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Abstract
Introduction: Bladder cancer is the ninth common tumor world-
wide and the most common malignant carcinoma of urinary sys-
tem with an increasing incidence. Despite the high frequency 
and mortality associated with this carcinoma, little has evolved 
recently regarding the diagnosis and management of this type 
of tumor. In fact, cystoscopy and cytology are still standards 
for bladder cancer detection. The development of less inva-
sive and more reliable diagnostic techniques of bladder cancer 
than cystoscopy and cytology is critical. In this sense, metabo-
lomics has recently emerged as a promising technique for the 
diagnosis and orientation of oncological diseases. 
Evidence Acquisition: We searched PubMed, Medline and Web 
of Science for studies about metabolomics and bladder cancer 
published before October 2017. We performed a review of the 
literature, trying to clarify what is already known about the ap-
plication of metabolomics in bladder cancer and what are the 
future prospects. 
Evidence Synthesis: The spectral acquisition is made using pre-
dominantly two analytic platforms: nuclear magnetic resonance 
and mass spectrometry. Regarding to bladder cancer, several 
metabolites were associated with the presence of bladder can-
cer, leading to the creation of a metabolomic profile capable 
of distinguishing between bladder cancer patients and control. 
Besides the diagnosis, the metabolomic has also been studied 
to stratify bladder cancer according to its aggressiveness. In 
this sense there are studies that used metabolomic analysis to 
distinguish between low-grade and high-grade bladder cancer. 
One investigation showed that the levels of carnitine were high-
er in muscle-invasive bladder cancer than in nonmuscle-inva-
sive bladder cancer, which suggests that they may be correlat-
ed with bladder cancer aggressiveness. 
Conclusion: Biomarkers detected by metabolomics give an in-
sight into cancer biology and tapped properly this can lead to 
new strategies for bladder cancer diagnosis and new drugs 
discovery.
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Resumo
Introdução: O carcinoma da bexiga é o nono tumor mais co-
mum em todo o mundo e o tumor mais comum do sistema 
urinário com incidência crescente. Apesar da alta frequência 
e mortalidade associada a este tumor, pouco evoluiu recente-
mente quanto ao diagnóstico e tratamento desta patologia. De 
facto, a cistoscopia e a citologia urinária ainda são os méto-
dos preconizados para a detecção do carcinoma da bexiga. 
O desenvolvimento de técnicas diagnósticas menos invasivas 
e mais confiáveis é fundamental. Nesse sentido, a metaboló-
mica surgiu recentemente como uma técnica promissora para 
o diagnóstico e orientação de doenças oncológicas. 
Aquisição de Evidências: Fizemos uma pesquisa exaustiva 
dos estudos sobre metabolómica e carcinoma da bexiga pu-
blicados antes de Outubro de 2017, recorrendo à base biblio-
gráfica da PubMed, Medline e Web of Science. Realizamos 
uma revisão da literatura, tentando esclarecer o que já é co-
nhecido sobre a aplicação da metabolómica no carcinoma da 
bexiga e quais as perspectivas futuras. 
Síntese de Evidências: A aquisição espectral é feita usando 
predominantemente duas plataformas analíticas: ressonância 
magnética e espectrometria de massa. No que diz respeito 
ao carcinoma da bexiga, vários metabolitos foram associados 
à presença de tumor, levando à criação de um perfil meta-
bolómico capaz de identificar os pacientes com carcinoma 
da bexiga. Além do diagnóstico, a metabolómica também foi 
estudada para estratificar os casos de carcinoma da bexiga 
de acordo com sua agressividade. Neste sentido, existem es-
tudos que utilizaram a análise metabolómica para distinguir 
entre tumores vesicais de baixo e alto grau. Uma investigação 
mostrou que os níveis de carnitina foram maiores nos doentes 
com carcinoma da bexiga músculo-invasivo do que naqueles 
com tumores não invasivos, o que sugere que estes achados 
podem estar correlacionados com a agressividade tumoral. 
Conclusão: Os biomarcadores detectados pela metabolómi-
ca fornecem uma visão da biologia tumoral e usados de for-
ma adequada poderão levar ao desenvolvimento de novas 
estratégias para o diagnóstico e tratamento do carcinoma da 
bexiga.
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Introduction
Bladder cancer (BC) is the ninth common tumor worldwide1,2 

