise asthma control and medication adherence [2]. The study was approved by the
ethics committee for each participating clinical institution, and adhered to the standards set by
International Conference on Harmonisation and Good Clinical Practice. It is registered on ClinicalTrials.
gov (identifier: NCT01982162). All participants gave written and signed informed consent.

Adult groups

The definition of severe asthma used in this study was agreed at a U-BIOPRED consensus meeting [2].
Participants with asthma had either airflow reversibility (increase in forced expiratory volume in 1 s
(FEV1) >12% predicted or 200 mL following inhalation of 400 ug salbutamol), airway hyperresponsiveness
(methacholine provocative concentration causing a 20% fall in FEV1 <8 mg:mL™", or diurnal peak
expiratory flow amplitude >8% of mean), or a decrease in FEV1 of 12% predicted or 200 mL within
4 weeks after tapering maintenance treatment. Four groups were recruited, as follows.

Group A: severe nonsmoking asthma [SAn)

Participants in this group were nonsmokers for at least the past 12 months, with a less than 5 pack-year
smoking history, with asthma and uncontrolled symptoms defined according to Global Initiative for
Asthma (GINA) guidelines [10] and/or frequent exacerbations (more than two per year) despite high-dose
inhaled corticosteroids (>1000 pg fluticasone propionate per day or equivalent dose).

Group B: smokers and ex-smokers with severe asthma (SAs/ex)
This group was defined as for the SAn group except that they were either current smokers or ex-smokers
with a smoking history of at least 5 pack-years.

Group C: mild/moderate nonsmoking asthmatics (MMA]

Participants in this group were nonsmokers for at least the past 12 months, with a less than 5 pack-year
smoking history and had controlled or partially controlled asthma symptoms, as defined by GINA, whilst
receiving a dose of <500 pg fluticasone propionate/day or equivalent.

Group D: healthy nonsmoking controls (HC)

These participants had no history of asthma or wheeze, had no other chronic respiratory disease, were
nonsmokers for at least the past 12 months with a smoking history of <5 pack years and their
pre-bronchodilator FEV1 was >80% pred.

Protocol and assessments

Participants attended a screening visit to assess eligibility for the study (figure 1). They underwent a
baseline visit (up to 28days later) and were invited to attend for an optional bronchoscopy,
high-resolution lung computed tomography and telemonitoring sessions. Spirometry, haematological
profiles, and fraction of exhaled nitric oxide level (FeNO) at 50 mL-s~' were performed. Induced sputum
was obtained [11] and differential sputum eosinophil and neutrophil counts measured following a
standardised operating procedure. Sputum supernatants and cell pellets were collected. Allergic status was
obtained by either skin prick testing or measurement of specific immunoglobulin (Ig)E to six common
aeroallergens. Blood and urine samples were taken for lipidomic, proteomic and transcriptomic analyses
for later assessment. An optional sample was taken for genetic analysis. Subsets of participants underwent
plethysmographic measurements, high-resolution computed tomography and collection of exhaled breath
for measurement of metabolites including volatile organic compounds, all for future analyses. All
investigations were performed according to standardised operating procedures (online supplement).

Participants with severe asthma were reviewed at 12-18 months after enrolment and were also invited to
attend if they experienced an exacerbation. At 12-24 months they were contacted by phone or by post to
obtain information on asthma control.

Data were entered on an electronic case report form. The study was run and monitored by Cromsource
(www.cromsource.com). Samples were sent to the Centre for Integrated Genomic Medical Research
Biobank in Manchester, UK. Datasets were uploaded on to the tranSMART system, an open-source
knowledge management platform for sharing research data [12] supported by the European Translational
Information and Knowledge Management Services (eTRIKS) project.

The study aims are published on the U-BIOPRED home page (www.europeanlung.org/en/projects-and-
research/projects/u-biopred/home).
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Screening assessment 7
o All groups
Visit 1 0-28 days
later
Baseline assessment .
Telemonitoring
study (optional)
v
12-18 months o o gﬁn/and L
after baseline visit | Visit 2: longitudinal assessment Ss/ex onty
FIGURE 1 Visit schedule. SAn: v
severe nonsmoking asthma group; 3-6 months after
SAs/ex: smokers and ex-smokers  yisjt 2 Telephone call
with severe asthma. -

Questionnaires

The following were administered at baseline: 1) the Asthma Control Questionnaire (ACQ5) [13] to assess
current asthma control; 2) the Asthma Quality of Life Questionnaire (AQLQ) [14] to assess quality of life
and psychological morbidity; 3) the Hospital Anxiety and Depression Scale (HADS) [15]; 4) Sino-Nasal
Outcomes Test (SNOT20) [16] to measure upper airway symptoms; 5) the Epworth Sleepiness Scale (ESS)
[17] to measure sleep and daytime drowsiness; and 6) the Medication Adherence Report Scale (MARS)
[18] to measure adherence.

Statistical analysis

Continuously distributed data were either summarised using mean#se if symmetrical, or median
(interquartile range) values. Nonsymmetrical variables all exhibited positive skew and were
log-transformed prior to association testing. Missing data were not imputed. p-values were calculated using
a general linear model for continuous variables or a general logistic model for categorical variables. No
adjustment for multiple testing was applied as the analyses were considered exploratory. Analyses were
performed using R version 2.15.2 (R Core Team, 2012; www.r-project.org).

Results
A total of 610 adults were recruited over an 18-month period: 311, 110, 88 and 101 into the SAn, SAs/ex,
MMA and HC groups, respectively (table 1 and figure 2).

There were more females in the SAn group (66%) compared to the other asthma groups (50%), with the
age of onset of asthma 18 years later in the SAs/ex compared with SAn group. Participants with severe
asthma had a higher body mass index (BMI) than those in the MMA and HC groups and were older
(table 1). Both severe asthma groups experienced 2.5 exacerbations in the preceding 12 months as
compared with 0.4 in the MMA group (p<0.001). There was a higher rate of intensive care unit
admissions in the SAn participants compared to the SAs/ex group (p<0.05). Further split of the severe
asthma groups based on current and ex-smoking is presented in the online supplement (table S5).

Spirometry

FEV1 (% predicted or actual) was lower in the three asthma groups compared to the HC group (p<0.001),
with the severe asthma groups having the lowest FEV1. Forced vital capacity (FVC) (% predicted or actual)
was also lower in both the SAn and SAs/ex groups when compared to the MMA (p<0.001) and HC groups
(p<0.001). The mean FEV1/FVC ratio was lower in those with severe asthma (0.64 and 0.61, respectively)
compared to the MMA (ratio 0.72; p<0.001) and HC groups (ratio 0.79; p<0.001), respectively (table 1).
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TABLE 1 Group demographics

