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9.1            Introduction 

9.1.1    Prognostic Factors 

 Prognostication and risk assessment are essential 
for treatment decision-making, patient counseling, 
and determination of eligibility for clinical trials. 

More than most other malignancies, urothelial 
 carcinoma of the bladder cancer (UCB) is a highly 
aggressive and heterogeneous disease with high 
prevalence and recurrence rates. In patients with 
non-muscle invasive bladder cancer (NMIBC), 
predictors of outcomes could help in the decision-
making regarding follow-up scheduling, adminis-
tration of intravesical instillation therapies 
(immediate postoperative instillation of chemo-
therapy (IPOP) and/or adjuvant) [ 1 ], and/or early 
radical cystectomy (RC). In patients with muscle-
invasive bladder cancer (MIBC) who underwent 
RC, an accurate prediction of the presence of 
lymph node metastasis and the probability of dis-
ease recurrence is essential for selecting patients 
who might benefi t from neoadjuvant and/or adju-
vant systemic chemotherapy [ 2 ]. 

 Anatomical staging systems present the sim-
plest examples of a prediction tool by categoriz-
ing the disease based on stage-adjusted outcome. 
The American Joint Committee on Cancer TNM 
staging system has been validated and used uni-
versally to predict the risk of disease recurrence 
in patients after RC [ 3 ]. These staging systems 
provide useful estimates of survival outcome; 
however, the inherent heterogeneity of tumor 
biology, patient characteristics, and variability in 
the thoroughness of surgical staging lead to sig-
nifi cant variation in outcomes within each stage 
category. Furthermore, current staging systems 
for UCB do not incorporate important clinical, 
pathological, and molecular markers of disease 
outcome. That said, many patients with UCB are 
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elderly and have signifi cant comorbidities, thus 
competing risks are important in evaluating 
 outcomes and choosing personalized therapies.  

9.1.2    Prediction Tools 

 Recent signifi cant advances have been made in 
the development of predictive tools including risk 
stratifi cations, nomograms, and staging scores, 
that provide useful risk estimates for patients with 
UCB [ 4 – 8 ]. Among the available prediction tools, 
nomograms currently represent the most accurate 
and widely used tools for prediction of outcomes 
in patients with cancer [ 6 ,  9 ,  10 ]. 

 Accuracy represents an important consider-
ation of a prognostic model and should ideally be 
validated in an external cohort. However, internal 
validation is a commonly used alternative; the 
bootstrapping-derived accuracy estimates repre-
sent the closest to external validity-derived esti-
mates [ 11 ,  12 ]. That is, no model is perfect and 
generally accepted accuracy for a model to be 
clinically useful ranges from 70 to 80 %. While a 
nomogram may contribute to a better distribution 
between study arms, a higher accuracy will be 
achieved when using it for risk stratifi cation 
within a clinical protocol or to interpret treatment 
outcomes based on a more accurate description 
of the patient population under study. It is there-
fore crucial to assess the performance character-
istics of a predictive model, which is also called 
calibration. Calibration plots demonstrate the 
relationship between predicted and observed 
probabilities of the outcome of interest. For clini-
cians, it is essential to know the performance 
characteristics of the model they routinely use in 
clinical practice as some predictive models may 
perform substantially worse in an external cohort. 

 The general applicability of a predictive model 
is important because patient and model charac-
teristics may vary and thereby undermine the per-
formance of the model. The ability to generalize 
a prediction model may be limited by differences 
in disease and population characteristics, as well 
as stage and/or grade migration. For example, a 
model that has been developed on patients in the 
pre-PSA era may not be relevant to patients in the 
post-PSA era due to the biomarker itself, but also 

due to possible shifts in stage based on changes 
in care pathways. Thus it is critical to understand 
the population from which a risk model was 
developed, as this should then be applied to simi-
lar populations for use. 

 For clinicians the level of complexity repre-
sents an important consideration of prediction 
tools, as excessively complex models are clearly 
not user-friendly in busy clinical practice. 
Predictive models that require computational 
infrastructure might cause problems for general 
applicability in certain environments [ 6 ,  10 ,  13 ]. 

 In this chapter, we aimed to give an overview of 
the prognostic factors and currently available pre-
diction tools associated with UCB recurrence, pro-
gression, and mortality. We stratifi ed the chapter 
by disease states: NMIBC, MIBC, and metastatic 
UCB. We present the prediction tools by recording 
predictor variables, the number of patients used for 
their development, tool-specifi c features, predic-
tive accuracy estimates, and whether internal and/
or external validation has been performed.   

9.2     Non-muscle Invasive Bladder 
Cancer 

9.2.1    Prognostic Factors 

9.2.1.1     Clinical Factors 

   9.2.1.1.1 Age 
 Age at diagnosis has been shown to be associated 
with disease recurrence, disease progression [ 14 , 
 15 ], cancer-specifi c mortality [ 15 ], and response 
to Bacille Calmette-Guérin (BCG) (Table  9.1 ) 
[ 16 – 20 ]. These worse outcomes in elderly patients 
could be attributed to changes in the biologic poten-
tial of the tumor and host as well as to differences in 
quality of care (i.e., greater reluctance to recom-
mend aggressive treatment in the elderly) [ 19 ,  21 ].

      9.2.1.1.2 Race 
 In a study using the SEER data, 5-year cancer- 
specifi c survival was consistently worse in Afro- 
Americans than in other ethnic groups, even after 
adjusting for the effect of tumor stage and grade 
[ 22 ]. Moreover, these worse outcomes were 
 persistent over time (1975–2005). To better 
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understand these race disparities, as well as the 
disparities in socioeconomic status and their 
effect on outcomes of NMIBC, further studies on 
access to care, quality of care, exposure history, 
molecular characteristics, and treatment strate-
gies are needed.  

   9.2.1.1.3 Gender 
 UCB is more common in men than in women. 
Data supporting a worse outcome in female 
patients have been inconsistent. Some studies 
have demonstrated that female gender is associ-
ated with worse oncologic outcomes compared to 
male gender in NMIBC [ 14 ,  23 ,  24 ]. However, 
Sylvester et al. did not fi nd any prognostic value 
to gender in seven randomized EORTC trials with 
a total of 2,596 patients with Ta or T1 NMIBC 
who received different regimens of intravesical 

therapy after TURB [ 25 ]. In a recent retrospective 
study of 146 patients with primary T1HG UCB 
[ 26 ], female gender was associated with higher 
risk of disease recurrence in univariable analysis, 
and disease progression and any- cause mortality 
in multivariable analyses. In a large multi-institu-
tional cohort of 916 T1HG UCB patients, female 
gender was an independent predictor of disease 
recurrence [ 24 ]. Additional studies are needed to 
clarify the gender risk for NMIBC.  

   9.2.1.1.4 Obesity 
 In NMIBC, Kluth et al. reported recently that 
obese patients diagnosed with clinical T1HG 
were at higher risk of disease recurrence, disease 
progression, and cancer-specifi c mortality com-
pared to their non-obese counterparts [ 15 ]. In this 
study, patients with a body mass index ≥30 kg/m 2  

   Table 9.1       Summary of the preoperative/clinical and pathologic prognostic factors in patients with non-muscle invasive 
bladder cancer   

 Comments  References 

 Age  Advanced age is an independent predictor of DR, DP, and CSM  [ 14 – 21 ] 
 Race  Afro-Americans are at higher risk of CSM compared to other racial 

groups 
 [ 22 ] 

 Gender  Female gender is an independent predictor of worse DR, DP, and 
CSM 

 [ 14 ,  23 – 26 ] 

 Obesity  Body mass index ≥ 30 kg/m 2  is an independent predictor of DR, 
DP, and CSM 

 [ 15 ] 

 Smoking  Smokers are more likely to be diagnosed with UCB and at higher 
risk of DR, DP, and CSM 

 [ 27 – 31 ] 

 Prior recurrence  Recurrent tumors are at higher risk of DP  [ 25 ,  32 – 35 ] 
 Tumor size  Larger tumor size is an independent predictor of DR and DP  [ 25 ,  36 ,  37 ] 
 Multifocality  Multifocality is an independent predictor of DR  [ 25 ,  36 ,  37 ] 
 Pathologic tumor stage  Advanced pathologic T-stage is an independent predictor of DR, DP, 

and CSM. 
 The depth of invasion of the muscularis mucosae is also associated 
with worse outcomes (DR, DP, and CSM) 

 [ 14 ,  25 ,  37 ,  39 – 41 ] 

 Pathologic tumor grade  Higher tumor grade (Grade 3 or high grade) is an independent 
predictor of worse outcomes (DR, DP, and CSM) (both the 1973 
and the 2004 World Health Organization classifi cations) 

 [ 38 ,  42 – 48 ] 

 Concomitant carcinoma 
in situ 

 Concomitant carcinoma in situ is associated with advanced tumor 
stage and grade and is an independent predictor of worse outcomes 
(DR and DP) 

 [ 26 ,  37 ,  49 ,  50 ] 

 Lymphovascular invasion  The presence of lymphovascular invasion is an independent 
predictor of worse outcomes (DP and CSM) 

 [ 48 ,  51 – 55 ] 

 Histologic variants  The presence of a micropapillary variant is an independent predictor 
of understaging and occurrence of distant metastasis 

 [ 56 – 58 ] 

 Delay of cystectomy  Delay of RC >3 months after initial diagnosis is associated with 
extravesical or node-positive disease, and worse oncologic outcome. 
Controversial fi ndings 

 [ 59 – 62 ] 

   DR  disease recurrence,  DP  disease progression,  CSM  cancer-specifi c mortality  
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were considered as obese. The authors hypothe-
sized that this could be due to change in the 
underlying biologic potential of the tumor, the 
host’s defense mechanisms, differences in the 
transurethral resection and intravesical therapy 
effi cacy, comorbidities, as well as possibly socio-
economic factors. Further work is needed to 
improve our understanding of UCB outcomes in 
this growing population and to modify its impact 
on outcomes.  

   9.2.1.1.5 Smoking 
 Smoking exposure is the best-established caus-
ative agent for UCB [ 27 ]. Recently, smoking sta-
tus (current vs. never) and cumulative exposure 
have been associated with disease recurrence 
[ 28 ], disease progression and response to BCG, 
both in primary [ 29 ,  30 ] and recurrent NMIBC 
[ 30 ,  31 ]. Interestingly, it has been shown that 
smoking cessation >10 years prior to disease 
might mitigate this detrimental effect suggesting 
a potential benefi t of smoking cessation on prog-
nosis of NMIBC [ 30 ,  31 ]. These data suggest that 
smoking cessation could help improve outcomes 
in patients with NMIBC.   

9.2.1.2    Pathologic Factors 
   9.2.1.2.1 Prior Recurrence 
 The impact of prior recurrences on outcomes of 
patients with NMIBC has been assessed by sev-
eral studies [ 25 ]. The CUETO group, in a pro-
spective randomized study comparing the 
standard 81 mg dose of BCG with 27 mg, reported 
that prior UCB was a signifi cant factor affecting 
disease progression in multivariable analysis 
[ 32 ]. In a study comparing primary and recurrent 
tumors, Alkhateeb et al. have shown that recur-
rent tumors were at higher risk of disease pro-
gression [ 33 ]. These fi ndings were confi rmed and 
extended by the association of high-risk patients 
with cancer-specifi c mortality [ 34 ]. Notably, fail-
ure to achieve a complete response to induction 
BCG therapy resulting in disease recurrence has 
been shown to be associated with worse cancer- 
specifi c mortality [ 35 ].  

   9.2.1.2.2 Tumor Size and Multifocality 
 Tumor size has been shown to be associated 
with disease recurrence and progression, with 

the most commonly used cut-off being 3 cm 
[ 25 ,  36 ,  37 ]. Multifocality represents a more 
controversial prognostic factor, which corre-
lates with disease recurrence rather than dis-
ease progression [ 37 ].  

   9.2.1.2.3 Tumor Stage 
 The pathologic stage from TUR specimen has 
been correlated with outcomes [ 38 ]. T1 tumors 
have higher rates of disease recurrence, disease 
progression, and cancer-specifi c mortality com-
pared to Ta tumors [ 14 ,  25 ,  37 ]. Furthermore, 
several studies have reported on the prognostic 
interest of substaging according to invasion in 
T1 tumors above (T1a), in (T1b), or beyond the 
muscularis mucosae (T1c) [ 39 ,  40 ]. However, 
this T1 substage has not been adopted in clinical 
guidelines due to the lack of consensus among 
pathologists regarding the identifi cation of the 
muscularis mucosae and independent prognos-
tic value. Therefore, a new reproducible sub-
staging system in order to discern 
T1-microinvasive (T1m) and T1-extensive-
invasive (T1e) tumors has been proposed and is 
currently being validated [ 41 ].  

   9.2.1.2.4 Tumor Grade 
 Historically, the initial grading system of 1973 
had a high interobserver variation due to the lack 
of clear defi nitions for the three pathologic grades 
and on increasingly high percentage of tumors 
classifi ed as grade 2 [ 38 ,  42 – 44 ]. A new classifi -
cation was adopted by the World Health 
Organization and the International Society of 
Urological Pathology (ISUP) in 1998, and pub-
lished in 2004. This new grading system intro-
duced detailed histologic criteria to decrease the 
interobserver variability. Finally, the intermedi-
ate grade (grade 2), which was the subject of con-
troversies has been eliminated [ 38 ,  42 – 44 ]. To 
date, though the prognostic value of both grading 
systems has been validated, the published com-
parisons of these two grading systems, however, 
have not clearly confi rmed that the new one is 
superior in terms of reproducibility [ 38 ,  45 ,  46 ]. 
It has been shown that patients with grade 3 and 
high-grade tumors are at highest risk of disease 
recurrence and progression; that said, grade 3 
seems to have worse outcomes than high-grade 
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tumors due to the heterogeneity in the subgroup 
of high-grade tumors [ 38 ,  44 ,  47 ]. The EAU 
guidelines recommend using both grading sys-
tems as long as the prognostic role of the WHO 
2004 is not validated in prospective trials [ 48 ].  

   9.2.1.2.5 Concomitant Carcinoma In Situ 
 Concomitant carcinoma in situ (CIS) is a vali-
dated prognostic factor for both disease recur-
rence and disease progression in NMIBC [ 37 , 
 49 ]. In 2000, the SWOG has shown that CIS gen-
erally responds favorably to BCG [ 50 ]. Palou 
et al. have recently evaluated the incidence of 
CIS in the prostatic urethra (routinely evaluated 
by biopsy) in 146 patients with primary T1G3 
NMIBC treated with BCG [ 26 ]. The authors 
reported an incidence of 10 % in the prostatic 
urethra, which was associated with both disease 
recurrence and progression. These fi ndings sug-
gest that prostatic urethra involvement should be 
evaluated routinely in all patients suspected of 
having high-grade tumor or in case of presence of 
CIS in the bladder.  

   9.2.1.2.6 Lymphovascular Invasion 
 Several studies have shown that the presence of 
lymphovascular invasion (LVI), defi ned as the 
presence of carcinoma in the endothelial lining or 
in the vascular wall, predicts disease progression 
and cancer-specifi c mortality [ 51 – 54 ]. The major 
drawback is the reproducibility among patholo-
gists [ 55 ]. However, the EAU guidelines recom-
mend that the presence (or not) of LVI must be 
reported in pathologic reports [ 48 ].  

   9.2.1.2.7 Histologic Variants 
 Histologic variants such as micropapillary vari-
ant of UCB represent a poor prognostic factor in 
patients with NMIBC [ 56 – 58 ]. From a patho-
logic point of view, it remains critical to differen-
tiate whether micropapillary urothelial carcinoma 
is invasive or non-invasive [ 57 ]. While some 
cases of non-invasive micropapillary UC are not 
necessarily associated with an adverse outcome, 
invasive micropapillary UC is an aggressive dis-
ease, thereby suggesting it to be an important risk 
of understaging and occurrence of distant metas-
tasis in these patients [ 56 – 58 ]. In addition, Kamat 
et al. reported intravesical BCG therapy to be 

ineffective against micropapillary UC, thus sug-
gesting RC as the optimal treatment strategy for 
non-muscle invasive micropapillary UC before 
disease progression [ 56 ]. 

 Other sections to consider would be prior 
response to therapy: progression is exceedingly 
high in those that recur/do not respond to BCG. 
Also we could include the data on pathology of 
the restaging TURBT and outcome. Particular in 
T1 patients those without invasive changes on the 
second TUR are more likely to respond to BCG 
whereas residual T1 on the restaging predicts 
strongly for progression despite BCG.   

9.2.1.3    Surgical Factors 
   9.2.1.3.1 Delay of Radical Cystectomy 
 Recently, in several studies the time from diagno-
sis to treatment has been evaluated and shown that 
patients who were treated with RC later than 3 
months after initial diagnosis were of increased 
risk of extravesical stage, node-positive disease 
and worse outcomes compared to those treated 
within 3 months [ 59 ,  60 ]. However, another recent 
study could not confi rm these fi ndings [ 61 ]. 
Interestingly, the time to RC does not only affect 
outcomes but also the type of urinary diversion 
[ 62 ], thereby refl ecting general health status.    

9.2.2    Predictive Tools 

9.2.2.1     Prediction of Disease 
Recurrence and Progression 
in NMIBC 

 In the study of 1,529 patients with NMIBC, 
Millan-Rodriguez et al. assessed predictors of dis-
ease recurrence, progression, and mortality and 
developed a different risk groups based on multi-
focality, tumor size, intravesical BCG therapy, 
and presence of concomitant CIS [ 63 ]. Tumor 
grade was the most powerful predictor of disease 
progression and disease-specifi c mortality. 