and the most common malignant carcinoma of urinary sys-
tem with an increasing incidence.3 Most of BC cases (about 
75%) are non-invasive low-grade and high-grade urothelial 
papillomas with high recurrence rates after surgical resection. 
The remaining cases are muscle-invasive BC that present an 
aggressive behavior with high rate of metastization.4 Where-
as low-grade papillary urothelial carcinoma progresses only 
in a minority of patients, those with high-grade nonmuscle-in-
vasive bladder cancer (NMIBC) have a markedly increased 
risk of progression.5 Muscle-invasive bladder cancer (MIBC) 
is an aggressive disease associated with high morbidity and 
mortality. Primary treatment in these cases includes radical 
cystectomy and bilateral regional lymph node dissection with 
or without neoadjuvant chemotherapy.6 Despite the high fre-
quency and mortality associated with this carcinoma, little has 
evolved recently regarding the diagnosis of this type of tumor. 
In fact, cystoscopy and cytology are still standards for BC 
detection. Cystoscopy is an invasive and costly procedure.7 
Cytology is a noninvasive method used in the diagnosis of BC 
in conjunction with cystoscopy. Although cytology has high 
specificity, its sensitivity is reduced, particularly in low-grade 
tumors.8  Furthermore, the follow-up of patients with NMIBC is 
also done with regular cystoscopy and urinary cytology, which 
has increased costs for hospitals and patients. Thus, the de-
velopment of less invasive and more reliable diagnostic tech-
niques of BC than cystoscopy and cytology is critical. Several 
candidate protein markers for BC have been identified from 
urine and BC cells, however the sensitivity and specificity of 
these markers are not superior to existing detection meth-
ods.9–11 Thus, the development of new markers for diagnosis 
and follow-up of patients with BC is in need. 

Metabolomics has recently emerged as a promising tech-
nique for the diagnosis and orientation of oncological diseas-
es, given its noninvasive sampling characteristics and robust 
analytical feasibility.12 Metabolomics can be defined as the 
nontargeted analysis of all of the small molecule metabolites 
produced by the body. These compounds are generally ac-
cepted to be ≤1500 Da and to include peptides, oligonucle-
otides, sugars, nucleosides, organic acids, ketones, alde-
hydes, amines, amino acids, lipids, steroids, and alkaloids, 
and in some cases drugs or xenobiotic.13 At the basis of the 
development of metabolomics applied to the study of can-
cer is the principle of that most of the metabolic processes 
in the body, such as those involving energetics and amino 
acid catabolism, are common to all living cells. In addition, 

cancer cells show likely a wide range of changes in metabol-
ic pathways such as glycolysis, amino acid metabolism, and 
fatty-acid oxidation.13

The entire qualitative collection of metabolites in a biological 
sample is called “metabolome”, which is very dynamic.14 Me-
tabolites represent the end products of cellular biochemical 
and physiological processes. Thus, the study of metabolome 
in combination with transcriptomics and proteomics will help 
to better understand the pathogenesis of the disease and 
consequently will also help to find more appropriate treatment 
approaches.14 So, exploring cancer metabolome seems to be 
an effective way to understand the phenotypic changes asso-
ciated with cancer.15 

The interest in metabolomics has increased exponentially 
in last years, and there are already several studies on novel 
cancer biomarkers discovered by metabolomics in various 
types of cancers. A study focused on lung cancer, investigat-
ing the metabolic profile of patients with benign and malig-
nant nodules, was able to identify 14 metabolites associated 
with malignant pulmonary nodules.16 Another study used the 
serum metabolic profile to categorize breast cancer patients 
as responders or non-responders to chemotherapy.17 They 
found the concentration of four metabolites was significantly 
different in patients and controls when comparing response 
to chemotherapy. The metabolites correctly identified 80% of 
the patients whose tumors did not show complete response to 
chemotherapy.

Several studies of metabolomics have also been developed 
in the area of urological tumors. A recent study found 8 metab-
olites whose concentrations exhibited statistically significant 
differences when comparing the urinary metabolomic profiles 
of prostate cancer (PCa) and individuals diagnosed with be-
nign prostatic hyperplasia (BPH). They found that urine from 
PCa patients, compared with individuals diagnosed with BPH, 
was characterized by increased concentrations of branched-
chain amino acids (BCAA), glutamate and pseudouridine, 
and decreased concentrations of glycine, dimethylglicine, fu-
marate, 4-imidazole-acetate and one unknown metabolite.18 
Many studies have also been developed in BC to find metabo-
lites that can improve the management of patients with BC.19,20 
Thus, the objective of this study is to review the application of 
metabolomics in BC, seeking to assess the current state and 
future prospects.

