Supplementary

Appendix 1 Search strategy

No. of
Database Search terms studies
generated
PubMed #1 (Lung Neoplasms[MeSH Terms]) OR (Neoplasm, Lung([Title/Abstract])) OR (Neoplasms, Pulmonary[Title/ 1249
Abstract])) OR (Pulmonary Neoplasm[Title/Abstract])) OR (Lung Cancers|[Title/Abstract] OR Cancer,
Pulmonary[Title/Abstract])) OR (Pulmonary Cancers[Title/Abstract])) OR (Cancer of Lung[Title/Abstract])
#2 (Volatile Organic Compounds[MeSH Terms])) OR (Organic Compound, Volatile[Title/Abstract])) OR (VOCs[Title/
Abstract])) OR (Volatile organic breath components[Title/Abstract])
#3 (exhaled) OR (breath)
#4 #1 AND #2 AND #3
Embase #1 'lung tumor'/exp 569

#2 'lung tumor':ab,ti OR 'broncho-pulmonary neoplasm':ab,ti OR 'broncho-pulmonary tumo':ab,ti OR
'bronchopulmonary neoplasm':ab,ti OR 'bronchopulmonary tumor':ab,ti OR 'lung neoplasia':ab,ti OR 'lung
neoplasm':ab,ti OR 'lung neoplasms':ab,ti OR 'lung tumorigenesis':ab,ti OR 'lung tumour':ab,ti OR 'neoplasia
of the lung':ab,ti OR 'neoplastic lung':ab,ti OR 'pulmonary neoplasia':ab,ti OR 'pulmonary neoplasm':ab,ti OR
‘pulmonary tumor':ab,ti OR 'pulmonary tumorigenesis':ab,ti OR 'pulmonary tumour':ab,ti OR 'tumor of the
lung':ab,ti OR 'tumor, lung':ab,ti OR 'tumorigenesis in the lung':ab,ti OR 'tumour, lung':ab,ti

#3 'volatile organic compound'/exp

#4 'volatile organic compound':ab,ti OR 'organic compound, volatile':ab,ti OR 'volatile organic compounds':ab,ti
#5 #1 OR #2

Web of #1 ((TS=(Volatile Organic Compounds) OR AB=(Organic Compound, Volatile OR VOCs OR Volatile organic breath 698
Science components))

#2 (TS=(Lung Neoplasms) OR AB=(Neoplasm, Lung OR Neoplasms, Pulmonary OR Pulmonary Neoplasm OR

Lung Cancers OR Cancer, Pulmonary OR Pulmonary Cancers OR Cancer of Lung))

#3 (TS=(exhaled OR breath))

#4 #1 AND #2 AND #3

Cochrane #1 MeSH descriptor: [Lung Neoplasms] explode all trees 7
Library #2(Neoplasm, Lung OR Neoplasms, Pulmonary OR Pulmonary Neoplasm OR Lung Cancers OR Cancer,

Pulmonary OR Pulmonary Cancers OR Cancer of Lung):ti,ab,kw

#3 #1 AND #2

#4 MeSH descriptor: [Volatile Organic Compounds] explode all trees

#5(Organic Compound, Volatile OR VOCs OR Volatile organic breath components):ti,ab,kw

#6 #4 AND #5

#7 #3 AND #6
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Appendix 2 Details of participants and the Newcastle-Ottawa Quality Assessment Scale scores in the included studies

