
Unveiling the Smell of Health: E-Nose-Based Volatile Organic 

Compound Analysis of Exhaled Breath in Early Lung Cancer 

Detection
Binson V A 1, Sania Thomas 2

1 Department of Electronics Engineering, Saintgits College of Engineering, Kottayam, India.

2 Department of Computer Science and Engineering, Saintgits College of Engineering, Kottayam, India.

https://iecc2024.sciforum.net/

INTRODUCTION & AIM RESULTS & DISCUSSION

CONCLUSION

REFERENCES

METHOD

➢ Lung cancer poses a significant global health challenge, underscoring 

the need for innovative diagnostic methods for early detection.

➢ This review explores the use of electronic nose (e-nose) technology to 

analyze exhaled breath for volatile organic compounds (VOCs) as 

potential biomarkers of lung cancer.

➢ Inspired by the human olfactory system, e-nose technology employs 

sensor arrays to detect and distinguish complex odor profiles.

➢ This work explains the principles and applications of e-nose technology 

in capturing unique VOC signatures present in exhaled breath, 

indicative of underlying physiological conditions.

➢ Special attention is given to the methodology and advancements in e-

nose-based VOC analysis, particularly focusing on its potential for early 

detection of lung cancer, with insights into recent studies and 

developments.

➢ Highlighted the significance of early detection in lung cancer 

management and emphasized the potential of e-nose technology as a 

non-invasive and promising approach for early diagnosis.

➢ Conducted systematic search until December 2023 in databases 

like EMBASE, Google Scholar, Pubmed, and Google for relevant 

publications.

➢ Used specific keywords such as electronic nose, lung cancer, 

breath analysis, biomarkers, etc., to find literature on e-nose-

based exhaled breath analysis for early lung cancer detection.

➢ Reviewed references of identified studies for additional original 

works and selected peer-reviewed articles for inclusion.

➢ Inclusion criteria: Studies focusing on detecting VOC biomarkers 

for early stage lung cancer using e-nose technology.

➢ Exclusion criteria: Studies lacking accuracy, sensitivity, or 

specificity data, studies not detecting early stages of lung cancer, 

studies on VOC analysis for other pulmonary diseases, and 

studies not in English.

➢ Extracted data from studies including author names, publication 

year, country, number of participants, breath sample collection 

and VOC detection methods, data analysis techniques, and 

performance parameters (accuracy, sensitivity, specificity).

A total of 59 studies were retrieved for this systematic review. Some of the 

papers were duplicate works and the majority of the papers were not 

meeting the criteria for inclusion. Finally, 12 studies were included for this 

systematic review.

Sub

ject

s

Accura

cy (%)

Sensitiv

ity (%)

Specifi

city 

(%)

E-nose used

Data Analysis
Ref

eren

ce

Feature 

Extracti

on

Classificati

on

229 81.10 70.00 86.00
Colorimetric sensors based e-

nose

Not 

reported

logistic 

regression
1

235 93.59 95.60 91.09

Metal oxide, Hot wire, and 

Electrochemical gas sensors 

based e-nose

KPCA XGBoost 2

52 91.59 91.58 91.72

Metal oxide, Hot wire, and 

Electrochemical gas sensors 

based e-nose

LDA
fuzzy k-

NN
3

85 75.00 79.00 72.00 Metal oxide gas sensors PCA MLP 4

268
86.42

Not 

reported

Not 

reported

Metal oxide, Hot wire, and 

Electrochemical gas sensors 

based e-nose

ICA
Random 

forest

5

146
Not 

reported
81.00 91.00 QMB sensors based eNose

Not 

reported
PLS-DA 6

87 94.25 97.83 90.24

Metal oxide, Hot wire, and 

Electrochemical gas sensors 

based e-nose

SGL SVM 7

335 87.30 87.30 71.20 Cyranose 320 PCA SVM 8

191
Not 

reported
88.00 81.30 Cyranose 320

Not 

reported
DFA 9

682 87.00 86.00 89.00 SpiroNose PCA
Discrimina

nt Analysis
10

261 91.67 88.89 93.75
Metal oxide gas sensors based 

e-nose
KPCA

XGBoost
11

137 94.16 96.34 90.91
Metal oxide gas sensors based 

e-nose
PCA

XGBoost
12

1. Mazzone, P.J., Wang, X.F., Xu, Y., Mekhail, T., Beukemann, M.C., Na, J., Kemling, J.W., Suslick, K.S. and Sasidhar, M., 2012. Exhaled breath 

analysis with a colorimetric sensor array for the identification and characterization of lung cancer. Journal of Thoracic Oncology, 7(1), pp.137-142.