Evidence Acquisition
We searched PubMed, Medline and Web of Science for stud-
ies about metabolomics and BC published before October 
2017. We used the following search strings: metabolic profil-

Keywords: Biomarkers, Tumor; Metabolome; Metabolomics; 
Urinary Bladder Neoplasms.

Palavras-chave: Biomarcadores Tumorais; Metaboloma; Me-
tabolómica; Neoplasias da Bexiga Urinária.
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ing, bladder cancer, nuclear magnetic resonance spectrometry 

and mass spectrometry. We performed a review of the litera-

ture, trying to clarify what is already known about the applica-

tion of metabolomics in BC and what are the future prospects.

Evidence Synthesis
Methods of metabolite evaluation: A metabolomics ap-

proach includes steps of sample collection, sample prepa-

ration, spectral acquisition and data analysis.21 With regard 

to sample collection, several biological tissues may be used 

for the evaluation of metabolites. Examples of such biologi-

cal specimens are urine, feces, tissues, blood, saliva sputum, 

seminal fluid and cerebrospinal fluid.21 Sample preparation is 

essential to remove the chemicals of interest from a complex 

matrix. This preparation increases sensitivity, specificity and 

robustness of the technique. This sample preparation may be 

as simple as filtration and protein removal or as complex as 

multistep orthogonal workflows.21 

The spectral acquisition is made using predominantly two 

analytic platforms: nuclear magnetic resonance (NMR) and 

mass spectrometry (MS).15,21 There are other methods that can 

be used in this analysis, however the characteristics of NMR 

and MS have made these two platforms the most commonly 

used methods for metabolomics studies.21 Both techniques 

Table 1:  Characteristics and major findings of metabolomic studies in bladder cancer

Study Year Method
Patients/  
Controls

Metabolites 
identified

Key metabolites Major findings

Kim et al38 2010 GC-MS 11/8 21
ß-aminoisobutyric acid, pyroglutamic 
acid, tyrosine, and glycine

The patient star pattern of 
21 amino acids was badly 
distorted compared with the 
controls

Srivastava et al28 2010 H-NMR 33/37 11 Taurine, hippurate and citrate

Significant decrease in con-
centrations of hippurate and 
citrate and increase in that of 
taurine were observed in bla-
dder cancer urine samples

Pasikanti et al39 2010 GC-MS 24/51 15

Senecioic acid, 2-butenedioic acid, 
ribonic acid, 2,5-furandicarboxylic
acid, melibiose, sumiki’s acid, uridine, 
2-propenoic acid, glycerol, gluconic 
acid, valerate, fructose, Lvaline, citric 
acid, ribitol

AUC 0.90; Sensitivity 92%; 
Specificity 80%

Huang et al40 2011 LC-MS 27/32 14
Component I; carnitine C9:1 and 
hippuric acid

AUC 0.96; Sensitivity 92.6%; 
Specificity 96.9%

Pasikanti et al19 2013 GC-MS 38/61 46

Tryptophan, anthranilic acid, quinolinic 
acid, pcresol, vanillylmandelic acid, 
3,4-dihydroxy-phenylpyruvate, uridine, 
pseudouridine, 2-aminoisobutyric acid, 
citric acid

AUC 0.88; Sensitivity
71%; Specificity 100%

Alberice et al34 2013 LC-MS N/A 27

Betaine, cystrine, histidine, tyrosine,
phenylalanine, tryptophan, carnosine,
decanoylcarnitine, uric acid; trime-
thyllysine, N-acetyl tryptophan, dopa-
quinone, leucine and hypoxanthine

27 metabolite features were 
significantly different for 
distinguishing tumor stage 
and recurrence

Jin et al29 2014 LC-MS 138/121 12

Succinate, pyruvate, oxoglutarate, 
carnitine, phosphoenolpyruvate,
trimethyllysine, melatonin,isovaleryl-
-carnitine,glutarylcarni-tine, octenoyl-
carnitine, decanoylcarnitine,
acetylCoA

12 differential metabolites 
between the bladder cancer 
and control groups were 
found. Sensitivity 91.3% and 
specificity 92.5% 

Wittmann et al33

2014
LC-MS / 
GC-MS

Cohort 
1:66:266 
Cohort 
2:29:79

587

Lactate, palmitoyl sphingomyelin, ade-
nosine, succinate, phosphocholine,
guanidinoacetate, arachidonate,sper-
mine, cytosine, spermidine