Details of participants

Information of patients

Study Analysis Platform
Patients With Lung Cancer, No.  Cancer Stage =~ Smoker In Cancer Smoker In Control Groups Setting
Phillips et al., 1999 (1) 60 I-IV or unknown NR NR LC, HC USA GC-MS
Yu et al., 2005 (2) 15 I-Iv 9 0 LC, HC China GC-MS
Phillips et al., 2007 (3) 193 Mixed 33 78 LC, HC USA GC-MS
Wehinger et al., 2007 (4) 17 -V 9 60 LC, HC Austria PTR-MS
Phillips et al., 2008 (5) 193 Mixed NR NR LC, HC USA GC-MS
Bajtarevic et al., 2009 (6) 285 NR 68 84 LC, HC NR PTR-MS, GC-MS
Gaspar et al., 2009 (7) 18 NR NR NR LC, HC Portugal GC-MS
Ligor et al., 2009 (8) 65 NR 28 7 LC, HC Austria GC-MS
Peng et al., 2009 (9) 40 -1v 0 17 LC, HC Israel GC-MS
Westhoff et al., 2009 (10) 32 0-Iv 7 12 LC, HC Germany IMS
Fuchs et al., 2010 (11) 12 >T3 0 0 LC, HC Germany GC-MS
Poli et al., 2010 (12) 40 I-M 21 0 LC, HC Italy GC-MS
Kischkel et al., 2010 (13) 31 >T2 0 4 LC, HC Germany GC-MS
Song et al., 2010 (14) 43 -1V 0 0 LC, HC China GC-MS
Tran et al., 2010 (15) 16 NR 16 18 LC, HC China Electronic Nose
Buszewski et al., 2011 (16) 115 NR NR NR LC, HC Poland GC-MS
Rudnicka et al., 2011 (17) 23 NR 21 6 LC, HC Poland GC-TOF/MS
Ulanowska et al., 2011 (18) 137 NR NR 57 LC, HC Poland GC-MS
Buszewski et al., 2012 (19) 29 NR NR NR LC, HC Poland GC-TOF/MS
Filipiak et al., 2014 (20) 36 -1V NR NR LC, HC Austria GC-MS
Gietal., 2014 (21) NR NR NR NR LC, HC Korea GC-MS
Ma et al., 2014 (22) 13 - 5 16 LC, HC China NR
Phillips et al., 2015 (23) 172 NR NR 0 LC, HC USA GC-MS
Ligor et al., 2015 (24) 123 n-v 109 11 LC, HC Austria GC-MS
Gasparri et al., 2016 (25) 70 -1V 27 31 LC, HC Italy Electronic Nose
Itoh et al., 2016 (26) 107 -1V NR NR LC, HC Japan GC-MS
Sakumura et al., 2017 (27) 107 I-IvV 47 5 LC, HC Japan GC-MS
Cai, et al., 2017 (28) 57 NR 22 25 LC, HC China Electronic Nose
Chang et al., 2018 (29) 37 I-IvV 9 4 LC, HC Korea Metal oxide gas sensors
Huang et al., 2018 (30) 56 I-IvV 2 25 LC, HC China Electronic Nose
Yu et al., 2018 (31) 6 NR NR NR LC, HC China NR
Lietal., 2019 (32) 389 NR NR NR LC, HC China GC-MS
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Appendix 2 (continued)

Information of patients

Study Analysis Platform
Patients With Lung Cancer, No.  Cancer Stage =~ Smoker In Cancer Smoker In Control Groups Setting