 In 2006, the European Organization for 
Research and Treatment of Cancer (EORTC) 
Genitourinary (GU) group developed a scoring 
system and risk tables [ 25 ], based on data from 
2,596 patients diagnosed with Ta/T1 tumors, who 
were randomized in seven previous EORTC-GU 
group trials. The scoring system was built on the 
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six most relevant clinical and pathologic predic-
tors of outcomes such as tumor stage and grade, 
number of tumors, tumor size, concomitant CIS, 
and prior recurrence rate (Table  9.2 ). However, 
the study was limited by the low number of 
patients treated with BCG, the high rate of IPOP, 
and the fact that no Re-TUR was performed.

   Therefore, the Club Urológico Español de 
Tratamiento Oncológico (CUETO) developed a 
scoring model, which predicts the short- and 
long-term probability of disease recurrence and 
progression in 1,062 patients with NMIBC from 
four CUETO trials that compared the effi cacy of 
different intravesical BCG treatments [ 14 ]. These 
patients received 12 instillations during 5–6 
months; however, neither immediate postopera-
tive instillation nor re-TUR was performed. The 
scoring system was based on seven factors 
including age, gender, prior recurrence status, 
number of tumors, tumor stage, tumor grade, and 
the presence of concomitant CIS. 

 Though many clinicians are using these scor-
ing systems in daily practice, to date, only few 
studies have externally validated both these mod-
els [ 64 – 66 ]. Furthermore, these validation stud-
ies have reported an overestimation of both the 
risks of disease recurrence and progression, espe-
cially in the high-risk group of patients [ 64 – 66 ]. 
One possible explanation is the high rate of intra-
vesical chemotherapy in the EORTC trials. 

 Xylinas et al. recently evaluated the discrimi-
nation of the EORTC risk tables and the CUETO 
scoring model in a large retrospective multicenter 
study of 4,689 NMIBC patients [ 66 ]. Therefore, 
the authors created Cox regression models for 
time to disease recurrence and progression, thus 
incorporated the patients’ calculated risk score as 
a predictor into both of these models and then 
calculated their discrimination. The EORTC risk 
tables and the CUETO scoring system exhibited 
a poor discrimination and overestimated the risk 
for both disease recurrence and progression in 
NMIBC patients. 

 The fi rst nomogram in UCB was published in 
2005 and estimated the risk of disease recurrence 
and progression based on a multi-institutional 
cohort of 2,681 patients with Ta, T1, or Tis UCB 
[ 67 ]. All patients had previous histologically con-
fi rmed NMIBC and provided voided urine samples 

for cytologic and NMP22 analyses before undergo-
ing cystoscopy. In case of suspicious cystoscopy or 
cytology, patients were further investigated with 
transurethral biopsies. Overall, 898 patients had a 
recurrent UCB: 24 % had grade 1, 43 % grade 2, 
and 33 % grade 3 tumors; 45 % had Ta, 32 % T1 or 
CIS, and 23 % T2 tumors. In uni- and multivariable 
analyses, age, urine cytology status, and urinary 
NMP22 level were associated with outcomes 
( p  < 0.001). The predictive accuracy of a model 
based on patient age, gender, and urine cytology 
signifi cantly increased for all three endpoints when 
NMP22 level was included as a variable. 

 Whereas the nomogram from Shariat et al. 
takes into account age, gender, pre-cystoscopy 
cytology, and NMP22 to predict recurrence and 
progression during the follow up of patients with 
a previous history of NMIBC [ 67 ], the EORTC 
[ 25 ] and CUETO [ 14 ] tables predict a patient’s 
future short- and long-term probabilities of recur-
rence and progression at the time of the initial 
diagnosis or at the time of a recurrence based on 
the clinical and pathologic characteristics. Thus, 
these two prediction tools serve different and 
complimentary purposes.  

9.2.2.2     Preoperative Prediction 
of Pathologic Features 
and Outcomes at Radical 
Cystectomy 

 In the pre-cystectomy setting, the clinical staging 
is often inaccurate; however, remains a major 
determinant of treatment decision-making [ 68 ]. 
Accurate preoperative risk-assessment models 
could help to predict (1) non-organ-confi ned dis-
ease, thus enabling a better selection of patients 
who may benefi t from neoadjuvant chemother-
apy; (2) which T1HG patients should undergo 
early RC; and (3) prediction of lymph node 
metastasis and thereby provide guidance for the 
indication and extent of lymph node dissection. 

 Karakiewicz et al. developed a preoperative 
nomogram which can predict advanced pathologic 
stage (pT3–4) and presence of lymph node 
 metastasis based on a multicenter cohort of 731 
patients with available clinical and pathologic stag-
ing data [ 69 ]. When patient age, clinical tumor stage 
and grade, and presence of carcinoma in situ were 
integrated within the nomogram, a 76 % accuracy 
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was recorded in predicting advance pathologic 
stage vs. 71 % when TUR stage alone was used. In 
predicting lymph node metastasis, the nomogram 
showed an accuracy of 63 % when TUR stage and 
grade were used compared to 61 % of patients using 
TUR stage alone. Heterogeneity in lymph node 
staging in this multicenter series likely contributed 
to the lower accuracy of the model. 

 In a similar fashion and a more contemporary 
cohort, Green et al. developed a nomogram which 
predicts non-organ confi ned UCB based on a sin-
gle-institution cohort of 201 patients with clini-
cally organ-confi ned disease who underwent RC 
with pelvic lymph node dissection without neoad-
juvant chemotherapy [ 55 ]. The authors found that 
clinical tumor stage, presence of LVI, and radio-
graphic evidence of non-organ-confi ned UCB or 
hydronephrosis were independently associated 
with pT3/Nany UCB. Furthermore, clinical tumor 
stage and presence of LVI remained independent 
predictors of pT3/Nany or pTany/N + UCB, for 
which the fi nal nomogram showed a predictive 
accuracy of 83 %. 

 Recently, Shariat et al. developed a preopera-
tive clinical Nodal Staging Score, which estimates 
the number of lymph nodes needed to be removed 
to ensure that a node-negative patient is indeed 
without lymph node metastasis, based on the 
numbers of lymph nodes examined and clinical 
tumor stage (Fig.  9.1 ) [ 70 ].

   Pre-cystectomy nomograms provide only a 
modest increase in accuracy and reasons for this 
may include differences in TUR technique, non- 
standardized use of restaging biopsies, inaccu-
racy and variable use of preoperative imaging, 
and variability in the pathologic evaluation. The 
integration of other pathologic prognostic mark-
ers, for example LVI in addition to molecular 
markers of disease, possibly will enhance predic-
tive accuracy of pre-cystectomy nomograms 
[ 71 ]. Nevertheless, they demonstrate that the 
combined use of clinical and pathologic vari-
ables, which cannot always be integrated within 
look-up tables, results in more accurate predic-
tions than the use of a single variable.    

9.3     Muscle-Invasive Bladder 
Cancer 

9.3.1    Prognostic Factors 

9.3.1.1    Preoperative/Clinical Factors 
   9.3.1.1.1 Age 
 The extent to which advanced chronologic age 
impacts the indications for and outcomes of RC is 
controversial. Though it has been reported in small 
surgical series that older patients fare well com-
pared to their younger counterparts in terms of 
complications and perioperative outcomes [ 72 ,  73 ], 
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  Fig. 9.1    Sensitivity of the 
pathologic evaluation of 
nodal disease stratifi ed by 
clinical tumor stage in 
4,335 patients who were 
treated with radical 
cystectomy with pelvic 
lymphadenectomy. Vertical 
axis is the probability of 
missing nodal disease 
(1 − sensitivity) and 
horizontal axis is the 
number of examined 
nodes. Adapted from 
Shariat et al. Eur Urol 
2012;61:237–242       
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Nielsen et al. have shown in a study of 888 patients 
who underwent RC for UCB, that higher age at RC 
is associated with extravesical disease, pathologic 
upstaging, and higher cancer-specifi c mortality. 
These fi ndings have been subsequently validated in 
several studies [ 74 ,  75 ]. The impact of age on treat-
ment tolerability and tumor biology may relate to 
cancer outcomes but remains to be clarifi ed.  

   9.3.1.1.2 Gender 
 The infl uence of gender on the incidence, stag-
ing, prognosis, and survival in UCB has been 
poorly investigated and understood [ 76 ]. Recent 
epidemiologic [ 77 – 80 ] and translational research 
[ 81 ,  82 ] has shed some light on the complex rela-
tionship between gender and UCB. A growing 
body of evidence has shown that despite UCB 
being more common in men, women with blad-
der cancer have worse survival than men in both 
non-muscle invasive [ 14 ,  24 ] and muscle- invasive 
bladder cancer [ 83 ,  84 ]. 

 Hormonal differences have been discussed as 
a possible explanation for discrepancy in UCB 
biology [ 81 ,  82 ,  85 ]. Another reason for gender- 
specifi c discrepancies in UCB outcomes may be 
inequalities in health care and treatment delay. 
That is, for example, among patients treated with 
RC for UCB, female patients have been found to 
have signifi cantly longer operative times, higher 
blood loss, higher transfusion rates, and a greater 
rate of perioperative complications than males 
[ 86 – 88 ]. Interestingly, it has been reported that 
women were more likely to present with more 
advanced bladder cancer than men in a retrospec-
tive study of the Netherlands Cancer Registry 
between 1989 and 1994 which provided data of 
more than 20,000 UCB patients [ 89 ]. One reason 
for this might be that women who present with 
initial macrohematuria are treated for urinary 
tract infection by their gynecologist or general 
practitioner, thus primary treatment is delayed 
[ 90 ]. Finally, differences in stage distribution 
have been suggested to be an alternative etiology 
for the disproportionally higher cancer-specifi c 
mortality among female UCB patients [ 91 ,  92 ]. 
However, large collaborative studies have dem-
onstrated that even after adjustment for the effect 
of tumor stage, female patients experience worse 
outcomes after RC [ 93 ,  94 ]. Kluth et al. recently 

reported in a multi-institutional study of 8,102 
(6,497 (80%) males and 1,605 (20%) females) 
patients treated with RC for UCB, that female 
gender was associated with disease recurrence in 
univariable, but not multivariable analysis [ 211 ]. 
Interestingly, although female gender was an 
independent predictor for cancer-specifi c mortal-
ity, there was no signifi cant interaction between 
gender and either stage, nodal metastasis or LVI.  

   9.3.1.1.3  Performance Status 
and Comorbidity 

 Patients with poor performance status and higher 
comorbidity have been shown to have a higher 
mortality. In a single-center experience, Boorjian 
et al. evaluated fi ve different comorbidity indices 
of 891 patients who underwent RC: the American 
Society of Anesthesiologists (ASA) score, 
Charlson comorbidity index (CCI), Elixhauser 
index (EI), and Eastern Cooperative Oncology 
Group performance status (ECOG) [ 95 ]. The 
authors found that EI, ASA, and ECOG were sig-
nifi cantly associated with 90-day perioperative 
mortality. Moreover, within a median follow-up 
of 10 years, CCI, EI, ASA, and ECOG were inde-
pendent predictors of 5-year cancer-specifi c sur-
vival. These fi ndings are in line with recent 
studies that reported a higher comorbidity to be 
associated with a higher risk of postoperative and 
any-cause mortality [ 96 ].  

   9.3.1.1.4 Laboratory Values 
 Several studies suggest that different laboratory 
markers assessed at the time of RC are associated 
with oncologic outcomes. In a recent published 
single-center study of 246 consecutive patients 
who underwent RC for UCB, it has been found 
that CRP evaluated at the time of RC was inde-
pendently associated with a higher risk of cancer- 
specifi c mortality [ 97 ]. These fi ndings are in line 
with a recent screening study among healthy 
individuals in which elevated CRP concentra-
tions indicated a higher risk of developing UCB 
[ 98 ]. Furthermore, Yoshida et al. found in a study 
of 88 MIBC patients treated with chemoradio-
therapy only, an association of elevated CRP and 
adverse outcome [ 99 ]. Leukocytosis (higher 
WBC) is a sensitive, non-specifi c marker of 
infl ammation associated with systemic progress 
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such as cancer metastasis [ 100 ]. Elevated platelet 
count is frequently observed in patients with can-
cer and has been reported as a prognostic factor 
in several tumors such as renal cancer [ 101 ]. In a 
recent published retrospective study of 258 
patients who underwent RC, the presence of 
thrombocytosis at RC was associated with 
higher cancer-specifi c mortality [ 102 ]. 
Hypoalbuminemia is controversial as a nutri-
tional marker due to its long half-time and the 
potential impact of systemic factors such as 
infl ammation and stress on serum albumin [ 103 ]. 
However, it has been shown that preoperative 
albumin is associated with a higher risk of overall 
survival in UCB patients after RC [ 104 ].  

   9.3.1.1.5 Obesity 
 In MIBC, Chromecki et al. have recently shown 
that obesity (defi ned as BMI ≥30 kg/m 2 ) is asso-
ciated with a higher risk of disease recurrence, 
cancer-specifi c mortality, and overall mortality in 
a study cohort of 4,118 patients who underwent 
RC and lymphadenectomy for UCB [ 105 ]. These 
fi ndings suggest that metabolic syndrome is an 
important area of investigation and therapy in 
patients with UCB. In contrast, Hafron et al. 
reported no signifi cant association between 
higher BMI and disease-specifi c survival in RC 
patients [ 106 ]. However, this study was limited 
by its small sample size and a high rate of preop-
erative therapies.  

   9.3.1.1.6 Smoking 
 Recently, Rink et al. found that current smokers 
were at a signifi cantly higher risk of experiencing 
disease recurrence after RC compared with for-
mer and never smokers, who had a similar risk 
[ 107 ]. These fi ndings are in line with previous 
studies in NMIBC [ 29 – 31 ] and MIBC, in which 
smoking duration and quantity have been shown 
to be associated with higher tumor stage and 
grade in patients with newly diagnosed UCB 
[ 108 ,  109 ]. Similarly to previous studies in 
NMIBC [ 110 ], patients who stopped smoking 
more than 10 years before RC had less aggressive 
tumor stages and improved prognosis compared 
to those who stopped less than 10 years before 
RC or were current smokers at RC.   

9.3.1.2    Intraoperative/Surgical Factors 
   9.3.1.2.1  Lymph Node Dissection 

and Invasion 
 Recently, several localization studies in UCB 
patients with regards to lymph node dissection 
demonstrated that no metastatic lymph nodes 
are found outside the pelvis if the pelvic lymph 
nodes are negative [ 111 ,  112 ]. In contrast, a 
multicenter study by Leissner et al. has shown 
that there may be a low rate of “skip” metastases 
to higher lymph nodes [ 113 ]. However, the 
extent and impact on survival of lymph node 
dissection in UCB is highly controversial 
[ 113 – 122 ]. 

 Therefore, many studies have tried to establish 
a minimum number of lymph nodes needed to be 
taken at the time of RC in an effort to reduce 
understaging and maximize survival [ 121 ,  123 ]. 
In node-positive patients, one of the largest 
single- center reports of patients treated with RC, 
the recurrence-free survival at 10 years for 
patients with eight or fewer positive lymph nodes 
was signifi cantly higher than in those with more 
than eight positive lymph nodes (40 % vs 10 %, 
respectively) [ 124 ]. In pathologic node-negative 
patients, increasing the number of LNs has also 
been suggested to result in better survival [ 115 , 
 119 ]. In a recent multi-institutional study of 
4,188 pN0 patients after RC, a lymph node 
removal over 20 nodes resulted in a survival ben-
efi t [ 125 ]. Many of these retrospective studies 
may however represent stage migration with 
more thorough pelvic lymph node dissections 
and not a therapeutic effect.   

9.3.1.3     Postoperative/Pathologic 
Factors 

9.3.1.3.1    Pathologic Tumor Stage 
 Tumor stage has been clearly established as one of 
the most important predictors of cancer- specifi c 
and overall mortality in patients after RC 
(Table  9.3 ) [ 124 ,  126 ]. The clinical TNM staging 
system combines a pathologic evaluation of the 
TUR specimen with fi ndings from an examination 
under anesthesia and preoperative radiographic 
imaging. Unfortunately, inaccuracies in clinical 
staging are highlighted in that up to 40 % of 
patients are up-staged and about 25 % are down-
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staged after pathologic assessment of the RC spec-
imen, thus limiting the prognostic accuracy of 
clinical staging system [ 68 ]. The problem of 
understaging has signifi cant implications such as 
in counseling patients for neoadjuvant chemother-
apy [ 2 ]. After RC and lymph node dissection, the 
pathologic evaluation of the specimen provides a 
more accurate stratifi cation of cancer- specifi c 
 outcome. The 5-year bladder cancer-specifi c sur-
vival in patients with ≤pT1, pT2, pT3, and pT4 is 
reported as 80–90 %, 50–70 %, 30–45 % and 
20–35 %, respectively [ 124 ,  126 ].

