Methods We performed a randomised, cross-over trial in 21 mildto-moderate persistent asthmatics receiving ICS with elevated
FeNO (>30ppb) that increased further (>10ppb) after ICS washout. Patients were randomised to 2 weeks of either fluticasone propionate 50µg twice-daily (FP100) or 250µg twice-daily (FP500). The
primary outcome was response in diurnal domiciliary FeNO levels.
Secondary outcomes included: mannitol challenge; serum eosinophilic cationic protein (ECP); blood eosinophil count; and asthma
control questionnaire (ACQ).
Results We found significant dose-related reductions of diurnal
FeNO compared to baseline - morning FeNO: baseline=71ppb
(95%CI:61–83ppb); FP100=34ppb (95%CI:29–40ppb), p<0.001;
FP500=27ppb (95%CI:22–33ppb), p<0.001; and significant dose
separation for morning, p<0.05, and evening, p<0.001. Time series
FeNO displayed exponential decay (Figure 1): FP100 R2=0.913, halflife=69hrs (95%CI:50–114hrs); FP500 R2=0.966, half-life=55hrs
(95%CI:45–69hrs); as well as diurnal variation. ACQ showed significant improvements exceeding the minimal important difference
(>0.5) with values in keeping with controlled asthma (<0.75) after
each dose: FP100=0.48 (95%CI:0.24–0.71), p=0.004; FP500=0.37
(95%CI:0.18–0.57), p=0.001. All other secondary inflammatory
related outcomes (mannitol, ECP and eosinophils) showed significant improvements from baseline but no dose separation.
Conclusions There is a significant dose-response of diurnal FeNO
to ICS in asthmatics with an elevated FeNO phenotype, which
translates into well-controlled asthma. Further interventional studies are warranted using domiciliary FeNO in this specific
phenotype.
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INFLUENCE OF BETA-2 ADRENOCEPTOR GENOTYPE ON
RESPONSE TO REGULAR RACEMIC OR LEVOSALBUTAMOL
IN STEROID TREATED ASTHMATICS
doi:10.1136/thoraxjnl-2012-202678.013

WJ Anderson, PM Short, PA Williamson, AE Morrison, CNA Palmer, R Tavendale,
BJ Lipworth. University of Dundee, Dundee, United Kingdom

Background Asthmatic patients receiving inhaled corticosteroids
often take frequent add-on therapy with albuterol despite ondemand prescription. We wished to evaluate trough methacholine

airway hyper-responsiveness (the primary outcome) following regular treatment with racemic salbutamol and levosalbutamol compared to placebo, in steroid treated asthmatics stratified according
to beta-2 adrenoceptor 16 genotype.
Methods We performed a randomised, double-blind, placebo-
controlled, triple crossover trial comparing 2 weeks of regular therapy with inhaled racemic salbutamol (200µg qid); levosalbutamol
(100µg qid); or placebo on methacholine PC20 6 hours post dose in
30 persistent asthmatics (15 homozygous Arg16 and Gly16)
receiving inhaled corticosteroids.
Results There was no rebound worsening of trough airway hyperresponsiveness to methacholine after chronic exposure to either
racemic (p=0.53) or levosalbutamol (p=0.84) compared to placebo;
nor between genotypes - as doubling dilution (dd) difference in
methacholine PC20 from placebo (Figure 1): salbutamol/Arg16=
0.36dd (95% CI: –0.43, 1.15); salbutamol/Gly16=0.01dd (95% CI:
–0.47, 0.49); levosalbutamol/Arg16=–0.01dd (95% CI: –0.89, 0.87);
levosalbutamol/Gly16=0.28dd (95% CI: –0.22, 0.77). Both active
treatments improved morning PEF in Gly16 (p=0.04) but not Arg16
patients (p=0.50); while evening PEF improved in both Gly16
(p<0.001) and Arg16 patients (p=0.006).
Conclusions Chronic exposure to either racemic or levosalbutamol
added to inhaled corticosteroids did not cause rebound worsening of
airway hyper-responsiveness at trough compared to placebo; with
no difference seen between beta-2 adrenoceptor 16 genotypes.
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CAN EOSINOPHIL AND NEUTROPHIL MIGRATION BE THE
KEY TO PHENOTYPING ASTHMA?
doi:10.1136/thoraxjnl-2012-202678.014

