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1. Introduction 

One of the greatest goals in medicine is early-stage detection of tumors, to allow physicians and 
surgeons to apply the available therapies, which are usually successful on small volume cancers only. 
Our purpose is to identify the presence of a cancer by detecting the volatile organic compounds 
(VOC’s) exhaled by cancer cells that are different by the ones exhaled by healthy cells, through a 
chemoresistive sensor array. In this study, a fast-responding, reliable and reproducible sensing 
technique proved to discriminate cancer cells from the healthy ones, making it a good cancer screener 
with a very low invasiveness. The measures have been performed on cancer and healthy tissues 
coming from human colon and rectum, with the aim of extending the study to the other type of 
tumors. Neoplastic tissues exhibit altered metabolic processes with respect to the metabolism of 
healthy cells, therefore the chemicals (metabolites) expelled during cellular respiration depend upon 
the cell health status. In this study, a device named SCENT B1 [1] is used with the aim to discriminate 
between normal and malignant tissues, by using an array containing four nanostructured 
chemoresistive metal-oxide sensors (nanograins with average size of 40–50 nm) manufactured in the 
Sensor Laboratory of the University of Ferrara. 

Concurrently to the tissues investigation, samples containing different kind of immortalized 
cells have been investigated using the same sensor array, with the target of discriminating the 
different immortalized cell types and of analyzing the sensor responses depending on the cell 
concentration (after 24, 48, 72 h of incubation). 

2. Experimental Section 

The voltage output of each sensor is directly proportional to its conductance and, in turn, it 
depends upon the chemicals interacting with its surface [2,3]. Figure 1 shows the ratio ΔG/G, where 
ΔG is the difference between the sensor conductance with and without the metabolites expelled by 
the cells of a tissue. 

All four sensors gave larger responses (although with different amplitudes) to tumor tissue with 
respect to the healthy one. Smaller responses were given by the DMEM only (Figure 1). 
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Figure 1. Histogram of the responses of four different sensors to the cell samples exhalations. 

These results are consistent with the stronger metabolism of tumor cells with respect to the 
healthy ones, because the former emits larger amounts of VOCs [4,5]. 

In Figure 2 a histogram of the responses of four different sensors to cell sample exhalations with 
different initial plating concentrations 250k, 500k and 1 M. It is evident that the device is capable of 
distinguishing different cell samples at different concentrations. 

 
Figure 2. 3D Histogram of the responses of four different sensors to cell sample exhalations with 
different initial plating concentrations 250k, 500k and 1 M. 
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