Severe nonsmoking Smokers and Mild/moderate Healthy p-value
asthma ex-smokers with nonsmoking asthma nonsmoking
severe asthma® controls
Subjects n 311 110 88 101
Age years 51.01£0.8 (n=311) 54.51£1.08 (n=110) 41.66+1.65 (n=88) 38.85+1.34 (n=101) <0.001
Age at diagnosis years 20 (7-38) (n=302) 38 (20-48]) (n=109) 14 (6—32) (n=83) NA <0.001
Females 205/311 (66%) 56/110 (51%) 44/88 (50%) 39/101 (39%) <0.001
BMI kg-m~2 29.1120.36 (n=311) 29.59:0.6 (n=110) 25.73+0.47 (n=88) 25.31£0.36 (n=101) <0.001
BMI >30 kg-m™2 120/311 (38.6%) 44/110 (40%) 16/88 (18.18%) 12/101 (11.88%) <0.001
Serum IgE IU-mL™" 119.5 (45-342) (n=302) 126 (63-328) (n=104) 89.4 (49—-244) (n=85) 23.45 (9—-65) (n=98) <0.001
FEV1 % pred 67.5£1.26 (n=308) 67.2+1.84 (n=110) 89.5+1.86 (n=87) 101.76+1.29 (n=101) <0.001
FVC % pred 87.2+1.12 (n=308) 89.7+1.74 (n=110) 104.5+2.02 (n=87) 107.8+1.3 (n=101) <0.001
FEV1/FVC ratio 0.64+0.01 (n=308) 0.61+0.01 (n=110) 0.72+0.01 (n=87) 0.79+0.01 (n=101) <0.001
Exacerbations in 2.48+0.13 (n=310) 2.55+0.26 (n=110) 0.38+0.08 (n=88) NA <0.001
previous year n
Smoking history 2 (1-4) (n=47) 17.38 (10—26) (n=110) 4 (1-4) (n=13) 0.9 (0-3) (n=20) <0.001
pack-years

Intubation (ever) 35/307 (11%) 6/109 (6%) 0/87 (0%) NA 0.083
ICU admission (ever) 80/307 (26%) 18/109 (17%) 1/86 (1%) NA <0.001
Atopy test positive 213/272 (78.3%) 62/87 (71.3%) 72/78 (92.3%) 36/78 (46.2%) <0.001

Data are presented as meanssg, median [interquartile range) or n/N (%), unless otherwise stated. BMI: body mass index; FEV1: forced
expiratory volume in 1's; FVC: forced vital capacity; ICU: intensive care unit; NA: not applicable. #: 42 current smokers and 68 ex-smokers.

Subjects screened
n=730

v

Subjects enrolled
n=611

Screen failure n=94

Adverse events n=4
Lost to follow-up n=2
Withdrew consent n=7

Participated in another study n=1

Other reasons n=11

y

y

y

y

Severe nonsmoking
asthma
n=311

Severe smoking/ex-
smoking asthma
n=110

Mild/moderate asthma

n=88

Healthy controls
n=101

v

v

v

v

Questionnaires n=277
Spirometry n=308
Medical history n=311
Blood n=302
Sputum n=128
Urine n=311
CT scan n=280
GWAS n=311
Bronchoscopy n=64

Questionnaires n=96
Spirometry n=110
Medical history n=110
Blood n=106
Sputum n=53
Urine n=110
CT scan n=96
GWAS n=55
Bronchoscopy n=9

Questionnaires n=85
Spirometry n=87
Medical history n=88
Blood n=88
Sputum n=43
Urine n=88
CT scan n=88
GWAS n=88
Bronchoscopy n=40

Questionnaires NA
Spirometry n=101
Medical history NA
Blood n=101
Sputum n=41
Urine n=101
CT scan n=91
GWAS n=96
Bronchoscopy n=46

FIGURE 2 Consort diagram. CT: computed tomography; GWAS: genome-wide association study; NA: not

applicable.
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Medications

Within the SAn and SAs/ex groups 46% and 45% respectively received daily oral corticosteroids, and 17%
and 16%, respectively, received anti-IgE therapy. Use of nebulised B-agonist was higher in the SAn and
SAs/ex groups. Other classes of therapy were also used (table 2).

Questionnaires

ACQ and AQLQ scores reflected worse asthma control and increased morbidity in both severe asthma groups
with minimal impairment in the MMA group. A similar pattern was seen with anxiety and depression. There
were more upper airway symptoms measured using the SNOT20 in both severe asthma groups compared
with the MMA group. Similarly the ESS scores indicated that there was an increase in sleepiness in the severe
asthma groups compared to only a very mild impairment in the MMA group (table 3).

The MARS questionnaire scores for adherence to treatment recorded by the three asthma groups were in
the range of 21 to 22, with the severe asthma groups recording higher scores (p<0.005), indicating better
adherence. The AQLQ score was correlated to several variables, including FEV1 (95% CI 0.5 to 0.7;
p<0.001), FEV1/FVC (95% CI 1.14 to 2.8; p<0.001), exacerbations in the previous year (95% CI —0.8 to
—0.2; p<0.001), BMI (95% CI —0.006 to —0.002; p<0.001) and pack-years smoked (95% CI —0.003 to
—0.001; p<0.001) (figure 3).

Atopy and comorbidities

There was a high incidence of atopy in the four groups, at 70% in the asthma groups and 46% in the HC
group. The incidence of allergic rhinitis, hay fever and nonallergic rhinitis were highest in the asthma
groups. Participants in the HC group were much less allergic with only a third reporting hay fever and
only a sixth, rhinitis or eczema.

The presence of nasal polyps was associated with severe asthma, regardless of smoking status (four-fold
increased incidence in SAn and SAs/ex groups versus MMA group; p<0.001) (table 4). No such association
was seen with allergic or nonallergic rhinitis, hay fever or reported eczema. Gastro-oesophageal reflux
disease was more common in severe asthma (46% SAn, 63% SAs/ex) than in MMA (21%) and HC (11%),
with a greater incidence reported in the SAs/ex group versus the SAns group (p=0.004).

Blood and sputum biomarkers
Blood eosinophil counts were similar in all three asthma groups. Each group had a significantly higher
blood eosinophil count than the HC group (SAn versus HC, p=0.002; SAs/ex versus HC, p=0.005; MMA

Severe nonsmoking Smokers and ex-smokers Mild/moderate

asthma with severe asthma nonsmoking asthma
Subjects n 311 110 88
Oral corticosteroid 135/295 (45.8%) 46/103 (44.7%) 0/88 (0%)
Prednisolone (equ.) mg* 13.2+0.85 (n=122) 14.8+1.81 (n=36) NA (NA)
Inhaled corticosteroids 310/311 (99.7%) 110/110 (100%) 87/88 (98.9%)
Long-acting p-agonist 305/309(98.7%) 109/110 (99.1%) 2/88 (2.3%)
Short-acting p-agonist 260/301 (86.3%) 82/105 (78.1%) 68/88 (77.3%)
Injected corticosteroids 19/284 (6.7%) 1/97 (1.0%) 0/88 (0%)
Mucolytic 31/286 (10.8%) 18/100 (18.0%) 0/88 (0%)
Anti-histamine 75/311 (24.1%) 16/110 (14.6%) 4/88 (4.5%)
Antibiotic (excluding macrolide) 11/288 (3.8%) 4198 (4.1%) 0/88 (0%)
Macrolide 32/311 (10.3%) 13/110 (11.8%) 0/88 (0%)
Long-acting muscarinic antagonist 65/284 (22.9%) 27/97 (27.9%) 0/88 (0%)
Short-acting muscarinic antagonist 127/292 (43.5%) 48/104 (46.2%) 0/88 (0%)
Omalizumab 50/287 (17.4%) 16/98 (16.3%) 0/88 (0%)
Immunosuppressant 9/311 (2.9%) 4/110 (3.6%) 0/88 (0%)
Leukotriene modifier 139/298 (46.6%) £45/106 (42.5%) 0/88 (0%)
Cromones 10/284 (3.5%) 2/97 (2.1%) 0/88 (0%)
Anti-fungal agent 5/311 (1.6%) 1/110 (1.0%) 0/88 (0%)
Xanthine 59/289 (20.4%) 21/100 (21.0%) 0/88 (0%)
Nebulised g-agonist 82/284 (28.9%) 24/97 (24.7%) 2/88 (2.3%)

Data are presented as n/N (%) or meansse, unless otherwise stated. NA: not applicable. #: hydrocortisone and triamcinolone doses were
converted to equivalent prednisolone dose (four healthy control participants took as required antihistamines).

