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 The clinical scope of bladder cancer is well known. As the second most fre-
quent genitourinary malignancy, it is the most expensive cancer to care for 
from diagnosis to death. Signifi cant improvements in diagnosis and manage-
ment of this disease provide hope but need to permeate the clinical practice. 
This textbook provides a single, comprehensive reference source that incor-
porates all the latest information regarding bladder cancer and will serve as 
an easy and complete guide for researchers, clinicians, individuals in training, 
allied health professionals, and medical students. It includes a thorough dis-
cussion of all aspects and of all types of bladder cancer. The text covers topics 
ranging from epidemiology, natural history, diagnosis, risk-stratifi ed man-
agement to the latest fi ndings regarding genetics and molecular biology of 
bladder cancer. Diagnostic and staging evaluation of both non-muscle inva-
sive and invasive bladder cancer are discussed. Guideline-based approaches 
are analyzed and summarized. Controversies in management of high-grade 
minimally invasive bladder cancer as well as muscle invasive disease are 
identifi ed and explained. The application of chemotherapy and multimodality 
therapy for muscle invasive and advanced disease is outlined and highlighted. 
Finally gaps in current knowledge and areas for future research are discussed. 

 The unique feature of this book is the incorporation of clinical scenario- 
based examples which are discussed by experts in the fi eld who outline their 
management approach. This would be particularly helpful to practicing physi-
cian seeking help in managing controversial aspects of bladder cancer which 
are fairly commonplace. Several key educational concepts have been incorpo-
rated in the framework of patient situations and these chapters are interspersed 
amidst chapters that provide more complete discussion of subject areas. It is 
our sincere hope that this book will become a “go to” reference source for all 
individuals with an interest in the management of bladder cancer.  

  Minneapolis, MN, USA     Badrinath     R.     Konety    
 Nashville, TN, USA     Sam     S.     Chang     
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1.1             Bladder Cancer Incidence 
and Mortality 

 The incidence of bladder cancer in different 
populations worldwide varies considerably accord-
ing to geographic region, demographic character-
istics such as age, sex, and race, smoking history, 
history of certain environmental exposures, and 
likely poorly understood genetic susceptibilities. 
Some of these factors also infl uence disease- 
specifi c mortality in patients diagnosed with 
bladder cancer. The roles of these factors are 
reviewed in the following sections. 

1.1.1    Geographic Distribution 

 According to estimates available from the 
most recent World Health Organization’s 
GLOBOCAN project, in the year 2008, when all 
regions of the World were considered together, 
bladder cancer was the 7th most frequently diag-
nosed malignancy in men, with approximately 

297,000 new cases and 112,000 deaths, while in 
women it was the 18th most commonly diag-
nosed malignancy, with approximately 89,000 
new cases and 37,000 deaths [ 1 ,  2 ]. The inci-
dence of bladder cancer shows considerable 
regional variation, which can likely be attributed 
to regional differences in exposures, although 
differences in reporting may also play a role. In 
general, the incidence tends to be higher in the 
developed countries compared with less devel-
oped regions (Fig.  1.1 ). One explanation for 
variation in incidence in countries with similar 
demographics and exposures is a reporting issue 
where some countries do not record stage Ta 
low-grade (LG) papillary urothelial cancers and 
urologic tumors of low malignant potential 
(LMP) and others do. In the US, according to the 
most recent estimates available for the year 
2013, bladder cancer will be diagnosed in 
approximately 54,600 men and 18,000 women 
and will be reported as the cause of death in 
10,800 men and 4,400 women [ 3 ]. The US inci-
dence counts do include LG and LMP stage Ta 
tumors as urothelial cancers. The average life-
time risk of bladder cancer in the US is currently 
estimated at 3.8 % for men and 1.2 % for women 
[ 3 ]. It is also estimated that more than 500,000 
people in the US are now living with histories of 
bladder cancer diagnosis [ 4 ]. Many of these 
patients experience frequent recurrences of non-
muscle- invasive cancers and require continuous 
cystoscopic surveillance and therapy.
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1.1.2       Smoking 

 Cigarette smoking appears to be one of the most 
important modifi able risk factors for bladder can-
cer. The risk of bladder cancer among current 
smokers is two to fi ve times greater than the 
risk among never smokers (Table  1.1 ) [ 5 – 11 ]. 
Smoking cessation substantially reduces the risk, 
but the former smoker’s risk remains higher than 
the risk of a person who never smoked [ 11 ]. For 
example, in a recently published study conducted 
by the National Institutes of Health (NIH), smok-
ing status at baseline was assessed for 281,394 
men and 186,134 women, who were then fol-
lowed for a 10-year period from 1996 to 2006 
[ 11 ]. During the follow-up, bladder cancer was 
diagnosed in 3,896 men (1.38 %) and 627 women 
(0.34 %). Among men, compared with the never 
smokers, the risk of bladder cancer was 3.89 
times higher in the current smokers (95 % CI: 
3.46–4.37) and 2.14 times higher in the former 
smokers (95 % CI: 1.92–2.37). Among women, 
compared with the never smokers, the risk of 

