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Bladder cancer is a major cause of morbidity and mortality. At initial diagnosis, 75% of 
patients present with non–muscle-invasive disease and 25% of patients have muscle-
invasive or metastatic disease. Patients with noninvasive disease suffer from a high rate 
of recurrence and 10–30% will have disease progression. Patients with muscle-invasive 
disease are primarily treated with radical cystectomy, but frequently succumb to their 
disease despite improvements in surgical technique. In non–muscle-invasive disease, 
multiplicity, tumor size, and prior recurrence rates are the most important predictors for 
recurrence, while tumor grade, stage, and carcinoma in situ are the most important 
predictors for progression. The most common tool that clinicians use to predict 
outcomes after radical cystectomy is still the tumor-node-metastasis (TNM) staging 
system, with lymph node involvement representing the most important prognostic factor. 
However, the predictive accuracy of staging and grading systems are limited, and 
nomograms incorporating clinical and pathologic factors can improve prediction of 
bladder cancer outcomes. One limitation of current staging is the fact that tumors of a 
similar stage and grade can have significantly different biology. The integration of 
molecular markers, especially in a panel approach, has the potential to further improve 
the accuracy of predictive models and may also identify targets for therapeutic 
intervention or patients who will respond to systemic therapies. 
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INTRODUCTION 

Bladder cancer (BC) is the seventh most prevalent cancer worldwide, and results in significant morbidity 

and mortality. In the U.S., it is the fourth most common cancer in males and the ninth in females, with an 

estimated 70,980 new cases and 14,330 deaths in 2009[1]. At initial diagnosis, 75% present with non–

muscle-invasive bladder cancer (NMIBC) and can be managed with transuretheral resection (TUR) and 

intravesical therapy. The remaining 25% present with muscle-invasive bladder cancer (MIBC) and the 

standard treatment is radical cystectomy (RC). The main problems of NMIBC are recurrence and 

progression, while MIBC is frequently associated with metastatic disease and is the major cause of 

mortality. Despite improvement in surgical techniques, 5-year disease-free survival (DFS) and cancer-

specific survival (CSS) after RC remains between 50 and 70%[2,3,4]. Clinical understaging, 
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micrometastasis, and underutilization of perioperative systemic therapies are among the reasons why RC 

alone might be insufficient to cure some patients[5,6].  

Clinicians have used conventional clinicopathological parameters, such as tumor-node-metastasis 

(TNM) staging and grade of the tumor, as prognostic tools for patient counseling and treatment decisions. 

While these tools have provided useful estimates of survival outcome, the heterogeneity of tumor biology 

leads to large variation in outcomes within each stage and grade. Nomograms and prognostic modeling 

approaches simultaneously incorporating many factors have been developed for assessing the risk of 

individual patients[7,8,9,10,11]. Molecular markers, especially when incorporated in panels, can improve 

patient stratification and have the potential to enhance the accuracy of predictive 

models[12,13,14,15,16,17,18]. They can potentially identify targets for therapeutic intervention and 

patients who will respond to systemic therapies[19]. In this review, we highlight current predictors of 

outcome after management of both NMIBC and MIBC.  

PREDICTORS OF OUTCOME OF NON–MUSCLE-INVASIVE BLADDER CANCER 

Clinicopathologic Factors Predicting Recurrence and Progression 

In NMIBC, approximately 70% of patients present as pTa, 20% as pT1, and 10% with carcinoma in situ 

(CIS) lesions. Recurrence (50–80% of patients) is the main problem for pTa NMIBC patients, whereas 

progression (10–30% of patients) is the main threat in pT1 and CIS[20]. Multiplicity, tumor size, and 

prior recurrence rate are the most important predictors for recurrence[9,20]. Tumor grade, stage, and CIS 

may add in predicting recurrence, however, they are also the most important predictors for 

progression[9,20,21]. Sylvester et al. created a scoring system based on six variables to calculate the 

probability of recurrence (score from 0 to 17) and progression (score from 0 to 23) using data from 2,596 

patients who participated in seven European Organization for Research and Treatment of Cancer 

