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Abstract: 
Lung cancer is the leading cause of cancer-related deaths worldwide. The cancer’s stage, histology 
and genetic mutations determine a patient’s prognosis and treatment. Here we present an artificial 
electronic nose (NA-NOSE), which makes use of cross-reactive chemical sensor nanoarrays, for the 
detection of volatile biomarkers in breath samples as well as in the headspace of in-vitro cell lines of 
lung cancer. A series of proof-of-concept studies with the NA-NOSE have shown an excellent ability to 
distinguish between lung cancer and healthy states, between different histologies of link cancer, and 
between lung cancer genetic mutations that can benefit from targeted treatments. The proposed 
biomarker-based testing NA-NOSE technology holds future potential as a cost-effective, fast and 
reliable diagnostic test for early disease detection and monitoring of the disease progression. The NA-
NOSE would be suitable for use outside of specialist settings and could significantly reduce in the 
burden on the health budget.  
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Background 
Lung cancer (LC) is the leading cause of cancer 
mortality with more than 1 million deaths 
worldwide every year.[1,2] Cancer emergence, 
aggressiveness and treatment response varies 
greatly from patient to patient.[3] The cancer’s 
stage, histology and genetic mutations are 
important factors when determining a patient’s 
prognosis and deciding which treatment would 
be optimal in an individual case.[4-7] 
Conventional detection methods involve 
invasive tissue sampling from the tumor, and 
frequent monitoring is needed to detect 
changes in the cancer cells over time. An 
emerging approach for the comprehensive 
diagnosis of LC (including stage, histology and 
genetic mutations) relies on volatile biomarkers 
that are emitted from cell membranes. These 
volatile biomarkers can be detected either 
directly from the headspace of the cancer cells 
or via the exhaled breath. We have developed 
and tested a highly-sensitive, inexpensive, fast 

and non-invasive tool for the detection of (pre-
)neoplastic volatile biomarkers. This tool is 
based on an artificial electronic nose (NA-
NOSE), which makes use of cross-reactive 
chemical sensor nanoarrays (based on 
chemiresistive layers of organically stabilized 
gold nanoparticles) that are trained in their 
ensemble to detect cancer biomarkers. The 
nanoarray concept was applied to both breath 
testing, using collected breath samples from 
lung cancer patients and various control 
groups, and to headspace sampling from lung 
cancer cell lines. 

Methods 
Breath samples were collected from patient 
cohorts having non-small-cell LC (NSCLC) or 
small cell LC (SCLC), as described elsewhere. 
The patients were diagnosed and staged using 
conventional (invasive) methods.[3,4] 
Headspace samples were collected from SCLC 
and NSCLC cell lines, as described 
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