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1. Summary of the impact (indicative maximum 100 words)

In 1994, Professor Barnes and colleagues at Imperial College showed that nitric oxide (NO)
concentrations were increased in the breath of asthmatic patients compared to non-asthmatic
controls and were reduced after treatment with inhaled steroids. They subsequently demonstrated
that exhaled NO (FEyo) could be reliably measured in the clinic, was correlated with eosinophilic
airway inflammation in asthma, was increased with airway inflammation and decreased when
asthma was controlled. Exhaled NO has subsequently been shown by many investigators to be a
useful non-invasive biomarker of airway inflammation in asthma and to improve clinical
management in selected patients. They demonstrated that nasal NO is very low in patients with
primary ciliary dyskinesia and is now recommended worldwide as a diagnostic test for this disease
as it is a much easier method than previously available tests.

2. Underpinning research (indicative maximum 500 words)

Key Imperial College London researchers:

Professor Peter Barnes, Professor of Thoracic Medicine (1985-present)
Dr Sergei Kharitonov, Clinical Lecturer (1993-2011)

Dr Paolo Paredi, Clinical Research Fellow (2000-present)

Dr Ron Logan-Sinclair, Medical Engineer (1990-2008)

In 1994, Professor Barnes and colleagues at Imperial demonstrated that there was an increase in
NO in exhaled breath of asthmatic patients compared to normal subjects and that the levels of
exhaled NO were reduced in patients treated with inhaled corticosteroids (1). This research was
based on the finding that inducible NO synthase (iNOS) was increased by inflammatory stimuli in
rodents and in asthmatic airways. NO gas had previously been detected in the airways of rodents
and a single human breath sample by mass spectrometry. In collaboration with Dr Logan-Sinclair
from Medical Engineering in the Royal Brompton Hospital, we were able to develop the first
chemiluminescence analyser to detect NO in exhaled air, with a sensitivity down to 1 part per
billion (ppb). NO is detectable in normal subjects with levels of around 10ppb, whereas in patients
with untreated asthma values of over 25ppb are usually found.

In the initial studies we demonstrated that NO levels in the nasopharynx were extremely high
(~1000ppb) and could contaminate measurements of expired NO. We then showed that expiring
against an external resistance (~3mm mercury) that the elevation of the soft palate sealed off the
nasopharynx and prevented contamination from the upper airways (2). We also demonstrated for
the first time that exhaled NO was flow-dependent and that it was very important to regulate
expiratory flow. These methods were subsequently adopted by other research groups and formed
the basis of the first international guidelines on exhaled NO measurement. We also showed in
1996 that direct sampling from the lower airways through a bronchoscope gave similar values to
measurements at the mouth, indicating that exhaled NO reflected local concentrations in the lungs

3).

In 1996 we demonstrated that exhaled NO increased during the late inflammatory response to
inhaled allergen in asthmatic patients, whereas it was rapidly reduced in a dose-related manner by
inhaled corticosteroids (4) and was virtually abolished by a selective inhibitor of INOS (5). These
early studies, in the 1990s at Imperial, indicated that exhaled NO appeared to reflect the airway
inflammation of asthma which increases airway NO via iINOS and is reduced by effective anti-
inflammatory therapy. This suggested that exhaled NO could be useful in monitoring asthmatic
airway inflammation and therefore therapy. In later studies we demonstrated that exhaled NO
returned to normal values in asthmatics treated effectively with inhaled corticosteroids but in
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severe asthma patients the levels were often increased, indicating persistent inflammation despite
even high doses of steroid therapy, indicating a degree of steroid resistance. We also suggested
that exhaled NO could be used to monitor compliance with inhaled corticosteroid therapy. In
subsequent studies we demonstrated that exhaled NO was correlated with sputum eosinophils,
bronchial eosinophils and airway hyperresponsiveness. We showed that exhaled NO was also
increased in asthmatic patients due to occupational exposure.

We also studied exhaled NO in other airway diseases, showing that it was not increased in patients
with chronic obstructive pulmonary disease (COPD), except during acute exacerbations and that it
may therefore be useful for differentiating from asthma. We showed that exhaled NO was
increased in bronchiectasis, but decreased in cystic fibrosis and smokers as NO was converted to
soluble nitrate by superoxide anions. We also demonstrated that nasal and exhaled NO are
markedly reduced in primary ciliary dyskinesia (6). All of these observations were subsequently
confirmed by other research groups.
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Key funding:

e Asthma UK (National Asthma Campaign) (1994-1996; £120,000), Principal Investigator (PI) P.
Barnes and S. Kharitonov, Measurement and significance of exhaled nitric oxide in asthma.

e Asthma UK (2000-2001; £130,000), PI P. Barnes and S. Kharitonov, Peroxynitrite in asthma.

o Novartis (2004-2007; £274,000), PI P. Barnes and S. Kharitonov, Biomarkers in COPD.

e AstraZeneca (2002-2007; £1,150,000), PI P. Barnes and S. Kharitonov, Exhaled biomarkers in
asthma.

4. Details of the impact (indicative maximum 750 words)

Impacts include: health and welfare, public policy and services, practitioners and services,
commerce
Main beneficiaries include: practitioners, patients, British and American Thoracic Societies, medical
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device industry

On the basis of research initiated at Imperial measurement of exhaled NO has now become routine
in clinical practice and is commonly used for the diagnosis and management of asthma [1] and in
clinical trials to assess the effects of novel anti-inflammatory treatments in asthma [2].

International guidelines for the clinical use of exhaled NO by the American Thoracic Society in
2011 recommend the use of exhaled NO as part of clinical practice in asthma [3]. These guidelines
specify that exhaled NO be used to diagnose eosinophilic airway inflammation; to determine the
likelihood of responsiveness to corticosteroids in patients with chronic respiratory symptoms due to
airway inflammation; to diagnose asthma and to monitor airway inflammation in asthma patients
[3; page 603]. The 2012 British Thoracic Society guidelines on management of asthma also
include the use of exhaled NO as a non-invasive measure of eosinophil count in children and
corticosteroid response [4].

Clinical trials have demonstrated that measurement of exhaled NO to monitor asthma control leads
to reduction in exacerbations [5], although this has not been confirmed in unselected patients [6].
Exhaled NO has also been used to monitor and improve adherence with corticosteroid therapy in
patients with refractory asthma [7].

In the light of our research several analysers for measuring exhaled NO were developed and
marketed. Professor Barnes was an advisor to one of the companies called Aerocrine (Stockholm,
Sweden) [7], which became the market leader in this field with annual sales of £15m/year. As a key
advisor to Aerocrine Professor Barnes was closely involved in the development of a hand-held NO
analyser that is much easier to use in clinical practice (NIOX-MINO). This portable exhaled NO
device was approved by the FDA in 2008 and has sold over 6 million tests since then [8].

Following our demonstration that nasal NO is very low in patients with primary ciliary dyskinesia
(PCD) [9], nasal NO is now recommended in the 2012 European guidelines for the screening for
PCD [9].
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