(EORTC) trials. The number of tumors, tumor size, and prior recurrence rate obtained higher weights for 

calculating recurrence, while CIS, grade, and T category obtained higher weights for calculating 

progression[9]. The risk calculator is available at the EORTC Web site at 

www.eortc.be/tools/bladdercalculator. The European Association of Urology (EAU) defined patients at 

low, intermediate, and high risk for recurrence based on these scores and adopted this system in its 

guidelines[20,22]. The probabilities of recurrence at 1 and 5 years ranged from 15–61% and 31–78%, 

respectively. The probabilities of progression at 1 and 5 years ranged from <1–17% and 1–45%, 

respectively. The probability of recurrence at 1 year doubled from 15% for low-risk patients, to 24–38% 

for intermediate-risk patients, to 61% in high-risk patients. Moreover, the probability of progression at 5 

years tripled from 6% in patients with low-intermediate risk, to 17% in high-intermediate risk, and to 45% 

in high-risk patients[9]. Multiplicity, prior tumor, CIS, and female gender were the significant predictors 

for recurrence in another large study that included 1,062 patients with NMIBC treated by bacillus 

Calmette-Guerin (BCG) collected from four randomized trials[21].  

In summary; stage, grade, and the EORTC system can be useful when identifying high-risk patients. 

CIS, high-grade T1, and multiplicity represent high-risk factors. The advantage of the EORTC criteria is 

to help quantify risk, especially in intermediate-risk patients. 

Treatment Factors 

Transurethral Resection 

The quality of TUR is an important factor when determining recurrence and progression of 

NMIBC[20,23,24]. A re-TUR is important in pT1 and high-grade NMIBC, and upstaging may occur in 

up to 30% of patients[20,24,25]. Moreover, patients with high-risk NMIBC may respond better to BCG 

http://www.eortc.be/tools/bladdercalculator
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after re-TUR[26]. Grimm et al. found residual tumors in 27% of pTa and 53% of pT1 cases, of which 

81% were at the initial resection site. Recurrence-free survival at the 5-year follow-up was 63% in the re-

TUR group vs. 40% in the TUR-only group[27].  

Further evidence for the importance of complete TUR comes from studies that demonstrated reduced 

recurrence rates in patients who underwent hexaminolevulinate-guided fluorescence cystoscopy 

compared to white light cystoscopy[28]. It is likely that a complete TUR at initial diagnosis or time of 

recurrence may reduce residual tumors. Furthermore, a re-TUR is critical in order to adequately stage 

patients with T1 high-grade disease since a significant proportion harbor residual invasive cancer. 

Intravesical Treatment 

Perioperative Intravesical Therapy after TUR 

Current guidelines recommend a single immediate postoperative chemotherapeutic instillation[22,29]. An 

immediate single instillation of a chemotherapeutic agent (within 24 h) after TUR decreased the incidence 

of recurrence in several randomized clinical trials where epirubicin and mitomycin C were the most 

commonly used drugs[30,31]. Perioperative intravesical therapy may treat missed tumors and reimplanted 

cells during TUR[32]. It may lead to 39% reduction in recurrence compared to TUR alone in patients with 

(Ta, T1) NMIBC[30]. However, the benefits of perioperative intravesical therapy may be more 

pronounced in low-risk patients and it was estimated that 8.5 patients need to be treated with peri-TUR 

chemotherapy to prevent one recurrence[20,30]. Thus, it should be considered just an initial therapy in 

intermediate- and high-risk patients. While most patients treated with perioperative chemotherapy 

experience mild side effects, it is contraindicated in cases where perforation is suspected. 