DOI: 10.1183/13993003.00779-2015
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TABLE 3 Questionnaires

Severe nonsmoking Smokers and ex-smokers Mild/moderate Unadjusted
asthma with severe asthma nonsmoking asthma p-value®

Subjects n 311 110 88
ACQ

Mean ACQ5 2.28+0.07 (n=277) 2.23+0.12 (n=96) 0.86+0.07 (n=85) <0.001

Mean ACQ7 2.67+0.08 (n=277) 2.62+0.12 (n=96) 1.010.07 (n=85) <0.001
AQLQ

Total 4.48+0.07 (n=276) 4.44£0.13 (n=92) 5.8410.1 (n=84) <0.001

Symptoms 4.46+0.08 (n=276) 4.36+0.14 (n=92) 5.8720.1 (n=84) <0.001

Emotional 4.6310.1 (n=276) 4.52+0.16 (n=92) 5.98+0.13 (n=84) <0.001

Environmental stimuli 4.69£0.09 (n=276) 4.5720.16 (n=92) 5.63+0.14 (n=84) <0.001

Activity limitation 4.35+0.07 (n=276) 4.45+0.13 (n=92) 5.81+0.11 (n=84) <0.001
HADS

Total 12.33+0.54 (n=223) 13.6421.01 (n=72) 7.0120.7 (n=70) <0.001

Anxiety 6.94+0.3 (n=223) 7.71£0.54 (n=72) 4.24+0.41 (n=70) <0.001

Depression 5.39+0.28 (n=223) 5.93+0.56 (n=72) 2.77+0.39 (n=70) <0.001
SNOT20 (total) 31.76+1.01 (n=283) 32.12+1.92 (n=97) 15.42+1.42 (n=83) <0.001
ESS (total) 7.48+0.26 (n=277) 7.95+0.47 (n=95) 5.49+0.41 (n=85) <0.001
MARS (total) 22.4420.14 (n=278) 22.1720.29 (n=94) 21.350.4 (n=84) 0.002

Data are presented as mean#sg, unless otherwise stated. ACQ: Asthma Control Questionnaire; AQLQ: Asthma Quality of Life Questionnaire;
HADS: Hospital Anxiety and Depression Score; SNOT20: Sino-nasal Outcome Test 20; ESS: Epworth Sleepiness Scale; MARS: Medication

Adherence Report Scale. #

versus mild/moderate nonsmoking asthma group.

: severe asthma (nonsmoking asthma group and smokers and ex-smokers with severe asthma group combined)

versus HC, p<0.001). Blood neutrophil counts were significantly higher in the severe asthma groups
compared to the MMA group.

Sputum samples were provided and met criteria for analysis in 44.2% of the asthma participants and
40.6% of the HC group. Median sputum eosinophil counts for the SAn, SAs/ex, MMA, and HC groups
were 2.75%, 4.13%, 1.05% and 0%, respectively (table 5). The sputum eosinophil count was higher in the
two severe asthma groups combined compared to the mild/moderate asthma group (table 5; figure 4).

There were no significant differences in differential sputum neutrophil counts between the two severe
asthma groups, which when combined were significantly higher compared to the MMA group (table 5).

There was a significant negative association between log sputum eosinophils (absolute or %) and FEV1 (%
predicted or actual value) when all cohorts were considered and an adjustment for age, sex and smoking
was applied. There were significant negative associations between log blood eosinophils (%) and FEV1/
FVC ratio (p=0.002) and between blood neutrophils (%) and actual FEV1 (p=0.002) and FEV1/FVC ratio
(p=0.026).

Exhaled nitric oxide

FeNO levels in all asthma groups were higher than those in the HC group, but the FeNO levels in the severe
asthma groups were not different from the levels in the MMA group. The presence of nasal polyps was
associated with a higher FeNO (mean increase 2.1 ppb, 95% CI 1.5 to 2.9 ppb; p<0.001) (table 5).

Discussion

In this large European cohort, patients with severe asthma experienced more symptoms, more exacerbations,
higher levels of anxiety and depression, and a higher incidence of nasal polyps, gastro-oesophageal reflux
symptoms and airflow obstruction than patients with milder disease. The clinical characteristics of asthma
were present despite higher doses of treatment that included doses of inhaled corticosteroids equal or more
than 1000 pg of fluticasone (or equivalent), with 45% of the combined severe asthma group receiving a daily
dose of prednisolone. The characteristic features of the severe asthma U-BIOPRED cohort are similar to
those reported in previous cohort studies [6, 19-21]. While the entry criteria for severe asthma were
comparable for most of these cohort studies, the ENFUMOSA study required a lower threshold with an
inhaled corticosteroid dose of >1200 pg of budesonide or beclomethasone with at least one exacerbation in
the past year. Of these five cohorts, the current U-BIOPRED severe asthma cohort appears to be the most
severe with a higher reported exacerbation rate of 2.5 per year, a reduced mean FEV1 of 67.5% of predicted
and a higher proportion of patients on oral corticosteroid therapy taking a mean dose of 14 mg per day.
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One of the novel features of the U-BIOPRED cohort is the inclusion of a smoking and ex-smoking severe
asthma group. Patients with asthma who smoke have been reported to have poorer disease control and a
reduced therapeutic response to inhaled corticosteroids [22], possibly through the induction of corticosteroid
insensitivity [23, 24]. However, our analyses of the nonsmoking and the smoking/ex-smoking severe asthma
groups identified few differences in demographics, airway physiology, inflammatory markers and asthma
symptoms between these groups. In both groups, a similar percentage received oral corticosteroid therapy;
they also had similar degrees of airflow obstruction. The slightly lower level of FeNO in the smoking/
ex-smoking group might be explained by an effect of current smoking [25]. One notable difference is that
asthma onset occurred on average 18 years later in the smokers and ex-smokers than in the nonsmokers, and
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FIGURE 3 Contour plots of the Asthma Quality of Life Questionnaire (AQLQ) related to baseline demographics.
Figures represent scatter plots describing the relationship between each factor and the asthma quality of life
z-score. The contour lines are coloured blue to red, to indicate increasing density of points in the graph. The
density was modelled using two-dimensional kernel density estimation. The contour plots show weak inverse
relationships and particularly the scatter between quality of life and c] exacerbations, €] body mass index
(BMI) and f] smoking history (pack-years), a strong inverse relationship between quality of life and d) asthma
control (ACQ5) and weak positive relationships between quality of life and a, b) measures of lung function
(forced expiratory volume in 1 s (FEV1) and FEV1 to forced vital capacity (FVC] ratio).