Pesesse et al., 2019 (33) 15 NR 3 1 LC, HC Belgium TD-GC x GC-TOFMS

Rudnicka et al., 2019 (34) 108 -V 49 13 LC, HC Poland GC-MS

Chen et al., 2020 (35) 48 NR NR NR LC, HC China Electronic Nose

Gashimova et al., 2020 (36) 75 T1-T4 25 12 LC, HC Russia GC-MS

Koureas et al., 2020 (37) 51 NR 8 20 LC, HC Greece GC-MS

Li et al., 2020 (38) 115 NR NR 10 LC, HC China Electronic Nose

Saidi et al., 2020 (39) 32 NR 2 3 LC, HC Morocco GC/QTOF/MS, Electronic Nose

Chen et al., 2021 (40) 90 I, v 63 75 LC, HC China Electronic Nose

Gashimova et al., 2021 (41) 40 T1-T4 7 7 LC, HC Russia GC-MS, Electronic Nose

Koureas et al., 2021 (42) 49 NR NR NR LC, HC Greece GC-MS

Lee et al., 2021 (43) 31 Mixed NR NR LC, HC Korea Electronic Nose

Liet al., 2021 (44) 6 NR NR NR LC, HC China Q-TOF-MS

Liu et al., 2021 (45) 46 NR 27 11 LC, HC China Electronic Nose

Liu et al., 2021 (46) 102 NR NR NR LC, HC China Electronic Nose

Long et al., 2021 (47) 116 -1V 100 106 LC, HC China GC-MS

Xia et al., 2021 (48) 10 NR NR NR LC, HC China NR

Zou et al., 2021 (49) 60 -1V 32 112 LC, HC China GC-MS

Tsou et al., 2021 (50) 148 -V 9 0 LC, HC China SIFT-MS

Gashimova et al., 2022 (51) 110 T1-T4 22 127 LC, HC Russia GC-MS

Larracy et al., 2022 (52) 62 NR 12 6 LC, HC Canada CRDS

Wang et al., 2022 (53) 157 111l 12 NR LC, HC China HPPI-TOFMS

Hao et al., 2023 (54) 6 NR NR NR LC, HC China GC-MS

Temerdashev et al., 2023 (55) 112 I-IvV 22 17 LC, HC Russia GC-MS

Lietal., 2017 (56) 24 NR 19 4,10 LC, PD, HC China Electronic Nose

Chen et al., 2005 (57) 20 NR NR NR LC, CB, HC China Electronic Nose

Poli et al., 2005 (58) 36 111 2 1,0 LC, COPD, HC Italy GC-MS

Mazzone et al., 2007 (59) 49 I-IvV 27 6,0,5,0, 14 LC, COPD, IPF, PAH, S, HC USA Colorimetric sensor array

Dragonieri et al., 2009 (60) 10 I-11 2 6,0 LC, COPD, HC The Netherlands Electronic Nose

D'Amico et al., 2010 (61) 28 NR NR NR LC, PD, HC Italy GC-MS

Mazzone et al., 2012 (62) 92 I-IvV 25 28 LC, RLC USA Colorimetric sensor array

Santonico et al., 2012 (63) 20 NR 7 NR LC, BTS Italy Electronic Nose

Wang et al., 2012 (64) 88 I-IvV 55 35, 41 LC, BPD, HC China GC-MS

Broza et al., 2013 (65) 12 I-1l 5 2 LC, BPD Israel GC-MS
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Appendix 2 (continued)

Information of patients

Study Analysis Platform
Patients With Lung Cancer, No.  Cancer Stage ~ Smoker In Cancer Smoker In Control Groups Setting
Bousamra et al., 2014 (66) 107 0,1, orll 44 12, 45 LC, BPD, HC NR NR
Fuetal., 2014 (67) 97 -V NR NR LC, BPN, HC USA NR
Zou et al., 2014 (68) 79 -1V 15 12,9 LC, BPD, HC China GC-MS
Capuano et al., 2015 (69) 20 NR 6 5 LC, PD Italy GC-MS, Electronic Nose
Li et al., 2015 (70) 85 I-IV or unknown 45 10, 45 LC, BPN, HC USA FT-ICR-MS
Schumer et al., 2015 (71) 156 0-Iv 69 25,73 LC, BPN, HC USA Silicon chip-MS
Tan et al., 2016 (72) 12 -1V 2 1,0 LC, COPD, HC Malaysia Alkane sensor
Callol-Sanchez et al., 2017 (73) 81 I-IvV 50 34, 30 LC, COPD, HC Spain TD-GC-MS
Kistenev et al., 2017 (74) 9 T2-T4 8 10 LC, COPD, HC Russia NR
Shlomi et al., 2017 (75) 89 -1V 72 24 LC, BPN Israel Electronic Nose
Wang et al., 2018 (76) 233 NR 102 41, 69 LC, BPD, HC China GC-MS
Zuo et al., 2019 (77) 41 =IlA 23 5,18 LC, LI, HC China EESI-MS
Binson et al., 2021 (78) 40 -1V 0 28,10 LC, COPD, HC India Electronic Nose
Binson et al., 2021 (79) 51 NR 4 8,3 LC, COPD, HC India Electronic Nose
Binson et al., 2021 (80) 32 NR 3 6, 33 LC, COPD, HC India Electronic Nose
Binson et al., 2021 (81) 48 -1V 1 4,10, 21 LC, COPD, Asthma, HC India Electronic Nose
Chen et al., 2021 (82) 160 -1V 33 12,73 LC, BPN, HC China TD-GC-MS
Marzorati et al., 2021 (83) 40 I-111 14 21 LC, RLC Italy Electronic Nose
Monedeiro et al., 2021 (84) 16 NR 3 2,2 LC, COPD, HC Poland GC-MS
Zhao et al., 2021 (85) 84 NR NR NR LC, COPD, HC China Electronic Nose
Rai et al., 2022 (86) 156 0-ll 149 113 LC, BPN, HC USA FT-ICR-MS
Wei et al., 2022 (87) 92 NR 45 5,5 LC, BPD, HC China CRDS
Smirnova et al., 2022 (88) 88 | NR NR LC, BPD USA GC-MS
Ding et al., 2023 (89) 88 111l 0 0 LC, BPN China HPPI-TOFMS