9.3.1.3.2       Pathologic Tumor Grade 
 Tumor grading systems are designed to refl ect 
the degree of tumor cell anaplasia. Recently, 

members of the WHO and the International 
Society of Urological Pathologists (ISUP) pub-
lished the WHO/ISUP consensus classifi cation 
of urothelial neoplasms of the urinary bladder. 
That is, there is no uniformly accepted grading 
system for UCB. The WHO/ISUP system clas-
sifi es bladder tumors into papillary urothelial 
neoplasms of low malignant potential, or papil-
lary carcinomas of low or high grade [ 127 ]. 
While tumor grade is one of the most important 
predictors of disease recurrence and progres-
sion after TUR and/or intravesical immunother-
apy, the predictive power after RC is limited 
[ 128 ]. One of the reasons may be because most 
patients undergoing RC have high-grade dis-
ease [ 124 ,  126 ].  

   Table 9.3    Summary of the preoperative/clinical, intraoperative, and pathologic prognostic factors in patients with 
muscle invasive bladder cancer   

 Comments  References 

 Age  Advanced age is an independent predictor of extravesical disease, pathologic 
upstaging, and CSM 

 [ 1 – 4 ] 

 Gender  Female gender is an independent predictor of worse DR and CSM  [ 5 – 25 ] 
 Performance status 
and comorbidity 

 Poor performance status and higher comorbidity are independent predictor of 
90-day perioperative mortality, CSM, and any-cause mortality 

 [ 26 ,  27 ,  211 ] 

 Laboratory values  Elevated CRP, leukocytosis (higher WBC), thrombocytosis (elevated platelet 
count) are independent predictors of CSM. Hypoalbuminemia is associated 
with perioperative and overall mortality 

 [ 28 – 35 ] 

 Obesity  Body mass index ≥ 30 kg/m 2  is an independent predictor of DR, CSM, and 
overall mortality 

 [ 36 ,  37 ] 

 Smoking  Smokers are more likely to experience DR. Smoking cessation >10 years is 
associated with improved diagnosis 

 [ 38 – 44 ] 

 Lymph node 
dissection/invasion 

 Lymph node metastasis is an independent predictor of DR and CSM  [ 45 – 59 ] 

 Pathologic tumor 
stage 

 Advanced pathologic T-stage is an independent predictor of CSM and overall 
mortality 

 [ 58 ,  60 – 62 ] 

 Pathologic tumor 
grade 

 While tumor grade is one of the most important predictors of disease recurrence 
and progression after TUR and/or intravesical immunotherapy, the predictive 
power after RC is limited 

 [ 58 ,  60 ,  63 ,  64 ] 

 Lymph node 
invasion 

 Lymph node metastasis is the most important pathologic prognostic factor after 
RC and is associated with higher risk of DR and survival 

 [ 50 ,  51 ,  60 , 
 65 – 67 ] 

 Soft tissue surgical 
margin 

 Soft tissue surgical margin is an independent predictor of DR and CSM  [ 68 ,  69 ] 

 Tumor size  Larger tumor size is an independent predictor of CSM  [ 69 – 71 ] 
 Lymphovascular 
invasion 

 The presence of lymphovascular invasion is an independent predictor of DP and 
CSM. That is also true in lymph node negative patients 

 [ 72 – 79 ] 

 Histologic variants  Studies have failed to show signifi cant differences in outcomes between UC and 
squamous histology. Non-UC/non- squamous histology is an independent 
predictor of DP and CSM. Previous studies failed to show signifi cant 
association between histologic variants and outcomes 

 [ 80 – 84 ] 

   DR  disease recurrence,  DP  disease progression,  CSM  cancer-specifi c mortality  
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9.3.1.3.3    Lymph Node Invasion 
 The presence of lymph node metastasis is the 
most important pathologic prognostic factor 
after RC, with associated 15–30 % 5-year sur-
vival rates [ 4 ,  116 ,  117 ]. Multi-institutional 
series of patients treated with RC have shown 
that approximately 70–80 % of patients with 
pathologic node-positive disease experience dis-
ease recurrence compared to 30–40 % of patients 
with extravesical disease and pathologically neg-
ative lymph nodes within 5 years of surgery [ 4 , 
 5 ,  126 ]. Tarin et al. have recently investigated 
impact of lymph node involvement by location 
on disease outcomes using the 2010 TNM stag-
ing system [ 129 ]. Of 591 patients treated with 
radical cystectomy with mapping pelvic lymph 
node dissection, 114 patients (19 %) had lymph 
node involvement and 42 patients (7 %) had pN3 
disease. The authors could demonstrate that 
lymph node location was not associated with 
outcomes; however, the number of positive 
lymph nodes was associated with worse onco-
logic outcomes. Interestingly, a similar disease 
recurrence- free survival for patients with pN3 
disease compared to pN1 or pN2 tumors has 
been shown.  

9.3.1.3.4    Soft Tissue Surgical Margin 
 The positive soft tissue surgical margin rate 
(STSM) is usually rare after RC (2–10 %); how-
ever, it is a strong independent predictor of local 
disease recurrence and cancer-specifi c mortality. 
The fi nding of a positive STSM correlates with 
tumor stage, previous pelvic radiation, extent of 
lymph node dissection, and surgeon experience 
[ 130 ]. The Southwest Oncology Group 8710 trial 
reported a 100 % local disease recurrence, and 
0 % 5-year cancer-specifi c rate among 25 patients 
with a positive STSM after RC [ 130 ]. 

 Xylinas et al. identifi ed 231 patients with pos-
itive STSM of a multi-institutional cohort of 
4,335 patients (5.3 %) treated with RC and 
lymphadenectomy. Actuarial cancer-specifi c sur-
vival estimates at 2 and 5 years after RC were 
33 ± 3 and 25 ± 4 %, respectively [ 131 ]. Moreover, 
it has been shown that higher body mass index, 
higher tumor stage, presence of grade 3 disease, 
lymphovascular invasion (LVI), and lymph node 
involvement were all independently associated 

with disease recurrence (all  p  values <0.05). 
Furthermore, higher tumor stage, LVI, and lymph 
node involvement were independently associated 
with cancer specifi c mortality, while location and 
multifocality of STSM were not associated with 
outcomes.  

9.3.1.3.5    Tumor Size 
 The current pathologic TNM classifi cation of 
bladder cancer relies on the depth of tissue inva-
sion, but does not consider the size of the index 
tumor. However, in several recent reports, tumor 
size was identifi ed as an independent predictor of 
cancer-specifi c mortality [ 131 ,  132 ]. It has been 
shown that the 10-year cancer-specifi c mortality 
was 94 % for patients with pT2 tumors of ≤3 cm 
and only 68 % for pT2 tumors of >3 cm ( p  < 0.001) 
[ 133 ] While published proposed size threshold 
criteria have varied, there is a strong rationale to 
include tumor size as an important risk stratifi ca-
tion variable for patients treated with RC.  

9.3.1.3.6    Lymphovascular Invasion 
 LVI is an important step in systemic cancer cell 
dissemination [ 134 ,  135 ]. LVI is an established 
independent predictor of disease recurrence and 
cancer-specifi c mortality, thus help identifying 
patients without lymph node metastasis who are 
at increased risk of disease recurrence and mor-
tality despite RC [ 136 – 138 ]. LVI has been identi-
fi ed in 30–50 % of RC specimens, and positively 
correlates with adverse pathologic features. 
Several previous studies found that LVI is an 
independent predictor of disease recurrence and 
cancer-specifi c mortality in lymph node- negative, 
non-metastatic patients treated with RC [ 139 –
 141 ]. This is an important distinction, as node- 
positive patients are usually recommended to 
receive adjuvant chemotherapy regardless of LVI 
status. Knowing that patients with negative nodes 
and positive LVI are at higher risk of recurrence 
might change the treatment in these patients.  

9.3.1.3.7    Histologic Subtype/Variants 
 In Western countries, the most common histologic 
subtype of bladder cancer is UC, comprising 
>90 % of cases [ 142 ]. Histologic subtypes of non-
UC of the bladder include mesenchymal and epi-
thelial tumors of other histologic types. Epithelial 
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cancers include squamous cell, adenocarcinoma, 
and small cell/neuroendocrine carcinoma. 

 Several previous studies failed to show a sig-
nifi cant difference in cancer-specifi c mortality 
when comparing squamous and UC histology 
[ 142 – 144 ]. Conversely, non-UC/non-squamous 
histology (i.e. adenocarcinoma, small cell carci-
noma, carcinosarcoma, etc.) was identifi ed as an 
independent predictor of disease recurrence and 
cancer-specifi c mortality [ 142 ]. 

 Recently, Xylinas et al. analyzed differences 
between pure UCB and UCB with variant histol-
ogy in 1,984 treated with RC [ 145 ]. The authors 
reported one-fourth of UCB patients treated with 
RC harbored histologic UCB variants, which 
were associated with features of biologically 
aggressive disease. While variant UCB histology 
was associated with worse outcomes in univari-
able analyses, this effect did not remain signifi -
cant in multivariable analyses. 

 The nested variant of UC has recently shown 
to be associated with a high rate of locally 
advanced disease at RC [ 146 ]. However, when 
stage was matched in this analysis with a median 
follow up of 10.8 years, no signifi cant differences 
on disease recurrence or survival were observed 
between patients with pure UC and those with the 
nested variant.   

9.3.1.4     Tissue-Based Molecular 
Markers 

9.3.1.4.1    Cell Cycle 
 p53 (gene and protein) is known as the “guardian 
of the genome,” because it plays important roles 
in the regulation of the cell cycle, DNA repair, 
and apoptosis (Table  9.4 ) [ 147 ,  148 ]. It presents 
one of the most commonly mutated genes in 
humans; its expression refl ects chromosome 17p 
abnormalities. Previous studies support the view 
that p53 nuclear accumulation is predictive of the 
outcome in patients treated with RC [ 149 – 152 ]. 
In these studies it has been shown that the propor-
tion of specimens with altered p53 expression 
progressively increases from normal urothelium 
to NMIBC, to MIBC and fi nally to metastatic 
lymph node UCB. Moreover, retrospective 
 studies demonstrate that p53 is associated with a 
greater risk of disease recurrence and cancer- 
specifi c mortality [ 147 ,  153 – 156 ]. There is evi-

dence however for and against the prognostic role 
of p53. A prospective randomized study demon-
strated no prognostic signifi cance to p53 status in 
a series of muscle invasive lesions. Reasons for 
the discrepancies between studies may be related 
to the choice of antibody used in p53 assays, vari-
ability in interpretation and stratifi cation criteria, 
and inconsistencies in specimen handling and 
other technical procedures [ 157 ]. Recent meta- 
analysis found that immunohistochemistry was 
the most commonly (96 % of the 117 studies) 
used approach to assess p53 status, with molecu-
lar analysis being used in the other fi ve studies 
[ 150 ]. Interestingly, the p53 status was a stronger 
predictor of UCB outcomes in patients treated 
with RC than chromosomal alterations or expres-
sion patterns of p21, pRB, p27, p16, cyclin E1, or 
cyclin D1 [ 158 ].

   The retinoblastoma gene is the prototype 
tumor-suppressor gene that encodes a nuclear 
protein (pRb) which is an important cell cycle 
regulator [ 147 ]. Recent evidence suggests that 
the predictive power of pRB may be inferior to 
that of other cell cycle regulators in both NMIBC 
and MIBC [ 147 ,  155 ,  159 ,  160 ]. However, pRb 
as part of a biomarker panel improved the predic-
tive accuracy of a base model for disease recur-
rence and cancer-specifi c mortality after RC in 
MIBC [ 155 ]. Nevertheless, to date, the clinical 
utility of pRB    in UCB prognostication seems 
limited and remains to be validated. 

 Ki-67 is a nuclear protein expressed by prolif-
erating cells that regulates all phases of the cell 
cycle. Ki-67 overexpression has been shown to 
be independently associated with disease recur-
rence and stage-adjusted cancer-specifi c mortal-
ity in RC patients [ 161 ,  162 ]. Though Ki67 seems 
to be the most convincing biomarker for prognos-
tication in MIBC, its impact in NMIBC is still 
controversial [ 158 ,  159 ,  163 ]. 

 p21 binds to and inhibits the activity of cyclin- 
dependent kinase complexes, and thus functions 
as a regulator of cell cycle progression at G1 
[ 164 ]. In MIBC patients, p21 was an independent 
predictor of both disease recurrence and cancer- 
specifi c mortality [ 155 ,  165 ]. In patients with 
organ-confi ned disease, p21 remained indepen-
dently associated with outcomes when combined 
in a multivariable model with p27 and p53 [ 153 ]. 

9 Prognostication and Risk Assessment
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Conversely, p21 expression alone was not an 
independent predictor of outcomes in the sub-
group of patients with pT1 disease [ 158 ], suggest-
ing that p21 does not predict outcomes in NMIBC. 

 The product of the p27, a member of the Cip/
Kip family of Cdk inhibitors, prolongs cell cycle 
arrest in the G1 phase. Though in NMIBC, p27 
has been found to have only limited predictive 
value, in patients with MIBC treated with RC, 
p27 signifi cantly improved prediction of disease 
recurrence and cancer-specifi c mortality [ 158 ]. 
No prospective validation however has confi rmed 
the ability of this marker to improve prediction of 
disease status after RC. 

 Cyclin E1 is the predominant regulatory pro-
tein determining rates of cell-cycle transition 
from the G1 to S phase, thereby thus affecting 
oncogenesis [ 166 ,  167 ]. Cyclin E1 expression 
was signifi cantly decreased in patients with 
advanced pathologic stage, LVI, metastases to 
regional lymph nodes, and cancer-specifi c mor-
tality in both TUR and RC specimens. The role of 
cyclins is currently evaluated in prospective mul-
ticenter studies.  

9.3.1.4.2    Apoptosis 
 Apoptosis, or programmed cell death, is a com-
plex and highly regulated process comprising a 
series of coordinated steps resulting in cell death 
[ 168 ]. 

 Activated caspase-3 is a protease that consti-
tutes an important downstream step in both the 
intrinsic and extrinsic apoptotic pathways and 
promotes apoptosis by cleaving multiple cellular 
components [ 169 ]. The prognostic value of this 
biomarker is controversial [ 170 – 172 ]. In a most 
recent study evaluating the combined effect of 
apoptotic markers on oncologic outcomes in 226 
patients treated with RC, Karam et al. demon-
strated that altered caspase-3 expression was 
associated with features of biologically and clini-
cally aggressive disease and independently pre-
dicted cancer-specifi c mortality after RC [ 172 ]. 

 Survivin is a member of the Inhibitor of 
Apoptosis family, and its overexpression inhibits 
extrinsic and intrinsic pathways of apoptosis, by 
blocking downstream caspase activity [ 173 ]. 
Survivin represents a promising marker in UCB 
outcome prediction since it has been shown that 

overexpression is associated with cancer presence 
and features of aggressive disease [ 174 – 176 ], as 
well as disease recurrence and cancer-specifi c 
mortality [ 177 ,  178 ]. Survivin is an attractive tar-
get for therapy in UCB [ 168 ], because of its selec-
tive and substantial upregulation in UCB and its 
causal role in cancer progression [ 179 ]. In addi-
tion, recently, survivin expression has been asso-
ciated with disease recurrence in NMIBC [ 180 ].  

9.3.1.4.3    Angiogenesis 
 Angiogenesis is a critical event in the initiation and 
progression of solid malignancies. Traditionally, 
angiogenesis has been quantifi ed by microvessel 
density (MVD: >100 microvessels per hpf) [ 181 ]. 
Bochner et al. reported that high MVD were asso-
ciated with higher disease recurrence and cancer-
specifi c mortality after RC [ 182 ]; however, others 
did not confi rm these results [ 183 – 185 ]. Reasons 
for that may be found in differences in staining and 
scoring protocols as well as variability in MVD due 
to tumor heterogeneity. 

 Thrombospondin-1 is a glycoprotein of the 
extracellular matrix that has been implicated in 
the regulation of cell growth and proliferation, 
thus a potent inhibitor of angiogenesis. Altered 
thrombospondin-1 expression was independently 
associated with an increased risk of disease recur-
rence and all-cause mortality [ 186 ]. However, the 
prognostic value of thrombospondin-1 was not 
independent of p53 expression status [ 185 ]. 

 Due to the complexity of the molecular abnor-
malities in UCB, it is unlikely that a single bio-
marker can accurately differentiate tumors of 
similar clinicopathologic phenotypes into precise 
prognostic categories. Therefore, combinations 
of independent, complementary biomarkers may 
provide a more accurate prediction of outcome 
compared to any single biomarker [ 155 ,  158 , 
 187 ,  188 ]. Recently, Lotan et al. investigated pro-
spectively a panel of biomarkers in 216 patients 
with high-grade UCB treated with RC between 
2007 and 2012 [ 189 ]. Expression of p53, p21, 
p27, cyclin E1, and Ki-67 was altered in 54 %, 
26 %, 46 %, 15 %, and 75 % patients, respec-
tively. In a multivariable analysis, the number of 
altered biomarkers remained an independent pre-
dictor of disease recurrence and cancer-specifi c 
mortality. Future investigations should focus on 
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promising biomarker combinations that encom-
pass a variety of different pathways in order to 
increase the predictive value and possibility for 
targeted therapy. Critical to the adoption of any 
marker/marker panel will be prospective valida-
tion that clarifi es the clinical usefulness in pre-
dicting postoperative behavior.    

