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SUMMARY 

 

 

BACKGROUND 

 

Electronic noses (e-nose) rely on arrays of chemical vapor sensors that respond to specific 

stereochemical characteristics of an odorant molecule, particularly Volatile Organic 

Compounds (VOCs). Unlike GC-MS, e-noses can distinguish VOCs mixtures by pattern 

recognition. E-nose technology has successfully been used in commercial applications, 

including VOCs detection and analysis in the environment and in food industry.   

Human exhaled breath contains a mixture of thousands of VOCs, which provides the 

hypothesis that e-nose technology can have medical applications. We addressed this 

hypothesis by assessing the ability of an e-nose in the diagnosis of three types of lung 

diseases:  

a) an inflammatory lung disease like asthma,  

b) thoracic neoplasms like lung cancer and malignant pleural mesothelioma, 

c) an interstitial lung disease: sarcoidosis.  

We added GC-MS analysis in asthma and mesothelioma, aiming to identify the discriminative 

VOCs between patients and controls.  

 

ELECTRONIC NOSE IN ASTHMA 

 

In Chapter 2 we aimed to evaluate whether an e-nose could discriminate exhaled breath of 

patients with asthma from healthy controls and between patients with different disease 
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severities. In addition, we aimed to validate the sampling technique and breathing maneuvers 

for exhaled breath collection and analysis by e-nose.  

We selected well-characterized groups of patients with mild and severe asthma and two 

control groups according to the different age ranges that were observed in the two study 

groups. A cross-sectional study with a duplicate sampling of exhaled breath was performed.  

We observed that the sampling method needed careful standardization, because the eNose 

results (‘breathprints’) were influenced by the inspiratory air, by the breathing volume and 

flow. The data showed a clear distinction of “breathprints” between mild asthma and controls 

as well as between severe asthmatics and controls (accuracy 100% and 90%, respectively). 

Patients with mild and severe asthma could be less accurately discriminated (accuracy 65%), 

whereas the two control groups were indistinguishable. These results were confirmed when 

analyzing the duplicate samples. These findings indicate that the method of breath sampling 

requires strict standardization and that asthmatics can be distinguished from healthy subjects 

by the molecular pattern in exhaled air. These data warrant further validation by strictly 

following the STARD guidelines in the assessment of an e-nose as a novel diagnostic tool for 

asthma. 

 

ELECTRONIC NOSE IN LUNG CANCER 

 

In Chapter 3 we aimed to assess whether an e-nose could distinguish the VOCs pattern of 

patients with lung cancer from COPD patients and healthy controls. 

We enrolled well-characterized groups of patients with Non-small cell lung cancer, COPD 

(which is often associated with the development of the lung neoplasm) and healthy controls 

for a cross-sectional study by collecting exhaled breath with a previously standardized 

method and e-nose sampling.  
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This study showed an accuracy of 85% for the correct identification of lung cancer and COPD. 

Additionally, breathprints of patients with lung cancer were accurately discriminated from 

those of healthy controls with 90% accuracy. This discrimination between groups was 

reproducible in duplicate measurements.  

We concluded that lung cancer and COPD are characterized by specific breathprints, allowing 

the distinction between the two diseases by e-nose analysis. Therefore, if validated the e-nose 

may qualify as a non-invasive diagnostic tool for lung cancer in the future. 

 

ELECTRONIC NOSE IN MALIGNANT PLEURAL MESOTHELIOMA 

 

In Chapter 4 we investigated in a proof-of-concept study whether Malignant Pleural 

Mesothelioma (MPM) could be detected in exhaled breath by an e-nose. We compared well-

selected groups of long-term asbestos exposed patients with and without MPM, and healthy 

non-asbestos exposed controls.  

In the discrimination between patients with MPM and asbestos exposed without the 

neoplasm an 80.8% accuracy was reached. MPM could also be distinguished from healthy 

controls with 84.6% accuracy. Repeated measurements confirmed these studies. 

We extended our findings by performing GC-MS analysis on exhaled breath samples with the 

intention to identify the discriminative VOCs among the groups above, as described in 

Chapter 5. We showed that Cyclohexane was the discriminative compound for MPM and 

Cyclopentane was the dominant compound in the discrimination between asbestos-exposed 

without MPM and the other two groups. Our results suggest that the use of e-nose as a non-

invasive diagnostic tool for MPM is feasible and warrants the next steps towards its 

validation. Individual VOC identification by GC-MS should always run in parallel with e-nose 

analysis, providing an aid in understanding pathophysiological molecular pathways.  
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ELECTRONIC NOSE AND SARCOIDOSIS 

 

In Chapter 6 we expanded our focus beyond airway disease to investigate whether an e-nose 

could “sniff-out” sarcoidosis, a systemic granulomatous disease that very frequently affects 

the lungs. We performed e-nose measurements in well-characterized untreated and treated 

patients with sarcoidosis and in healthy controls. 

We reached an accuracy of 83.3% in the discrimination between breathprints of patients with 

untreated sarcoidosis and healthy controls. Repeated measurements confirmed those results. 

The e-nose was less successful to discriminate between untreated and treated sarcoidosis 

(accuracy 74.2%), whereas the treated sarcoidosis group was undistinguishable from controls 

(accuracy 66.7%). A robust and larger training set of “pure”, i.e. untreated patients with 

sarcoidosis should overcome this limitation and in order to provide a gold standard 

sarcoidosis breathprint. 

 

CONCLUSIONS 

 

This thesis describes 5 studies aimed to test the capacity of e-noses to discriminate patients 

with respiratory diseases from controls. These studies represent the very first step towards 

the validation of e-nose technology in respiratory medicine, including airways disease, lung 

cancer and interstitial lung disease. 

 

1) An e-nose can discriminate exhaled breath of asthmatics from controls but is less 

accurate in distinguishing between asthma severities (Chapter 2). 
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2) VOCs-patterns of exhaled breath discriminates patients with lung cancer from chronic 

obstructive pulmonary disease (COPD) as well as healthy controls (Chapter 3).  

3) Molecular pattern recognition of exhaled breath can correctly distinguish patients with 

Malignant Pleural Mesothelioma (MPN) from subjects with similar occupational 

asbestos exposure without MPM and from healthy controls (Chapter 4). Cyclopentane 

and Cyclohexane are the dominant variables able to discriminate among the three 

groups (Chapter 5).  

4) An e-nose can discriminate untreated patients with active sarcoidosis from healthy 

controls (Chapter 6).  

 

This thesis has helped to open up the field of eNose application in various, chronic respiratory 

diseases.  The data from this thesis warrant further external validation by studies in new 

patients and controls in other hospitals. When doing so, it is recommended to use the newest 

sensor technology and to obey the STARD Guidelines for validation of diagnostic accuracy. 

Finally, eNose application in the subphenotyping and the longitudinal monitoring of (co-

morbid) patients is strongly advocated.  