25 candidate biomarkers 
were tested, of which 4 
metabolites provided the 
strongest predictive power 
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allow extensive and rapid analysis of small molecule metabo-
lites.22 MS can be coupled with a separation technique such 
as gas chromatography (GC-MS), liquid chromatography 
(LC-MS) or capillary electrophoresis (CE-MS).23 

NMR is considered the gold-standard method for analyze 
identification and gives a directly quantitative measurement 
relating amount of analyte to signal.24 This technique has un-
dergone rapid improvements with the development of stronger 
magnets resulting in increased field strength, hyperpolarization 
techniques leading to increased signal to noise and advanced 
pulse techniques resulting in narrower resonances. With the 
use of ultra-shielded magnets, it is possible to combine flow-in-
jection NMR and MS to a total analysis system with minimized 
space requirements and controlled by single software.21

On the other hand, MS plays a pivotal role in metabolomic 
evaluation due to its high sensitivity and widespread availabil-
ity.25 The ionization mode selected has a significant effect on 
the metabolic profile that is obtained.25 In MS analysis, mol-
ecules are ionized and introduced into mass spectrometer, 
then separated and analyzed resulting in the determination of 
the mass-to-charge ratio (m/z). A single analyte may give rise 
to multiple m/z values due to multiple charge states and ad-
duct formation resulting in collinear values. It should be noted 
that MS is not inherently a quantitative tool. Metabolite identifi-
cation has been significantly improved with accurate databas-
es and tandem MS fragmentation information. Although, this 
still remains a very labor-intensive endeavor, particularly for 
lipid-derived metabolites.21 GC-MS and LC-MS are perhaps 
the most commonly used platforms in metabolomics of can-
cer samples. GC-MS is used to the analysis of low molecu-
lar weight metabolites.26 LC-MS is applied to the analysis of 
non-volatile chemicals, therefore it is complementary to GC-
MS.26 Lastly, CE-MS is useful to the separation and detection 
of polar or ionic compounds in low sample volumes.23

Thus, NMR instruments coupled with LC-MS represent the 
ultimate metabolomics tool by providing overlapping and no 
overlapping information. NMR is the main instrument in the 
quantitative analysis of highly abundant small molecules and 
is able to give an overview of changes in biological sample 
without prior knowledge. MS, on the other hand, is the dom-
inant technique for the analysis of compounds at low abun-
dance.21 In conclusion, different analytical platforms are suit-
ed to different types of samples. Besides that, it is crucial 
to choosing the right analytical platform for the application, 
choosing the correct way to prepare a sample based on its 
type and the instrument to be employed for the experiment.23 

Current trends in BC management: Several studies have 
been developed recently in the search to find biomarkers that 
allow an early diagnosis of BC, as well as the identification 
of metabolites capable of predicting the response to chemo-

therapy or relapse risk. The most important studies and their 
major findings are listed in Table 1.  Regarding the diagnosis 
several studies have compared the metabolic profile of urine 
samples in patients with BC and control patients. Issaq et al27 
using a LC-MS method were able to correctly identify 48 of 
48 controls and 41 of 41 bladder cancer patients. In another 
study, Srivastava et al using1 H NMR spectroscopy found sig-
nificant variations in urine concentrations of hippurate, citrate 
and taurine in BC patients compared with controls.28 Jin et al29 
defend in their work that patients with BC could be clearly dis-
tinguished from patients from the control groups on the basis 
of their metabolomic profiles. This group goes further and ar-
gues that patients with MIBC could also be distinguished from 
patients with NMIBC through the evaluation of its metabolomic 
profile. In this same study, it was evaluated the performance 
of the used multivariate model in the diagnosis of BC. The 
orthogonal projections to latent structure-discriminant analy-
sis (OPLS-DA) model with one predictive and two orthogonal 
components separated the cancer groups (NMIBC and MIBC) 
reasonably well (R2 = 0.875 and Q2 = 0.355).29  Their predic-
tion model showed a sensitivity of 91.3% and a specificity of 
92.5%. Shen and colleagues30 identified three BC upregulat-
ed metabolites: nicotinuric acid, trehalose, AspAspGlyTrp and 
three post-surgery BC downregulated metabolites: inosinic 
acid, ureidosuccinic acid and GlyCysAlaLys. They also found 
that analysis of six post-surgery BC urine samples showed 
that these BC-metabolomic features reverted to normal state 
after tumor resection, suggesting that they reflect metabolo-
mic features associated with BC. Several other studies have 
been developed with the aim of finding a metabolic profile that 
allows the identification of BC using different sample types: 
urine, plasma or serum and bladder tissue.19,20,31–33

Although most studies have focused on the diagnosis of 
BC, some studies have also shown the usefulness of metab-
olomics in the classification of tumors in function of their ag-
gressiveness. Jin and colleagues, in the same work referred 
to above29 showed that the levels of carnitine were higher in 
MIBC than NMIBC, which suggests that they may be correlat-
ed with BC aggressiveness. 