Severe nonsmoking Smokers and Mild/moderate Healthy p-value p-value
asthma ex-smokers with nonsmoking nonsmoking
severe asthma asthma controls

Subjects n 311 110 88 101

Allergic rhinitis diagnosed 164/277 (59.2%) 44/101 (43.6%) 42/70 (60%) 5/30 (16.7%) <0.001 0.442
Hayfever diagnosed 135/284 (47.5%) 51/100 (51%) 46/73 (63.0%) 10/33 (30.3%) 0.019 0.024
Nonallergic rhinitis diagnosed 42/284 (14.8%) 17/101 (16.8%) 8/72 (11.1%) 1/34 (2.9%) 0.090 0.356
Nasal polyps diagnosed 103/291 (35.4%) 34/101 (33.7%) 7176 (9.2%) 3/34 (8.8%) <0.001 <0.001
Eczema diagnosed 107/294 (36.4%) 31/101 (30.7%) 25/75 (33.3%) 5/35 (14.3%) 0.013 0.789
GORD diagnosed 135/289 (46.7%) 63/99 (63.6%) 16/75 (21.3%) 4/35 (11.4%) <0.001 <0.001

GORD: gastro-oesophageal reflux disease.

#. severe asthma (nonsmoking asthma group and smokers and ex-smokers with severe asthma

group combined) versus mild/moderate nonsmoking asthma group.
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TABLE 5 Biomarkers in blood, sputum and exhaled air

Severe nonsmoking Smokers and Mild/moderate Healthy nonsmoking  p-value p-value?
asthma ex-smokers with nonsmoking asthma controls
severe asthma
Subjects n 311 110 88 101
Exhaled NO ppb 26.5 (16—47) (n=290) 23.5 (12—-42) (n=104) 25 (18-54) (n=87)  19.25 (13-29] (n=96) <0.001 0.438
Sputum
Sputum eosinophils % 2.75 (0-19) (n=128) 4.13 (1-14) (n=53) 1.05 (0-3) (n=43) 0 (0-0) (n=41) <0.001 0.004
Sputum neutrophils % 53.69 (34—75) (n=128) 55.15 (35—-65) (n=53) 44.5 (26—62) (n=43)  39.56 (21-56) (n=41) 0.002 0.042
Sputum differential 74 (57.81%) (n=128) 32 (60.38%) (n=53) 17 (39.53%) (n=43) 1 (2.44%) (n=41) <0.001 0.026
eosinophil count >1.9%
Blood
Blood eosinophils % 2.94 (1-6) (n=302) 2.88 (1-5] (n=106) 3.00 (2-5) (n=88) 2.10 (1-3]) (n=101) 0.001 0.295
Blood eosinophils absolute 0.2 (0.3) (n=302) 0.22 (0.29) (n=106) 0.23 (0.2) (n=88) 0.1(0.11) (n=101) 0.001 0.295
Blood neutrophils % 62 (55-70) (n=302) 61.75 (55—69) (n=106) 56.83 (52—63) (n=88) 57.34 (51-64) (n=101) <0.001 <0.001
Blood neutrophils absolute 4.73 (3.1) (n=302) 4.97 (2.87) (n=106) 3.64 (1.75) (n=88) 3.03 (1.6) (n=101) <0.001 <0.001

Data are presented as median [interquartile range), unless otherwise stated. *: severe asthma (nonsmoking asthma group and smokers and

ex-smokers with severe asthma group combined) versus mild/moderate nonsmoking asthma group.

yet the degree of airflow obstruction measured was similar. One interpretation is that there may be a more
rapid rate of loss of lung function in the patients with asthma who smoke. The significant correlation
between AQLQ scores and the number of pack-years of smoking exposure would also support a contribution
of cigarette smoke to impaired quality of life in this group. We also split the demographic data of the groups
by smoking status rather than severity (table S5 of the online supplement). This revealed that current
smokers had a lower BMI compared with ex- and never-smokers.

In agreement with the SARP study [20], patients with severe asthma (especially smokers) were less frequently
atopic than those with mild/moderate disease. There was also a clear association of both nasal polyps and
gastro-oesophageal reflux disease with disease severity, with approximately one-third and one-half reporting
polyps and reflux respectively, a finding that is in keeping with previous reports [5]. Nasal polyps are
commonly found in severe asthma, and are associated with a particularly severe phenotype. There is
evidence that treating nasal polyps with anti-IgE therapy results in better asthma outcomes [26]; however,
whether this is due to an effect on the underlying asthma or the polyps is unknown. The link with higher
FeNO levels is in keeping with work showing that nasal polypectomy leads to a fall in FeNO [25].

Our findings are also similar to other studies published from severe asthma registries. In agreement with
both the British Thoracic Society’s [27] and Belgium’s [28] severe asthma registries our patients are
predominantly female, with a high BMI and evidence of fixed airflow obstruction. Moreover there are
similarly high levels of reflux, nasal polyps and exacerbations despite greater levels of medication.
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FIGURE 4 a) Sputum eosinophil count and b} sputum neutrophil count, by cohort. The boxes represent median
and interquartile range values; whiskers extend to the extreme point, no more than 1.5 times the interquartile
range from the box, with outliers denoted by open circles and raw data by black circles overlaid. SAn: severe
nonsmoking asthma; SAs/ex: smokers and ex-smokers with severe asthma; MMA: mild/moderate nonsmoking
asthma; HC: healthy nonsmoking controls.
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We found a greater degree of sputum eosinophilia in the two severe asthma groups compared to the mild/
moderate asthma group. Up to 60% of patients in the two severe asthma groups had a differential sputum
eosinophil of >1.9% (the established upper limit of normal for differential sputum eosinophil counts [29]).
This percentage is similar to previous reports in severe asthma [21]. The level of sputum eosinophilia
observed in the mild/moderate asthma group are also similar to those reported previously [30].

The higher blood neutrophil count in participants with severe asthma may represent the effect of systemic
corticosteroids which can increase blood neutrophil numbers. Sputum neutrophil counts were similar in
the three asthma groups and were significantly higher than in the healthy control group. This similarly
could represent the effect of corticosteroids although severe asthma has been linked to a higher level of
sputum neutrophils [31, 32].

The impact and burden on our participants’ health was noticeable with measures of symptoms and quality of
life being far worse in severe asthma as compared to mild/moderate asthma, despite the use of higher doses
and more classes of asthma treatment. Levels of anxiety and depression were also higher with severe asthma.
There were significant relationships between quality of life measures and airflow obstruction, smoking history
and BMI, supporting the contribution of these factors to an impairment of quality of life; however, the
scatter of data reveals that these parameters are not closely related. The number of exacerbations experienced
was greater than 2.5 exacerbations per participant in both severe asthma groups in the preceding year. These
findings highlight the need for an integrative assessment of clinical and physiological disease markers and,
additionally, biological markers of disease in the assessment of severe asthma. For example, the finding that
bariatric surgery has an effect on measures of airway hyperresponsiveness [33] and is associated with a lower
all-cause mortality at 5 years particularly in younger, predominantly female populations [34] may point
towards the need for specific and targeted intervention in people with severe asthma and obesity.

There are several limitations to our study. First, there is no perfect way to assess treatment adherence;
however, we only approached patients managed in a specialist respiratory clinic and only those who had
been assessed to be adherent were eligible for the study. Furthermore, MARS scores were high, indicating
good levels of self-reported adherence. Secondly, subjective or historical data were assessed by questionnaire
which may be prone to recall bias. Thirdly, the success rate in obtaining adequate quality sputum for
analysis was in the 42-50% range and the number of bronchoscopies was relatively lower in the SA and
SAs/ex groups. Finally, due to the numerous formulations and inhaler devices used across Europe it was not
possible to calculate the precise daily equivalent inhaled corticosteroid dose for each participant and
therefore these data are not shown; however, high (>1000 pg FP) or low (<500 pg fluticasone propionate per
day) dose was a study entry requirement for the severe and moderate groups, respectively.

