Supplementary materials S4 — Included studies

Table S1. Summary of studies analyzing fecal VOCs for the detection of colorectal neoplasia compared to controls.

Author Comparison Samples Sampling Analysis Microbiota Reference
method method analysis
Chen et al. 2013 AA vs healthy 344 CRC, 344 healthy Derivatization | GC-MS Yes 133]
Weir et al. 2013 CRC vs healthy 11 CRC, 10 healthy Derivatization | GC-MS Yes 7]
Phua et al. 2014 CRC vs healthy 11 CRC, 10 healthy Derivatization | GC-MS No (7]
Batty et al. 2015 CRC+AA vs healthy 31 CRC+AA, 31 healthy | Nalophan SIFT-MS No 1981
Bond et al. 2019 CRC vs healthy 21 CRC, 60 control SPME GC-MS No 131
Ishibe et al. 2018 CRC vs healthy 22 CRC, 26 control Tedlar GC-MS No 149]
Niccolai et al. 2019 CRC vs healthy 19 CRC, 16 control Derivatization | GC-MS No 163]
Yachida et al. 2019 CRC vs healthy 178 CRC, 149 healthy Derivatization | CE-tof-MS Yes 18]
Yang et al. 2019 CRC vs healthy 50 CRC, 50 healthy Derivatization | GC-MS Yes 190]
Yusuf et al. 2019 CRC vs healthy 14 CRC, 14 healthy Derivatization | GC-MS Yes 192]
Kim et al. 2020 CRC vs healthy 32 CRC, 44 healthy Derivatization | GC-MS Yes 152]
Coker et al. 2022 CRCvs AA vs 118 CRC, 140 AA, 128 Derivatization | GC-MS Yes 1361
healthy healthy

CRC: colorectal carcinoma, AA: advanced adenoma, GC-MS: gas chromatography-mass spectrometry, CE-tof-MS: capillary electrophoresis-time of flight-mass
spectrometry, SIFT-MS: selected ion flow tube-mass spectrometry, SPME: solid phase microextraction
* also analyzed VOCs in tissue
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Table S2. Summary of studies analyzing urinary VOCs for the detection of colorectal neoplasia compared to controls.

Author Comparison Samples Sampling method | Analysis Microbiota | Reference
method analysis
Qiu et al. 2010 CRC vs healthy 60 CRC, 63 healthy Derivatization GC-MS No 73]
Silva et al. 2011 CRC vs healthy (vs 11 CRC, 21 healthy Dynamic SPME GC-MS No (0]
leukemia vs
lymphoma)
Chen et al. 2012 CRC vs healthy 20 CRC, 14 healthy Derivatization CE-MS No (341
Cheng et al. 2012 CRC vs healthy 101 CRC, 103 healthy Derivatization GC-MS No (351
Arasaradnam et al. 2014 CRC vs healthy 83 CRC, 50 healthy Direct headspace GC-MS No (62]
Rozhentsov et al. 2014 CRC vs healthy (vs 14 CRC, 35 healthy SPME GC-MS No 78]
gastric carcinoma vs
lung carcinoma)
Porto-Figueira et al. 2018 CRC vs healthy 30 CRC, 30 healthy SPME GC-MS No (741
Ning et al. 2021 CRC vs healthy 163 CRC, 111 healthy Derivatization GC-MS No (651
Tyagi et al. 2021 CRC vs healthy 58 CRC, 38 healthy TD headspace GC-MS No 821

CRC: colorectal carcinoma, GC-MS: gas chromatography-mass spectrometry, SPME: solid phase microextraction, CE-MS: capillary
electrophoresis-mass spectrometry, TD: thermal desorption.
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Table S3. Summary of studies analyzing breath VOCs for the detection of colorectal neoplasia compared to controls.

healthy

NAA, 84 healthy

Author Comparison Samples Sampling method | Analysis Microbiota Reference
method analysis
Peng et al. 2010 CRC versus healthy 26 CRC, 22 controls Mylar bag GC-MS No (70]
Altomare et al. 2013 | CRC vs healthy 37 CRC, 41 healthy Tedlar GC-MS No 129]
Wang et al. 2014 CRC vs healthy 20 CRC, 20 healthy Syringe, SPME GC-MS No 1851
Altomare et al. 2015 | CRC vs previous CRC 32 CRC, 55 healthy Tedlar GC-MS No 140l
Amal et al. 2016 CRC vs healthy 65 CRC, 122 healthy | Tedlar GC-MS No 151
Markar et al. 2019 CRC versus Gl disease 50 CRC, 50 positive Nalophan SIFT-MS No 1601
vs healthy controls, 50 healthy
Altomare et al. 2020 | Early CRC vs healthy 83 CRC, 90 healthy ReCIVA GC-MS No 28]
De Vietro et al. 2020 | CRC vs healthy 7 CRC, 20 healthy ReCIVA GC-MS No 1]
Miller-Atkins et al. CRC (liver metastases) | 54 CRC, 51 healthy Mylar bag SIFT-MS No 161]
2020 vs HCC vs cirrhosis vs
healthy
Politi et al. 2021 CRCvs lung 52 CRC, 45 healthy Bio-VOC sampler IMR-MS No 1721
adenocarcinoma vs
lung squamous cell
carcinoma vs healthy
Cheng et al. 2022 CRC versus AA versus 30 CRC, 138 AA, 130 | Tedlar GC-MS No 196]