 In another study, investigators used both LC-MS and CE-
MS of urine and identified that a total of 27 metabolites were 
significantly different between patients who developed tumor 
recurrence and those who did not.34 A recent study35 shows 
distinct profiles of nonmuscle-invasive and muscle-invasive 
bladder cancer. They found that MIBC appears to preferen-
tially enhance cyclooxygenase and lipoxygenase signaling, 
increase heme catabolism and alter nicotinamide adenine 
dinucleotide synthesis with a possible influence from asso-
ciated inflammatory cells. Bansal et al could differentiate LG 
from HG with 97% sensitivity and 99% specificity, using 1H 
NMR-derived serum data.36 The changes in some metabolites 
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such as lactate, tyrosine, glycine, carnitine and others were 
consistent with BC aggressiveness and stage of metasta-
sis. These results suggest that different stages/grades of BC 
might generate different metabolic profiles.37 

Future perspectives: Despite the recent findings and grow-
ing interest in the study of metabolomics, its application in 
clinical practice requires further investigation. At this time the 
application of metabolomics in cancer research still presents 
some limitations. In fact, the studies performed so far have 
been carried out with few patients and with small validation 
cohorts that makes it difficult to apply the metabolomics in 
clinical practice. Additionally, there is some inconsistency be-
tween biomarkers identified among studies, even when the 
same specimens were analyzed.37 Thus, in the future it will be 
necessary to find ways to overcome these limitations in order 
to apply the metabolomics in clinical practice. However, me-
tabolomics presents as a tool with enormous future potential. 
Several markers have been developed at DNA, RNA and pro-
tein levels to BC diagnosis, however its sensitivity, specificity 
and accessibility were not yet acceptable in order to alter the 
BC diagnosis paradigm.41 Thus, future research should not only 
look for ways to standardize the diagnosis but also find ways 
to distinguish LG and HG tumors. Another area to be explored 
in the future is the ability of the metabolomics to help identify 
the main metabolic pathways involved in tumor progression and 
thus allows the discovery of new therapeutic targets. In regard 
to this subject, there are already some studies using metabo-
lomics to try to predict the response to chemotherapy in oth-
er types of tumors. Fujimura et al42 used a metabolic approach 
to analyze gemcitabine resistance verified in some pancreatic 
cancer patients. This study identified metabolites related to sev-
eral metabolic pathways such as amino acid, nucleotide, ener-
gy, cofactor, and vitamin pathways. Decreases in glutamine and 
proline levels as well as increases in aspartate, hydroxyproline, 
creatine, and creatinine levels were observed in chemoresistant 
cells. Metabolites identified in this work may serve as biomarkers 
capable of predicting sensitivity to gemcitabine, which has so 
far been part of the standard therapy for metastatic BC. Anoth-
er study, focused on gastric carcinoma, described a metabolic 
approach for chemosensitivity prediction in a human xenograft 
model of gastric cancer treated with cisplatin and 5-fluoroura-
cil.43 With the use of MS techniques this study proposed 18 che-
mosensitivity metabolites for gastric cancer. Therefore, it seems 
that the metabolomics, perhaps in combination with proteomics 
and genomics, will play a crucial role in future discoveries of 
new treatments for cancer, including BC.

 
Conclusion
Our review has several limitations. The possibility of publica-
tion bias exists, and eligible studies may have been omitted 

despite a careful literature search. In some of the studies pre-
sented, tumor stages and grades were not elaborated. Thus, 
evaluating the diagnostic effects of these potential biomarkers 
was difficult.

The use of metabolomics in BC management still needs 
improvement, but it remains a promising option. Biomarkers 
detected by metabolomics give an insight into cancer biol-
ogy and tapped properly this can lead to new strategies for 
BC diagnosis and new drugs discovery. Further studies are 
needed to understand in a concrete way the extent to which 
metabolomics can be integrated into the clinical practice of 

patients with BC.  ●
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