bladder cancer was 4.65 times higher in the cur-
rent smokers (95 % CI: 3.73–5.79) and 2.52 
times higher in the former smokers (95 % CI: 
2.05–3.10) [ 11 ]. In both sexes, there was clear 
evidence of a dose–response relationship between 
the quantity and duration of smoking and the risk 
of bladder cancer; however, even in those indi-
viduals who smoked <10 cigarettes per day and 
stopped smoking more than 10 years before the 
baseline assessment, the risk of bladder cancer 
was signifi cantly higher than in those who never 
smoked. Population attributable risk for ever 
smoking in this study was 0.50 for men and 0.52 
for women (i.e., smoking was responsible for 
about one-half of all bladder cancer cases docu-
mented in the study cohort) [ 11 ]. Among various 
chemical compounds present in cigarette 
smoke, polycyclic aromatic hydrocarbons, 
4- aminobiphenyl (4-ABF), and unsaturated alde-
hydes have been identifi ed as bladder carcino-
gens [ 12 ,  13 ]. Inter-personal variability in the 
structure and function of certain enzymes such as 
 N -acetyltransferase 2 (NAT2) and glutathione 

< 3.2

< 16.2
< 13.0
< 9.7
< 6.5

  Fig. 1.1    Age-standardized annual incidence rates for 
bladder cancer (per 100,000 persons) according to geo-
graphic region (both sexes, all ages). Adapted from Ferlay 
J, Shin HR, Bray F, Forman D, Mathers C and Parkin 

DM. GLOBOCAN 2008 v2.0, Cancer Incidence and 
Mortality Worldwide: IARC CancerBase No. 10 [Internet]. 
Lyon, France: International Agency for Research on 
Cancer; 2010. Available from:   http://globocan.iarc.fr           
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S-transferase-M1 (GTSM1) which are involved 
in metabolism of bladder carcinogens seems to 
modify the risk of smoking-induced bladder can-
cer [ 14 – 17 ]. Exposure to second-hand smoke 
was not defi nitively associated with increased 
risk of bladder cancer in a meta-analysis of seven 
observational studies (risk ratio = 0.99, 95 % CI: 
0.86–1.14) [ 18 ].

1.1.3       Occupational Risk Factors 

 Among occupational risk factors, exposure to 
beta-naphthylamine, benzidine, and 4-ABF has 
been shown to be strongly associated with devel-
opment of bladder cancer [ 19 ]. Occupational 
exposure to these chemicals occurred most fre-
quently in the textile dye and rubber manufactur-
ing industries. In the 1970s, the Occupational 
Safety and Health Administration (OSHA) rec-
ognized beta-naphthylamine as a human carcino-
gen and imposed strict regulations on the use of 
this compound. Similar regulations were applied 
to benzidine and 4-ABF [ 19 ]. Although occupa-
tional exposure to these chemicals has been 
nearly completely eliminated in the US, exposure 
to other potential bladder carcinogens (e.g., 
 o -toluidine) may still occur among workers 
involved in the manufacturing of dyes, rubber, 
pharmaceuticals, and pesticides (Markowitz 
[ 20 ]). According to recent estimates, about 7 % 
of bladder cancer cases in men and 2 % in women 
may be attributed to occupational exposures in 
the developed countries [ 21 ].  

1.1.4    Age 

 The incidence of bladder cancer increases with 
age and most patients are over age 65 at diagno-
sis. This is typical of most other cancers and is 
likely due to accumulation of mutations as a 
consequence of increasing cumulative exposure 
to carcinogens and reduced DNA repair mecha-
nisms, although anti-neoplastic capabilities of 
the immune system may also decrease with age. 
In the US, median age at bladder cancer diag-
nosis is 70 years for men and 72 years for 
women [ 22 ]. Older age is also associated with 
increased disease-specifi c mortality in patients 
diagnosed with bladder cancer [ 23 – 25 ]. Some 
of this may be explained by decreased ability of 
the older patients to tolerate and/or accept 
aggressive treatments, although the disease 
itself may also be more aggressive in the elderly 
[ 23 – 25 ].  