CRC: colorectal carcinoma, AA: advanced adenoma, NAA: non-advanced adenoma, GC-MS: gas chromatography-mass spectrometry, SPME:

solid phase microextraction, SIFT-MS: selected ion flow tube-mass spectrometry, IMR-MS: ion molecule reaction-mass spectrometry

* also analyzed VOCs in tissue
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Table S4. Summary of studies analyzing VOCs in blood for the detection of colorectal neoplasia compared to controls.

Author Comparison Samples Sampling method | Analysis Microbiota | Reference
method analysis
Qiu et al. 2009 CRC vs healthy 54 CRC, 65 controls Derivatization GC-MS No 1761
Ma et al. 2010 Pre vs post CRC 30 pre-surgery, 30 Derivatization GC-MS No 1561
post-surgery
Nishiumi et al. CRC vs healthy 40 CRC per stage, 40 | Derivatization GC-MS No 1661
2012 controls
lkeda et al. 2012 CRC vs healthy controls 12 CRC, 12 controls Derivatization GC-MS No 148]
Ma et al. 2012 CRC vs healthy 30 CRC, 30 controls Derivatization GC-MS No 1571
Tan et al. 2013 CRC vs healthy 101 CRC, 102 Derivatization GC-MS No 181
healthy
Wang et al .2014 CRC vs healthy 16 CRC, 20 healthy SPME GC-MS No 186]
Cross et al. 2014 CRC versus controls 254 CRC versus 254 | Derivatization GC-MS No 1#7]
controls
Crotti et al. 2016 CRC vs healthy 48 CRC, 20 controls Derivatization GC-MS No 1381
Farshidfar et al. CRC vs controls 320 CRC, 254 Derivatization GC-MS No 1441
2016 controls
Uchiyama et al. CRC vs healthy 56 CRC, 60 healthy Derivatization GC-MS No 183l
2017
Nishiumi et al. CRC vs healthy 282 CRC, 291 Derivatization GC-MS No 1671
2017 healthy
Shu et al. 2018 CRC vs healthy 245 CRC, 245 Derivatization GC-MS No 179
control
Kim et al. 2019 CRC vs healthy 30 CRC, 30 controls SPME GCXGC- No 153]
MS
Di Giovanni et al. CRC vs healthy 18 CRC, 19 healthy Derivatization GCxGC- No 3]
2020 MS
Hassan et al. 2020 CRC vs controls 32 CRC, 32 controls Derivatization GC-MS No 146]
Yuan et al. 2020 CRC vs healthy 29 CRC, 29 healthy Derivatization GCxGC- No 101]
MS
Wu et al. 2020 CRC vs healthy 22 CRC, 23 RC, 45 Derivatization GC-MS No 188]
healthy
Baldi et al. 2021 CRC vs healthy 19 CRC, 16 healthy Derivatization GC-MS No 184]
Barberini et al. Pre vs post CRC 15 pre-surgery, 15 Derivatization GC-MS No 195]
2021 CRC post-surgery
Genua et al. 2021 CRC vs adenomas vs 84 CRC, 66 Derivatization GC-MS No 1451
healthy adenomas, 63
controls

CRC: colorectal carcinoma, GC-MS: gas chromatography-mass spectrometry, SPME: solid phase microextraction RC: rectal carcinoma.




References

37 Cross, A.J.; Moore, S.C.; Boca, S.; Huang, W.-Y.; Xiong, X.; Stolzenberg-Solomon, R.; Sinha, R.; Sampson, J.N. A
prospective study of serum metabolites and colorectal cancer risk. Cancer 2014, 120, 3049-3057. https://doi.org/10.1002/cncr.28799.
38 Crotti, S.; Agnoletto, E.; Cancemi, G.; Di Marco, V.; Traldi, P.; Pucciarelli, S.; Nitti, D.; Agostini, M. Altered plasma levels

of decanoic acid in colorectal cancer as a new diagnostic biomarker. Amnal. Bioanal. Chem. 2016, 408, 6321-6328.
https://doi.org/10.1007/s00216-016-9743-1.