9.3.2    Prediction Tools 

9.3.2.1     Postoperative Prediction Tools 
for Disease Recurrence 
and Survival After Radical 
Cystectomy 

9.3.2.1.1    Nomograms 
 Several nomograms after RC have been devel-
oped to predict the natural history of surgically 
treated UCB and thus to help in the decision- 
making process regarding the use of adjuvant 
therapy (Table  9.5 ) [ 4 – 6 ]. The Bladder Cancer 
Research Consortium (BCRC) developed three 
nomograms to determine the probabilities of dis-
ease recurrence, cancer-specifi c and all-cause 
mortality at 2, 5 and 8 years after RC (Fig.  9.2 ; 
available at   www.nomogram.org    ) [ 5 ,  6 ]. The dis-
ease recurrence nomogram showed a 78 % accu-
racy and comprised pathologic features such as T 
and N stages, pathologic grade, presence of LVI 
and CIS at RC, as well as the administration of 
chemotherapy (either neoadjuvant, adjuvant or 
both), and/or radiation. The predictive accuracy 
of the nomograms for cancer-specifi c and all- 
cause mortality nomogram were 78 % in 73 %, 
respectively.

    In the same year, the International Bladder 
Cancer Nomogram Consortium (IBCNC) pub-
lished a postoperative nomogram predicting the 
5-year risk of disease recurrence following RC 
and pelvic lymph node dissection (available at 
  www.nomograms.org    ) based on the data of more 
than 9,000 patients from 12 centers (including 
the BCRC) [ 4 ]. The nomogram included signifi -
cant features such as age, gender, grade, patho-
logic stage, histologic type, lymph node status, 
and time from diagnosis to surgery. The predic-
tive accuracy of the nomogram was 75 % and sta-
tistically superior to the AJCC TNM staging 
(68 %) or the standard pathologic grouping mod-

els (62 %). Interestingly, based on the same 
patient data, Vickers et al. have demonstrated in a 
decision analysis approach that a nomogram cut-
off outperformed pathologic stage for decision- 
making regarding chemotherapy. Thus the 
authors concluded that referring patients to adju-
vant chemotherapy on the basis of a multivariate 
model is likely to lead to better patient outcomes 
than the use of pathologic groups. 

 Recently, Xylinas et al. developed competing- 
risk, probability nomograms that predict disease 
recurrence and cancer-specifi c survival of 
chemotherapy- naive pT1-3 N0 UCB patients 
( n  = 2,145). With a median follow-up of 45 
months, the 5-year disease recurrence-free and 
cancer-specifi c survival estimates were 68 and 
73 %, respectively. 

 In contrast, Rink et al. developed two nomo-
grams predicting disease recurrence and cancer- 
specifi c mortality based on 381 patients with nodal 
metastases from a multi-institutional cohort of 
4,335 patients with UCB treated with RC and 
lymphadenectomy without preoperative chemo- or 
radiotherapy. Including gender, tumor stage, STSM, 
lymph node density, and administration of adjuvant 
chemotherapy, the model showed a predictive accu-
racy for disease recurrence- free and cancer-specifi c 
survival of 63 and 66 %, respectively.  

9.3.2.1.2    Other Prediction Tools 
 Bassi et al. developed an ANN utilizing gender, 
several pathologic features, and history of upper 
tract UC as input variables for prediction of 
5-year all-cause survival after RC [ 190 ]. In a sin-
gle institution cohort of 369 patients, the prog-
nostic accuracy of the ANN (76 %; based on 12 
variables) was slightly superior to the logistic 
regression model that was based on only two 
 statistically signifi cant variables (75 %; stage and 
grade). Unfortunately, the comparison of the 
accuracy of both models was performed on the 
same population. 

 A promising Artifi cial Intelligence model, a 
neurofuzzymodel (NFM), to predict disease 
recurrence following RC and PLND was elegantly 
developed by Catto et al. Therefore, 609 patients 
with organ-confi ned disease and no lymph node 
metastases were identifi ed. Two NFM were 
trained, tested, and validated to predict the risk of 
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disease recurrence after RC, thus the model 
showed a predictive accuracy of 84 % [ 191 ]. 

 Gakis et al. developed a risk-score model pre-
dicting the 3-year cancer-specifi c survival by 
including signifi cant pathologic features such as 
higher tumor stage, positive STSM, higher lymph 
node density, and elevated CRP levels [ 97 ]. The 
accuracy of this model was 79 %. The same study 
group developed a similar risk-score predicting 
the 3-year cancer-specifi c survival based on 
pathologic features (tumor stage, STSM) and 
thrombocytosis with a 75 % accuracy [ 102 ]. 

 Recently, Shariat et al. developed a model 
(pathologic Nodal Staging Score) to estimate 
the probability that a pathologic node-negative 
UCB patient is indeed free of lymph node 
metastasis. To this end, the authors analyzed 
data of 4,335 patients treated with RC and bilat-

eral lymph node dissection. Based on the num-
ber of lymph nodes examined and pathologic 
features, they demonstrated that the probability 
of missing a positive node decreases with the 
increasing number of nodes examined. 
Furthermore, the probability of having a posi-
tive node increased proportionally with advanc-
ing pathologic T stage and LVI.  

9.3.2.1.3     Nomograms Including Novel 
Biomarkers 

 Only few studies have demonstrated a signifi cant 
improvement in predictive accuracy, when bio-
markers were added to established predictors in 
the predictive tool setting [ 172 ,  188 ,  192 ,  193 ]. 
One of these studies, for example, demonstrated 
in 191 pTa-3N0M0 patients following RC that the 
addition of a panel of fi ve well-established cell 

Bladder cancer-specific survival nomogram 
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  Fig. 9.2    Bladder cancer-specifi c survival nomogram in 
731 patients treated with radical cystectomy and bilateral 
lymphadenectomy for urothelial carcinoma of the bladder. 
Instructions for nomogram use: Locate patient values at 
each axis. Draw a vertical line to the “Point” axis to deter-
mine how many points are attributed for each variable 

value. Sum the points for all variables. Locate the sum on 
the “Total Points” line. Draw a vertical line toward the 
“2Yrs.Surv.Prob.,” “5Yrs.Surv.Prob.,” and “8Yrs.Surv.
Prob.” axes to determine, respectively, the 2-year, 5-year, 
and 8-year survival probabilities. Adapted from Shariat 
et al. Clin Cancer Res 2006;12:6663       
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cycle regulatory biomarkers (p53, pRB, p21, p27, 
and cyclin E1) improved the predictive accuracy 
of competing-risk nomograms and survival in 
these patients. In comparison, two smaller studies 
have added biomarkers to standard clinico- 
pathologic features using pre-cystectomy predic-
tion tools (ANN and neuro-fuzzy modeling) [ 192 , 
 193 ]. Prediction tools such as these that incorpo-
rate pathologic and molecular information could 
form the basis for counseling patients regarding 
their risk of disease recurrence following surgery 
and for designing clinical trials to test adjuvant 
treatment strategies in high-risk patients. 

 Several limitations of nomograms and other 
prediction tools to patient risk stratifi cation 
should be noted. First, and foremost, their retro-
spective nature of data accrual and the fact that 
all currently available predictive tools in UCB are 
not perfectly accurate. Furthermore, all available 
nomograms and predictive tools were derived 
and are applicable to centers of excellence for 
bladder surgery, thus the general applicability 
requires additional validation. The fundamental 
issue raised by opponents of predictive tools is 
regarding their utility. Indeed, to date, there are 
no prospective randomized studies that clearly 
demonstrate improving patient care by using pre-
diction tools. However, despite these limitations, 
nomograms and prediction tools provide opti-
mum accuracy for individualized evidence-based 
decision-making process of UCB.  

9.3.2.1.4     Prediction models using 
genomic data 

 Recently, there have been published studies on 
using genomic data sets. It is likely that future 
prediction models will rely on biology from these 
types of cellular interrogations. 

Developed a gene expression model predicting 
the response to M-VAC chemotherapy based on 
TUR tumor biopsy materials from 27 patients 
with T2a-T3bN0M0 UCB who were expected to 
undergo RC as a primary treatment using a cDNA 
microarray comprising of 27,648 genes [ 212 ] .

 The authors found 14 genes that were 
expressed differently between nine responder 
(downstaging after 2 courses of MVAC, ≤pT1 or 
≤T1) and 9 non-responders (upstaging after 2 
courses of MVAC, ≥pT2 or ≥T2). Based on these 

gene expression profi les a prediction scoring sys-
tem for chemosensitivity was established. The 
study is limited by the small dataset and needs to 
be prospectively validated. Further refi nement is 
needed in the clinical laboratory setting to bring 
this test to routine clinical use. 

Smith et al. developed a 20-genes model based 
on the expression of TUR- tumor tissue to predict 
the risk of lymph node invasion in clinically 
lymph node negative MIBC patients prior to RC 
[ 213 ]. A training dataset of 156 patients from two 
independent centers was used to develop the gene 
expression model and determine cutoffs for 
lymph node metastasis. External validation was 
performed on 185 patients from a prospective 
randomized phase 3 trial evaluating two different 
adjuvant chemotherapy regimens. The gene 
expression model demonstrated 67% (AUC) dis-
crimination for discriminating lymph node nega-
tive and positive patients in the validation cohort. 
Although the gene model was externally vali-
dated on a prospective cohort, the clinical assay 
has not undergone analytic validation yet.     

9.4     Metastatic and Recurrent 
Bladder Cancer 

9.4.1    Prognostic Factors 

 Patients with UCB who experience disease recur-
rence after RC and those with metastatic disease 
have very poor outcomes. Despite advances in 
surgical techniques and systemic chemotherapies 
[ 124 ,  126 ,  194 ], the majority of patients will die 
from UCB within 1 year after disease recurrence 
and only few patients survive beyond 2 years after 
disease recurrence [ 195 ]. Modern salvage chemo-
therapies may prolong survival if a patient 
responds; however, cure is very rare [ 196 ,  197 ], 
thus underscoring the lethal nature of UCB once 
the disease recurs and becomes systemic [ 124 , 
 126 ,  194 ]. While the natural history of UCB from 
RC to disease recurrence has been intensively 
investigated [ 4 – 6 ], that of patients who experi-
ence disease recurrence after RC and/or have 
metastatic disease is still poorly understood. 
Accurate prediction of clinical outcomes after dis-
ease recurrence could help in patient counseling 
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and clinical trial design and analysis. There are 
only a few studies that analyzed prognostic fac-
tors for outcomes in UCB patients with disease 
recurrence after RC and/or metastatic disease. 

9.4.1.1     Time from Radical Cystectomy 
to Disease Recurrence 

 Recently, several study groups found that in 
patients who experience disease recurrence, the 
median time from RC to disease recurrence was 
less than 12 months [ 198 – 200 ]. Mitra et al. reported 
that a time to disease recurrence <12 months is 
associated with worse outcomes in patients with 
UCB [ 198 ]. Rink et al. confi rmed that time from 
RC to disease recurrence is a strong predictor of 
survival after disease recurrence [ 195 ]. The shorter 
the time from surgery to disease recurrence, the 
shorter is the survival time. Interestingly, the 1-year 
risk of cancer- specifi c mortality after disease recur-
rence disproportionately improved in patients 
experiencing disease recurrence after 12 months. 
In other words, while even after 12 months it 
remained true that the shorter the time to disease 
recurrence the faster the mortality, the change in 
rate becomes less signifi cant if the time to disease 
recurrence is more than 12 months. 

 The time to disease recurrence may be consid-
ered as a surrogate for the burden of disease thus 
suggesting that patients with a shorter time to dis-
ease recurrence had occult metastatic disease that 
became clinically evident faster. Therefore, the 
time to recurrence should be considered as a 
valuable predictor for outcome prognostication 
in patients treated with RC and experienced dis-
ease recurrence.  

9.4.1.2    Pathologic Factors 
 Several established pathologic characteristics 
such as non-organ-confi ned pathologic stage, 
lymph node metastasis and positive soft tissue 
surgical margin as well as the clinical factors 
such as advanced age and female gender have 
previously been shown to be signifi cantly associ-
ated with survival outcomes in patients treated 
with RC and LND [ 4 ,  76 ,  124 ,  126 ,  131 ,  194 , 
 201 ]. Moreover, a recent study has found these 
factors to predict cancer-specifi c mortality even 
after disease recurrence [ 195 ]. That said, it seems 

reasonable that the more biologically aggressive 
the disease, the faster the disease may recur. 

 Pathologic stage and nodal status are still the 
most well established independent predictors for 
outcomes [ 202 ,  203 ]. Notably, these factors can-
not only help in outcome prediction after RC, but 
should also be taken into consideration for 
decision- making in regards of patient counseling 
and risk stratifi cation after disease recurrence. 
Unfortunately, most studies investigating meta-
static UC patients [ 204 – 207 ], fail to evaluate 
pathologic factors and/or are unable to assess 
time to disease recurrence. They are inherent to 
the multicenter and retrospective design includ-
ing a lack of data regarding a possible delay 
between diagnosis and surgery due to patient 
preferences and comorbidities.   

9.4.2    Prediction Tools 

 Bajorin et al. reported that two risk factors, a poor 
Karnofsky performance status (KPS) and the 
presence of visceral metastases (Bajorin criteria), 
can stratify patients with non-resectable or meta-
static urothelial carcinoma into separate risk 
groups with regards to overall mortality [ 204 ]. 
This and other studies [ 96 ,  205 ] suggest that 
comorbidities are important and should be taken 
into account for predicting survival in both local-
ized and metastatic UCB. Recent studies con-
fi rmed that not only the presence, but the number 
[ 199 ,  200 ] and location [ 199 ] of visceral metasta-
sis can predict outcomes in patients who experi-
enced disease recurrence after RC. 

 Though the Bajorin risk grouping has been 
validated in the setting of prospective random-
ized trials [ 205 ,  206 ], since then in 1999, this risk 
stratifi cation has been the only prediction model 
available for patients with metastatic UCB. In 
addition, Bajorin et al.’s and the following studies 
included a selected group of patients who were 
eligible for inclusion in these trials (i.e., receiv-
ing chemotherapy), possibly introducing a selec-
tion bias. Moreover, the patients included in these 
studies present a heterogeneous cohort with unre-
sectable and/or metastatic UC at presentation of 
both the lower and upper urinary tract. 
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 Recently, Apolo et al. developed a model that 
predicts overall survival in 308 metastatic UC 
patients receiving a cisplatin-based chemotherapy 
on seven prospective phase II trials and  compared 
this model with the Bajorin risk model [ 207 ]. The 
fi nal model included four variables, namely the 
presence of visceral metastases, KPS, albumin, 
and hemoglobin. Comparison of both models to 
the patient cohort resulted in a favorable discrimi-
nation for the new developed model with four vari-
ables (c-index: 0.67 vs. 0.63). The objective of the 
developed nomogram was to predict the 1-, 2-, and 
5-year overall survival and to improve accuracy 
over the prognostic MSKCC (Bajorin) prediction 
model. That said, the two additional markers are 
controversially discussed. Hypoalbuminemia is 
controversial due to its long half-time and the 
potential impact of systemic factors such as 
infl ammation and stress on serum albumin [ 103 ]. 
However, preoperative albumin is associated with 
a higher risk of overall survival in UCB patients 
after RC [ 104 ]. Though anemia is a variable asso-
ciated with cancer-specifi c survival [ 208 ], hemo-
globin levels of cancer patients may be confounded 
by administration of blood transfusions or erythro-
poietin substitution [ 209 ]. However, the authors 
could not control for these factors due to the 
study’s retrospective character. Galsky et al. 
recently published a similar pretreatment nomo-
gram based on 399 UC patients who received a 
fi rst-line cisplatin-based chemotherapy [ 210 ]. 
However, in both studies, all patients were receiv-
ing a cisplatin-based chemotherapy and had a 
larger burden of metastasis compared to our study. 

 Nakagawa et al. have recently developed a 
risk model to predict survival in patients with dis-
ease recurrence after RC which was based on 
four factors: time to recurrence, symptoms of 
recurrence, number of metastatic organs, and 
CRP level. However, this study was clearly lim-
ited by its small number of patients ( n  = 114) and 
single-center character. The 1-year cancer- 
specifi c free survival of this cohort was 89 %, 
30 %, and 12 % for patients with favorable (0–1 
risk factors), intermediate (2 risk factors) and 
poor risk (3–4 risk factors). The clinical benefi t 
of this risk stratifi cation needs to be assessed 
using c-index and longer datasets.      

      References 

     1.    Sylvester RJ, Oosterlinck W, van der Meijden AP. A 
single immediate postoperative instillation of che-
motherapy decreases the risk of recurrence in 
patients with stage Ta T1 bladder cancer: a meta- 
analysis of published results of randomized clinical 
trials. J Urol. 2004;171(6 Pt 1):2186–90. quiz 2435.  

     2.    Meeks JJ, Bellmunt J, Bochner BH, Clarke NW, 
Daneshmand S, Galsky MD, Hahn NM, Lerner SP, 
Mason M, Powles T, et al. A systematic review of 
neoadjuvant and adjuvant chemotherapy for muscle- 
invasive bladder cancer. Eur Urol. 2012;62(3):
523–33.  

    3.    Edge SB, Compton CC. The American Joint 
Committee on Cancer: the 7th edition of the AJCC 
cancer staging manual and the future of TNM. Ann 
Surg Oncol. 2010;17(6):1471–4.  

            4.    Bochner BH, Kattan MW, Vora KC. Postoperative 
nomogram predicting risk of recurrence after radical 
cystectomy for bladder cancer. J Clin Oncol. 
2006;24(24):3967–72.  