We have been successful in recruiting a substantial cohort of patients with the most severe asthma that has
similar characteristics to previously reported cohorts. This gives confidence that the U-BIOPRED
consortium will define distinct phenotypes and endotypes of severe asthma. Matching these data to the
“omics” information with future unsupervised analyses will help identify new treatments for patients with
severe asthma who currently have limited treatment options, and will improve our understanding of this
important chronic disease.
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ONLINE SUPPLEMENT

METHODS

Study design

All participants were identified and recruited locally and attended a screening visit when eligibility
for the study was confirmed. All cohorts underwent a baseline visit at which time study data and
biological samples were collected. The outcome of some of the assessments and sample
collections are reported in this framework paper whereas others will be reported in later
publications. (See table S4 for complete list). The severe asthma cohorts were followed up 12-18
months after enrolment and attended a further visit (Figure 1). They were further contacted by
telephone at the end of the study (18 — 24 months after enrolment) to assess asthma control. A

subgroup of the severe asthma cohorts was enrolled in a tele-monitoring study.

To achieve standardisation across the consortium all assessments and processing of samples
were carried out in accordance with Standard Operating Procedures (SOP) detailed in the Study
Reference Manual. A list of all SOPs is provided in this online supplement. Training and
standardisation took place between sites prior to the study start. Data were collected through an
electronic case report form (eCRF). Quality control (QC) of the study was implemented by
monitoring of the clinical sites by CROMSource (an independent clinical research organisation),

data cleaning and QC of samples before use.

Cohorts

Sixteen clinical centres in 11 European countries recruited adult asthmatic patients and healthy
volunteers. The study was submitted and approved by local ethics committees. Four cohorts were

recruited:

A) Severe non-smoking asthmatics (SAn):
Participants in this group were non-smokers with <5 pack-year smoking history, with asthma and

uncontrolled symptoms defined according to GINA guidelines (1) and/or frequent exacerbations



(more than 2 per year) despite high-dose inhaled corticosteroids (ICS) (ICS = 1000ug fluticasone
propionate/day or equivalent dose, or a doubling of the dose of maintenance ICS for at least three
days or requiring hospitalisation), with or without oral corticosteroids (OCS), plus at least one other

controller medication.

B) Smokers and ex-smokers with severe asthma (SAs/ex):
This group was identical to SAn participants except that they were either current smokers or ex-
smokers with a pack-year history >5 years.

C) Mild/Moderate non-smoking asthmatics (MMA):
These non-smoking participants had controlled or partially controlled asthma symptoms, as defined
by GINA, whilst receiving a dose of less than 500ug fluticasone propionate/day or equivalent.

D) Healthy non-smoking controls (HC):

These participants had no history of asthma or wheeze, had no other chronic respiratory disease,
were non-smokers for at least the past 12 months with a pack history of <5 years and their pre-
bronchodilator FEV1 was = 80% predicted.

Full inclusion and exclusion criteria are shown in table S2.

Anthropometry

Weight and height were measured and Body Mass Index (BMI calculated).

Spirometry

Spirometry was performed using a portable spirometer calibrated using a 3 litre syringe prior to
each study visit. Short acting bronchodilators (SABAs) were withheld for 4 hours and long acting
bronchodilators (LABASs) for 12 hours prior to the test. Spirometry was carried out in accordance
with ATS/ERS guidelines (2). The best values for forced vital capacity (FVC) and forced expiratory
volume in 1 second (FEV;) were selected from three acceptable manoeuvres. Z scores and %
predicted values were calculated using the Global Lung Initiative (GLI) look-up tables. A dose of
400mcg of salbutamol (4 puffs) was administered by a metered dose inhaler through a spacer.

Spirometry was repeated after 15 minutes and FEV; bronchodilator reversibility (BDR) calculated.



Exhaled nitric oxide

The fraction of exhaled nitric oxide (FeNO) was measured using an online single breath analyser
(NIOX MINO®, Aerocrine, Stockholm, Sweden) at a flow rate of 50ml/s according to ERS/ATS
guidelines (3) Participants exhaled slowly into the meter as guided by visual and audio
feedback. A minimum of two measurements were performed per participant and the mean

recorded as parts per billion (ppb).

Sputum induction

Sputum induction was performed using a DeVilbiss 2000 Ultrasonic nebuliser (Somerset, PA,
USA), and inhalation of hypertonic (0.9 to 4.5%) saline using a standardised protocol, based on the
method of Pavord et al.(4). Participants with a post bronchodilator FEV; of less than 1.5 L or less
that 50% predictedious or previous adverse event with hypertonic saline underwent induction with
a modified protocol starting with 0.9% saline and increasing in increments to 4.5% saline if
tolerated. Sputum plugs were selected and dispersed using 1,4 dithioerythritol. Differential cell
counts were determined by assessment of a maximum of 400 inflammatory cells on Diff-Quick
stained cytospins. Cytospin assessments were performed centrally with the outcome of the
cytospin analysis determining the suitability of the sample for analysis. Sample viability and a cut-
off of <40% squamous cells in the cytsopin was the default for samples being made available for
analysis. Sputum supernatant was processed for lipidomics and proteomics, cell pellets for

transcriptomic and proteomic analyses and the bacterial plug for metegenomics.

Skin prick testing

Skin prick testing was performed to common allergens using single headed lancet and positive
(histamine 10mg/ml) and negative (saline) controls (ALK-Abello, Horshglm, Denmark) according to
published methods (5). All sites tested to house dust mite (mixture of Dermatophagoides
pteronyssinus and Dermatophagoides farinae), cat, dog, grass pollen mixture, tree pollen mixture

and aspergillus. Where relevant to a specific centre, up to three other allergens such as cockroach



and Olea europea and Parietaria were additionally included. A positive skin prick test was defined

as a wheal 23mm in the presence of positive (3mm) and negative (Omm) controls.

Serum specific IgE assessment

Additionally, total IgE and specific IgE tests to the six common aeroallergens were measured
(Thermo Fisher, Uppsala, Sweden). Allergic sensitisation was defined as at least one test with a

specific IgE 20.34IU. These measurements were made in the laboratory of the individual site.

Blood sampling

Blood samples were obtained for measurement of routine haematological and biochemical indices.
These measurements were made in the laboratory of the individual site. Blood samples were
collected in all cohorts for proteomics (serum sample), lipidomics (plasma sample) and

transcriptomics (EDTA and PaxGene). Optionally, a sample was collected for genetic analysis.

Urine sampling

A urine sample was collected from participants in all cohorts for lipidomic and metabolomic

analysis.

Forced oscillation technique

A forced oscillation technique (FOT) device (Resmon™Pro, Restech, Milan, Italy) was used to
measure airway impedance in selected centres. The device was calibrated prior to each study visit
according to the manufacturer’s guidelines. SABAs and LABAs were withheld as per spirometry
measurements. The participant was asked to breathe tidally through the mouthpiece. Impedance
time series was measured at a single frequency (10 minutes at 8Hz). The second measurement
(10 min at 8 Hz) started immediately after administration of 400mcg (4 puffs) of salbutamol via a

spacer. Impedance, raw pressure and flow were recorded for each measurement.