References are showed in Appendix 5. LC: lung cancer, HC: healthy control, BPN: benign pulmonary nodules, USA: United States of America, COPD: chronic obstructive pulmonary disease, S: sarcoidosis,
RLC: have a risk for developing lung cancer, BPD: benign pulmonary disease, LI: lung infection, PD: pulmonary disease, BTS: benign tracheal stenosis, CB: chronic bronchitis, IPF: idiopathic pulmonary
fibrosis, PAH: pulmonary arterial hypertension, NR: not report, MS: mass spectrometry; GC-MS: gas chromatography-mass spectrometry, PTR-MS: proton transfer reaction mass spectrometry, IMS: ion
mobility spectrometry, Q-TOF-MS: quadrupole time-of-flight mass spectrometry, TD-GC-MS: thermal desorption-gas chromatography-mass spectrometry, SIFT-MS: selected ion flow tube-mass spectrometry,
FT-ICR-MS: fourier transform ion cyclotron resonance mass spectrometry, CRDS: cavity ringdown spectroscopy, EESI-MS: extractive electrospray extraction ionization mass spectrometry, HPPI-TOFMS: high-
pressure photon ionization time-of-flight mass spectrometry; GC-TOF/MS: gas chromatography-time of flight mass spectrometry; TD-GC x GC-TOFMS: thermal desorption-comprehensive two-dimensional gas

chromatography-time of flight mass spectrometry; GC/QTOF/MS: gas chromatography-quadrupole-time of flight mass spectrometry.
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The Newcastle-Ottawa Quality Assessment Scale scores in the included studies

Study

Selection

Representativeness ) Ascertainment of the Comparability
Sample size Non-respondents )
of the sample exposure (risk factor)

Outcome

Assessment of
the outcome

Statistical test

Score

Bajtarevic et al., 2009 (6)
Binson et al., 2021 (78)
Binson et al., 2021 (79)
Binson et al., 2021 (80)
Binson et al., 2021 (81)
Bousamra et al., 2014 (66)
Broza et al., 2013 (65)
Buszewski et al., 2012 (19)
Buszewski et al., 2011 (16)
Cai, et al., 2017 (28)

Callol-Sanchez et al., 2017 (73)

Capuano et al., 2015 (69)
Chang et al., 2018 (29)
Chen et al., 2021 (40)

Chen et al., 2020 (35)

Chen et al., 2005 (57)

Chen et al., 2021 (82)
D'Amico et al., 2010 (61)
Ding et al.,2023 (89)
Dragonieri et al., 2009 (60)
Filipiak et al., 2014 (20)

Fu et al., 2014 (67)

Fuchs et al., 2010 (11)
Gashimova et al., 2020 (36)
Gashimova et al., 2021 (41)
Gashimova et al., 2022 (51)
Gaspar et al., 2009 (7)
Gasparri et al., 2016 (25)
Gietal., 2014 (21)

Hao et al., 2023 (54)

Huang et al., 2018 (30)

Itoh et al., 2016 (26)
Kischkel et al., 2010 (13)
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(continued)
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(continued)

Selection OQutcome

Study Representativeness ) Ascertainment of the Comparability Assessment of . Score
Sample size Non-respondents ) Statistical test
of the sample exposure (risk factor) the outcome

Kistenev et al., 2017 (74)

Koureas et al., 2021 (42)

Koureas et al., 2020 (37)

Larracy et al., 2022 (52)

Lee et al., 2021 (43)

Lietal., 2015 (70)

Lietal., 2019 (32)

Li et al., 2020 (38)

Lietal., 2021 (44)

Ligor et al., 2009 (8)

Ligor et al., 2015 (24)

Liu et al., 2021 (45)

Liu et al., 2021 (46)

Long et al., 2021 (47)

Ma et al., 2014 (22)

Marzorati et al., 2021 (83)

Mazzone et al., 2007 (59)

Mazzone et al., 2012 (62)

Monedeiro et al., 2021 (84)

Peng et al., 2009 (9)

Pesesse et al., 2019 (33)

Phillips et al., 1999 (1)

Phillips et al., 2007 (3)

Phillips et al., 2008 (5)

Poli et al., 2005 (58)

Poli et al., 2010 (12)

Rai et al., 2022 (86)
Rudnicka et al., 2019 (34)
Rudnicka et al., 2011 (17)

Saidi et al., 2020 (39)

Sakumura et al., 2017 (27)

D N 00 N N 00 N OO 0o 0 N 0o o 0o N O N o0 0o NN N o oo © o N o N o o

Santonico et al., 2012 (63)

(continued)
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(continued)