43 Di Giovanni, N.; Meuwis, M.A.; Louis, E.; Focant, J.F. Specificity of metabolic colorectal cancer biomarkers in serum
through effect size. Metabolomics 2020, 16, 88. https://doi.org/10.1007/s11306-020-01707-w.
44 Farshidfar, F.; Weljie, A.M.; Kopciuk, K.A.; Hilsden, R.; McGregor, S.E.; Buie, W.D.; MacLean, A.; Vogel, H.J.; Bathe,

O.F. A validated metabolomic signature for colorectal cancer: Exploration of the clinical value of metabolomics. Br. . Cancer 2016,
115, 848-857. https://doi.org/10.1038/bjc.2016.243.

45 Genua, F.; Mirkovi¢, B.; Mullee, A.; Levy, M.; Gallagher, W.M.; Vodicka, P.; Hughes, D.]. Association of circulating short
chain fatty acid levels with colorectal adenomas and colorectal cancer. Clin. Nutr. ESPEN 2021, 46, 297-304.
https://doi.org/10.1016/j.clnesp.2021.09.740.

46 Hassan, H.A.; Ammar, N.M.; Serag, A.; Shaker, O.G.; El Gendy, A.N.; Abdel-Hamid, A.H.Z. Metabolomics driven
analysis of obesity-linked colorectal cancer patients via GC-MS and chemometrics: A pilot study. Microchem. |. 2020, 155, 104742.
https://doi.org/10.1016/j.microc.2020.104742.

48 Ikeda, A.; Nishiumi, S.; Shinohara, M.; Yoshie, T.; Hatano, N.; Okuno, T.; Bamba, T.; Fukusaki, E.; Takenawa, T.; Azuma,
T.; et al. Serum metabolomics as a novel diagnostic approach for gastrointestinal cancer. Biomed. Chromatogr. 2012, 26, 548-558.
https://doi.org/10.1002/bmc.1671.

53 Kim, S.; Yin, X.; Prodhan, M.A.L; Zhang, X.; Zhong, Z.; Kato, I. Global plasma profiling for colorectal cancer-associated
volatile  organic  compounds: A  proof-of-principle  study. J.  Chromatogr.  Sci. 2019, 57,  385-396.
https://doi.org/10.1093/chromsci/bmz011.

56 Ma, Y,; Liu, W.; Peng, J.; Huang, L.; Zhang, P.; Zhao, X.; Cheng, Y.; Qin, H. A pilot study of gas chromatograph/mass
spectrometry-based serum metabolic profiling of colorectal cancer after operation. Mol. Biol. Rep. 2010, 37, 1403-1411.
https://doi.org/10.1007/s11033-009-9524-4.

57 Ma, Y.; Zhang, P.; Wang, F.; Liu, W.; Yang, J.; Qin, H. An integrated proteomics and metabolomics approach for defining
oncofetal biomarkers in the colorectal cancer. Ann. Surg. 2012, 255, 720-730. https://doi.org/10.1097/SLA.0b013e31824a9a8b.
66 Nishiumi, S.; Kobayashi, T.; Ikeda, A.; Yoshie, T.; Kibi, M.; Izumi, Y.; Okuno, T.; Hayashi, N.; Kawano, S.; Takenawa,

T.; et al. A novel serum metabolomics-based diagnostic approach for colorectal cancer. PLoS ONE 2012, 7, e40459.
https://doi.org/10.1371/journal.pone.0040459.

67 Nishiumi, S.; Kobayashi, T.; Kawana, S.; Unno, Y.; Sakai, T.; Okamoto, K.; Yamada, Y.; Sudo, K.; Yamaji, T.; Saito, Y.; et
al. Investigations in the possibility of early detection of colorectal cancer by gas chromatography/triple-quadrupole mass
spectrometry. Oncotarget 2017, 8, 17115-17126. https://doi.org/10.18632/oncotarget.15081.

76 Qiu, Y.; Cai, G,; Su, M,; Chen, T.; Zheng, X.; Xu, Y.; Ni, Y.; Zhao, A.; Xu, L.X,; Cai, S.; et al. Serum metabolite profiling
of human colorectal cancer using GC-TOFMS and UPLC-QTOFMS. |]. Proteome. Res. 2009, 8, 4844-4850.
https://doi.org/10.1021/pr9004162.

79 Shu, X.; Xiang, Y.-B.; Rothman, N.; Yu, D.; Li, H.-L.; Yang, G.; Cai, H.; Ma, X,; Lan, Q.; Gao, Y.-T.; et al. Prospective study
of blood metabolites associated with colorectal cancer risk. Int. J. Cancer 2018, 143, 527-534. https://doi.org/10.1002/ijc.31341.