1.1.5    Sex 

 In all geographic regions, the risk of bladder cancer 
diagnosis is higher in men than in women (Fig.  1.2 , 
Table  1.2 ). The reasons for this difference are not 
well understood. Two main factors have been inves-
tigated in this context: different patterns of smoking 
and industrial carcinogen exposure in men and 
women, and differences in hormonal and other bio-
logic factors between the sexes. Historically, the 
prevalence of smoking among men was higher than 
in women. Additionally, men were more likely to be 

   Table 1.1    Relative risk of bladder cancer in the current smokers versus the never smokers according to prospective 
cohort studies completed in the US   

 Study  Sex  Years 
 No. never 
smokers 

 No. current 
smokers 

 Relative 
risk 

 Lower 
95 % CL 

 Upper 
95 % CL 

 Alberg 2007 [ 5 ]  Both  1963–1978  11,722  20,037  2.70  1.60  4.70 
 Chyou 1993 [ 6 ]  Men  1965–1991  2,410  3,495  2.86  1.67  4.91 
 Mills 1991 [ 7 ]  Both  1976–1982  26,059  1,129  5.67  1.73  18.61 
 Alberg 2007 [ 5 ]  Both  1975–1994  15,249  17,006  2.60  1.70  3.90 
 Tripathi 2002 [ 8 ]  Women  1986–1998  24,723  5,619  4.23  2.76  6.70 
 Michaud 2001 [ 9 ]  Men  1986–1998  24,035  4,648  2.81  1.85  4.27 
 Cantwell 2006 [ 10 ]  Women  1987–2000  27,691  7,826  2.44  1.56  3.80 
 Freedman 2011 [ 11 ]  Both  1995–2006  166,154  67,853  4.06  3.66  4.50 

   CL  confi dence limit  
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exposed to industrial carcinogens. This was believed 
to explain much of the sex differences in bladder 
cancer incidence. However, during the second half 
of the twentieth century, the proportion of smoking 
women steadily increased and approached the pro-
portion of smoking men in developed countries 
[ 26 ]. Furthermore, women increasingly entered 

the traditionally male workplace. Despite these 
changes, the sex difference in the incidence of blad-
der cancer has continued to remain large in magni-
tude [ 27 ]. In the early 1990s, it was recognized that 
although smoking and occupational exposures 
accounted for some of the sex difference in the 
 incidence of bladder cancer, even in the absence of 
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  Fig. 1.2    Bladder cancer incidence and mortality accord-
ing to sex and geographic region, age-standardized rates 
(ASR). Adapted from Ferlay J, Shin HR, Bray F, Forman 
D, Mathers C and Parkin DM. GLOBOCAN 2008 v2.0, 

Cancer Incidence and Mortality Worldwide: IARC 
CancerBase No. 10 [Internet]. Lyon, France: International 
Agency for Research on Cancer; 2010. Available from: 
  http://globocan.iarc.fr           
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exposure to cigarettes or occupational hazards, men 
were about 2.7 times more likely to develop bladder 
cancer when compared with women of the same 
age [ 28 ]. It was hypothesized that the unexplained 
excess risk of bladder cancer among men could be 
related to biologic differences between the sexes, 
particularly those involving sex hormones and hor-
mone receptors. Data from basic research suggest 
that androgen and androgen receptors as well as 
estrogens and estrogen receptors may be involved in 
bladder carcinogenesis and progression [ 29 ,  30 ], 
although their exact roles remain unclear.

    In recent years, numerous observational stud-
ies suggested that the risk of bladder cancer in 
women may be infl uenced by certain reproduc-
tive factors. For example, compared with nullipa-
rous women, parous women may have a 25–35 % 
lower risk of bladder cancer according to two 
meta-analyses, with reported hazard ratios of 

0.73 (95 % CI: 0.63–0.85) [ 31 ] and 0.66 (95 % 
CI: 0.55–0.79) [ 32 ]. In another recent meta- 
analysis of observational studies, use of estrogen 
plus progestin was associated with substantially 
lower risk of bladder cancer compared with no 
hormonal therapy (HR = 0.61, 95 % CI: 0.47–
0.78); however, use of estrogen alone was not 
associated with increased or decreased risk com-
pared with no hormonal therapy (HR = 1.03, 
95 % CI: 0.87–1.24) [ 33 ]. Early age at meno-
pause was also associated with increased risk of 
bladder cancer in a meta-analysis [ 32 ]. 

 Although women have a lower life-time risk 
of bladder cancer than men, among patients diag-
nosed with bladder cancer, women tend to have 
less favorable outcomes in terms of disease- 
specifi c mortality, relative survival, and years of 
potential life lost [ 22 ,  27 ,  33 ,  34 ]. For example, 
according to data from the US SEER program, 

   Table 1.2    Male-to-female incidence ratios for bladder cancer: data from the GLOBOCAN 2008 database [ 1 ]   

 Country 
 Incidence 
ratio (M/F) 

 Lower 
95 % CL 

 Upper 
95 % CL  Country 

 Incidence 
ratio (M/F) 