       5.    Karakiewicz PI, Shariat SF, Palapattu GS, Gilad AE, 
Lotan Y, Rogers CG, Vazina A, Gupta A, Bastian PJ, 
Perrotte P, et al. Nomogram for predicting disease 
recurrence after radical cystectomy for transitional 
cell carcinoma of the bladder. J Urol. 2006;176(4 Pt 
1):1354–61. discussion 1361–1352.  

        6.    Shariat SF, Karakiewicz PI, Palapattu GS, Amiel 
GE, Lotan Y, Rogers CG, Vazina A, Bastian PJ, 
Gupta A, Sagalowsky AI, et al. Nomograms provide 
improved accuracy for predicting survival after radi-
cal cystectomy. Clin Cancer Res. 2006;12(22):
6663–76.  

    7.    Xylinas E, Cha EK, Sun M, Rink M, Trinh QD, 
Novara G, Green DA, Pycha A, Fradet Y, Daneshmand 
S, et al. Risk stratifi cation of pT1-3N0 patients after 
radical cystectomy for adjuvant chemotherapy coun-
selling. Br J Cancer. 2012;107(11):1826–32.  

    8.    Shariat SF, Rink M, Ehdaie B, Xylinas E, Babjuk M, 
Merseburger AS, Svatek RS, Cha EK, Tagawa ST, 
Fajkovic H, et al. Pathologic nodal staging score for 
bladder cancer: a decision tool for adjuvant therapy 
after radical cystectomy. Eur Urol. 2013;63(2):371–8.  

    9.    Shariat SF, Kattan MW, Vickers AJ, Karakiewicz PI, 
Scardino PT. Critical review of prostate cancer pre-
dictive tools. Future Oncol. 2009;5(10):1555–84.  

     10.    Shariat SF, Capitanio U, Jeldres C, Karakiewicz 
PI. Can nomograms be superior to other prediction 
tools? BJU Int. 2009;103(4):492–5. discussion 
495–497.  

    11.    Kattan MW. Nomograms. Introduction. Semin Urol 
Oncol. 2002;20(2):79–81.  

    12.    Kattan MW. J Urol. 2003;170(6 Pt 2):S6–9. discus-
sion S10.  

    13.    Kattan MW. Nomograms are superior to staging and 
risk grouping systems for identifying high-risk 
patients: preoperative application in prostate cancer. 
Curr Opin Urol. 2003;13(2):111–6.  

L.A. Kluth et al.



135

             14.    Fernandez-Gomez J, Madero R, Solsona E, Unda M, 
Martinez-Pineiro L, Gonzalez M, Portillo J, Ojea A, 
Pertusa C, Rodriguez-Molina J, et al. Predicting 
nonmuscle invasive bladder cancer recurrence and 
progression in patients treated with bacillus 
Calmette-Guerin: the CUETO scoring model. J 
Urol. 2009;182(5):2195–203.  

       15.    Kluth LA, Xylinas E, Crivelli JJ, Passoni N, Comploj 
E, Pycha A, Chrystal J, Sun M, Karakiewicz PI, 
Gontero P, et al. Obesity is associated with worse 
outcomes in patients with T1 high grade urothelial 
carcinoma of the bladder. J Urol. 2013;190(2):
480–6.  

    16.    Saint F, Salomon L, Quintela R, Cicco A, Hoznek A, 
Abbou CC, Chopin DK. Do prognostic parameters of 
remission versus relapse after Bacillus Calmette- 
Guerin (BCG) immunotherapy exist? Analysis of a 
quarter century of literature. Eur Urol. 2003;43(4):
351–60. discussion 360–351.  

   17.    Joudi FN, Smith BJ, O’Donnell MA, Konety BR. The 
impact of age on the response of patients with superfi -
cial bladder cancer to intravesical  immunotherapy. J 
Urol. 2006;175(5):1634–9. discussion 1639–1640.  

   18.    Herr HW. Age and outcome of superfi cial bladder 
cancer treated with bacille Calmette-Guerin therapy. 
Urology. 2007;70(1):65–8.  

    19.    Shariat SF, Sfakianos JP, Droller MJ, Karakiewicz 
PI, Meryn S, Bochner BH. The effect of age and gen-
der on bladder cancer: a critical review of the litera-
ture. BJU Int. 2010;105(3):300–8.  

    20.    Rosevear HM, Lightfoot AJ, Birusingh KK, Maymi 
JL, Nepple KG, O’Donnell MA. Factors affecting 
response to bacillus Calmette-Guerin plus interferon 
for urothelial carcinoma in situ. J Urol. 2011;186(3):
817–23.  

     21.    Gray PJ, Fedewa SA, Shipley WU, Efstathiou JA, 
Lin CC, Zietman AL, Virgo KS. Use of potentially 
curative therapies for muscle-invasive bladder can-
cer in the United States: results from the National 
Cancer Data Base. Eur Urol. 2013;63(5):823–9.  

     22.    Yee DS, Ishill NM, Lowrance WT, Herr HW, Elkin 
EB. Ethnic differences in bladder cancer survival. 
Urology. 2011;78(3):544–9.  

     23.    Puente D, Malats N, Cecchini L, Tardon A, Garcia- 
Closas R, Serra C, Carrato A, Sala M, Boixeda R, 
Dosemeci M, et al. Gender-related differences in 
clinical and pathological characteristics and therapy 
of bladder cancer. Eur Urol. 2003;43(1):53–62.  

      24.    Kluth LA, Fajkovic H, Xylinas E, Crivelli JJ, Passoni 
N, Roupret M, Becker A, Comploj E, Pycha A, 
Holmang S, et al. Female gender is associated with 
higher risk of disease recurrence in patients with pri-
mary T1 high-grade urothelial carcinoma of the 
bladder. World J Urol. 2013;31(5):1029–36.  

               25.    Sylvester RJ, van der Meijden AP, Oosterlinck W, 
Witjes JA, Bouffi oux C, Denis L, Newling DW, 
Kurth K. Predicting recurrence and progression in 
individual patients with stage Ta T1 bladder cancer 
using EORTC risk tables: a combined analysis of 

2596 patients from seven EORTC trials. Eur Urol. 
2006;49(3):466–75. discussion 475–467.  

        26.    Palou J, Sylvester RJ, Faba OR, Parada R, Pena JA, 
Algaba F, Villavicencio H. Female gender and carci-
noma in situ in the prostatic urethra are prognostic 
factors for recurrence, progression, and disease- 
specifi c mortality in T1G3 bladder cancer patients 
treated with bacillus Calmette-Guerin. Eur Urol. 
2012;62(1):118–25.  

      27.    Freedman ND, Silverman DT, Hollenbeck AR, 
Schatzkin A, Abnet CC. Association between smok-
ing and risk of bladder cancer among men and 
women. JAMA. 2011;306(7):737–45.  

     28.    Lammers RJ, Witjes WP, Hendricksen K, Caris CT, 
Janzing-Pastors MH, Witjes JA. Smoking status is a 
risk factor for recurrence after transurethral resec-
tion of non-muscle-invasive bladder cancer. Eur 
Urol. 2011;60(4):713–20.  

     29.    Rink M, Xylinas E, Babjuk M, Pycha A, Karakiewicz 
PI, Novara G, Dahlem R, Shariat SF. Smoking 
reduces the effi cacy of intravesical bacillus Calmette- 
Guerin immunotherapy in non-muscle-invasive 
bladder cancer. Eur Urol. 2012;62(6):1204–6.  

      30.    Rink M, Furberg H, Zabor EC, Xylinas E, Babjuk 
M, Pycha A, Lotan Y, Karakiewicz PI, Novara G, 
Robinson BD, et al. Impact of smoking and smoking 
cessation on oncologic outcomes in primary non-
muscle- invasive bladder cancer. Eur Urol. 
2013;63(4):724–32.  

       31.    Rink M, Xylinas E, Babjuk M, Hansen J, Pycha A, 
Comploj E, Lotan Y, Sun M, Karakiewicz PI, 
Abdennabi J, et al. Impact of smoking on outcomes 
of patients with a history of recurrent nonmuscle 
invasive bladder cancer. J Urol. 2012;188(6):
2120–7.  

     32.    Martinez-Pineiro JA, Flores N, Isorna S, Solsona E, 
Sebastian JL, Pertusa C, Rioja LA, Martinez-Pineiro 
L, Vela R, Camacho JE, et al. Long-term follow-up 
of a randomized prospective trial comparing a stan-
dard 81 mg dose of intravesical bacille Calmette- 
Guerin with a reduced dose of 27 mg in superfi cial 
bladder cancer. BJU Int. 2002;89(7):671–80.  

    33.    Alkhateeb SS, Van Rhijn BW, Finelli A, van der 
Kwast T, Evans A, Hanna S, Vajpeyi R, Fleshner 
NE, Jewett MA, Zlotta AR. Nonprimary pT1 non-
muscle invasive bladder cancer treated with bacillus 
Calmette-Guerin is associated with higher risk of 
progression compared to primary T1 tumors. J Urol. 
2010;184(1):81–6.  

    34.    Thomas F, Noon AP, Rubin N, Goepel JR, Catto 
JW. Comparative outcomes of primary, recurrent, 
and progressive high-risk non-muscle-invasive blad-
der cancer. Eur Urol. 2013;63(1):145–54.  

      35.    Lerner SP, Tangen CM, Sucharew H, Wood D, 
Crawford ED. Failure to achieve a complete response 
to induction BCG therapy is associated with 
increased risk of disease worsening and death in 
patients with high risk non-muscle invasive bladder 
cancer. Urol Oncol. 2009;27(2):155–9.  

9 Prognostication and Risk Assessment



136

       36.    Denzinger S, Otto W, Fritsche HM, Roessler W, 
Wieland WF, Hartmann A, Burger M. Bladder spar-
ing approach for initial T1G3 bladder cancer: do mul-
tifocality, size of tumor or concomitant carcinoma in 
situ matter? A long-term analysis of 132 patients. Int 
J Urol. 2007;14(11):995–9. discussion 999.  

            37.    Fernandez-Gomez J, Solsona E, Unda M, Martinez- 
Pineiro L, Gonzalez M, Hernandez R, Madero R, 
Ojea A, Pertusa C, Rodriguez-Molina J, et al. 
Prognostic factors in patients with non-muscle- 
invasive bladder cancer treated with bacillus 
Calmette- Guerin: multivariate analysis of data from 
four randomized CUETO trials. Eur Urol. 2008;
53(5):992–1001.  

          38.    Amin MB, McKenney JK, Paner GP, Hansel DE, 
Grignon DJ, Montironi R, Lin O, Jorda M, Jenkins 
LC, Soloway M, et al. ICUD-EAU International 
Consultation on Bladder Cancer 2012: pathology. 
Eur Urol. 2013;63(1):16–35.  

     39.    Chang WC, Chang YH, Pan CC. Prognostic 
 signifi cance in substaging of T1 urinary bladder uro-
thelial carcinoma on transurethral resection. Am J 
Surg Pathol. 2012;36(3):454–61.  

    40.    Orsola A, Trias I, Raventos CX, Espanol I, Cecchini 
L, Bucar S, Salinas D, Orsola I. Initial high-grade T1 
urothelial cell carcinoma: feasibility and prognostic 
signifi cance of lamina propria invasion microstaging 
(T1a/b/c) in BCG-treated and BCG-non-treated 
patients. Eur Urol. 2005;48(2):231–8. discussion 238.  

     41.    van Rhijn BW, van der Kwast TH, Alkhateeb SS, 
Fleshner NE, van Leenders GJ, Bostrom PJ, van der 
Aa MN, Kakiashvili DM, Bangma CH, Jewett MA, 
et al. A new and highly prognostic system to discern 
T1 bladder cancer substage. Eur Urol. 2012;61(2):
378–84.  

      42.    Pan CC, Chang YH, Chen KK, Yu HJ, Sun CH, Ho 
DM. Prognostic signifi cance of the 2004 WHO/
ISUP classifi cation for prediction of recurrence, pro-
gression, and cancer-specifi c mortality of non-
muscle- invasive urothelial tumors of the urinary 
bladder: a clinicopathologic study of 1,515 cases. 
Am J Clin Pathol. 2010;133(5):788–95.  

   43.    Burger M, van der Aa MN, van Oers JM, Brinkmann 
A, van der Kwast TH, Steyerberg EC, Stoehr R, 
Kirkels WJ, Denzinger S, Wild PJ, et al. Prediction 
of progression of non-muscle-invasive bladder can-
cer by WHO 1973 and 2004 grading and by FGFR3 
mutation status: a prospective study. Eur Urol. 
2008;54(4):835–43.  

       44.    MacLennan GT, Kirkali Z, Cheng L. Histologic 
grading of noninvasive papillary urothelial neo-
plasms. Eur Urol. 2007;51(4):889–97. discussion 
897–888.  

     45.    May M, Brookman-Amissah S, Roigas J, Hartmann 
A, Storkel S, Kristiansen G, Gilfrich C, Borchardt R, 
Hoschke B, Kaufmann O, et al. Prognostic accuracy 
of individual uropathologists in noninvasive urinary 
bladder carcinoma: a multicentre study comparing 

the 1973 and 2004 World Health Organisation clas-
sifi cations. Eur Urol. 2010;57(5):850–8.  

    46.    van Rhijn BW, van Leenders GJ, Ooms BC, Kirkels 
WJ, Zlotta AR, Boeve ER, Jobsis AC, van der Kwast 
TH. The pathologist’s mean grade is constant and 
individualizes the prognostic value of bladder cancer 
grading. Eur Urol. 2010;57(6):1052–7.  

    47.    Lopez-Beltran A, Montironi R. Non-invasive urothe-
lial neoplasms: according to the most recent WHO 
classifi cation. Eur Urol. 2004;46(2):170–6.  

       48.    Babjuk M, Oosterlinck W, Sylvester R, Kaasinen E, 
Bohle A, Palou-Redorta J. EAU guidelines on non-
muscle- invasive urothelial carcinoma of the bladder. 
Eur Urol. 2008;54(2):303–14.  

     49.    Kakiashvili DM, van Rhijn BW, Trottier G, Jewett 
MA, Fleshner NE, Finelli A, Azuero J, Bangma CH, 
Vajpeyi R, Alkhateeb S, et al. Long-term follow-up 
of T1 high-grade bladder cancer after intravesical 
bacille Calmette-Guerin treatment. BJU Int. 
2011;107(4):540–6.  

      50.    Lamm DL, Blumenstein BA, Crissman JD, Montie 
JE, Gottesman JE, Lowe BA, Sarosdy MF, Bohl RD, 
Grossman HB, Beck TM, et al. Maintenance bacillus 
Calmette-Guerin immunotherapy for recurrent TA, 
T1 and carcinoma in situ transitional cell carcinoma 
of the bladder: a randomized Southwest Oncology 
Group Study. J Urol. 2000;163(4):1124–9.  

      51.    Kunju LP, You L, Zhang Y, Daignault S, Montie JE, 
Lee CT. Lymphovascular invasion of urothelial can-
cer in matched transurethral bladder tumor resection 
and radical cystectomy specimens. J Urol. 
2008;180(5):1928–32. discussion 1932.  

   52.    Cho KS, Seo HK, Joung JY, Park WS, Ro JY, Han 
KS, Chung J, Lee KH. Lymphovascular invasion in 
transurethral resection specimens as predictor of 
progression and metastasis in patients with newly 
diagnosed T1 bladder urothelial cancer. J Urol. 
2009;182(6):2625–30.  

   53.    Streeper NM, Simons CM, Konety BR, Muirhead 
DM, Williams RD, O’Donnell MA, Joudi FN. The 
signifi cance of lymphovascular invasion in transure-
thral resection of bladder tumour and cystectomy 
specimens on the survival of patients with urothelial 
bladder cancer. BJU Int. 2009;103(4):475–9.  

    54.    Resnick MJ, Bergey M, Magerfl eisch L, 
Tomaszewski JE, Malkowicz SB, Guzzo TJ. 
Longitudinal evaluation of the concordance and 
prognostic value of lymphovascular invasion in 
transurethral resection and radical cystectomy speci-
mens. BJU Int. 2011;107(1):46–52.  

       55.    Green DA, Rink M, Hansen J, Cha EK, Robinson B, 
Tian Z, Chun FK, Tagawa S, Karakiewicz PI, Fisch 
M, et al. Accurate preoperative prediction of non-
organ- confi ned bladder urothelial carcinoma at cys-
tectomy. BJU Int. 2013;111(3):404–11.  

       56.    Kamat AM, Gee JR, Dinney CP, Grossman HB, 
Swanson DA, Millikan RE, Detry MA, Robinson 
TL, Pisters LL. The case for early cystectomy in the 

L.A. Kluth et al.



137

treatment of nonmuscle invasive micropapillary 
bladder carcinoma. J Urol. 2006;175(3 Pt 1):881–5.  

    57.    Amin A, Epstein JI. Noninvasive micropapillary uro-
thelial carcinoma: a clinicopathologic study of 18 
cases. Hum Pathol. 2012;43(12):2124–8.  

        58.    Gaya JM, Palou J, Algaba F, Arce J, Rodriguez-Faba 
O, Villavicencio H. The case for conservative man-
agement in the treatment of patients with non-
muscle- invasive micropapillary bladder carcinoma 
without carcinoma in situ. Can J Urol. 2010;17(5):
5370–6.  

      59.    Chang SS, Hassan JM, Cookson MS, Wells N, Smith 
Jr JA. Delaying radical cystectomy for muscle inva-
sive bladder cancer results in worse pathological 
stage. J Urol. 2003;170(4 Pt 1):1085–7.  