Plethysmography



Total lung capacity (TLC) and residual volume (RV) were measured by body plethysmography in
selected centres and used to determine the specific airway conductance (sGaw). SABAs and
LABAs were withheld as per spirometry measurements. Plethysmography was performed after
administration of salbutamol for bronchodilator reversibility. The subject was instructed to breathe
quietly until a stable end-expiratory level was achieved. When the subject was at or near forced
residual capacity (FRC), the shutter was closed at end-expiration for 2 to 3 seconds and the
subject was instructed to perform a series of gentle pants at a frequency between 0.5 and 1.0 Hz.
A series of 3-5 technically satisfactory panting manoeuvres were recorded after which the shutter
was opened and the subject performed an expiratory reserve volume (ERV) manoeuvre, followed

by a slow inspiratory vital capacity (IVC) manoeuvre.

CT scan

CT scans were an optional assessment for subjects, excepting healthy controls. This was

performed in conjunction with another project AirPROM (http://www.europeanlung.org/en/projects-

and-research/projects/airprom/home). Site specific scanners were used and calibrated. The patient

inhaled 400 micrograms of salbutamol 10-15 min before commencing the scan.
The patient breathed to maximum inspiration, and then to full expiration at which point the scan
was started. Data were burned on to a DVD and downloaded into the AirPROM database for

analysis.

Exhaled breath for analysis of VOCs

Exhaled breath was collected by selected centres onto sorbent tubes for analysis of volatile
organic compounds (VOCs) by electronic nose (eNose) and gas chromatography — mass
spectrometry (GC-MS. The participant was asked to take a deep inspiration and then exhale slowly
via a mouthpiece into the bag to a minimum of 2 litres. The breath was then pumped into stainless
steel Tenax® GR sorbent tubes via a Teflon connector. The sealed tubes were then shipped to a

central laboratory for processing.

Bronchoscopy Sampling


http://www.europeanlung.org/en/projects-and-research/projects/airprom/home
http://www.europeanlung.org/en/projects-and-research/projects/airprom/home

Subjects were asked to undergo a bronchoscopy as an optional procedure in which all or some of
the following samples were taken: bronchial biopsies and brushings, nasal brushings;

bronchoalveolar lavage was also an option. Subjects were carefully selected to ensure there were
no contraindications for the procedures and sedated to perform the bronchoscopy. Forceps were
1.8mm cupped and cytology brushes were either 2 or 3mm. Up to 10 biopsies were collected per
subject and processed in different media. Biopsies were taken from the 2" and 4" airway carinae
of the right or left lower and middle lobes, working upwards. Up to two brush samples were taken
from the large proximal airways. QC criteria were applied to the biopsy samples processed in GMA

to confirm their suitability for use.

Samples were retained for immunohistochemistry, histology, transcriptomic analyses and tissue

culture.

Nasal brushings were collected by selected centres using a 3mm interdental brush. The brush was
placed towards the back of the inferior turbinate and rotated through 360° and moved forward and
backwards along the inferior turbinate. A maximum of two samples were collected from the same

nostril.
Sample Processing and Biobanking

All samples were processed in accordance with SOPs (Table S4) to ensure the samples were of
sufficient quality for analysis, subject to QC criteria being met. QC of cytospins was centralised.
The Centre for Integrated and Molecular Research biobank was responsible for the Biobanking
including for the logistics which coveried sample kit preparation, sample labelling, transport via
couriers, storage and tracking of the samples in a LIMS system. The biobank is 1SO9001

certificated.

Data management and statistics

Data were entered into an eCRF, cleaned and verified before being transferred to the Transmart

system (6). In addition, sample IDs in the e-CRf were reconciled with the samples received by the



biobank. The U-BIOPRED dataset was screened for extreme outliers and potential data entry
errors, and clinical sites were asked to correct them. After corrections had been obtained, an
“analytical view” of the data was generated, excluding any remaining data that was reasonably
considered erroneous by both the clinical and statistics groups. In the analytical view, any
outstanding problematic values were set to NULL. Meanwhile the raw data was retained for

reference purposes. All consortium analyses were undertaken on the analytical view

All planned statistical analyses were reviewed by U-BIOPRED's lead statistician and its Statistical
Advisory Group. Centralised statistical support was provided throughout the analysis process. A
consortium-wide strategy on the handling of missing data was used, and a common training/
validation scheme was implemented. Independent replication of research findings will be actively

sought.



Table S1: Summary of Study Population

Cohort Group Therapy
Cohort A High dose ICS = /or
Severe asthma (non- ocCs
smokers) (=21000mcg FP daily or
equivalent)
plus
one other controller
medication

Disease Control
Uncontrolled (GINA
guidelines)[85], three or
more of the following
present in any week in
the preceding 4 weeks:
(1 Daytime symptoms
more than twice per
week

[0 Any limitation of
activities

[0 Nocturnal
symptoms once or
more per week

[1 Need for reliever
treatment more than
twice per week

[1 Pre bronchodilator
FEV1<80% predicted or
personal best

AND / OR

Freguent severe
exacerbations (=2 per
year requiring high dose
OCS or doubling of
maintenance dose for at
least three days or
requiring hospitalisation)

Asthma Diagnosis

o Improvement in FEV1
= 12% or 200ml
predicted after inhalation
of 400 mcg salbutamol

OR

o Airway hyper-
responsiveness (PCzo
<8mg/ml)

OR

o Diurnal variation in
PEF: amplitude % mean
of twice daily PEF > 8%

OR

o Decrease in FEV1
>12% and >200mls
within 4 weeks after
tapering treatment with
one or more of the
following drugs: ICS,
OCS, LABA, SABA

PLUS

a history of wheeze
occurring spontaneously
or on exertion

Smoking status

Non smoker for at least
the past 12 months with
a pack history of <5
years.

Other

Under the follow up of a
respiratory specialist for
=6 months



Cohort B

Severe asthma (current
smokers or ex-smokers)
Cohort C

Mild to

moderate asthma

Current smoker or ex- As above
smoker with a pack

history of >5 years.

As above As above As above

Low to moderate dose ICS
(<500mcg FP daily or
equivalent)

Controlled (GINA
guidelines)[85], all of the
following in the preceding 4

Non-smoker for the past 12
months with a pack history of

o Improvement in FEV12
<5 years

12% or 200ml predicted after

weeks:

[ Daytime symptoms twice
per week or less

[J No limitations to activities
[1 No nocturnal symptoms

) Need for reliever treatment
twice per week or less

L] Pre bronchodilator FEV1 >
80% predicted

OR

Partly controlled (GINA
guidelines)[85], one or two
present in any week in the
preceding 4 weeks:

[1 Daytime symptoms more
than twice per week

[1 Any limitations to activities
[1 Any nocturnal symptoms
[1 Need for reliever treatment
twice per week or more

Pre bronchodilator FEV1 <
80% predicted

inhalation of 400 mcg
salbutamol

OR

o Airway hyper-
responsiveness (PCz2o
<8mg/ml)

OR
o Diurnal variation in PEF:

amplitude % mean of twice
daily PEF > 8%

OR

o Decrease in FEV1>12%
and >200mls within 4 weeks
after tapering treatment with
one or more of the following
drugs: ICS, OCS, LABA,
SABA

PLUS
A history of wheeze occurring
spontaneously or on exertion



Cohort D None No asthma No Non smoker for  Healthy individuals, free

Healthy volunteers Pre bronchodilator FEV1 history at least the past  of significant disease
280% predicted of 12 months with
asthma a pack history of

<5 years



Table S2: Inclusion and Exclusion Criteria (excluding treatment and asthma control see Table S1)

ALL COHORTS

General Inclusion Criteria

General Exclusion Criteria

Able to give written informed consent prior to participation in the
study, which includes ability to comply with the requirements and
restrictions listed in the consent form. Informed consent must be
obtained prior to undertaking any study procedures.