 Lower 
95 % CL 

 Upper 
95 % CL 

 Spain  6.30  6.00  6.63  Australia  3.03  2.77  3.31 
 France  5.16  4.90  5.43  Peru  3.02  2.50  3.65 
 Belarus  4.78  4.09  5.58  Uzbekistan  3.02  2.42  3.76 
 Greece  4.77  4.28  5.33  Canada  2.97  2.78  3.18 
 Israel  4.38  3.85  4.97  Venezuela  2.93  2.44  3.52 
 Ukraine  4.36  4.06  4.67  Mexico  2.93  2.67  3.22 
 Argentina  4.33  3.95  4.74  Brazil  2.91  2.76  3.07 
 Belgium  4.23  3.79  4.72  USA  2.91  2.86  2.96 
 Italy  4.22  4.05  4.39  Slovakia  2.90  2.47  3.40 
 Kazakhstan  4.14  3.48  4.91  Norway  2.89  2.53  3.30 
 Romania  4.10  3.75  4.48  Germany  2.85  2.77  2.94 
 S Korea  4.08  3.74  4.45  Sweden  2.84  2.58  3.12 
 Bulgaria  3.91  3.45  4.43  Denmark  2.76  2.48  3.08 
 Lithuania  3.90  3.14  4.85  UK  2.69  2.57  2.81 
 Russia  3.69  3.54  3.85  Austria  2.68  2.41  2.99 
 China  3.49  3.42  3.56  Czech R  2.65  2.44  2.89 
 Switzerland  3.33  2.98  3.73  Serbia  2.62  2.33  2.95 
 Poland  3.28  3.10  3.46  Philippines  2.39  2.04  2.80 
 Portugal  3.24  2.92  3.60  C Taipei  2.33  2.12  2.55 
 Japan  3.20  3.09  3.31  Hungary  2.30  2.10  2.53 
 Cuba  3.19  2.75  3.70  Colombia  2.11  1.88  2.38 
 Finland  3.18  2.71  3.72  Chile  2.09  1.82  2.40 
 Netherlands  3.16  2.90  3.45  Ireland  2.00  1.70  2.35 
 N Zealand  3.13  2.57  3.81  Viet Nam  1.31  1.13  1.53 
 Croatia  3.05  2.63  3.54 

   CL  confi dence limit  
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men diagnosed with BC on average lose approxi-
mately one-third (33 %) of their expected remain-
ing years of life to BC, while for women, the 
respective estimate is close to one-half (47 %) 
[ 34 ]. These patterns could not be completely 
explained by differences in stage or other tumor 
characteristics at presentation, or variation in 
treatment modalities [ 33 ,  34 ]. Among patients 
diagnosed with BC in Europe, women also 
seem to have increased disease-specifi c mortality 
 compared with men, at least according to data 
reported from some cohorts [ 35 – 37 ]. In a recent 
analysis of the GLOBOCAN 2008 data contrib-
uted by 49 countries representing all major geo-
graphic regions except Africa, in patients 
diagnosed with bladder cancer, disease-specifi c 
mortality was signifi cantly higher in women than 
in men in 26 countries (53 %), signifi cantly lower 
in women than in men in two countries (4 %), 
and not signifi cantly different between the two 
sexes in 21 countries (43 %) [ 27 ]. The median 
relative risk was 1.21 (inter-quartile range: 1.04–
1.41) [ 27 ]. Hence, excess mortality in women 
compared with men appears to be a common, 
although not a universal phenomenon. The ori-
gins of this phenomenon are not entirely clear, 
although delay in diagnosis in women and as a 
consequence more advanced stage at presenta-
tion may play a role.  

1.1.6    Race 

 In the US, the incidence of bladder cancer 
is approximately two times lower in African 
Americans compared with Caucasians of the 
same sex; however, among patients diagnosed 
with bladder cancer, African Americans tend to 
present at more advanced stage and experience 
higher disease-specifi c mortality. In one SEER 
study of 96,540 white and 4,709 black patients 
newly diagnosed with bladder cancer, muscle- 
invasive or more advanced disease at presenta-
tion was found in 22 % of white men, 30 % of 
black men, 25 % of white women, and 43 % of 
black women [ 22 ]. African Americans of both 
genders also had a higher incidence of non- 
urothelial histologies than Caucasians, although 

non-urothelial cancers still represented a small 
minority of newly diagnosed bladder cancers 
(5.9 % in African American men and 10.5 % in 
African American women) [ 22 ]. Compared with 
white patients, black patients of the same sex had 
increased disease-specifi c mortality, particularly 
within the fi rst 2 years from diagnosis, when 
most patients presenting with micro-metastases 
die (black men vs. white men HR = 1.73, 95 % 
CI: 1.58–1.90; black women vs. white women 
HR = 2.04, 95 % CI: 1.85–2.25) [ 22 ]. These dif-
ferences are likely explained by delay in diagno-
sis and more limited access to/utilization of 
medical care among African Americans.  