       60.    Lee CT, Madii R, Daignault S, Dunn RL, Zhang Y, 
Montie JE, Wood Jr DP. Cystectomy delay more 
than 3 months from initial bladder cancer diagnosis 
results in decreased disease specifi c and overall sur-
vival. J Urol. 2006;175(4):1262–7. discussion 1267.  

    61.    Nielsen ME, Palapattu GS, Karakiewicz PI, Lotan Y, 
Bastian PJ, Lerner SP, Sagalowsky AI, Schoenberg 
MP, Shariat SF. A delay in radical cystectomy of >3 
months is not associated with a worse clinical out-
come. BJU Int. 2007;100(5):1015–20.  

      62.    Hautmann RE, Paiss T. Does the option of the ileal 
neobladder stimulate patient and physician decision 
toward earlier cystectomy? J Urol. 1998;159(6):
1845–50.  

      63.    Millan-Rodriguez F, Chechile-Toniolo G, Salvador- 
Bayarri J, Palou J, Algaba F, Vicente-Rodriguez 
J. Primary superfi cial bladder cancer risk groups 
according to progression, mortality and recurrence. J 
Urol. 2000;164(3 Pt 1):680–4.  

      64.    Fernandez-Gomez J, Madero R, Solsona E, Unda M, 
Martinez-Pineiro L, Ojea A, Portillo J, Montesinos 
M, Gonzalez M, Pertusa C, et al. The EORTC tables 
overestimate the risk of recurrence and progression 
in patients with non-muscle-invasive bladder cancer 
treated with bacillus Calmette-Guerin: external vali-
dation of the EORTC risk tables. Eur Urol. 
2011;60(3):423–30.  

    65.    Hernandez V, De La Pena E, Martin MD, Blazquez 
C, Diaz FJ, Llorente C. External validation and 
applicability of the EORTC risk tables for non-
muscle- invasive bladder cancer. World J Urol. 
2011;29(4):409–14.  

      66.    Xylinas E, Kent M, Kluth L, Pycha A, Comploj E, 
Svatek RS, Lotan Y, Trinh QD, Karakiewicz PI, 
Holmang S, et al. Accuracy of the EORTC risk 
tables and of the CUETO scoring model to predict 
outcomes in non-muscle-invasive urothelial carci-
noma of the bladder. Br J Cancer. 2013;109(6):
1460–6.  

       67.    Shariat SF, Zippe C, Ludecke G, Boman H, Sanchez- 
Carbayo M, Casella R, Mian C, Friedrich MG, Eissa 
S, Akaza H, et al. Nomograms including nuclear 
matrix protein 22 for prediction of disease recur-

rence and progression in patients with Ta, T1 or CIS 
transitional cell carcinoma of the bladder. J Urol. 
2005;173(5):1518–25.  

      68.    Shariat SF, Palapattu GS, Karakiewicz PI, Rogers 
CG, Vazina A, Bastian PJ, Schoenberg MP, Lerner 
SP, Sagalowsky AI, Lotan Y. Discrepancy between 
clinical and pathologic stage: impact on prognosis 
after radical cystectomy. Eur Urol. 2007;51(1):137–
49. discussion 149–151.  

       69.    Karakiewicz PI, Shariat SF, Palapattu GS, Perrotte P, 
Lotan Y, Rogers CG, Amiel GE, Vazina A, Gupta A, 
Bastian PJ, et al. Precystectomy nomogram for pre-
diction of advanced bladder cancer stage. Eur Urol. 
2006;50(6):1254–60. discussion 1261–1252.  

      70.    Shariat SF, Ehdaie B, Rink M, Cha EK, Svatek RS, 
Chromecki TF, Fajkovic H, Novara G, David SG, 
Daneshmand S, et al. Clinical nodal staging scores 
for bladder cancer: a proposal for preoperative risk 
assessment. Eur Urol. 2012;61(2):237–42.  

     71.    Shariat SF, Karam JA, Lerner SP. Molecular markers 
in bladder cancer. Curr Opin Urol. 2008;18(1):1–8.  

     72.    Soulie M, Straub M, Game X, Seguin P, De Petriconi 
R, Plante P, Hautmann RE. A multicenter study of 
the morbidity of radical cystectomy in select elderly 
patients with bladder cancer. J Urol. 2002;167(3):
1325–8.  

    73.    Chang SS, Alberts G, Cookson MS, Smith Jr 
JA. Radical cystectomy is safe in elderly patients at 
high risk. J Urol. 2001;166(3):938–41.  

    74.    Thrasher JB, Frazier HA, Robertson JE, Dodge RK, 
Paulson DF. Clinical variables which serve as pre-
dictors of cancer-specifi c survival among patients 
treated with radical cystectomy for transitional cell 
carcinoma of the bladder and prostate. Cancer. 
1994;73(6):1708–15.  

    75.    Clark PE, Stein JP, Groshen SG, Cai J, Miranda G, 
Lieskovsky G, Skinner DG. Radical cystectomy in 
the elderly: comparison of survival between younger 
and older patients. Cancer. 2005;103(3):546–52.  

     76.    Fajkovic H, Halpern JA, Cha EK, Bahadori A, 
Chromecki TF, Karakiewicz PI, Breinl E, 
Merseburger AS, Shariat SF. Impact of gender on 
bladder cancer incidence, staging, and prognosis. 
World J Urol. 2011;29(4):457–63.  

    77.    Boorjian SA, Zhu F, Herr HW. The effect of gender 
on response to bacillus Calmette-Guerin therapy for 
patients with non-muscle-invasive urothelial carci-
noma of the bladder. BJU Int. 2010;106(3):357–61.  

   78.    McGrath M, Michaud DS, De Vivo I. Hormonal and 
reproductive factors and the risk of bladder cancer in 
women. Am J Epidemiol. 2006;163(3):236–44.  

    79.    Donsky H, Coyle S, Scosyrev E, Messing EM. Sex 
differences in incidence and mortality of bladder and 
kidney cancers: national estimates from 49 coun-
tries. Urol Oncol. 2014;32(1):40.e23–31.  

     80.    Scosyrev E, Golijanin D, Wu G, Messing E. The bur-
den of bladder cancer in men and women: analysis of 
the years of life lost. BJU Int. 2012;109(1):57–62.  

9 Prognostication and Risk Assessment



138

     81.    Shen SS, Smith CL, Hsieh JT, Yu J, Kim IY, Jian W, 
Sonpavde G, Ayala GE, Younes M, Lerner 
SP. Expression of estrogen receptors-alpha and -beta 
in bladder cancer cell lines and human bladder tumor 
tissue. Cancer. 2006;106(12):2610–6.  

     82.    Boorjian S, Ugras S, Mongan NP, Gudas LJ, You X, 
Tickoo SK, Scherr DS. Androgen receptor expres-
sion is inversely correlated with pathologic tumor 
stage in bladder cancer. Urology. 2004;64(2):383–8.  

    83.    May M, Bastian PJ, Brookman-May S, Fritsche HM, 
Tilki D, Otto W, Bolenz C, Gilfrich C, Trojan L, 
Herrmann E, et al. Gender-specifi c differences in 
cancer-specifi c survival after radical cystectomy for 
patients with urothelial carcinoma of the urinary 
bladder in pathologic tumor stage T4a. Urol Oncol. 
2013;31(7):1141–7.  

     84.    Otto W, May M, Fritsche HM, Dragun D, Aziz A, 
Gierth M, Trojan L, Herrmann E, Moritz R, Ellinger 
J, et al. Analysis of sex differences in cancer-specifi c 
survival and perioperative mortality following radical 
cystectomy: results of a large German multicenter 
study of nearly 2500 patients with urothelial carci-
noma of the bladder. Gend Med. 2012;9(6):481–9.  

    85.    Zhuang YH, Blauer M, Tammela T, Tuohimaa 
P. Immunodetection of androgen receptor in human 
urinary bladder cancer. Histopathology. 1997;30(6):
556–62.  

    86.    Siegrist T, Savage C, Shabsigh A, Cronin A, Donat 
SM. Analysis of gender differences in early periop-
erative complications following radical cystectomy at 
a tertiary cancer center using a standardized reporting 
methodology. Urol Oncol. 2010;28(1):112–7.  

   87.    Liberman D, Lughezzani G, Sun M, Alasker A, 
Thuret R, Abdollah F, Budaus L, Widmer H, Graefen 
M, Montorsi F, et al. Perioperative mortality is sig-
nifi cantly greater in septuagenarian and octogenar-
ian patients treated with radical cystectomy for 
urothelial carcinoma of the bladder. Urology. 
2011;77(3):660–6.  

    88.    Taub DA, Hollenbeck BK, Cooper KL, Dunn RL, 
Miller DC, Taylor JM, Wei JT. Racial disparities in 
resource utilization for cystectomy. Urology. 
2006;67(2):288–93.  

    89.    Mungan NA, Kiemeney LA, van Dijck JA, van der 
Poel HG, Witjes JA. Gender differences in stage dis-
tribution of bladder cancer. Urology. 2000;55(3):
368–71.  

    90.    Johnson EK, Daignault S, Zhang Y, Lee CT. Patterns 
of hematuria referral to urologists: does a gender dis-
parity exist? Urology. 2008;72(3):498–502. discus-
sion 502–493.  

    91.    Kiemeney LA, Coebergh JW, Koper NP, van der 
Heijden LH, Pauwels RP, Schapers RF, Verbeek 
AL. Bladder cancer incidence and survival in the 
south-eastern part of The Netherlands, 1975–1989. 
Eur J Cancer. 1994;30A(8):1134–7.  

    92.    Micheli A, Mariotto A, Giorgi Rossi A, Gatta G, 
Muti P. The prognostic role of gender in survival of 
adult cancer patients. EUROCARE Working Group. 
Eur J Cancer. 1998;34(14 Spec No):2271–8.  

    93.    Mungan NA, Aben KK, Schoenberg MP, Visser O, 
Coebergh JW, Witjes JA, Kiemeney LA. Gender dif-
ferences in stage-adjusted bladder cancer survival. 
Urology. 2000;55(6):876–80.  

    94.    Fleshner NE, Herr HW, Stewart AK, Murphy GP, 
Mettlin C, Menck HR. The National Cancer Data 
Base report on bladder carcinoma. The American 
College of Surgeons Commission on Cancer and the 
American Cancer Society. Cancer. 
1996;78(7):1505–13.  

    95.    Boorjian SA, Kim SP, Tollefson MK, Carrasco A, 
Cheville JC, Thompson RH, Thapa P, Frank 
I. Comparative performance of comorbidity indices 
for estimating perioperative and 5-year all cause 
mortality following radical cystectomy for bladder 
cancer. J Urol. 2013;190(1):55–60.  

     96.    Mayr R, May M, Martini T, Lodde M, Comploj E, 
Pycha A, Strobel J, Denzinger S, Otto W, Wieland 
W, et al. Comorbidity and performance indices as 
predictors of cancer-independent mortality but not of 
cancer-specifi c mortality after radical cystectomy 
for urothelial carcinoma of the bladder. Eur Urol. 
2012;62(4):662–70.  

      97.    Gakis G, Todenhofer T, Renninger M, Schilling D, 
Sievert KD, Schwentner C, Stenzl A. Development of 
a new outcome prediction model in carcinoma invad-
ing the bladder based on preoperative serum C-reactive 
protein and standard pathological risk factors: the 
TNR-C score. BJU Int. 2011;108(11):1800–5.  

    98.    Trichopoulos D, Psaltopoulou T, Orfanos P, 
Trichopoulou A, Boffetta P. Plasma C-reactive pro-
tein and risk of cancer: a prospective study from 
Greece. Cancer Epidemiol Biomarkers Prev. 
2006;15(2):381–4.  

    99.    Yoshida S, Saito K, Koga F, Yokoyama M, Kageyama 
Y, Masuda H, Kobayashi T, Kawakami S, Kihara 
K. C-reactive protein level predicts prognosis in 
patients with muscle-invasive bladder cancer treated 
with chemoradiotherapy. BJU Int. 2008;101(8):
978–81.  

    100.    Ripamonti CI, Farina G, Garassino MC. Predictive 
models in palliative care. Cancer. 2009;115(13 
Suppl):3128–34.  

    101.    Inoue K, Kohashikawa K, Suzuki S, Shimada M, 
Yoshida H. Prognostic signifi cance of thrombocyto-
sis in renal cell carcinoma patients. Int J Urol. 
2004;11(6):364–7.  

     102.    Todenhofer T, Renninger M, Schwentner C, Stenzl 
A, Gakis G. A new prognostic model for cancer- 
specifi c survival after radical cystectomy including 
pretreatment thrombocytosis and standard patho-
logical risk factors. BJU Int. 2012;110(11 Pt B):
E533–40.  

     103.    Gibbs J, Cull W, Henderson W, Daley J, Hur K, 
Khuri SF. Preoperative serum albumin level as a pre-
dictor of operative mortality and morbidity: results 
from the National VA Surgical Risk Study. Arch 
Surg. 1999;134(1):36–42.  

     104.    Gregg JR, Cookson MS, Phillips S, Salem S, Chang 
SS, Clark PE, Davis R, Stimson Jr CJ, Aghazadeh 

L.A. Kluth et al.



139

M, Smith Jr JA, et al. Effect of preoperative nutri-
tional defi ciency on mortality after radical cystec-
tomy for bladder cancer. J Urol. 2011;185(1):90–6.  

    105.    Chromecki TF, Cha EK, Fajkovic H, Rink M, Ehdaie 
B, Svatek RS, Karakiewicz PI, Lotan Y, Tilki D, 
Bastian PJ, et al. Obesity is associated with worse 
oncological outcomes in patients treated with radical 
cystectomy. BJU Int. 2013;111(2):249–55.  

    106.    Hafron J, Mitra N, Dalbagni G, Bochner B, Herr H, 
Donat SM. Does body mass index affect survival of 
patients undergoing radical or partial cystectomy for 
bladder cancer? J Urol. 2005;173(5):1513–7.  

    107.    Rink M, Zabor EC, Furberg H, Xylinas E, Ehdaie B, 
Novara G, Babjuk M, Pycha A, Lotan Y, Trinh QD, 
et al. Impact of smoking and smoking cessation on 
outcomes in bladder cancer patients treated with 
radical cystectomy. Eur Urol. 2013;64(3):456–64.  

    108.    Sturgeon SR, Hartge P, Silverman DT, Kantor AF, 
Linehan WM, Lynch C, Hoover RN. Associations 
between bladder cancer risk factors and tumor stage and 
grade at diagnosis. Epidemiology. 1994;5(2):218–25.  

    109.    Jiang X, Castelao JE, Yuan JM, Stern MC, Conti DV, 
Cortessis VK, Pike MC, Gago-Dominguez 
M. Cigarette smoking and subtypes of bladder can-
cer. Int J Cancer. 2012;130(4):896–901.  

    110.    Chen CH, Shun CT, Huang KH, Huang CY, Tsai YC, 
Yu HJ, Pu YS. Stopping smoking might reduce 
tumour recurrence in nonmuscle-invasive bladder 
cancer. BJU Int. 2007;100(2):281–6. discussion 286.  

    111.    Roth B, Wissmeyer MP, Zehnder P, Birkhauser FD, 
Thalmann GN, Krause TM, Studer UE. A new mul-
timodality technique accurately maps the primary 
lymphatic landing sites of the bladder. Eur Urol. 
2010;57(2):205–11.  

    112.    Jensen JB, Ulhoi BP, Jensen KM. Lymph node map-
ping in patients with bladder cancer undergoing radi-
cal cystectomy and lymph node dissection to the 
level of the inferior mesenteric artery. BJU Int. 
2010;106(2):199–205.  

     113.    Leissner J, Ghoneim MA, Abol-Enein H, Thuroff 
JW, Franzaring L, Fisch M, Schulze H, Managadze 
G, Allhoff EP, Managadze G, el-Baz MA, et al. 
Extended radical lymphadenectomy in patients with 
urothelial bladder cancer: results of a prospective 
multicenter study. J Urol. 2004;171(1):139–44.  

   114.    Wright JL, Lin DW, Porter MP. The association 
between extent of lymphadenectomy and survival 
among patients with lymph node metastases under-
going radical cystectomy. Cancer. 2008;112(11):
2401–8.  

    115.    May M, Herrmann E, Bolenz C, Brookman-May S, 
Tiemann A, Moritz R, Fritsche HM, Burger M, 
Trojan L, Michel MS, et al. Association between the 
number of dissected lymph nodes during pelvic 
lymphadenectomy and cancer-specifi c survival in 
patients with lymph node-negative urothelial carci-
noma of the bladder undergoing radical cystectomy. 
Ann Surg Oncol. 2011;18(7):2018–25.  

    116.    Stein JP. The role of lymphadenectomy in patients 
undergoing radical cystectomy for bladder cancer. 
Curr Oncol Rep. 2007;9(3):213–21.  

    117.    Herr HW, Faulkner JR, Grossman HB, Natale RB, 
deVere White R, Sarosdy MF, Crawford ED. Surgical 
factors infl uence bladder cancer outcomes: a coop-
erative group report. J Clin Oncol. 2004;22(14):
2781–9.  

   118.    Poulsen AL, Horn T, Steven K. Radical cystectomy: 
extending the limits of pelvic lymph node dissection 
improves survival for patients with bladder cancer 
confi ned to the bladder wall. J Urol. 1998;160(6 Pt 
1):2015–9. discussion 2020.  