Study

Selection

Representativeness
of the sample

Sample size

Ascertainment of the Comparability

Non-respondents )
P exposure (risk factor)

OQutcome

Assessment of
the outcome

Statistical test

Score

Schumer et al., 2015 (71)
Shlomi et al., 2017 (75)
Smirnova et al., 2022 (88)
Song et al., 2010 (14)

Tan et al., 2016 (72)
Temerdashev et al., 2023 (55)
Tran et al., 2010 (15)

Tsou et al., 2021 (50)
Ulanowska et al., 2011 (18)
Wang et al., 2018 (76)
Wang et al., 2022 (53)
Wang et al., 2012 (64)
Wehinger et al., 2007 (4)
Wei et al., 2022 (87)
Westhoff et al., 2009 (10)
Xia et al., 2021 (48)

Yu et al., 2018 (31)

Yu et al., 2005 (2)

Zhao et al., 2021 (85)
Zou et al., 2021 (49)

Zou et al., 2014 (68)

Zuo et al., 2019 (77)
Phillips et al., 2015 (23)
Lietal., 2017 (56)

®» 0 U1 0 O O N O o o o N N 060 o N N o0 oo o N 0o NN

References are showed in Appendix 5.
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Appendix 3 Newcastle-Ottawa Quality Assessment Scale

(Adapted for cross-sectional studies)

Selection: (Maximum 5 stars)

1) Representativeness of the sample:

a) Truly representative of the average in the target population. * (all subjects or random sampling)

b) Somewhat representative of the average in the target population. * (non-random sampling)

¢) Selected group of users.

d) No description of the sampling strategy.

2) Sample size:

a) Justified and satisfactory. *

b) Not justified.

3) Non-respondents:

a) Comparability between respondents and non-respondents characteristics is established, and the response rate is
satisfactory. *

b) The response rate is unsatisfactory, or the comparability between respondents and non-respondents is unsatisfactory.
¢) No description of the response rate or the characteristics of the responders and the non-responders.

4) Ascertainment of the exposure (risk factor):

a) Validated measurement tool. **

b) Non-validated measurement tool, but the tool is available or described.*

¢) No description of the measurement tool.

Comparability: (Maximum 2 stars)

1) The subjects in different outcome groups are comparable, based on the study design or analysis. Confounding factors are
controlled.

a) The study controls for the most important factor (select one). *

b) The study control for any additional factor. *

Outcome: (Maximum 3 stars)

1) Assessment of the outcome:

a) Independent blind assessment. **

b) Record linkage. **

c) Self report. *

d) No description.

2) Statistical test:

a) The statistical test used to analyze the data is clearly described and appropriate, and the measurement of the association is
presented, including confidence intervals and the probability level (p value). *

b) The statistical test is not appropriate, not described or incomplete.
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Appendix 4 171 articles excluded after the full-text review

No. Study, year Main reason Citations

1 Poli, 2008 Not published in full-text Poli D, Goldoni M, Caglieri A, et al. Breath analysis in non small cell lung cancer patients after surgical tumour resection. Acta bio-medica : Atenei Parmensis 2008;79 Suppl 1:64-72

2 Umin, 2011 Not published in full-text Umin. lon Mobility Spectrometry in healthy and respiratory disease subjects. 2011

3 Umin, 2012 Not published in full-text Umin. Detection of histological type and genetic mutation in lung cancer using ion mobility spectrometry. 2012

4 Ho, 2014 Not published in full-text Ho KC, Seungho L, Kim D, et al. Preparation and characterization of the primary gas standards for isoprene. J Anal Sci Technol 2014;27:357-63

5 Mgwenya, 2018 Not published in full-text Mgwenya TNZ. Polymer Nanocomposites-Based Sensors for the Detection of Lung Cancer Volatile Organic Biomarkers. 2018

6 Schallschmidt, 2015 Duplicate article Schallschmidt K, Becker R, Zwaka H, et al. In vitro cultured lung cancer cells are not suitable for animal-based breath biomarker detection. J Breath Res 2015;9:027103

7 Bianchi, 2017 Duplicate article Bianchi F, Riboni N, Carbognani P, et al. Solid-phase microextraction coupled to gas chromatography-mass spectrometry followed by multivariate data analysis for the identification of volatile organic compounds as possible biomarkers in lung cancer tissues. J Pharm
Biomed Anal 2017;146:329-33

8 Cao, 2008 Articles published not in English Cao MF, Chen X, Wang YQ, et al. A novel electronic nose for detection of lung cancer based on virtual SAW gas sensors array. Chin J Biomed Eng 2008;27:102-7