1.1.7    Other Risk Factors 

 Other factors associated with increased risk of 
bladder cancer include therapeutic radiation to 
the pelvis, certain types of chronic bladder 
infl ammation, exposure to cyclophosphomide, 
heavy use of phenacetin (banned by the FDA in 
1983), and use of Chinese herb  Aristolochia 
fangchi , which contains a nephrotoxin and a uro-
thelial carcinogen known as aristolochic acid [ 38 , 
 39 ]. Recently, use of anti-diabetic drug piogli-
tazone was also found to be associated with 
increased risk of bladder cancer [ 40 ]. 

 Therapeutic radiation to the pelvis is often 
administered for prostate cancer in men and for 
uterine or cervical cancer in women, increasing 
the risk of bladder cancer by approximately 70 % 
in men and by about twofold in women, at least 
according to observational data [ 41 – 45 ]. In the 
Middle East (particularly in Egypt) many cases 
of bladder cancer are attributed to bladder infl am-
mation due to chronic infection with a urinary 
parasite,  Schistosoma haematobium . In the US, 
chronic infl ammation of the bladder often occurs 
in patients with indwelling catheters, such as 
those suffering from a spinal cord injury. Unlike 
urothelial carcinoma, which is the most common 
histologic type of bladder cancer seen almost 
everywhere in the World, bladder cancer arising 
in the setting of chronic infl ammation is often of 
squamous cell histology. Compared with urothe-
lial carcinoma, squamous cell carcinoma of the 
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bladder usually presents at much more advanced 
stage and is associated with poor prognosis [ 46 ]. 

 Recently, some observational studies also 
reported an association between use of a com-
mon anti-diabetic drug pioglitazone (Actos) and 
increased risk of bladder cancer [ 40 ,  47 ]. In a 
meta-analysis of six observational studies with a 
total of 215,142 pioglitazone users and a median 
follow-up of 44 months, use of pioglitazone was 
associated with a 23 % relative increase in the 
risk of bladder cancer (HR = 1.23, 95 % CI: 1.09–
1.39) [ 40 ].   

1.2     Natural History of Bladder 
Cancer 

 Urothelial carcinoma of the bladder, which is by 
far the most common histologic type of bladder 
cancer in most parts of the world, is a very het-
erogeneous disease with a highly variable natural 
history. On the one side of the spectrum are the 
small solitary low-grade cancers (or LMPs) con-
fi ned to the urothelium which rarely progress and 
typically do not pose a threat to patient’s life, 
while on the other side are the high-grade muscle- 
invasive lesions that produce early metastases 
and cause death despite aggressive treatment. It 
should be recognized that the true natural history 
of untreated bladder cancer in the modern era 
remains largely unknown. Because bladder can-
cer is rarely found incidentally at autopsy, it is 
highly likely that its preclinical duration (the 
interval between when it could be detected if 
looked for and the onset of signs and symptoms 
leading to diagnosis) is very brief and that clini-
cal statistics from tumor registries report some-
thing very close to its real incidence in the 
covered populations. However, since almost all 
bladder cancers cause signs and symptoms and 
become diagnosed, and virtually all bladder can-
cers are treated at least by transurethral resection, 
we only know the “treated history” (at least par-
tially treated) of bladder cancer. However, we 
will not focus on the details of therapy, leaving 
this up to other chapters in this book. In the sec-
tion which follows, we will describe the expected 
clinical course of bladder cancer, focusing mainly 

on cancers which are predominantly or purely 
urothelial carcinomas. Other bladder cancers 
which are primarily non-urothelial (e.g., squa-
mous, small cell, or adenocarcinomas) or unusual 
variants of urothelial histology (e.g., micropapil-
lary or nested variant) are not discussed as exten-
sively. However, in general, non-urothelial 
cancers and unusual variants of urothelial cancers 
have prognoses similar to or worse than that of 
the most aggressive forms of urothelial cancer 
with standard therapies. 

1.2.1     Low-Grade Non-muscle- 
Invasive Bladder Cancer 

 These tumors represent between 50 and 60 % of 
all newly diagnosed bladder cancer cases in the 
US [ 22 ]; the majority are confi ned to the urothe-
lium (stage Ta) and rarely pose a threat to a 
patient’s life. However, even low-grade Ta tumors 
have several signifi cant features necessitating 
medical intervention. First, these tumors tend to 
produce microscopic and gross hematuria, which 
is the most common fi nding leading to the initial 
diagnosis of bladder cancer. Hematuria resulting 
from bladder cancer often leads to the bladder 
outlet obstruction, requiring clot evacuation. 
Hence, unlike low-grade prostate cancer, low- 
grade bladder cancer is almost always clinically 
signifi cant eventually, and is rarely if ever found 
incidentally at autopsy. The second signifi cant 
feature of these lesions is that they tend to recur, 
necessitating cystoscopic surveillance and 
repeated transurethral resections of bladder 
tumors (TURBTs). Large (e.g., >3 cm) and multi-
focal tumors are more likely to recur than smaller 
solitary tumors [ 48 ]. Furthermore, tumors that 
were initially diagnosed as low grade, stage Ta 
may undergo grade and/or stage progression on 
recurrence. For example, in one study of 82 recur-
ring tumors, all originally of low grade, 9 (11 %) 
recurred as high-grade tumors [ 49 ]. Low- grade Ta 
tumors may also progress to stage T1 without a 
grade progression, although further progression 
of low-grade tumors to stage T2 without grade 
progression is very uncommon. Almost all mus-
cle-invasive bladder tumors are high grade. 