Induction and Maintenance 

Due to higher risks of recurrence and progression, intravesical therapy with BCG or chemotherapy is 

advocated in intermediate- and high-risk patients. BCG with maintenance has been shown to be superior 

to intravesical chemotherapy in several randomized trials[33,34,35,36,37]. Meta-analyses found a 32 and 

27% reduction in risk of recurrence and progression on BCG[35,37]. Herr et al. reported that BCG 

increases the 10-year progression-free rate from 37 to 61.9% and DFS rate from 55 to 75%[38]. The 

optimal schedule and duration of intravesical therapy remain unknown. However, maintenance BCG 

seems to be beneficial, but its role in preventing progression in high-risk NMIBC is still 

controversial[20,34,35,36,39]. Despite the recommendations for use in the guidelines, there is still 

underutilization of intravesical therapy even in high-risk patients[29,40].  

Early Cystectomy vs. Conservative Management for High-Risk NMIBC 

Randomized comparisons are lacking, but retrospective data show that BCG induction followed by 

maintenance is recommended in high-risk NMIBC after a second TUR[20]. RC is recommended in BCG 

failures (within a narrow time window) and is an option for patients with a higher risk for progression 

based on adverse prognostic factors: persistent pT1 disease in restaging second TUR; high-grade, 

concomitant CIS; micropapillary histology; solid architecture; and lymphovascular 

invasion[9,20,41,42,43,44,45]. A second course of BCG or intravesical chemotherapy may be an option 

in select patients or patients who refuse cystectomy[20]. Data from the Bladder Cancer Research 

Consortium (BCRC) showed that 50% of patients with clinical T1G3 disease were upstaged, 17% had 

nodal involvement at RC, and 19% died from BC after RC[46]. Nevertheless, TUR and adjuvant BCG 
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with the possibility of deferring RC seems a reasonable approach for the majority of high-risk patients as 

long as there is close follow-up and RC can be offered as soon as progression occurs[20].  

PREDICTORS OF OUTCOME OF MUSCLE-INVASIVE BLADDER CANCER 

Pathological Tumor Characteristics 

Lymph Node Involvement  

The incidence of positive lymph nodes (LNs) in RC specimens is between 18 and 24%[2,3,4,47]. LN 

involvement may represent the most important prognostic feature after RC[48]. The presence of 

metastatic LNs is associated with poor outcome, with estimated 5-year survival rates of 20–35%[2,3,4,7]. 

LN involvement, the extent of lymphadenectomy (LND), the number of total LNs removed and counted 

by pathologist (even in node-negative patients), the number of positive nodes, and LN density were 

reported among the predictors of outcome after RC[48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63]. To 

date, there is still no exact definition for the standard LND during RC. The notion that extended LND 

minimizes the risk of leaving micrometastatic disease has been supported in several studies, which show 

that removing more LNs resulted in a better outcome[48,50,54,56,60,61,62,64]. Extended LND allows for 

more accurate staging and might add a therapeutic benefit. The ideal minimum number of LNs can only 

be determined in a randomized trial, but it has been suggested to be at least 15–20[48,49,51,57,63]. 

Recently, the Studer group used a multimodality technique and could accurately locate the primary 

lymphatic landing sites of the bladder. Limited pelvic LND removed only about 50% of all primary 

lymphatic landing sites, while extending the LND up to the ureteroiliac crossing removed 90%[64]. The 

template of LND might be more important than merely the number of LNs removed[61]. A very high 

level of extended LND might entail unnecessary risks that may benefit only very few patients[61,64].  

Tumor Stage  

Tumor stage is the second most important pathological predictor of outcome after RC[2,3,4]. Clinical 

staging prior to RC entails examination under anesthesia, pathological evaluation of TUR specimen, and 

preoperative radiographic imaging. In a study including 778 RC patients, pathological upstaging was 

found in 42% and downstaging in 22%[6]. The problem of understaging has significant implications on 

selection of patients for neoadjuvant chemotherapy. Definitive pathological evaluation after RC and LND 

may provide more accurate stratification of cancer-specific outcomes. Single-center reports as well as 

multi-institutional collaborations confirm the prognostic significance of primary pT stage. The 5-year 

DFS and CSS in patients with pT0-pT1, pT2, pT3, and pT4 is reported as 80–90, 50–80, 30–50, and 20–

40%, respectively[2,3,4]. The importance of substaging of pT2 and pT3 has been recently 

validated[65,66].  