9 Liu, 2009 Articles published not in English Liu H, Song G, Qin T, et al. Quantitative analysis of volatile biomarkers in breath of non-small cell lung cancer patients. Chin J Cancer Prev Treat 2009;16:1857-9

10 Lu, 2010 Articles published not in English Lu CR, Hu YJ, Chen EG, et al. Measurement of exhaled volatile organic compounds in lung cancer patients. Chin J Res Dis 2010;33:104-8

11 Valera, 2012 Articles published not in English Valera JL, Togores B, Cosio BG. Use of the Electronic Nose for Diagnosing Respiratory Diseases. Archivos de Bronconeumologia 2012;48:187-8

12 Chen, 2015 Articles published not in English Chen L, Liu C, Kang T, et al. Prediction model of volatile organic compounds in exhaled breath for diagnosis of lung cancer. Tumor 2015;35:404-13

13 Zhang, 2018 Articles published not in English Zhang N, Sun Q, Li W, et al. Detection of volatile organic compounds in exhaled breath for early diagnosis of lung cancer. Tumor 2018;38:874-82

14 Matsumura, 2010 Animals experiment Matsumura K, Opiekun M, Oka H, et al. Urinary Volatile Compounds as Biomarkers for Lung Cancer: A Proof of Principle Study Using Odor Signatures in Mouse Models of Lung Cancer. PLoS One 2010;5

15 Hanai, 2013 Animals experiment Hanai Y, Baba Y. Pretreatment Methods for Selections Lung Cancer Markers in Mouse Urine. Bunseki Kagaku 2013;62:437-42

16 Fu, 2020 Animals experiment Fu JH, Zhong Z, Xie D, et al. SERS-Active MIL-100(Fe) Sensory Array for Ultrasensitive and Multiplex Detection of VOCs. Angewandte Chemie (International ed in English) 2020;59:20489-98

17 Chen, 2005 Review, meta, letter, comment or conference abstract Chen X, Cao M, Hao Y, et al. A Non-invasive detection of lung cancer combined virtual gas sensors array with imaging recognition technique. Conference proceedings : Annual International Conference of the IEEE Engineering in Medicine and Biology Society IEEE
Engineering in Medicine and Biology Society Annual Conference 2005;2005:5873-6

18 Belda-Iniesta, 2007 Review, meta, letter, comment or conference abstract Belda-Iniesta C, de Castro Carpeno J, Carrasco JA, et al. New screening method for lung cancer by detecting volatile organic compounds in breath. Clin Transl Oncol 2007;9:364-8

19 Mazzone, 2008 Review, meta, letter, comment or conference abstract Mazzone PJ. Analysis of volatile organic compounds in the exhaled breath for the diagnosis of lung cancer. J Thorac Oncol 2008;3:774-80

20 Lewis, 2009 Review, meta, letter, comment or conference abstract Lewis KE, Philips CO, Shukla H, et al. Differences in profiles of volatile organic compounds in the breath of lung cancer patients vs controls. Thorax 2009;64:A60

21 Sponring, 2009 Review, meta, letter, comment or conference abstract Sponring A, Filipiak W, Mikoviny T, et al. The release and uptake of volatile organic compounds (VOCs) from different lung cancer cell lines in vitro. Pteridines 2009;20:38

22 Filipiak, 2010 Review, meta, letter, comment or conference abstract Filipiak W, Filipiak A, Bajtarevic A, et al. Determination of volatile organic compounds in exhaled breath of patients with lung cancer and healthy volunteers using TD-GCMS and PTR-MS. Pteridines 2010;21:36-7

23 Hu, 2010 Review, meta, letter, comment or conference abstract Hu YJ, Qiu YH, Chen EG, et al. Determination of volatile organic compounds in lung cancer cell lines and lung cancer tissue. J Zhejiang Univ Med Sci 2010;39:278-84

24 Darwiche, 2011 Review, meta, letter, comment or conference abstract Darwiche K, Kurth I, Baumbach JI, et al. Volatile organic compounds in lung cancer patients before and after tumour resection. Eur Respir J 2011;38

25 Hu, 2011 Review, meta, letter, comment or conference abstract Hu'Y, Ying K, Chen E, et al. The research on early detection of lung cancer with exhaled volatile organic compounds. Eur Respir J 2011;38