    119.    Herr HW, Bochner BH, Dalbagni G, Donat SM, 
Reuter VE, Bajorin DF. Impact of the number of 
lymph nodes retrieved on outcome in patients with 
muscle invasive bladder cancer. J Urol. 2002;167(3):
1295–8.  

   120.    Lerner SP, Skinner DG, Lieskovsky G, Boyd SD, 
Groshen SL, Ziogas A, Skinner E, Nichols P, 
Hopwood B. The rationale for en bloc pelvic lymph 
node dissection for bladder cancer patients with 
nodal metastases: long-term results. J Urol. 
1993;149(4):758–64. discussion 764–755.  

    121.    Koppie TM, Vickers AJ, Vora K, Dalbagni G, 
Bochner BH. Standardization of pelvic lymphade-
nectomy performed at radical cystectomy: can we 
establish a minimum number of lymph nodes that 
should be removed? Cancer. 2006;107(10):
2368–74.  

    122.    Zehnder P, Studer UE, Skinner EC, Dorin RP, Cai J, 
Roth B, Miranda G, Birkhauser F, Stein J, Burkhard 
FC, et al. Super extended versus extended pelvic 
lymph node dissection in patients undergoing radical 
cystectomy for bladder cancer: a comparative study. 
J Urol. 2011;186(4):1261–8.  

    123.    Konety BR, Joslyn SA, O’Donnell MA. Extent of 
pelvic lymphadenectomy and its impact on outcome 
in patients diagnosed with bladder cancer: analysis 
of data from the Surveillance, Epidemiology and 
End Results Program data base. J Urol. 2003;169(3):
946–50.  

          124.    Stein JP, Lieskovsky G, Cote R, Groshen S, Feng 
AC, Boyd S, Skinner E, Bochner B, Thangathurai D, 
Mikhail M, et al. Radical cystectomy in the treat-
ment of invasive bladder cancer: long-term results in 
1,054 patients. J Clin Oncol. 2001;19(3):666–75.  

    125.    Rink M, Shariat SF, Xylinas E, Fitzgerald JP, Hansen 
J, Green DA, Kamat AM, Novara G, Daneshmand S, 
Fradet Y, et al. Does increasing the nodal yield 
improve outcomes in patients without nodal metasta-
sis at radical cystectomy? World J Urol. 2012;
30(6):807–14.  

           126.    Shariat SF, Karakiewicz PI, Palapattu GS, Lotan Y, 
Rogers CG, Amiel GE, Vazina A, Gupta A, Bastian 
PJ, Sagalowsky AI, et al. Outcomes of radical cys-
tectomy for transitional cell carcinoma of the blad-
der: a contemporary series from the Bladder Cancer 
Research Consortium. J Urol. 2006;176(6 Pt 1):
2414–22. discussion 2422.  

    127.    Epstein JI, Amin MB, Reuter VR, Mostofi  FK. The 
World Health Organization/International Society of 
Urological Pathology consensus classifi cation of 
urothelial (transitional cell) neoplasms of the urinary 

9 Prognostication and Risk Assessment



140

bladder. Bladder Consensus Conference Committee. 
Am J Surg Pathol. 1998;22(12):1435–48.  

    128.    Kirkali Z, Chan T, Manoharan M, Algaba F, Busch 
C, Cheng L, Kiemeney L, Kriegmair M, Montironi 
R, Murphy WM, et al. Bladder cancer: epidemiol-
ogy, staging and grading, and diagnosis. Urology. 
2005;66(6 Suppl 1):4–34.  

    129.    Tarin TV, Power NE, Ehdaie B, Sfakianos JP, 
Silberstein JL, Savage CJ, Sjoberg D, Dalbagni G, 
Bochner BH. Lymph node-positive bladder cancer 
treated with radical cystectomy and lymphadenec-
tomy: effect of the level of node positivity. Eur Urol. 
2012;61(5):1025–30.  

     130.    Herr HW. Surgical factors in the treatment of super-
fi cial and invasive bladder cancer. Urol Clin North 
Am. 2005;32(2):157–64.  

      131.    Xylinas E, Rink M, Novara G, Green DA, Clozel T, 
Fritsche HM, Guillonneau B, Lotan Y, Kassouf W, 
Tilki D, et al. Predictors of survival in patients with 
soft tissue surgical margin involvement at radical 
cystectomy. Ann Surg Oncol. 2013;20(3):1027–34.  

    132.    Fung CY, Shipley WU, Young RH, Griffi n PP, 
Convery KM, Kaufman DS, Althausen AF, Heney 
NM, Prout Jr GR. Prognostic factors in invasive 
bladder carcinoma in a prospective trial of preopera-
tive adjuvant chemotherapy and radiotherapy. J Clin 
Oncol. 1991;9(9):1533–42.  

    133.    Cheng L, Weaver AL, Leibovich BC, Ramnani DM, 
Neumann RM, Scherer BG, Nehra A, Zincke H, 
Bostwick DG. Predicting the survival of bladder car-
cinoma patients treated with radical cystectomy. 
Cancer. 2000;88(10):2326–32.  

    134.    Alitalo K, Mohla S, Ruoslahti E. Lymphangiogenesis 
and cancer: meeting report. Cancer Res. 2004;
64(24):9225–9.  

    135.    Padera TP, Kadambi A, di Tomaso E, Carreira CM, 
Brown EB, Boucher Y, Choi NC, Mathisen D, Wain 
J, Mark EJ, et al. Lymphatic metastasis in the 
absence of functional intratumor lymphatics. 
Science. 2002;296(5574):1883–6.  

    136.    Algaba F. Lymphovascular invasion as a prognostic 
tool for advanced bladder cancer. Curr Opin Urol. 
2006;16(5):367–71.  

   137.    Shariat SF, Svatek RS, Tilki D, Skinner E, 
Karakiewicz PI, Capitanio U, Bastian PJ, Volkmer 
BG, Kassouf W, Novara G, et al. International vali-
dation of the prognostic value of lymphovascular 
invasion in patients treated with radical cystectomy. 
BJU Int. 2010;105(10):1402–12.  

    138.    Fritsche HM, May M, Denzinger S, Otto W, Siegert 
S, Giedl C, Giedl J, Eder F, Agaimy A, Novotny V, 
et al. Prognostic value of perinodal lymphovascular 
invasion following radical cystectomy for lymph 
node-positive urothelial carcinoma. Eur Urol. 2013;
63(4):739–44.  

    139.    Lotan Y, Gupta A, Shariat SF, Palapattu GS, Vazina 
A, Karakiewicz PI, Bastian PJ, Rogers CG, Amiel G, 
Perotte P, et al. Lymphovascular invasion is indepen-
dently associated with overall survival, cause- 
specifi c survival, and local and distant recurrence in 

patients with negative lymph nodes at radical cystec-
tomy. J Clin Oncol. 2005;23(27):6533–9.  

   140.    Tilki D, Shariat SF, Lotan Y, Rink M, Karakiewicz 
PI, Schoenberg MP, Lerner SP, Sonpavde G, 
Sagalowsky AI, Gupta A. Lymphovascular invasion 
is independently associated with bladder cancer 
recurrence and survival in patients with fi nal stage 
T1 disease and negative lymph nodes after radical 
cystectomy. BJU Int. 2013;111(8):1215–21.  

    141.    Quek ML, Stein JP, Nichols PW, Cai J, Miranda G, 
Groshen S, Daneshmand S, Skinner EC, Skinner 
DG. Prognostic signifi cance of lymphovascular 
invasion of bladder cancer treated with radical cys-
tectomy. J Urol. 2005;174(1):103–6.  

      142.    Rogers CG, Palapattu GS, Shariat SF, Karakiewicz 
PI, Bastian PJ, Lotan Y, Gupta A, Vazina A, Gilad A, 
Sagalowsky AI, et al. Clinical outcomes following 
radical cystectomy for primary nontransitional cell 
carcinoma of the bladder compared to transitional 
cell carcinoma of the bladder. J Urol. 
2006;175(6):2048–53. discussion 2053.  

   143.    Mitra AP, Bartsch CC, Bartsch Jr G, Miranda G, 
Skinner EC, Daneshmand S. Does presence of squa-
mous and glandular differentiation in urothelial car-
cinoma of the bladder at cystectomy portend poor 
prognosis? An intensive case-control analysis. Urol 
Oncol. 2014;32(2):117–27.  

    144.    Kim SP, Frank I, Cheville JC, Thompson RH, Weight 
CJ, Thapa P, Boorjian SA. The impact of squamous 
and glandular differentiation on survival after radical 
cystectomy for urothelial carcinoma. J Urol. 
2012;188(2):405–9.  

    145.    Xylinas E, Rink M, Robinson BD, Lotan Y, Babjuk 
M, Brisuda A, Green DA, Kluth LA, Pycha A, 
Fradet Y, et al. Impact of histological variants on 
oncological outcomes of patients with urothelial car-
cinoma of the bladder treated with radical cystec-
tomy. Eur J Cancer. 2013;49(8):1889–97.  

    146.    Linder BJ, Frank I, Cheville JC, Thompson RH, 
Thapa P, Tarrell RF, Boorjian SA. Outcomes follow-
ing radical cystectomy for nested variant of urothe-
lial carcinoma: a matched cohort analysis. J Urol. 
2013;189(5):1670–5.  

       147.    Matsushita K, Cha EK, Matsumoto K, Baba S, 
Chromecki TF, Fajkovic H, Sun M, Karakiewicz PI, 
Scherr DS, Shariat SF. Immunohistochemical bio-
markers for bladder cancer prognosis. Int J Urol. 
2011;18(9):616–29.  

    148.    Vogelstein B, Lane D, Levine AJ. Surfi ng the p53 
network. Nature. 2000;408(6810):307–10.  

    149.    Chatterjee SJ, Datar R, Youssefzadeh D, George B, 
Goebell PJ, Stein JP, Young L, Shi SR, Gee C, 
Groshen S, et al. Combined effects of p53, p21, and 
pRb expression in the progression of bladder transi-
tional cell carcinoma. J Clin Oncol. 2004;22(6):
1007–13.  

    150.    Malats N, Bustos A, Nascimento CM, Fernandez F, 
Rivas M, Puente D, Kogevinas M, Real FX. P53 as a 
prognostic marker for bladder cancer: a meta- analysis 
and review. Lancet Oncol. 2005;6(9):678–86.  

L.A. Kluth et al.



141

   151.    Shariat SF, Lotan Y, Karakiewicz PI, Ashfaq R, 
Isbarn H, Fradet Y, Bastian PJ, Nielsen ME, 
Capitanio U, Jeldres C, et al. p53 predictive value for 
pT1-2 N0 disease at radical cystectomy. J Urol. 
2009;182(3):907–13.  

    152.    Shariat SF, Tokunaga H, Zhou J, Kim J, Ayala GE, 
Benedict WF, Lerner SP. p53, p21, pRB, and p16 
expression predict clinical outcome in cystectomy 
with bladder cancer. J Clin Oncol. 2004;22(6):
1014–24.  

     153.    Shariat SF, Zlotta AR, Ashfaq R, Sagalowsky AI, 
Lotan Y. Cooperative effect of cell-cycle regulators 
expression on bladder cancer development and bio-
logic aggressiveness. Mod Pathol. 
2007;20(4):445–59.  

   154.    Shariat SF, Bolenz C, Karakiewicz PI, Fradet Y, 
Ashfaq R, Bastian PJ, Nielsen ME, Capitanio U, 
Jeldres C, Rigaud J, et al. p53 expression in patients 
with advanced urothelial cancer of the urinary blad-
der. BJU Int. 2010;105(4):489–95.  

       155.    Shariat SF, Chade DC, Karakiewicz PI, Ashfaq R, 
Isbarn H, Fradet Y, Bastian PJ, Nielsen ME, 
Capitanio U, Jeldres C, et al. Combination of multi-
ple molecular markers can improve prognostication 
in patients with locally advanced and lymph node 
positive bladder cancer. J Urol. 2010;183(1):68–75.  

    156.    Neuzillet Y, Paoletti X, Ouerhani S, Mongiat-Artus 
P, Soliman H, de The H, Sibony M, Denoux Y, 
Molinie V, Herault A, et al. A meta-analysis of the 
relationship between FGFR3 and TP53 mutations in 
bladder cancer. PLoS One. 2012;7(12):e48993.  

    157.    Stadler WM, Lerner SP, Groshen S, Stein JP, Shi SR, 
Raghavan D, Esrig D, Steinberg G, Wood D, Klotz 
L, et al. Phase III study of molecularly targeted adju-
vant therapy in locally advanced urothelial cancer of 
the bladder based on p53 status. J Clin Oncol. 
2011;29(25):3443–9.  

        158.    Shariat SF, Bolenz C, Godoy G, Fradet Y, Ashfaq R, 
Karakiewicz PI, Isbarn H, Jeldres C, Rigaud J, 
Sagalowsky AI, et al. Predictive value of combined 
immunohistochemical markers in patients with pT1 
urothelial carcinoma at radical cystectomy. J Urol. 
2009;182(1):78–84. discussion 84.  

     159.    Park J, Song C, Shin E, Hong JH, Kim CS, Ahn 
H. Do molecular biomarkers have prognostic value 
in primary T1G3 bladder cancer treated with bacil-
lus Calmette-Guerin intravesical therapy? Urol 
Oncol. 2013;31(6):849–56.  

    160.    Lenz P, Pfeiffer R, Baris D, Schned AR, Takikita M, 
Poscablo MC, Schwenn M, Johnson A, Jones M, 
Kida M, et al. Cell-cycle control in urothelial carci-
noma: large-scale tissue array analysis of tumor tis-
sue from Maine and Vermont. Cancer Epidemiol 
Biomarkers Prev. 2012;21(9):1555–64.  

    161.    Margulis V, Shariat SF, Ashfaq R, Sagalowsky AI, 
Lotan Y. Ki-67 is an independent predictor of blad-
der cancer outcome in patients treated with radical 
cystectomy for organ-confi ned disease. Clin Cancer 
Res. 2006;12(24):7369–73.  

    162.    Margulis V, Lotan Y, Karakiewicz PI, Fradet Y, 
Ashfaq R, Capitanio U, Montorsi F, Bastian PJ, 

Nielsen ME, Muller SC, et al. Multi-institutional 
validation of the predictive value of Ki-67 labeling 
index in patients with urinary bladder cancer. J Natl 
Cancer Inst. 2009;101(2):114–9.  

    163.    Behnsawy HM, Miyake H, Abdalla MA, Sayed MA, 
Ahmed AE, Fujisawa M. Expression of cell cycle- 
associated proteins in non-muscle-invasive bladder 
cancer: correlation with intravesical recurrence fol-
lowing transurethral resection. Urol Oncol. 
2011;29(5):495–501.  

    164.    Harada K, Ogden GR. An overview of the cell cycle 
arrest protein, p21(WAF1). Oral Oncol. 2000;36(1):
3–7.  

    165.    Mitra AP, Castelao JE, Hawes D, Tsao-Wei DD, 
Jiang X, Shi SR, Datar RH, Skinner EC, Stein JP, 
Groshen S, et al. Combination of molecular altera-
tions and smoking intensity predicts bladder cancer 
outcome: a report from the Los Angeles Cancer 
Surveillance Program. Cancer. 2013;119(4):756–65.  

    166.    Shariat SF, Ashfaq R, Sagalowsky AI, Lotan 
Y. Correlation of cyclin D1 and E1 expression with 
bladder cancer presence, invasion, progression, and 
metastasis. Hum Pathol. 2006;37(12):1568–76.  

    167.    Del Pizzo JJ, Borkowski A, Jacobs SC, Kyprianou 
N. Loss of cell cycle regulators p27(Kip1) and cyclin 
E in transitional cell carcinoma of the bladder cor-
relates with tumor grade and patient survival. Am J 
Pathol. 1999;155(4):1129–36.  

     168.    Margulis V, Lotan Y, Shariat SF. Survivin: a promis-
ing biomarker for detection and prognosis of bladder 
cancer. World J Urol. 2008;26(1):59–65.  

    169.    Arai M, Sasaki A, Saito N, Nakazato Y. 
Immunohistochemical analysis of cleaved caspase- 3 
detects high level of apoptosis frequently in diffuse 
large B-cell lymphomas of the central nervous sys-
tem. Pathol Int. 2005;55(3):122–9.  

    170.    Burton PB, Anderson CJ, Corbishly CM. Caspase 3 
and p27 as predictors of invasive bladder cancer. N 
Engl J Med. 2000;343(19):1418–20.  

   171.    Giannopoulou I, Nakopoulou L, Zervas A, Lazaris 
AC, Stravodimos C, Giannopoulos A, Davaris PS. 
Immunohistochemical study of pro-apoptotic fac-
tors Bax, Fas and CPP32 in urinary bladder cancer: 
prognostic implications. Urol Res. 2002;30(5):
342–5.  

      172.    Karam JA, Lotan Y, Karakiewicz PI, Ashfaq R, 
Sagalowsky AI, Roehrborn CG, Shariat SF. Use of 
combined apoptosis biomarkers for prediction of 
bladder cancer recurrence and mortality after radical 
cystectomy. Lancet Oncol. 2007;8(2):128–36.  

    173.    Altieri DC. Survivin, versatile modulation of cell 
division and apoptosis in cancer. Oncogene. 2003;
22(53):8581–9.  