1 Epidemiology and Natural History
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 The European Organization for Research and 
Treatment of Cancer (EORTC) used a database 
of 2,596 patients to create a nomogram predict-
ing recurrence and progression to muscle- 
invasive disease of non-muscle-invasive Ta and 
T1 bladder cancer (Tables  1.3  and  1.4 ) [ 48 ]. 
For example, for a newly diagnosed solitary 
 low- grade Ta bladder tumor <3 cm in diameter, 
the estimated probability of recurrence would be 
15 % in the fi rst year and 31 % in the fi rst 5 years 
of follow-up, while the estimated risk of pro-
gression would be 0.2 % in the fi rst year and 
0.8 % in the fi rst 5 years. If this tumor was >3 cm 
in diameter and invaded the lamina propria 
(stage T1) the 1- and 5-year risk of recurrence 
would increase to 24 % and 46 %, respectively, 
while the 1- and 5-year risk of progression would 

increase to 5 % and 17 %, respectively. It should 
be noted however that the risk of progression 
was estimated in the population of patients who 
were under regular surveillance after initial diag-
nosis and were treated at recurrence. In the 
absence of surveillance and treatment, the pro-
gression rates would likely be much higher. 
The EORTC trials also used chemotherapy as the 
primary adjuvant intravesical therapy. Given that 
intravesical BCG may achieve lower recurrence 
and progression rates compared to chemother-
apy, the predicted rates of recurrence and pro-
gression using the EORTC tables may be higher 
than that observed in patient treated with adju-
vant intravesical BCG therapy. Also, it is now 
recognized that recurrence status at 3 months 
from TURBT is a strong predictor of subsequent 
recurrence, with much lower risk in those with a 
negative cystoscopy at 3 months [ 50 ,  51 ].

1.2.2         High-Grade  Non-muscle- 
Invasive Bladder Cancer 

 These tumors account for 20–25 % of all newly 
diagnosed bladder cancer cases in the US [ 22 ]. 
High-grade lesions in the bladder can be fl at 

    Table 1.3    The EORTC nomogram predicting the risk of 
recurrence and progression of Ta/T1 bladder tumors: pre-
diction scores   

 Factor  Recurrence  Progression 

 No. of tumors 
 Single  0  0 
 2 to 7  3  3 
 ≥7  6  3 

 Tumor size 
 <3 cm  0  0 
 ≥3 cm  3  3 

 Prior recurrence rate 
 Primary  0  0 
 1 rec/year  2  2 
 >1 rec/year  4  2 

 T category 
 Ta  0  0 
 T1  1  4 

 CIS 
 No  0  0 
 Yes  1  6 

 Grade 
 G1  0  0 
 G2  1  0 
 G3  2  5 

 Total score  0–17  0–23 

  From: Sylvester RJ, van der Meijden AP, Oosterlinck W, 
et al. Predicting recurrence and progression in individual 
patients with stage TaT1 bladder cancer using EORTC 
risk tables: a combined analysis of 2596 patients from 
seven EORTC trials. Eur Urol 2006; 49(3):466-5., repro-
duced with permission from Elsevier  

    Table 1.4    The EORTC nomogram predicting the risk of 
recurrence and progression of Ta/T1 bladder tumors: esti-
mated probabilities   

 Recurrence 
score 

 Prob recurrence 1 
year (95 % CI) 

 Prob recurrence 5 
years (95 % CI) 

 0  15 % (10 %, 19 %)  31 % (24 %, 37 %) 
 1–4  24 % (21 %, 26 %)  46 % (42 %, 49 %) 
 5–9  38 % (35 %, 41 %)  62 % (58 %, 65 %) 
 10–17  61 % (55 %, 67 %)  78 % (73 %, 84 %) 
 Progression 
score 

 Prob progression 1 
year (95 % CI) 

 Prob progression 5 
years (95 % CI) 

 0  0.2 % (0 %, 0.7 %)  0.8 % (0 %, 1.7 %) 
 2–6  1.0 % (0.4 %, 1.6 %)  6 % (5 %, 8 %) 
 7–13  5 % (4 %, 7 %)  17 % (14 %, 20 %) 
 14–23  17 % (10 %, 24 %)  45 % (35 %, 55 %) 