Based on the high risk of recurrence and mortality in patients with T3 and T4 disease, a discussion 

regarding the benefits of adjuvant chemotherapy must be considered. Furthermore, surveillance protocols 

need to take final pathologic stage into consideration since patients with low-stage disease (T0-T1) may 

not need as intensive postoperative monitoring as those with more advanced disease. 

Grade  

While tumor grade is one of the most important predictors of recurrence and progression for NMIBC, it 

has less predictive power after RC[48]. The reason that grade is not significant in patients with muscle-

invasive disease is that almost all patients have high-grade disease. However, Ghoneim et al. reported on 
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a series of 2,720 consecutive RC cases and grade was the third independent prognostic factor after stage 

and nodal involvement[2]. Multiple grading systems have been published. The WHO/ISUP classification 

of 1998, which was updated in 2004, distinguishes low- and high-grade carcinomas, whereas the WHO 

1973 system, which was updated in 1999, subdivides the high grade into grades II and III, and is 

otherwise very similar. The WHO/ISUP Consensus classification may provide a more simple and 

reproducible system for clinical practice[67,68].  

Lymphovascular Invasion  

Lymphovascular invasion (LVI) has been identified in 30–50% of RC specimens. It not only correlates 

with aggressive pathological features of BC, but also serves as a predictor of outcome independent of LN 

status[48,59,69,70,71,72,73,74,75]. This important distinction might improve the selection of patients for 

neoadjuvant and adjuvant chemotherapy adjunct to RC. Interestingly, LVI was found to be one of the 

prognostic factors for patients treated with RC for squamous cell carcinoma (SCC) of the bladder[76,77]. 

LVI might also serve as a valuable histological tool in the evaluation of TUR samples because there is 

significant agreement of LVI status at TUR and subsequent RC[73].  

Histological Subtypes 

In Western countries, transitional cell carcinoma (TCC) represents around 90% of BC, while SCC, 

adenocarcinoma, and other rare types represent the remaining 10%. However, SCC and adenocarcinoma 

are more common in areas where bilharziasis prevails, such as Egypt. Interestingly, while a multicenter 

study from the U.S. and Canada identified nontransitional/nonsquamous histology as an independent 

predictor of outcome after RC, Ghoneim et al., in their large study including 2,720 consecutive RC cases 

from Egypt, found no significant difference in outcome after RC between TCC, SCC, and 

adenocarcinoma cases[2,78]. The issue of different biological behaviors of different histological subtypes 

lies within our research focus. We have ongoing research efforts aimed at molecular characterization of 

different histological subtypes of BC[76,77,79,80,81]. Biomarkers may increase our understanding of the 

biological behavior of these cancers with potential use in treatment decisions and utilization of 

multimodal treatment approaches.  

Clinical Factors 

Times from Diagnosis to Surgery 

It was suggested that a delay in RC after diagnosis of MIBC for more than 3 months may be associated 

with worse outcomes[49,55,82,83]. However, there were some contradictory reports[84]. A delay in RC 

after diagnosis of MIBC may be justified if the patient is undergoing neoadjuvant therapy or needs to 

have optimization of medical condition prior to undergoing RC. 

Patient Age and Gender 

There is a growing body of evidence that RC remains the ideal therapy for MIBC and age alone should 

not preclude RC[55,85,86]. Chamie et al. used SEER data to compare radiotherapy and RC, and found 

significantly better median overall survival (OS) and CSS with RC for all groups, including the very 

elderly group (80–89 years of age)[87]. However, data from the BCRC showed that greater age was 
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associated with an adverse outcome[88]. Women may have worse oncological outcomes after RC than 

men[55,89]. However, this cannot be confirmed from large cystectomy series[2,4].  

