
 Scientific Letters III 1H-TOXRUN  
International Congress 2024 

02-03 May, 2024 | Porto, Portugal 
 

 
Scientific Letters 2024, 1, Sup (1). https://doi.org/10.48797/sl.2024.130  

Oral Communication 2 

Urinary volatile metabolomic biomarkers for de-
tection of bladder cancer 
Ângela Carapito 1,2,*, Ana Teixeira-Marques 3,4, Carmen Jerónimo 3,4, Rui Henrique 3,4,5, Ana Cecí-
lia A. Roque 6,7, Félix Carvalho 1,2, Joana Pinto 1,2 and Paula Guedes de Pinho 1,2 

1 Associate Laboratory i4HB - Institute for Health and Bioeconomy, University of Porto, 4050-313, Porto, Portugal 

2 UCIBIO – Applied Molecular Biosciences Unit, Laboratory of Toxicology, Faculty of Pharmacy, University of Porto, 4050-313, 
Porto, Portugal 
3 Cancer Biology and Epigenetics Group, Research Center (CI-IPOP), Portuguese Oncology Institute of Porto (IPO Porto), Porto 
Comprehensive Cancer Center (Porto.CCC), 4200-072, Porto, Portugal 
4 Department of Pathology and Molecular Immunology, ICBAS-School of Medicine and Biomedical Sciences, University of 
Porto, 4050-313 Porto, Portugal 
5 Department of Pathology, Portuguese Oncology Institute of Porto (IPO Porto), Porto Comprehensive Cancer Center 
(Porto.CCC), 4200-072, Porto, Portugal 
6 Associate Laboratory i4HB – Institute for Health and Bioeconomy, NOVA School of Science and Technology, NOVA Univer-
sity of Lisbon, 2829-516, Caparica, Portugal 
7 UCIBIO – Applied Molecular Biosciences Unit, Department of Chemistry, NOVA School of Science and Technology, NOVA 
University of Lisbon, 2829-516, Caparica, Portugal 

 
* Correspondence: up201804198@up.pt 

Abstract 
Background: Early detection of bladder cancer (BC) is necessary for improved outcomes, but current 
diagnostic methods may lack the necessary sensitivity. Metabolomics, particularly the analysis of urinary 
volatile organic compounds (VOCs), offers a promising, non-invasive approach to BC detection [1,2]. 
Objective: The study aimed to investigate potential urinary biomarkers for the detection and staging of 
BC using metabolomics approaches, in particular gas chromatography-mass spectrometry (GC-MS), and 
to apply machine learning algorithms to establish a biomarker panel for the accurate detection and staging 
of BC. Methods: Our study collected urine samples from 196 participants, including 98 BC patients (67 
non-muscle invasive bladder cancer, and 31 muscle-invasive bladder cancer) and 98 cancer-free controls. 
Ethical approval was obtained, and informed consent was signed by all participants. Headspace solid-
phase microextraction coupled with gas chromatography-mass spectrometry (HS-SPME-GC-MS) was 
used for volatile profiling in urine. Statistical analyses included principal component analysis (PCA), 
partial least squares discriminant analysis (PLS-DA), receiver operating characteristic (ROC) analysis, 
and univariate tests to identify biomarkers for BC detection and staging. Results: Our study found 19 
urinary volatile metabolites that effectively discriminate BC patients from cancer-free controls. A panel 
of ten potential biomarkers was identified for the detection of BC with a sensitivity of 81%, specificity of 
90% and accuracy of 85%. This biomarker panel consisted of two aromatic compounds, three ketones, 
three alcohols, one pyran-like compound, and one fatty acid. Compared to controls, the panel achieved 
83% sensitivity, 87% specificity, and 84% accuracy for NMIBC, and 90% sensitivity, 77% specificity, 
and 87% accuracy for MIBC. No significant differences in urinary volatile profiles were observed be-
tween NMIBC and MIBC patients. Conclusions: The identified panel of 10 biomarkers showed signifi-
cant potential to discriminate between BC patients and controls. While further research is warranted to 
differentiate NMIBC from MIBC cases, our findings highlight the value of urinary volatile biomarkers in 
advancing diagnostic approaches for improved patient care. 
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