  From: Sylvester RJ, van der Meijden AP, Oosterlinck W, 
et al. Predicting recurrence and progression in individual 
patients with stage TaT1 bladder cancer using EORTC 
risk tables: a combined analysis of 2596 patients from 
seven EORTC trials. Eur Urol 2006; 49(3):466-5., repro-
duced with permission from Elsevier  
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 (so- called carcinoma in situ, CIS) or elevated. 
Pure CIS is uncommon, but it is frequently found 
along with the elevated sessile or papillary 
lesions. Presentation of high-grade non-muscle- 
invasive bladder cancer is similar to that of low- 
grade tumors, with initial diagnosis usually 
triggered by microscopic or gross hematuria, 
although irritative bladder symptoms may also be 
present, particularly in the presence of CIS. These 
are much less common with low-grade bladder 
cancer. All or nearly all high-grade lesions in the 
bladder if left untreated have a tendency to invade 
deep into the bladder wall, eventually producing 
metastases, although the latter usually does not 
occur until the tumor extends at least to detrusor 
muscle (stage T2). In particular, despite presence 
of vascular and lymphatic spaces in the lamina 
propria, patients treated with cystectomy for 
high-grade lamina-propria invasive bladder can-
cer (i.e., stage T1 as the highest clinical or patho-
logic stage) usually have a favorable prognosis, 
particularly if no lymphovascular invasion (LVI) 
or CIS is identifi ed microscopically. For exam-
ple, in one recent study of 101 cystectomy    
patients with stage T1 as the highest clinical or 
pathologic stage, only six patients (6 %) had LVI, 
but with median follow-up of 38 months, four of 
these (67 %) experienced disease recurrence and 
three (50 %) died from bladder cancer [ 52 ]. In 
patients without LVI, recurrence and mortality 
rates were 8 % and 3 % respectively. In this study, 
all recurrences occurred in the patients who had 
either LVI or CIS [ 52 ]. 

 Because high-grade bladder cancer usually 
does not produce metastases until the detrusor 
muscle is invaded, the initial management of 
high-grade, clinical stage Ta/T1 tumors is often 
conservative, consisting of TURBTs and intra-
vesical therapy. Nevertheless this approach has 
been a subject of controversy, because the risk of 
progression to muscle-invasive disease is high, 
particularly in the presence of concurrent CIS 
(Tables  1.3  and  1.4 ). Isolated CIS when found in 
the absence of other lesions is also associated 
with a signifi cant risk of progression if left 
untreated or if treatment fails to completely eradi-
cate it [ 53 ,  54 ]. Another issue with conservative 
management of high-grade non-muscle invasive 

bladder cancer is the problem of understaging. 
Some of these tumors, particularly those invading 
the lamina propria based on the TURBT pathol-
ogy, are under-staged T2 if not more advanced 
lesions. For example, in patients diagnosed with 
high-grade T1 bladder cancer on initial TURBT 
which involved sampling of the detrusor muscle, 
repeated TURBT revealed presence of T2 disease 
in 14 % of the cases [ 55 ], while cystectomy, when 
performed resulted in upstaging to stage T2 or 
greater in 23 % of the cases [ 56 ]. If initial TURBT 
specimen did not contain the detrusor muscle, but 
lamina propria invasion was present, upstaging to 
stage T2 may occur in up to 50 % of all high-
grade T1 cases on repeated TURBT [ 55 ]. Because 
high-grade T1 lesions are associated with high 
risk of progression and some of these cancers in 
fact represent under-staged T2 if not more 
advanced disease, radical cystectomy is consid-
ered an option for some patients presenting with 
high-grade T1 bladder cancer, particularly those 
with large tumors and concurrent CIS [ 51 ].  

1.2.3     Muscle-Invasive Bladder 
Cancer 

 These tumors account for 20–25 % of all bladder 
cancer cases diagnosed in the US. Almost all are 
of high grade, with highly aggressive natural his-
tories. Invasion of detrusor muscle is a critical 
event in disease progression because at that point, 
the risk of lymphatic and hematogenous spread 
becomes very high. Lymphatic spread usually 
occurs to the internal and external iliac chains, 
and obturator nodes, and less commonly to sacral, 
presacral and presciatic nodes. The common iliac 
chain and the retroperitoneal nodes can be 
involved later in the course of disease. Distant 
metastases usually develop in the lungs, liver, and 
bone [ 57 ,  58 ]. Presentation of muscle-invasive 
bladder cancer may involve microscopic and 
gross hematuria, as well as symptoms resulting 
from direct tumor extension or metastases. 