Male or female subject aged 18 years or older at screening.
Able to complete the study and all measurements.

Able to read, comprehend, and write at a sufficient level to
complete study related materials.

Subjects will be allowed to enrol in other studies while taking part
on this study. However, Permission from the Scientific Board must
be obtained to enrol or allow the continued participation of a
subject enrolled in another study.

o

As a result of medical interview, physical examination or
screening investigation the physician responsible considers the
subject unfit for the study either because of the risk to the subject
due to the study or the influence this may have on the study
results.

The subject has a history of recreational drug use or other
allergy, which, in the opinion of the responsible physician, contra-
indicates their participation.

Subject is female who is pregnant or lactating or up to 6 weeks
post partum or 6 weeks cessation of breast feeding. If a woman
is subsequently found to have been pregnant at the time of an
assessment data from that assessment will not be included in the
analyses.

The subject has participated within 3 months of the first dose in a
study using a new molecular entity, or the first dose in any other
study investigating drugs or having participated within three
months in a study with invasive procedures. Any U-BIOPRED
assessments should be deferred until 3 months after the first dose
or invasive procedure. Permission from the Scientific Board must
be obtained to enroll or allow the continued participation of a
subject enrolled in another study.

Those who, in the opinion of the investigator, have a risk of non-
compliance with study procedures.

The subject has a recent history of incapacitating psychiatric




disorders

History or current evidence of an upper or lower respiratory
infection or symptoms (including common cold) within 2 weeks of
baseline assessments (assessments should be deferred).

COHORT A

Additional Inclusion Criteria

Additional Exclusion Criteria

Subjects must have been under the follow up of a respiratory
specialist for at least 6 months prior to enrolment in the study.
During this time appropriate investigations should have been
performed to exclude other diagnoses and steps taken to optimise
asthma control including treatment of co-morbidities, assessment
of adherence, and reduction in allergen exposure in sensitised
subjects.

Subjects must be classified as hon-smokers with a pack history of
<5 years

Definition of non-smokers: A non-smoker for at least the past 12
months with a pack history <5 pack years.

Pack years = No cigarettes smoked/day x No of years smoked

20

Subject has changed asthma medication within the 4 weeks prior
to screening (except those using the Symbicort maintenance and
reliever therapy (SMART) regime).

Subject had a severe asthma exacerbation (requiring high dose
OCS or a doubling of maintenance OCS for at least 3 days) in the
previous month.

Significant alternative diagnoses that may mimic or complicate
asthma, in particular dysfunctional breathing, panic attacks, and
overt psychosocial problems (if these are thought to be the major
problem rather than in addition to severe asthma)

Significant other primary pulmonary disorders in particular
pulmonary embolism, pulmonary hypertension, interstitial lung
disease and lung cancer

Subjects with emphysema and bronchiectasis should only be
excluded if this is thought to be the major pulmonary disorder
rather than in addition to severe asthma

Diagnosis or current investigation of occupational asthma

Diagnosis of chronic inflammatory diseases other than asthma




(inflammatory bowel disease, rheumatoid arthritis)

Any subjects currently participating, or having participated within 3
months of the first dose in a study using a new molecular entity, or
the first dose in any other study investigating drugs or having
participated within three months in a study with invasive
procedures will not be eligible for the telemonitoring study or to
attend the exacerbation visits. Permission from the Scientific
Board must be obtained to enroll or allow the continued
participation of a subject enrolled in another study

Co

hort B

Additional Inclusion Criteria

Additional Exclusion Criteria

1. Subjects must have been under the follow up of a respiratory
specialist for at least 6 months prior to enrolment in the study. During
this time appropriate investigations should have been performed to
exclude other diagnoses and steps taken to optimise asthma control
including treatment of co-morbidities, assessment of adherence, and
reduction in allergen exposure in sensitised subjects.Definition of
asmoker: current smoker in the past 12 months irrespective of pack
years

Definition of an ex-smoker: a non-smoker for at least the past
12 months with a pack history of > 5 years

O

o Pack years = No cigarettes smoked/day X number of years

smoked

20

As for cohort A




Cohort C

Additional Inclusion Criteria

Additional Exclusion Criteria

A non-smoker for at least the past 12 months with a pack history | ¢ Subject has changed asthma medication within the 4 weeks prior
<5 pack years:

O

Definition of non-smokers: A non-smoker for at least the past

12 months with a pack history <5 pack years

Pack years = No cigarettes smoked/day x number of years

smoked

20

to screening.

e Subject had a severe asthma exacerbation (requiring high dose
OCS or a doubling of maintenance OCS for at least 3 days) in the
previous month.




Cohort D

Additional Inclusion Criteria

Additional Exclusion Criteria

Healthy; defined as individuals who are free of significant
cardiovascular, pulmonary, gastrointestinal, hepatic, endocrine,
renal, haematological, neurological and psychiatric disease as
determined by medical history, physical examination and clinical
chemistry/haematology/urinalysis investigation.

Pre bronchodilator FEV; 280% predicted

A non-smoker for at least the past 12 months with a pack history
<5 pack years.

Pack years = No cigarettes smoked/day X No of years

smoked

20

Not applicable




Fig S1 Study flow chart
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Table S3. Summary of assessments for Screening and Baseline

All participants ~ Subgroup

Informed consent

Algorithm for inclusion/exclusion
Adverse events

Demographics

Asthma / exacerbation history
Past medical history

Drug history

Current medications

MARS

Smoking history

Atopy, exposures and triggers
Physical examination (and ECG)
ACQ

AQLQ

HADS

SNO-22

Epworth sleep questionnaire
Diary

Telemonitoring x4
Spirometry

Bronchodilator reversibility
Airway hyper-responsiveness
Forced oscillation technique

Plethysmography

XXXXXXX X XXXXXXXXXX

CT scan (optional) not healthy controls
Urinary cotinine or carbon monoxide breath
test

Pregnancy test (if indicated)
Haematology and biochemistry

Total IgE

Specific IgE tests

Sputum induction and processing
(cytology, proteomics, lipidomics)
Exhaled nitric oxide

Skin prick tests

Exhaled breath (VOC analysis by eNose
and GC-MS)

Blood sample genetics (optional)

Plasma blood sample (lipidomics,)
PaxGene blood sample (transcriptomics)
Serum sample (proteomics)

Urine sample ( lipidomics,metabolomics,
cotinine)

XX XXX X XX X XXXX X X X X XXX

a. optional part of the study

b. At the discretion of the clinician in charge, a methacholine challenge will be conducted in the
asthma cohorts at the screening visit or baseline visit (appendix 2). If methacholine challenge was
performed in the previous 12 months the results from the clinical assessment can be used.

c. Ifthese blood tests were performed within 3 months of the screening visit theses do not need to

be repeated unless clinically indicated



List of Standard Operating Procedures

SOPS used in the study included both local SOPs and those written for U-BIOPRED,; these
cover clinical assessments, sample collection, sample processing and biobanking. SOPS
were version controlled and made available to study participants, on-line as a Study

Reference Manual, where study reference material was also provided.

The SOP template has sections covering: Aim, Related Documents,
Equipment/Formulations, Contraindications, Preparing the Subject, Safety, Preparing the
Equipment, Collection Volume/Size and Size of aliquots, Sample Collection, Sample
Processing, Quality Control/Calibration, Sample Labelling, Execution and References plus a

section including Name of the SOP, the preparer and authoriser, version ID and date.