    174.    Schultz IJ, Kiemeney LA, Karthaus HF, Witjes JA, 
Willems JL, Swinkels DW, Gunnewiek JM, de Kok 
JB. Survivin mRNA copy number in bladder wash-
ings predicts tumor recurrence in patients with 
superfi cial urothelial cell carcinomas. Clin Chem. 
2004;50(8):1425–8.  

   175.    Shariat SF, Casella R, Khoddami SM, Hernandez G, 
Sulser T, Gasser TC, Lerner SP. Urine detection of 

9 Prognostication and Risk Assessment



142

survivin is a sensitive marker for the noninvasive 
diagnosis of bladder cancer. J Urol. 2004;171(2 Pt 
1):626–30.  

    176.    Smith SD, Wheeler MA, Plescia J, Colberg JW, 
Weiss RM, Alterieri DC. Urine detection of survivin 
and diagnosis of bladder cancer. JAMA. 2001;285(3):
324–8.  

    177.    Shariat SF, Ashfaq R, Karakiewicz PI, Saeedi O, 
Sagalowsky AI, Lotan Y. Survivin expression is asso-
ciated with bladder cancer presence, stage, progres-
sion, and mortality. Cancer. 2007;109(6):1106–13.  

    178.    Shariat SF, Karakiewicz PI, Godoy G, Karam JA, 
Ashfaq R, Fradet Y, Isbarn H, Montorsi F, Jeldres C, 
Bastian PJ, et al. Survivin as a prognostic marker for 
urothelial carcinoma of the bladder: a multicenter 
external validation study. Clin Cancer Res. 2009;
15(22):7012–9.  

    179.    Salz W, Eisenberg D, Plescia J, Garlick DS, Weiss 
RM, Wu XR, Sun TT, Altieri DC. A survivin gene 
signature predicts aggressive tumor behavior. Cancer 
Res. 2005;65(9):3531–4.  

    180.    Xi RC, Sheng YR, Chen WH, Sheng L, Gang JJ, 
Tong Z, Shan Z, Ying GH, Dong LC. Expression of 
survivin and livin predicts early recurrence in non- 
muscle invasive bladder cancer. J Surg Oncol. 2013;
107(5):550–4.  

    181.    Barbieri CE, Lotan Y, Lee RK, Sonpavde G, 
Karakiewicz PI, Robinson B, Scherr DS, Shariat 
SF. Tissue-based molecular markers for bladder can-
cer. Minerva Urol Nefrol. 2010;62(3):241–58.  

    182.    Bochner BH, Cote RJ, Weidner N, Groshen S, Chen 
SC, Skinner DG, Nichols PW. Angiogenesis in blad-
der cancer: relationship between microvessel density 
and tumor prognosis. J Natl Cancer Inst. 1995;87(21):
1603–12.  

    183.    Jaeger TM, Weidner N, Chew K, Moore DH, 
Kerschmann RL, Waldman FM, Carroll PR. Tumor 
angiogenesis correlates with lymph node metastases in 
invasive bladder cancer. J Urol. 1995;154(1):69–71.  

   184.    Inoue K, Slaton JW, Karashima T, Yoshikawa C, 
Shuin T, Sweeney P, Millikan R, Dinney CP. The 
prognostic value of angiogenesis factor expression 
for predicting recurrence and metastasis of bladder 
cancer after neoadjuvant chemotherapy and radical 
cystectomy. Clin Cancer Res. 2000;6(12):4866–73.  

     185.    Shariat SF, Youssef RF, Gupta A, Chade DC, 
Karakiewicz PI, Isbarn H, Jeldres C, Sagalowsky AI, 
Ashfaq R, Lotan Y. Association of angiogenesis related 
markers with bladder cancer outcomes and other 
molecular markers. J Urol. 2010;183(5):1744–50.  

    186.    Grossfeld GD, Ginsberg DA, Stein JP, Bochner BH, 
Esrig D, Groshen S, Dunn M, Nichols PW, Taylor 
CR, Skinner DG, et al. Thrombospondin-1 expres-
sion in bladder cancer: association with p53 altera-
tions, tumor angiogenesis, and tumor progression. 
J Natl Cancer Inst. 1997;89(3):219–27.  

    187.    Shariat SF, Karakiewicz PI, Ashfaq R, Isbarn H, 
Fradet Y, Bastian PJ, Nielsen ME, Capitanio U, 
Jeldres C, Montorsi F, et al. Combination of cell 
cycle regulating bio-markers improves prognosis in 

patients with organ-confi ned urothelial carcinoma at 
radical cystectomy. J Urol. 2008;179(4):578.  

      188.    Shariat SF, Karakiewicz PI, Ashfaq R, Lerner SP, 
Palapattu GS, Cote RJ, Sagalowsky AI, Lotan Y. 
Multiple biomarkers improve prediction of bladder 
cancer recurrence and mortality in patients undergo-
ing cystectomy. Cancer. 2008;112(2):315–25.  

    189.    Lotan Y, Bagrodia A, Passoni N, Rachakonda V, 
Kapur P, Arriaga Y, Bolenz C, Margulis V, Raj GV, 
Sagalowsky AI, et al. Prospective evaluation of a 
molecular marker panel for prediction of recurrence 
and cancer-specifi c survival after radical cystectomy. 
Eur Urol. 2013;64(3):465–71.  

     190.    Bassi P, Sacco E, De Marco V, Aragona M, Volpe A. 
Prognostic accuracy of an artifi cial neural network in 
patients undergoing radical cystectomy for bladder 
cancer: a comparison with logistic regression analy-
sis. BJU Int. 2007;99(5):1007–12.  

     191.    Catto JW, Abbod MF, Linkens DA, Larre S, Rosario 
DJ, Hamdy FC. Neurofuzzy modeling to determine 
recurrence risk following radical cystectomy for 
nonmetastatic urothelial carcinoma of the bladder. 
Clin Cancer Res. 2009;15(9):3150–5.  

      192.    Catto JW, Linkens DA, Abbod MF, Chen M, 
Burton JL, Feeley KM, Hamdy FC. Artifi cial intel-
ligence in predicting bladder cancer outcome: a 
comparison of neuro-fuzzy modeling and artifi cial 
neural networks. Clin Cancer Res. 2003;9(11):
4172–7.  

      193.    Qureshi KN, Naguib RN, Hamdy FC, Neal DE, 
Mellon JK. Neural network analysis of clinicopatho-
logical and molecular markers in bladder cancer. J 
Urol. 2000;163(2):630–3.  

      194.    Stenzl A, Cowan NC, De Santis M, Kuczyk MA, 
Merseburger AS, Ribal MJ, Sherif A, Witjes 
JA. Treatment of muscle-invasive and metastatic 
bladder cancer: update of the EAU guidelines. Eur 
Urol. 2011;59(6):1009–18.  

       195.    Rink M, Lee DJ, Kent M, Xylinas E, Fritsche HM, 
Babjuk M, Brisuda A, Hansen J, Green DA, Aziz A, 
et al. Predictors of cancer-specifi c mortality after 
disease recurrence following radical cystectomy. 
BJU Int. 2013;111(3 Pt B):E30–6.  

    196.    von der Maase H, Sengelov L, Roberts JT, Ricci S, 
Dogliotti L, Oliver T, Moore MJ, Zimmermann A, 
Arning M. Long-term survival results of a random-
ized trial comparing gemcitabine plus cisplatin, with 
methotrexate, vinblastine, doxorubicin, plus cispla-
tin in patients with bladder cancer. J Clin Oncol. 
2005;23(21):4602–8.  

    197.    Sternberg CN, Donat SM, Bellmunt J, Millikan RE, 
Stadler W, De Mulder P, Sherif A, von der Maase H, 
Tsukamoto T, Soloway MS. Chemotherapy for blad-
der cancer: treatment guidelines for neoadjuvant 
chemotherapy, bladder preservation, adjuvant che-
motherapy, and metastatic cancer. Urology. 2007;
69(1 Suppl):62–79.  

     198.    Mitra AP, Quinn DI, Dorff TB, Skinner EC, 
Schuckman AK, Miranda G, Gill IS, Daneshmand 
S. Factors infl uencing post-recurrence survival in 

L.A. Kluth et al.



143

bladder cancer following radical cystectomy. BJU 
Int. 2012;109(6):846–54.  

      199.    Ploeg M, Kums AC, Aben KK, van Lin EN, Smits G, 
Vergunst H, Viddeleer AC, Geboers AD, van Berkel 
H, van Boven E, et al. Prognostic factors for survival 
in patients with recurrence of muscle invasive blad-
der cancer after treatment with curative intent. Clin 
Genitourin Cancer. 2011;9(1):14–21.  

     200.    Nakagawa T, Hara T, Kawahara T, Ogata Y, 
Nakanishi H, Komiyama M, Arai E, Kanai Y, 
Fujimoto H. Prognostic risk stratifi cation of patients 
with urothelial carcinoma of the bladder with recur-
rence after radical cystectomy. J Urol. 2013;
189(4):1275–81.  

    201.    Chromecki TF, Mauermann J, Cha EK, Svatek RS, 
Fajkovic H, Karakiewicz PI, Lotan Y, Tilki D, 
Bastian PJ, Volkmer BG, et al. Multicenter valida-
tion of the prognostic value of patient age in patients 
treated with radical cystectomy. World J Urol. 
2012;30(6):753–9.  

    202.    Nuhn P, May M, Sun M, Fritsche HM, Brookman- 
May S, Buchner A, Bolenz C, Moritz R, Herrmann 
E, Burger M, et al. External validation of postopera-
tive nomograms for prediction of all-cause mortality, 
cancer-specifi c mortality, and recurrence in patients 
with urothelial carcinoma of the bladder. Eur Urol. 
2012;61(1):58–64.  

    203.    Rink M, Shariat SF. Can we apply nomograms 
derived in the United States to European patients? 
Yes, we can! Eur Urol. 2012;61(1):65–6.  

     204.    Bajorin DF, Dodd PM, Mazumdar M, Fazzari M, 
McCaffrey JA, Scher HI, Herr H, Higgins G, Boyle 
MG. Long-term survival in metastatic transitional- cell 
carcinoma and prognostic factors predicting outcome 
of therapy. J Clin Oncol. 1999;17(10):3173–81.  

     205.    Bellmunt J, von der Maase H, Mead GM, Skoneczna 
I, De Santis M, Daugaard G, Boehle A, Chevreau C, 
Paz-Ares L, Laufman LR, et al. Randomized phase 
III study comparing paclitaxel/cisplatin/gemcitabine 
and gemcitabine/cisplatin in patients with locally 
advanced or metastatic urothelial cancer without 
prior systemic therapy: EORTC Intergroup Study 
30987. J Clin Oncol. 2012;30(10):1107–13.  

    206.    De Santis M, Bellmunt J, Mead G, Kerst JM, Leahy 
M, Maroto P, Skoneczna I, Marreaud S, de Wit R, 
Sylvester R. Randomized phase II/III trial assessing 
gemcitabine/ carboplatin and methotrexate/carbopl-
atin/vinblastine in patients with advanced urothelial 
cancer “unfi t” for cisplatin-based chemotherapy: 
phase II—results of EORTC study 3098. J Clin 
Oncol. 2009;27(33):5634–9.  

     207.    Apolo AB, Ostrovnaya I, Halabi S, Iasonos A, 
Philips GK, Rosenberg JE, Riches J, Small EJ, 
Milowsky MI, Bajorin DF. Prognostic model for 
predicting survival of patients with metastatic uro-
thelial cancer treated with cisplatin-based 
chemotherapy. J Natl Cancer Inst. 
2013;105(7):499–503.  

    208.    Bellmunt J, Choueiri TK, Fougeray R, Schutz FA, 
Salhi Y, Winquist E, Culine S, von der Maase H, 
Vaughn DJ, Rosenberg JE. Prognostic factors in 
patients with advanced transitional cell carcinoma of 
the urothelial tract experiencing treatment failure 
with platinum-containing regimens. J Clin Oncol. 
2010;28(11):1850–5.  

    209.    Niegisch G, Fimmers R, Siener R, Park SI, Albers 
P. Prognostic factors in second-line treatment of 
urothelial cancers with gemcitabine and paclitaxel 
(German Association of Urological Oncology trial 
AB20/99). Eur Urol. 2011;60(5):1087–96.  

    210.    Galsky MD, Moshier E, Krege S, Lin CC, Hahn N, 
Ecke T, Sonpavde G, Godbold J, Oh WK, Bamias 
A. Nomogram for predicting survival in patients 
with unresectable and/or metastatic urothelial cancer 
who are treated with cisplatin-based chemotherapy. 
Cancer. 2013;119(16):3012–9.  

     211.   Kluth LA, et al. Gender-specifi c differences in clin-
icopathologic outcomes following radical cystec-
tomy: an international multi-institutional study of 
more than 8000 patients. Eur Urol. 2013.  
doi:  10.1016/j.eururo.2013.11.040      

    212.   Sonpavde G, Khan MM, Svatek RS, Lee R, Novara 
G, Tilki D, Lerner SP, Amiel GE, Skinner E, 
Karakiewicz PI, Bastian PJ, Kassouf W, Fritsche 
HM, Izawa JI, Ficarra V, Dinney CP, Lotan Y, 
Fradet Y, Shariat SF. Prognostic risk stratifi cation 
of pathological stage T2N0 bladder cancer after 
radical cystectomy. BJU Int. 2010;108(5):687–92. 
doi:   10.1111/j.1464-410X.2010.09902.x    . Epub 
2010 Nov 19. PMID: 21087453  

    213.   Sonpavde G, Khan MM, Svatek RS, Lee R, Novara 
G, Tilki D, Lerner SP, Amiel GE, Skinner E, 
Karakiewicz PI, Bastian PJ, Kassouf W, Fritsche HM, 
Izawa JI, Scherr DS, Ficarra V, Dinney CP, Lotan Y, 
Fradet Y, Shariat SF. Prognostic risk stratifi cation of 
pathological stage T3N0 bladder cancer after radical 
cystectomy. J Urol. 2011;185(4):1216–21. doi: 
  10.1016/j.juro.2010.11.082    . Epub 2011 Feb 22. 
PMID: 21334687.  

    214.   Takata, et al. Clin Cancer Res. 2005;11:2625–36.  
    215.   Smith, et al. Lancet Oncol. 2011;12: 137–43.      

9 Prognostication and Risk Assessment

10.1016/j.eururo.2013.11.040
10.1016/j.eururo.2013.11.040
10.1016/j.juro.2010.11.082

	9: Prognostication and Risk Assessment
	9.1	 Introduction
	9.1.1	 Prognostic Factors
	9.1.2	 Prediction Tools

	9.2	 Non-muscle Invasive Bladder Cancer
	9.2.1	 Prognostic Factors
	9.2.1.1	 Clinical Factors
	9.2.1.1.1 Age
	9.2.1.1.2 Race
	9.2.1.1.3 Gender
	9.2.1.1.4 Obesity
	9.2.1.1.5 Smoking

	9.2.1.2	 Pathologic Factors
	9.2.1.2.1 Prior Recurrence
	9.2.1.2.2 Tumor Size and Multifocality
	9.2.1.2.3 Tumor Stage
	9.2.1.2.4 Tumor Grade
	9.2.1.2.5 Concomitant Carcinoma In Situ
	9.2.1.2.6 Lymphovascular Invasion
	9.2.1.2.7 Histologic Variants

	9.2.1.3	 Surgical Factors
	9.2.1.3.1 Delay of Radical Cystectomy


	9.2.2	 Predictive Tools
	9.2.2.1	 Prediction of Disease Recurrence and Progression in NMIBC
	9.2.2.2	 Preoperative Prediction of Pathologic Features and Outcomes at Radical Cystectomy


	9.3	 Muscle-Invasive Bladder Cancer
	9.3.1	 Prognostic Factors
	9.3.1.1	 Preoperative/Clinical Factors
	9.3.1.1.1 Age
	9.3.1.1.2 Gender
	9.3.1.1.3 Performance Status and Comorbidity
	9.3.1.1.4 Laboratory Values
	9.3.1.1.5 Obesity
	9.3.1.1.6 Smoking

	9.3.1.2	 Intraoperative/Surgical Factors
	9.3.1.2.1 Lymph Node Dissection and Invasion

	9.3.1.3	 Postoperative/Pathologic Factors
	9.3.1.3.1	 Pathologic Tumor Stage
	9.3.1.3.2	 Pathologic Tumor Grade
	9.3.1.3.3	 Lymph Node Invasion
	9.3.1.3.4	 Soft Tissue Surgical Margin
	9.3.1.3.5	 Tumor Size
	9.3.1.3.6	 Lymphovascular Invasion
	9.3.1.3.7	 Histologic Subtype/Variants

	9.3.1.4	 Tissue-Based Molecular Markers
	9.3.1.4.1	 Cell Cycle
	9.3.1.4.2	 Apoptosis
	9.3.1.4.3	 Angiogenesis


	9.3.2	 Prediction Tools
	9.3.2.1	 Postoperative Prediction Tools for Disease Recurrence and Survival After Radical Cystectomy
	9.3.2.1.1	 Nomograms
	9.3.2.1.2	 Other Prediction Tools
	9.3.2.1.3	 Nomograms Including Novel Biomarkers
	9.3.2.1.4	 Prediction models using genomic data



	9.4	 Metastatic and Recurrent Bladder Cancer
	9.4.1	 Prognostic Factors
	9.4.1.1	 Time from Radical Cystectomy to Disease Recurrence
	9.4.1.2	 Pathologic Factors

	9.4.2	 Prediction Tools

	References