81 Tan, B.; Qiu, Y.; Zou, X.; Chen, T.; Xie, G.; Cheng, Y.; Dong, T.; Zhao, L.; Feng, B.; Hu, X,; et al. Metabonomics identifies
serum metabolite markers of colorectal cancer. J. Proteome Res. 2013, 12, 3000-3009. https://doi.org/10.1021/pr400337b.

83 Uchiyama, K.; Yagi, N.; Mizushima, K.; Higashimura, Y.; Hirai, Y.; Okayama, T.; Yoshida, N.; Katada, K.; Handa, O.;
Ishikawa, T.; et al. Serum metabolomics analysis for early detection of colorectal cancer. ]. Gastroenterol. 2017, 52, 677-694.
https://doi.org/10.1007/s00535-016-1261-6.

84 Baldi, S.; Menicatti, M.; Nannini, G.; Niccolai, E.; Russo, E.; Ricci, F.; Pallecchi, M.; Romano, F.; Pedone, M.; Poli, G.; et
al. Free fatty acids signature in human intestinal disorders: Significant association between butyric acid and celiac disease.
Nutrients 2021, 13, 742. https://doi.org/10.3390/nu13030742.

86 Wang, C.; Li, P; Lian, A,; Sun, B.; Wang, X.; Guo, L.; Chi, C; Liu, S.; Zhao, W.; Luo, S.; et al. Blood volatile compounds
as biomarkers for colorectal cancer. Cancer Biol. Ther. 2014, 15, 200-206. https://doi.org/10.4161/cbt.26723.

88 Wuy, J.; Wu, M.; Wu, Q. Identification of potential metabolite markers for colon cancer and rectal cancer using serum
metabolomics. J. Clin. Lab. Anal. 2020, 34, €23333. https://doi.org/10.1002/jcla.23333.

91 Yuan, F.; Kim, S.; Yin, X.; Zhang, X.; Kato, I. Integrating two-dimensional gas and liquid chromatography-mass
spectrometry for untargeted colorectal cancer metabolomics: A proof-of-principle study. Metabolites 2020, 10, 343.
https://doi.org/10.3390/metabo10090343.

95 Barberini, L.; Restivo, A.; Noto, A.; Deidda, S.; Fattuoni, C.; Fanos, V.; Saba, L.; Zorcolo, L.; Mussap, M. A gas
chromatography-mass spectrometry (GC-MS) metabolomic approach in human colorectal cancer (CRC): The emerging role of
monosaccharides and amino acids. Ann. Transl. Med. 2019, 7, 727-727. https://doi.org/10.21037/atm.2019.12.34.



Table S5. Summary of studies analyzing VOCs in tissue for the detection of colorectal neoplasia compared to controls.

Author Comparison Samples Sampling method | Analysis method Microbiota | Reference
analysis

Zimmermanet | CRCvs healthy N/A SPME GC-MS No (541

al. 2007

Denkert et al. CRC vs healthy 27 CRC 18 healthy Derivatization GC-MS No 42]

2008

Mal et al. 2009 | CRC vs healthy 6 CRC, 6 healthy Derivatization GC-MS No (591

Ongetal. 2010 | CRC+AAvs healthy | 26 CRC, 26 healthy Derivatization GC-MS No (6]
tissue

Mal et al. 2012 | CRC vs healthy 31 CRC, 31 healthy | Derivatization GCxGC-MS No (58]

Nugent et al. Adenomas vs 15 CRC 15 healthy Derivatization GC-MS Yes (68

2014 healthy

Qiu et al. 2014 CRC vs healthy 376 CRC Derivatization GC-MS No 771

Brown et al. CRC vs healthy 16 CRCvs 17 Derivatization GC-MS No 2]

2016 tissue healthy

Krishnamurthy CRC vs healthy 4 CRC, 4 healthy Derivatization gc-IRMS No (541

etal. 2017

Ning et al. 2017 | CRC vs healthy 20 CRC, 20 healthy Derivatization GC-MS No (641

Kibi et al. 2019 CRC vs healthy 10 CRC, 10 healthy Derivatization GC-MS No (501

Liu et al. 2019 CRC vs healthy 6 CRC, 6 healthy SPME GC-MS No (551

Arshad et al. CRC vs healthy N/A Syringe GC-MS No (73]

2019

Zhuetal. 2021 | CRCvs healthy 48 CRC 48 healthy Derivatization GC-MS No (93]

Barberis et al. AA vs healthy 10 AA, 10 healthy Derivatization GCxGC-MS No (871

2021

Hou et al. 2021 | CRCvs healthy 3 CRC,3 healthy Derivatization GC-MS No 1471

De Vietro et al. CRC vs healthy 3 CRC 3 vs healthy SPME GC-MS No 9]

2021

tissue

N/A: not available, CRC: colorectal carcinoma, AA: advanced adenoma, SPME: solid phase microextraction, GC-MS: gas chromatography-

mass spectrometry,
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