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Metabolic biomarkers detect bladder cancer in human tisssue and urine samples
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Introduction 

Bladder cancer (BC) is the second most frequent genitourinary cancer in developed countries with 429.793 new
cases (99.413 women and 330.380 men) and 165.084 deaths per year. Most BC (75-85%) are non-muscle
invasive (NMIBC) at first diagnosis, although within 5 years 30-80% of cases will recur and 15-40% of cases will
progress to muscle invasion (MIBC). The current diagnostic techniques are cystoscopy and urinary cytology.
However these techniques have drawbacks. Cystoscopy is invasive and cannot detect carcinomas in situ and
urinary cytology has poor sensitivity especially for low-grade tumours.

Cancer is considered a genetic and metabolic disease owning to metabolic reprogramming carried out to supply
bioenergetic and biosynthetic demands of continuous cell proliferation.

The study of cancer metabolism by analytical platforms as mass spectrometry (MS) and nuclear magnetic
resonance spectroscopy (NMR) has been increasing in the last years. Metabolomics offers dynamic information
about what is happening at the time and how the environment and genes interact for determining the metabolic
phenotype. In this context, NMR and HR MAS NMR have played a key role in understanding metabolism for more
than three decades since allow detecting metabolites that could be used as diagnostic or prognostic biomarkers in
different types of samples.

Objectives

Our study aims to detect tissue metabolites related to the changes in BC tumour metabolism that could be used as
diagnostic or prognostic biomarkers in tissues, but also in urines.

Method 

21 patients with BC were enrolled in this study from Urology Service of the Hospital Universitario y Politécnico La
Fe de Valencia. From each patient were collected urines: pre-TUR (tumour) and post-TUR (control) and tissues
during the TUR: tumour and non-tumour.

NMR spectra of tissues and urines were acquired using a Bruker Avance 600 MHz spectrometer and phase and
baseline were corrected using MestreNova. In urines, chemical shift was referenced to creatinine singlet 4.05 ppm,
and in tissues was referenced to creatine singlet (3.03ppm) and to alanine doublet 1.48pmm. In both cases, peak
alignment was performed using Icoshift. The chemical shift spectral region of 0.5-9.5 ppm was analyzed but the
spectral regions of water and urea (only in urines) were excluded from the analysis. In urines, the spectral regions
were normalized using creatinine region (3.03ppm) and in tissues according to their weight (mg). Prior to
multivariate statistical analysis data were autoscaling.

Results 

A PCA model showed an apparent separation between both groups (tumour and non-tumour tissues) on the scores
plot of first two principal components (PC). The first PLS-DA model (n=34, k=11698, LVs=2) showed for cross



validation (CV) subset, a sensitivity of 88.2%, a specificity of 82.4%, a negative predictive value (NVP) of 83.3%
and a positive predictive value (PPV) of 87.5%. However, for prediction subset (n=10) this date improved with a
value of 100% for all statistical parameters, included a receiver operating characteristic curve AUROC=1. We were
able to identified 26 metabolites inside these 11698 signals.

In urines, two PLS-DA models were carried out with some signals of more tissue important metabolites that also
were present in BC urines. The first model (n=31 k=330, LVs=5) included NMIBC samples, and showed for CV a
sensitivity of 86.7%, specificity of 87.5%, a NPV of 86.7% and a PPV of 87.5% and an AUROC=0.87. The second
PLS-DA model (n=17 k=504 LVs=5) included MIBC samples and showed for CV a sensitivity of 100%, specificity of
100%, a NPV of 100% and a PPV of 100 % and an AUROC=1.

Conclusions

In conclusion, we have been able to verify the existence of a tissue metabolic profile associated to tumour bladder
tissues that can be used to classify tumour and non-tumour urines.The design of this study had not been used in
the context of BC but it has allowed us to link the metabolites produced by tumour cells with the same metabolites
found in the urine of the same patient. Besides, our results have increased the knowledge about BC metabolism
and have proved that only using signals of 4 metabolites biomarkers, most of urine samples were classify correctly
by means of a non-invasive approach. These facts are very important since these metabolites could be used in
clinical practice as diagnostic or monitoring BC biomarkers. This would allow a reduction of cystoscopy frequency
in patients with persistent negative results.

On the other hand, different stages of patients (invasive vs non-invasive) can be detected using combinations of
our biomarkers. This could be interesting for clinical practice because would allow determine the evolution of the
patients. From 15-45% of the patients with NMIBC progress to MIBC. So if clinicians would have biomarkers of
aggressiveness, they could control better the disease and even anticipate it, choosing the best treatment possible
and maybe avoid cystectomies.
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