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Table S1. Comparison of diagnostic tests for lung cancer using gas sensor arrays. 

Author Year Cancer 
subjects 

Control 
subjects 

Breath 
sampling Sensor Temperature/h

umidity 
Use of 

validation Accuracy 

Di Natale et 
al. [1] 2003 35 18 Mix air Quartz crystal 

microbalance  Unknown Internal Sensitivity: 100% 
Specificity: 94% 

Machado et 
al. [2] 2005 14 

62 (other 
disease) Mix air 

Conductive 
polymer Unknown External 

Sensitivity: 71.4% 
Specificity: 91.9% 

Mazzone et 
al. [3] 

2007 49 94 (other 
disease) 

Mix air Chemically 
sensitive spots 

Unknown Internal Sensitivity: 73.3% 
Specificity: 72.4% 

Dragonieri et 
al. [4] 

2009 10 10 Mix air Conductive 
polymer 

Unknown Internal Accuracy: 90% 

D’Amico et 
al. [5] 2010 28 36 Alveolar air 

Quartz crystal 
microbalance Unknown Internal 

Sensitivity: 85% 
Specificity: 100% 

Santonico et 
al. [6] 2012 20 10 

Alveolar air 
(bag breath 
sampling) 

Quartz crystal 
microbalance Unknown 

Internal 
validation 

Sensitivity: 85% 
Specificity: 85% 

Alveolar air 
(endoscopic 

breath 
sampling) 

Internal 
validation 

Sensitivity: 97.5% 
Specificity:75% 

 

Hubers et al. 
[7] 2014 18 8 Mix air 

Conductive 
polymer Unknown Internal 

Sensitivity: 94% 
Specificity: 13% 

Rocco et al. 
[8] 

2016 23 77 Mix air Acoustic-mass 20~22°C Internal Sensitivity: 86% 
Specificity: 95% 
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Gasparri et al. 
[9] 

2016 70 76 Alveolar air Quartz crystal 
microbalance 

Unknown Internal  Sensitivity: 81% 
Specificity: 91% 

Tirzīte et al. 
[10] 2017 165 79 Mix air Conductive 

polymer Unknown Internal Sensitivity: 97.8% 
Specificity: 68.8% 

Van de Goor 
et al. [11] 

2018 

52 
(training 

set) 

93 
(training 

set) 
Mix air Metal oxide Unknown 

Internal  Sensitivity: 83% 
Specificity: 84% 

8 
(validatio

n set) 

14 
(validatio

n set) 
External 

Sensitivity: 88% 
Specificity: 86% 

Chang et al. 
[12] 2018 37 48 Alveolar air Metal oxide  Unknown Internal  

Sensitivity: 79% 
Specificity: 72% 
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Table S2. Intraclass correlation coefficients (ICC) between each measurement (3rd–10th) and 

the second measurement (2nd) (n =316) using the ICC (3, k) model. S1–32: sensors 1–32. 
Sensor Measurement  

 3rd 4th 5th 6th 7th 8th 9th 10th 
S1 1 1 1 0.999 0.999 0.999 0.999 0.999 
S2 1 1 1 1 1 1 0.999 0.999 
S3 1 1 1 1 1 0.999 0.999 0.999 
S4 1 0.999 0.999 0.999 0.999 0.998 0.998 0.998 
S5 1 0.999 0.998 0.997 0.996 0.995 0.994 0.993 
S6 0.998 0.994 0.993 0.99 0.988 0.987 0.987 0.986 
S7 1 0.999 0.999 0.999 0.998 0.998 0.998 0.997 
S8 0.996 0.995 0.994 0.994 0.994 0.993 0.993 0.993 
S9 1 1 1 0.999 0.999 0.999 0.999 0.999 
S10 0.999 0.998 0.997 0.996 0.994 0.994 0.993 0.992 
S11 0.999 0.999 0.998 0.997 0.997 0.996 0.995 0.995 
S12 1 0.999 0.999 0.998 0.997 0.997 0.997 0.996 
S13 1 0.999 0.999 0.999 0.998 0.998 0.998 0.997 
S14 1 1 1 1 0.999 0.999 0.999 0.999 
S15 0.999 0.999 0.998 0.997 0.996 0.995 0.995 0.995 
S16 1 0.999 0.999 0.998 0.998 0.997 0.997 0.996 
S17 1 0.999 0.999 0.999 0.998 0.998 0.998 0.997 
S18 0.999 0.996 0.996 0.994 0.993 0.993 0.993 0.991 
S19 1 0.999 0.999 0.999 0.998 0.998 0.997 0.997 
S20 1 1 0.999 0.999 0.999 0.999 0.998 0.998 
S21 1 0.999 0.999 0.998 0.998 0.998 0.997 0.997 
S22 0.999 0.999 0.998 0.997 0.995 0.994 0.994 0.992 
S23 1 0.999 0.998 0.998 0.997 0.996 0.996 0.995 
S24 0.999 0.999 0.998 0.998 0.997 0.997 0.997 0.996 
S25 1 0.999 0.999 0.998 0.998 0.998 0.997 0.997 
S26 1 1 0.999 0.999 0.999 0.998 0.998 0.998 
S27 1 1 0.999 0.999 0.999 0.999 0.999 0.998 
S28 1 1 1 0.999 0.999 0.999 0.999 0.998 
S29 1 1 1 0.999 0.999 0.999 0.999 0.999 
S30 1 0.999 0.999 0.998 0.998 0.998 0.997 0.997 
S31 0.999 0.998 0.997 0.996 0.994 0.992 0.991 0.989 
S32 1 1 0.999 0.999 0.999 0.999 0.998 0.998 

Mean  1.000 0.999 0.998 0.998 0.997 0.997 0.997 0.996 
± SEM ±0.001 ±0.001 ±0.002 ±0.002 ±0.003 ±0.003 ±0.003 ±0.003 
CV(%) 0.08% 0.14% 0.16% 0.21% 0.25% 0.28% 0.28% 0.32% 
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Figure S1. Experimental setup for the analysis of alveolar air consisting of a (1) E-
nose, (2) computer, (3) three-way valve and (4) Tedlar bag. 

Legend: The bags were connected with the necessary fixture, including an airtight PVC tube 

and a three-way valve for connection to the E-nose. 
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Figure S2. Desired waveforms for Cyranose320. 

Legend: The setting comprised 10 seconds of a baseline purge and 40 seconds of a sample purge, 

which was sufficient for most sensors to reach the steady-state, followed by 10 seconds of a 

wash-out to return to the baseline. 
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Figure S3. Instruments used to assess the humidity in the breath (Rotronic HygroPlam, 

Bassersdorf, Switzerland). 

Legend: We used a humidity meter to measure the humidity in the Tedlar bag, and the mean 

humidity was 22.32% R. H. (R. H. was measured at 24°C). 
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Figure S4. Receiver operating characteristic curves for the discriminant from healthy and 

diseased lungs as determined by LDA and SVM. 

Legend: The VOCs collected from healthy and diseased lungs in the same subjects cannot be 

discriminated well by both linear and non-linear statistical methods. 

 

 

 

 

 

 

 

 

 

  



9 
 

 
Figure S5.  The principal component analysis shows the discrimination between cases of lung 

cancer and controls. 

Legend: The yellow points in the right upper corner are controls, and the blue triangles in the 

lower portion are lung cancer cases. Using three principal components, cases and controls 

could be discriminated well. 
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