Table S4: SOPS and Reference Material

Document Name SOP/ | Scope
Ref

Clinical and Respiratory

Assessments

Vital Signs SOP | Covers measuring blood pressure, heart rate, respiratory
rate with normal ranges; weight and height

Skin Prick Tests SOP | Covers allergy skin testing and the range of allergens
used

Adult Asthma diary SOP | Covers data to be recorded daily for asthma symptoms
and medication use

Tele-monitoring and Symptoms | SOP | Covers daily monitoring of symptoms and lung function for
the tele-monitoring sub-study

Patient and Parent's Manual | SOP | Specifies use of the PIKO device for measuring daily lung

PIKO function in the tele-monitoring sub-study

Data Transfer from PIKO SOP | Describes the hardware, software and process for the
download of data from the PIKO and export of data into a
database

Spirometry SOP | Covers spirometry procedure with data to be collected,
FVC, FEV,, FEV,/FVC and reversibility with the
reference range to be used

Methacholine Challenge SOP | Describes methods and stipulation that to be performed
according to ATS guidelines

Exhaled Nitric Oxide SOP | Details measuring fractional exhaled nitric oxide using the
hand held NIOX MINO®

Plethysmography SOP | Details measuring total lung capacity, residual volume,
and determining the specific airway conductance by body
plethysmography, post- inhaled bronchodilator only.

Forced Oscillation Technique SOP Details measuring airway mechanics, e.g. impedance
(Zrs), using the forced oscillation technique, during
normal tidal breathing

CT scan SOP For each of the following scanners: Siemens 16 and 64,
Philips 16 and 64, GE 16 and 64, Toshiba Aq 64, as
different scanners were used across the study. These
were provided by the AirProm project under a
Memorandum of Understanding

Sample Collection and

Processing

Sample Collection Kits Labelling | Ref Describes scope of kits to be used, with labels and

and Scanning scanning procedure

Configuration of the Motorola | SOP | Covers configuration of barcode scanner before scanning

DS6707 2D bar code scanner samples into e-CRF

Collection of venous blood | SOP | Refers to own local SOPs and provides guidance

(vacutainer)

Processing of whole human | SOP | All samples for lipidomics as blood/EDTA and 250ul

venous blood to generate aliquots. Stored at -80°C.

plasma for lipidomics

Collection of Human Venous | SOP | All samples for DNA extraction as blood into EDTA

Blood Sample for Genetics minimum of 5ml and up to 9ml. Stored at -80°C.

Processing of whole human | SOP | Covers processing of whole blood to provide serum

venous blood to generate serum supernatant as 250ul aliquots. Stored at -80°C.

for proteomics

Collection of PAXgene venous | SOP | Covers collection of PAXgene to provide 2.5ml aliquots.

blood for transcriptomics Stored at -80°C.

Collection and preparation of | SOP | Covers collection of urine as 6ml aliquots. Stored at -80°C.

urine for analysis of eicosanoids

and other biomarkers

Induced sputum collection SOP | Covers the procedure to induce sputum production with




flow chart demonstrating process

Processing of human sputum | SOP | Covers the processing to provide sputum plug for

samples for bacteriology and bacteriology, 250ul supernatant for proteomics and

analysis using proteomic, lipidomic, cell pellets for transcriptomics and proteomics

lipidomic and transcriptomic All stored at -80°C. All only useable on fulfilling QC criteria

technologies from analysis of cytospins

Sputum cytospin QC process Ref Process for QC of cytospins

Trapping exhaled VOCs on | SOP | Covers the procedure of trapping volatile organic

Tenax® GR tubes for storage compounds (VOCs) in exhaled breath onto sorbent tubes.

and transportation.

Bronchoscopy and  Airway | SOP | Covers the bronchoscopy procedure and sampling of the

Sampling in Adults airways for biopsies and bronchial brushings and the
process for performing bronchoalveolar lavage. Additional
medical considerations and safety precautions for
bronchoscopy included.

Nasal Brush Sampling SOP | Covers the process for obtaining nasal brush samples

Processing of brush samples for | SOP | Covers the processing of both nasal and bronchial

RNA extraction and cytospins brushes for RNA extraction and for cytospins

Processing of biopsies into | SOP Details the processing of bronchial biopsies into glycol

GMA resin methylacrylate resin. Storage at -20°C

Processing of biopsies into | SOP Details the processing of bronchial biopsies into paraffin

paraffin wax blocks. Storage at room temperature.

Processing of biopsies into RNA | SOP | Covers the preparation of the biopsies for RNA extraction.

later Storage at -80°C

Freezing biopsies into liquid | SOP | Covers the freezing of bronchial and nasal biopsies in

nitrogen liquid nitrogen. Storage at -80°C.

Quality Assessment of GMA | SOP | Covers the process for assessing biopsy quality, by

embedded biopsies and checking the morphology and suitability for subsequent

workflow immunohistochemical staining procedures, and the
reporting procedure.

Processing of human | SOP | Describes the process for processing the lavage sample

Bronchoalveolar Lavage and creating slides for immunohistochemical staining and

samples for  analysis using samples for both macrophage cultures and RNA

proteomic, lipidomic and extraction.

transcriptomic technologies

Local storage and shipping of | Ref Covers storage conditions for samples and the process for

samples to biobank

shipping from centres to the biobank




Table S5

Severe asthma groups combined n= 421 (severe non-smoking asthma SAn plus smokers and ex-
smokers with severe asthma SAs/ex) and split by smoking status.

Current Ex-Smoker NeverSmoker P-value
Smoker
N 42 115 264
Mean 51.76 55.44 50.41
Age (yr) (SE) (1.74) (1.06) (0.88) 0.125
[N] [42] [115] [264]
Age at Median 26.5 38 19.5
. - (IQR) (7_42) (20_48) (7_37) 0.043
Diagnosis(yr) IN] [42] [113] [256]
n/N 24/42 62/115 175/264
Female (%) (57.1) (53.9) (66.3) 0.250
Mean 27.31 30.3 29.07
BMI (kg/m2) (SE) (0.81) (0.59) (0.39) 0.008
[N] [42] [115] [264]
Median 140 117 114
IgE (1U/ml) (IQR) (84_310) (62_351) (42_326) 0.747
IN] [40] [111] [255]
64.22 67.58 67.92
FEV, (%) Me""[’l‘\ﬂ(SE) (2.78) (1.93) (1.37) 0.297
[42] [115] [261]
88.11 90.33 86.76
FVC (%) Mea[rlll](SE) (2.44) (1.88) (1.20) 0.523
[42] [115] [261]
Mean 0.6 0.61 0.65
F(EA\(’:lt/u FaVI)C (SE) (0.02) (0.01) (0.01) 0.041
[N] [42] [115] [261]
Exacerbations in Mean 2.64 2.57 2.44
. (SE) (0.46) (0.22) (0.14) 0.618
Previous Year IN] [42] [115] [263]
. n/N 1/42 11/114 29/260
Intubation (Ever) (%) 2.4) ©.7) (11.2) 0.112
ICU Admission n/N 6/42 20/114 721260 0.072
(Ever) (%) (14.3) (17.5) (27.7) '
Median 20.15 8.1 NA
Pack Years (IQR) (14_28) (3_18) (NA) <0.001

[N] [42] [115]
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