OUTCOME PREDICTION MODELS 

Nomograms Based on Standard Histopathological Features 

A nomogram is a graphical representation of a mathematical formula or algorithm that incorporates 

several prognostic factors to predict a particular end point. The International Bladder Cancer Consortium 

(IBCC) Nomogram included >9,000 patients from 12 centers to predict the risk of recurrence at 5 years 

after RC. Age, grade, pathological stage, histological type, LN status, and time from diagnosis to surgery 

were significant contributing factors in the nomogram. The predictive accuracy of the nomogram (75%) 

was significantly better than TNM staging (68%) or standard pathological grouping models (62%)[7]. The 

BCRC used a multi-institutional cohort of 731 consecutive RC patients to predict disease recurrence, 

cancer-specific mortality, and all-cause mortality at 2, 5, and 8 years after RC[8,10]. Pathological T and N 

stages, grade, LVI, CIS, and the utilization of neoadjuvant or adjuvant chemotherapy and/or radiation 

were significant contributing factors in the nomogram. The three developed nomograms exceeded the 

predictive accuracy of TNM staging with 78, 78, and 73% reported accuracy for the disease recurrence, 

cancer-specific mortality, and all-cause mortality nomograms, respectively. The BCRC and IBCC 

nomograms were externally validated in other cohorts[90].  

Accurate preoperative prediction is essential for patient counseling, selection of patients for 

neoadjuvant chemotherapy, and appropriate design of clinical trials. Karakiewicz et al. developed a 

precystectomy nomogram for prediction of non–organ-confined disease (T3-T4 and/or N+) using patient 

age, TUR stage, grade, and the presence of CIS. The nomogram was more accurate than TUR stage in 

predicting advanced pathological stage and LN metastases[11].  

Incorporation of Biomarkers into Nomograms  

The heterogeneous biological behavior of tumors may limit the predictive accuracy of nomograms based 

on conventional clinicopathological features. A nomogram incorporating urinary NMP22, cytology, age, 

and gender could predict with high accuracy the probability of disease recurrence and progression in 

patients with NMIBC (available at www.nomogram.org)[91]. The integration of multiple biomarkers was 

found to improve BC prognostication[12,13,14,15,16,17]. Assessment of the number of altered 

biomarkers among a panel of p53, pRB, p21, p27, and cyclin E1 in RC specimens improved the 

prediction of recurrence and survival in patients with pTa-3N0M0 disease. Addition of the number of 

altered biomarkers significantly increased the predictive accuracy of nomograms based on the TNM 

staging system for disease recurrence and cancer-specific mortality by 10.9% (83.4 vs. 72.5%) and 8.6% 

(86.9 vs. 78.3%), respectively[14].  

Artificial Neural Networks 

Artificial neural networks (ANN) are algorithms that can be trained to recognize complex patterns in 

datasets. They have an advantage over conventional statistics in that they are not constrained by predefined 

mathematical relationships between dependent and independent variables; thus, they are able to model 

complex nonlinear parameters[92]. Recently, el-Mekresh et al. published that ANN outperformed risk group 

stratification model and nomogram construction in predicting 5-year survival probabilities after RC[93]. 

Two other studies added biomarkers to standard clinicopathological features, using ANN and neurofuzzy 

modeling[92,94]. However, to date, the use of these models is still far from clinical practice. 

http://www.nomogram.org/
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MOLECULAR PREDICTORS OF OUTCOME OF NONINVASIVE AND INVASIVE 
BLADDER CANCER 

Cell Cycle Regulators 

The most intensively studied molecular biomarker for BC is p53. It plays a vital role in the regulation of 

cell cycle and is important for genetic stability, cell proliferation, apoptosis, and inhibition of 

angiogenesis[95]. A defect in p53 leads to loss of p53-dependent apoptosis and gives a proliferation 

advantage. Many studies have suggested that p53 can predict poor outcome of both NMIBC and MIBC. 