2. Chen, K., Liu, L., Nie, B., Lu, B., Fu, L., He, Z., Li, W., Pi, X. and Liu, H., 2021. Recognizing lung cancer and stages using a self-developed 

electronic nose system. Computers in Biology and Medicine, 131, p.104294.

3. Li, W., Jia, Z., Xie, D., Chen, K., Cui, J. and Liu, H., 2020. Recognizing lung cancer using a homemade e-nose: A comprehensive study. Computers in 

biology and medicine, 120, p.103706.

4. Chang J. E., Lee D. S., Ban S. W., Oh J., Jung M. Y., Kim S. H., & Jheon S. Analysis of volatile organic compounds in exhaled breath for lung cancer 

diagnosis using a sensor system. Sensor. Actuat B-Chem, 2018; 255, 800-807.

5. Li W., Liu H., Xie D., He Z., Pi X. Lung cancer screening based on type-different sensor arrays. Sci Rep-UK, 2017; 7(1), 1-12, 2017.

6. Gasparri, R., Santonico, M., Valentini, C., Sedda, G., Borri, A., Petrella, F., Maisonneuve, P., Pennazza, G., D’Amico, A., Di Natale, C. and Paolesse, 

R., 2016. Volatile signature for the early diagnosis of lung cancer. Journal of breath research, 10(1), p.016007.

7. Liu, B., Yu, H., Zeng, X., Zhang, D., Gong, J., Tian, L., ... & Liu, R. (2021). Lung cancer detection via breath by electronic nose enhanced with a 

sparse group feature selection approach. Sensors and Actuators B: Chemical, 339, 129896. 

8. Tirzīte, M., Bukovskis, M., Strazda, G., Jurka, N. and Taivans, I., 2017. Detection of lung cancer in exhaled breath with an electronic nose using 

support vector machine analysis. Journal of breath research, 11(3), p.036009.

9. McWilliams, A., Beigi, P., Srinidhi, A., Lam, S. and MacAulay, C.E., 2015. Sex and smoking status effects on the early detection of early lung cancer 

in high-risk smokers using an electronic nose. IEEE Transactions on Biomedical Engineering, 62(8), pp.2044-2054.

10. de Vries, R., Farzan, N., Fabius, T., De Jongh, F.H., Jak, P.M., Haarman, E.G., Snoey, E., CCM, J., Dagelet, Y.W., Maitland-Van Der Zee, A.H. and 

Lucas, A., 2023. Prospective Detection of Early Lung Cancer in COPD Patients in Regular Care by Electronic Nose Analysis of Exhaled Breath. 

Chest.

11. VA, B., Mathew, P., Thomas, S. and Mathew, L., 2024. Detection of lung cancer and stages via breath analysis using a self-made electronic nose 

device. Expert Review of Molecular Diagnostics, pp.1-13.

12. Binson, V.A., Thomas, S., Philip, P.C., Thomas, A. and Pillai, P., 2023, November. Detection of Early Lung Cancer Cases in Patients with COPD 

Using eNose Technology: A Promising Non-Invasive Approach. In 2023 IEEE International Conference on Recent Advances in Systems Science and 

Engineering (RASSE) (pp. 1-4). IEEE.

In conclusion, the utilization of e-nose technology for exhaled breath 

analysis shows promising potential in the early detection of lung cancer 

through the identification of volatile organic compounds (VOCs) as 

biomarkers. Despite some limitations and challenges, the comprehensive 

review underscores the importance of continued research and 

development in this field to realize the full diagnostic capabilities of e-nose 

technology, ultimately contributing to improved patient outcomes and 

healthcare practices.
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