26 Jarefio, 2011 Review, meta, letter, comment or conference abstract Jarefio J, Mufoz MA, Rodriguez G, et al. New contributions in the determination of volatile organic compounds (VOC) in lung cancer (LC). Eur Respir J 2011;38

27 Kurth, 2011 Review, meta, letter, comment or conference abstract Kurth JI, Darwiche K, Baumbach JI, et al. A new possibility of process monitoring in lung cancer: Volatile organic compounds detected with ion mobility spectrometry to follow the success of the therapeutic process. Eur Respir J 2011;38

28 Kurth, 2011 Review, meta, letter, comment or conference abstract Kurth JI, Darwiche K, Theegarten D, et al. A step towards easier diagnosis of lung cancer: Detection of volatile organic compounds in air releasing tumour samples with ion-and differential mobility spectrometry. Eur Respir J 2011;38

29 Macaulay, 2011 Review, meta, letter, comment or conference abstract Macaulay CE, Lam S, McWilliams AM. Detecting lung cancer from volatile organic compounds with an electronicnose (E-nose). J Thorac Oncol 2011;6:S513-S4

30 Nick, 2011 Review, meta, letter, comment or conference abstract Nick A, Stone R, Bottsford-Miller J, et al. Stop and smell the volatile organic compounds: A novel breath-based bioassay for detection of ovarian cancer. Gynecol Oncol 2011;120:S54-S5

31 Esteban, 2012 Review, meta, letter, comment or conference abstract Esteban JJ, Lucas MAM, Aranda BC, et al. Volatile organic compounds (VOC) in exhaled breath in patients with lung cancer, using the analytical technique thermal desorber-gase chromatography-spectrometer mases. Eur Respir J 2012;40

32 Hakim, 2012 Review, meta, letter, comment or conference abstract Hakim M, Broza YY, Barash O, et al. Volatile Organic Compounds of Lung Cancer and Possible Biochemical Pathways. Chem Rev 2012;112:5949-66

33 Barash, 2013 Review, meta, letter, comment or conference abstract Barash O, Tisch U, Haick H. Volatile organic compounds and the potential for a lung cancer breath test. Lung Cancer Manag 2013;2:471-82

34 Buszewski, 2013 Review, meta, letter, comment or conference abstract Buszewski B, Grzywinski D, Ligor T, et al. Detection of volatile organic compounds as biomarkers in breath analysis by different analytical techniques. Bioanalysis 2013;5:2287-306
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Appendix 4 (continued)

No. Study, year Main reason Citations

35 Munoz-Lucas, 2013 Review, meta, letter, comment or conference abstract Munoz-Lucas A, Wagner-Struwing C, Jareno-Esteban J, et al. Differences in volatile organic compounds (VOC) determined in exhaled breath in two populations of lung cancer (LC): With and without COPD. Eur Respir J 2013;42

36 Taivans, 2013 Review, meta, letter, comment or conference abstract Taivans |, Strazda G, Jurka N, et al. Volatile organic compounds of exhaled breath in lung cancer and lung inflammatory diseases. Eur Respir J 2013;42

37 Hakim, 2014 Review, meta, letter, comment or conference abstract Hakim M, Tisch U, Unger M, et al. Exhaled Volatile Organic Compounds as Noninvasive Early Molecular Markers in Lung Cancer: Bridging the Gap from Bench to Bedside. Cancer Biomark Minnoninvasive Diagn Progn 2014

38 Hu, 2014 Review, meta, letter, comment or conference abstract Hu Y, Ying K. The research on early detection of lung cancer with exhaled volatile organic compounds. Eur Respir J 2014;44

39 Jarefio, 2014 Review, meta, letter, comment or conference abstract Jarefio J, Munoz MA, Wagner C, et al. Volatile organic compounds (VOC) in exhaled breath in patients with lung cancer. Chest 2014;145

40 Li, 2014 Review, meta, letter, comment or conference abstract Li W, Liu H-Y, Jia Z-R, et al. Advances in the Early Detection of Lung Cancer using Analysis of Volatile Organic Compounds: From Imaging to Sensors. Asian Pac J Cancer Prev 2014;15:4377-84

41 Wagner, 2014 Review, meta, letter, comment or conference abstract Wagner C, Munoz MA, Jarefio J, et al. Volatile organic compounds, new biomarkers in exhaled breath samples of lung cancer patients with and without chronic obstructive pulmonary disease. Chest 2014;145