In 1994, Esrig et al. published that p53 at the time of RC in patients with organ-confined node-negative 

disease independently predicts a significantly increased risk of recurrence and death[96]. However, there 

are some contradictory reports regarding the prognostic value of p53 in BC[17,97,98]. A large multicenter 

adjuvant chemotherapy study that randomized patients to adjuvant chemotherapy vs. observation based 

on p53 status could not so far confirm the prognostic value of p53[28]. Other studies found that altered 

p53 gradually increased from normal urothelium to NMIBC to CIS to MIBC, and was highest in 

metastatic LNs[12,15,16,99]. Moreover, p53 expression was significantly associated with tumor stage, 

grade, LVI, LN metastases, disease recurrence, and BC-specific death. Interestingly, p53 was the 

strongest predictor of BC outcomes in patients treated with RC among a panel including p21, pRB, p27, 

p16, and cyclin E1[12,15,16,99].
 
We recently highlighted the prognostic value of p53 in SCC of the 

bladder as well. P53 was the only prognostic marker in patients treated with RC for SCC among a panel 

including p53, p21, p27, cyclin E, and Ki-67[77].  

Wild-type p53 protein induces p21 protein, a product of the waf1/cip1 gene. P21 and p27 are 

downstream cyclin-dependent kinase inhibitors that inhibit cells from entering the G1 to S phase[17]. 

P53, p21, and p27 have been implicated in the oncogenesis, progression, and outcome of 

BC[13,14,16,100,101,102,103]. P21 status is an independent predictor of recurrence and survival after 

RC[12,15]. Moreover, patients with p53-altered/p21-negative tumors have a higher rate of recurrence and 

worse survival than those with p53-altered/p21-positive tumors[104]. P27 was the second most powerful 

cell cycle regulator after p53 for prediction of recurrence and survival in patients with MIBC treated with 

RC[12,15]. However, it has limited predictive value in patients with NMIBC[16,17]. Furthermore, the 

status of individual cell cycle regulators did not add significantly to predictions of outcome in patients 

with very advanced disease (node positive and T4)[105].  

Ki-67 expression is a measure of the cell growth and, hence, biological aggressiveness of a cancer. In 

MIBC, Ki-67 overexpression was significantly associated with advanced pathological stage, higher tumor 

grade, LVI, and metastases to LNs, as well as both disease recurrence and BC-specific 

mortality[12,48,106,107]. We recently found a prognostic role for combined p27 and Ki-67 alterations in 

adenocarcinoma of the bladder[81].  

Cyclin E deregulations are common events in cancer, regardless of the tumor origin. Cyclin E 

alterations can enhance tumor progression through speeding of the G1 phase. Cyclin E was shown to be 

associated with advanced pathologic stage, LVI, LN metastases, and BC-specific mortality after RC[99]. 

On the other hand, cyclin D was not a predictor of outcome in patients with BC[99].  

Inactivation of pRB is a major mechanism by which cancer cells attain a growth advantage during 

tumorigenesis. However, the predictive power of pRB may be inferior to other cell cycle regulators both 

in NMIBC and MIBC[17].  

Apoptotic Markers 

Caspase-3 was found to be associated with higher pathologic grade, stage, LN metastasis, disease 

recurrence, and CSS after RC[17,18,48]. Bcl-2 is another apoptotic marker that controls ion channels, 

caspase status, and cytochrome c location. Bcl-2, caspase-3, p53, and survivin have a cooperative effect 

on progression of BC. Assessment of these combined apoptosis markers status and number of altered 



Youssef and Lotan: Predictors of Bladder Cancer Outcome TheScientificWorldJOURNAL (2011) 11, 369–381 
 

376 

 

markers in patients treated by RC provides prognostic information that could help in the prediction of 

disease recurrence and mortality[18].  

Survivin overexpression is also an important apoptotic marker associated with higher pathologic 

stage, LVI, LN metastasis, recurrence, and CSS in patients treated with RC[17,18,108]. In addition, 

Karam et al. found that survivin expression analysis performed on TUR specimens might identify patients 

with NMIBC at high risk of disease recurrence and progression who would benefit from closer follow-up 

or more aggressive therapy[109]. Moreover, survivin overexpression increased gradually from NMIBC to 

advanced BC to metastatic LN tissue[109,110].  