JJ Lukawska, 1L Livieratos, 1B Sawyer, 1T Lee, 1M O’Doherty, 1M Kofi, 1J Ballinger,
2
G Gnanasegeran, 2E O’Young, 1C Corrigan, 1G Mullen; 1King’s College London, London,
UK; 2Guy’s and St Thomas’ Hospital NHS Foundation Trust, London, UK
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Introduction To date, our knowledge of in vivo migration of neutrophils and eosinophils in homeostasis and disease states is based on
granulocytes. Here we present a pilot study using purified human
eosinophils or neutrophils and demonstrate their differential in vivo
kinetics in asthmatic and healthy volunteers. Methods: On two
separate occasions 100 ml of blood was obtained from eight human
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Abstract S7 Figure 1
volunteers (4 mild stable asthmatics and 4 non asthmatic, healthy
volunteers) Granulocytes were separated using gradient Ficoll-Paque
PLUS 1.084 centrifugation. Superparamagnetic particles coupled to a
monoclonal antibody against CD16, a surface marker present in neutrophils, were incubated with the granulocytes (containing eosinophils and neutrophils). CliniMACS system (Miltenyi biotec,
Bergisch-Gladbach, Germany; and Becton-Dickinson, Oxford, UK)
was used to obtain highly purified (>93% pure) human blood eosinophils or neutrophils (>; 97%). Purified cells were labelled with Tc99m HMPAO (Ceretec, GE Healthcare) under aseptic cGMP
conditions and 75–100 MBq of labelled cells were administered intravenously. Dynamic lung images were acquired for the first 30 minutes. Further static scans of 5 minutes each were acquired at 1; 2 and
4 hours. Results: We were able to obtain highly purified neutrophils
(positive selection) or eosinophils (negative selection). Kinetics of
eosinophils in lung, liver and spleen differed significantly from kinetics of neutrophils. Initial dynamic lung images revealed a significant
difference in the time activity curves for eosinophils and neutrophils.
Migration of eosinophils from the lungs followed a monexponential
clearance (t1/2) of 4.16 min. While neutrophil had significantly different clearance half-lives of 13.72 min (p=0.0019). There were significant differences in eosinophil and neutrophil migration and
distribution in the liver and spleen (p<0.0018 and p<0.0325). There
was a trend towards faster neutrophil migration in the asthmatics.
This was not statistically significant.
Conclusions For the first time it has been possible to identify distinct patterns of neutrophil and eosinophil migration through lung,
liver and spleen in both healthy volunteers and stable asthmatics.
This technique provides the opportunity for rapid throughput screening of novel therapeutic agents designed to alter leukocyte migration
in disease conditions, or to further phenotype disease such as asthma.
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CLUSTER ANALYSIS REVEALS A DISTINCT SMALL 
AIRWAY-PREDOMINANT PHENOTYPE OF ASTHMA
doi:10.1136/thoraxjnl-2012-202678.015

S Gonem, S Natarajan, R Hartley, S Gupta, 1D Desai, 1S Corkill, 1A Singapuri,
P Bradding, 3P Gustafsson, 2CE Brightling, 2S Siddiqui. 1Glenfield Hospital, Leicester,
United Kingdom; 2Institute for Lung Health, University of Leicester, Leicester, United
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Introduction and objectives Asthma is an inflammatory disease
that is treated with inhaled corticosteroids, but some patients manifest persistent symptoms despite this. Small airway dysfunction
may account for treatment resistance in asthma. We hypothesised
firstly that small airway disease is characterised by multiple and
independent domains, and secondly that small airway biomarkers
define a distinct phenotype of asthma with altered clinical disease
expression.
Methods Ninety-six patients with asthma and eighteen healthy
control subjects were recruited. Participants undertook spirometry,
body plethysmography, single breath determination of carbon monoxide uptake in the lung, multiple breath inert gas washout and
impulse oscillometry. Factor analysis was used to reduce multiple
physiological variables to a smaller number of independent components. Hierarchical and k-means cluster analysis was used to classify asthma patients into groups based on physiological
biomarkers.
Results Factor analysis showed that the measured physiological
biomarkers could be reduced to three independent components,
corresponding to abnormal lung mechanics (R5-R20 and reactance area), airflow obstruction (FEV1 [% pred.] and FVC [%
pred.]) and ventilation heterogeneity (lung clearance index and
Sacin). Cluster analysis classified the asthma patients into two
groups. Patients in Cluster 1 exhibited multiple physiological
abnormalities suggestive of small airway disease, including air
trapping, ventilation heterogeneity and abnormal lung mechanics, as well as significant expiratory flow limitation. In contrast,
patients in Cluster 2 had largely normal physiology. Patients in
Cluster 1 exhibited increased clinical disease expression compared
to patients in Cluster 2, with significantly worse median Asthma
Control Questionnaire-6 (1.33 vs 1.17, p<0.05), Asthma Quality
of Life (5.16 vs 5.97, p<0.01), visual analogue score (VAS) breathlessness (38.5 vs 19.5, p<0.05) and VAS wheeze (33.0 vs 12.0,
p<0.05) scores.
Conclusion Small airway biomarkers define a distinct phenotype
of asthma with multiple physiological abnormalities and increased
disease expression. Future studies should examine the utility of
screening for small airway disease at an early stage as a possible
means of stratifying asthma therapy.
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