42 Westhoff, 2014 Review, meta, letter, comment or conference abstract Westhoff M, Litterst B, Sommer HH, et al. Volatile organic compounds in exhaled breath of patients with COPD =+ lung cancer and their correlation with FEV1-values. Eur Respir J 2014;44
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118 Phillips, 2003 No complete collection methods Phillips M, Cataneo RN, Cummin ARC, et al. Detection of lung cancer with volatile markers in the breath. Chest 2003;123:2115-23.
119 Machado, 2005 No complete collection methods Machado RF, Laskowski D, Deffenderfer O, et al. Detection of lung cancer by sensor array analyses of exhaled breath. Am J Respir Crit Care Med 2005;171:1286-91.
120 Castro, 2011 No complete collection methods Castro M, Kumar B, Feller JF, et al. Novel e-nose for the discrimination of volatile organic biomarkers with an array of carbon nanotubes (CNT) conductive polymer nanocomposites (CPC) sensors. Sensor Actuat B-Chem 2011;159:213-9.
121 Darwiche, 2011 No complete collection methods Darwiche K, Baumbach JI, Sommerwerck U, et al. Bronchoscopically Obtained Volatile Biomarkers in Lung Cancer. Lung 2011;189:445-52.
122 Liu, 2011 No complete collection methods Liu FL, Xiao P, Fang HL, et al. Single-walled carbon nanotube-based biosensors for the detection of volatile organic compounds of lung cancer. Physica E 2011;44:367-72.
123 Ehmann, 2012 No complete collection methods Ehmann R, Boedeker E, Friedrich U, et al. Canine scent detection in the diagnosis of lung cancer: revisiting a puzzling phenomenon. Eur Respir J 2012;39:669-76.
124 Chatterjee, 2013 No complete collection methods Chatterjee S, Castro M, Feller JF. An e-nose made of carbon nanotube based quantum resistive sensors for the detection of eighteen polar/nonpolar VOC biomarkers of lung cancer. J Mater Chem B 2013;1:4563-75.
125 Hou, 2013 No complete collection methods Hou C, Lei J, Huo D, et al. Discrimination of Lung Cancer Related Volatile Organic Compounds with a Colorimetric Sensor Array. Anal Lett 2013;46:2048-59.
126 Handa, 2014 No complete collection methods Handa H, Usuba A, Maddula S, et al. Exhaled Breath Analysis for Lung Cancer Detection Using lon Mobility Spectrometry. PLoS One 2014;9.
127 Wang, 2014 No complete collection methods Wang C, Dong R, Wang X, et al. Exhaled volatile organic compounds as lung cancer biomarkers during one-lung ventilation. Sci Rep 2014;4.
128 Wu, 2014 No complete collection methods Wu Y, Huo D, Hou C, et al. Colorimetric Artificial Nose for Identification of Breath Volatile Organic Compounds of Patients with Lung Cancer. Chem Res Chin Univ 2014;30:572-7.
129 de Vries R, 2015 No complete collection methods de Vries R, Brinkman P, van der Schee MP, et al. Integration of electronic nose technology with spirometry: validation of a new approach for exhaled breath analysis. J Breath Res 2015;9.
130 Lei, 2015 No complete collection methods Lei J-c, Hou C-j, Huo D-q, et al. A novel device based on a fluorescent cross-responsive sensor array for detecting lung cancer related volatile organic compounds. Rev Sci Instrum 2015;86.
131 Mazzone, 2015 No complete collection methods Mazzone PJ, Wang XF, Lim S, et al. Progress in the development of volatile exhaled breath signatures of lung cancer. Ann Am Thorac Soc 2015;12:752-7.
132 Zhang, 2016 No complete collection methods Zhang X-F, Zhang Z-W, He Y-L, et al. Sniffing lung cancer related biomarkers using an oxidized graphene SAW sensor. Front Phys 2016;11.
133 Chen, 2017 No complete collection methods Chen X, Wang F, Lin L, et al. Association of Smoking with Metabolic Volatile Organic Compounds in Exhaled Breath. Int J Mol Sci 2017;18.
134 Kort, 2017 No complete collection methods Kort S, Brusse-Keizer M, Gerritsen J-W, et al. Data analysis of electronic nose technology in lung cancer: generating prediction models by means of Aethena. J Breath Res 2017;11.
135 Li, 2017 No complete collection methods Li Z, Xu C, Shu J, et al. Doping-assisted low-pressure photoionization mass spectrometry for the real-time detection of lung cancer-related volatile organic compounds. Talanta 2017;165:98-106.
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