Angiogenesis Markers 

The vascular endothelial growth factor (VEGF) family is an important determinant of angiogenesis. 

VEGF promotes endothelial mitogenesis and migration, extracellular matrix remodeling, increased 

vascular permeability, and maintenance of newly formed vasculature. Higher VEGF expression was 

associated with increasing tumor stage, grade, progression, and recurrence in patients treated with 

TUR[17,19]. VEGF expression is not only associated with tumor size, stage, and grade, but also with 

LVI, LN metastasis, and worse overall prognosis[111]. Increased VEGF levels can result in increased 

vascular permeability and interstitial fluid pressure, impairing chemotherapy delivery. Adding anti-VEGF 

to chemotherapeutic regimens might lead to improved responses[112]. Recently, we showed that VEGF 

was overexpressed in a large number of patients treated with RC for urothelial carcinoma of the bladder 

(86%). It was not only associated with pathological features, but also with altered expression of p21, p27, 

RB, cyclin E1, and Ki-67, suggesting complex interactions between different pathways. These findings 

support the role of VEGF in bladder tumorigenesis and further support it as a potential target for 

therapy[105].  

Thrombospondin-1 (TSP-1) is a potent inhibitor of angiogenesis that is independently associated with 

disease recurrence and all-cause mortality after RC[17,19,105,113]. Recently, we investigated the utility 

of angiogenesis-related molecular markers in the prediction of the clinical outcome after RC. TSP-1 was 

the only independent predictor of disease recurrence as well as cancer-specific mortality[105]. Grossfeld 

et al. previously reported that tumors with p53 alterations are associated with low TSP-1 expression, and 

these tumors are more likely to demonstrate high microvessel density (MVD) counts[113]. MVD, a 

surrogate marker for angiogenesis, has also been demonstrated to be a prognostic marker associated with 

highest risk of recurrence and BC-specific mortality in MIBC[19,113,114]. In our recent study of 

angiogenesis markers, MVD was the only molecular marker associated with p53 alterations. We also 

showed that MVD was higher in patients with LN metastasis, which was proven in earlier studies as 

well[105,115].  

Combination of Molecular Markers 

Assessment of any single molecular biomarker may not adequately reflect tumor biology or provide 

reliable prognostic stratification due to the multistep tumorigenesis and complexity of molecular 

alterations in BC. There is a strong trend towards simultaneous assessment of multiple biomarkers and 

panels were found to be superior to single-marker assessment, in terms of prognostic value, in both MIBC 

as well as NMIBC[12,13,14,15,16,17,18]. Since prospective validation is an important step prior to 

widespread clinical utilization of markers, we have initiated, since January 2007, a prospective validation 

of a marker panel in predicting outcomes after RC and upstaging at time of RC. The preliminary analysis 

of our ongoing prospective trial strongly suggests that a panel of five biomarkers not only predicts poor 

outcome after RC, but also improves the identification of patients at risk of upstaging at RC. An 

unfavorable prognostic score may identify patients who are most likely to benefit from neoadjuvant and 

adjuvant chemotherapy combined with RC[116].  
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CONCLUSIONS 

Bladder cancer is a heterogeneous disease that is insufficiently characterized by conventional 

clinicopathological factors. Precise prediction of outcome is essential for counseling patients, selecting 

them for neoadjuvant and adjuvant systemic therapies, and determining their eligibility for clinical trials. 

The TNM staging system has been validated and used universally to predict outcome after RC. However, 

it has limited ability to predict tumor recurrence or patient survival. Nomograms are a highly appealing 

means that have provided better individualized risk estimates to facilitate treatment decisions. Biomarkers 

may help to elucidate unique biologic features to identify patients at high risk for progression after local 

treatment, upstaging at time of RC, or poor outcome after RC. Prospective trials based on alterations of 

markers panel must be designed to validate the promising data on molecular biomarkers for BC. 
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