 In the US, the fi rst-line therapy for muscle- 
invasive bladder cancer in the absence of known 
metastases is radical cystectomy with pelvic 
lymphadenectomy [ 59 ]. Systemic platinum- based 
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combination chemotherapy can be given before or 
after surgery for treatment of micro- metastases 
which are unfortunately very common. 
Multimodality bladder-sparing protocols consist-
ing of aggressive TURBTs, systemic multidrug 
chemotherapy and pelvic radiation also exist, but 
these have not been directly compared to radical 
cystectomy in randomized trials. Partial cystec-
tomy may be an option in some patients [ 59 ]. 
Overt metastatic disease is treated with systemic 
chemotherapy [ 59 ]. 

 Unfortunately, extravesical involvement by 
direct extension and discontinuous spread usually 
occurs early in the natural history of muscle- 
invasive bladder cancer but often cannot be detected 
at initial diagnosis by currently available methods 
of clinical staging. In particular, patients with 
biopsy-confi rmed muscle-invasive bladder cancer 
are evaluated for evidence of extravesical disease 
by physical examination, liver function tests, com-
puted tomography (CT) of the abdomen and pelvis, 
a chest x-ray (or CT of the chest), and a bone scan. 
It is possible that magnetic resonance imaging 
(MRI) and 18F-fl uorodeoxyglucose positron emis-
sion (PET) CTs may improve local and regional 
staging to some degree, but this has to be shown in 
large prospective studies in which all subjects are 
surgically staged. Currently, imaging results in 
substantial under-staging of the true extent of mus-
cle-invasive disease. For example, in one recent 
study, among 135 patients with biopsy-confi rmed 
muscle-invasive bladder cancer treated with radical 
cystectomy without neo-adjuvant chemotherapy, 
only 29 patients (21 %) had evidence of direct 
extravesical extension (stage T3/T4) based on clin-
ical staging, but pathologic stage T3/T4 was found 
in 85 of the patients (63 %) [ 60 ]. Similarly, any 
regional adenopathy was present by imaging in 
only 15 of 135 patients (11 %), but pathologically 
positive nodes were found in 58 patients (43 %) 
[ 60 ]. During a median follow-up of 32 months, 44 
of 135 patients (33 %) died from bladder cancer, 
and this percentage would undoubtedly increase 
with longer follow-up [ 60 ]. Similar or more 
extreme under-staging and treatment failure rates 
have been reported from other recent series 
 [ 61 – 63 ]. Such high failure rates of defi nitive local 
treatment are primarily explained by presence of 
occult micro-metastatic disease in many patients 

with muscle-invasive bladder cancer. According to 
SEER data, overall case-fatality for muscle- 
invasive bladder cancer in the US (all stages com-
bined) is approximately 45 % for men and 55 % for 
women [ 34 ]. 

 Although all muscle-invasive bladder tumors 
should be considered of high risk in terms of 
disease- specifi c mortality, there are several tumor 
characteristics that clearly modify this risk. As 
would be expected, patients presenting with vis-
ceral metastases generally have very poor prog-
nosis, with median survival of approximately 10 
months despite systemic multi-agent chemother-
apy [ 58 ], although even in this high-risk group, 
average survival varies to some extent according 
to the number of metastatic sites, the baseline 
performance status, and presence of leukocytosis 
[ 64 ]. In the M0/MX patients, the presence and 
the extent of nodal metastases, the T stage, and 
the presence of LVI are important predictors of 
the clinical course of the disease. 

 Node-positive M0/MX bladder cancer is a 
very aggressive disease generally associated with 
poor prognosis (even with cystectomy), although 
outcomes vary to some extent according to the 
degree of nodal involvement [ 65 ], the extent of 
lymphadenectomy [ 66 ], the T-stage [ 67 ], and the 
use of systemic chemotherapy [ 68 ]. The average 
5-year survival of patients with node-positive 
bladder cancer is between 20 and 40 %, depend-
ing on the above-mentioned factors [ 62 ,  67 ]. The 
prognosis may be relatively more favorable for 
those with only one or two positive nodes out of 
20 or more nodes examined and no direct extra-
vesical extension of the tumor. Administration of 
adjuvant chemotherapy may also improve out-
comes, although the quality of level 1 evidence on 
this has been debated [ 68 ]. Lymphadenectomy in 
itself is believed to be potentially curative in some 
patients with nodal involvement [ 66 ,  69 ]. For 
example, in one study, 84 patients all with grossly 
(palpable) and pathologically node- positive blad-
der cancer were treated with radical cystectomy 
with extended pelvic lymph node dissection and 
followed for at least 10 years [ 69 ]. Systemic che-
motherapy was given at recurrence but none of the 
patients received it adjuvantly. Despite this, at 10 
years of follow-up, 20 (24 %) of the patients had 
no history of recurrence, of which 16 were alive 
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and 4 died from causes other than bladder cancer. 
The remaining 64 (76 %) patients died from blad-
der cancer [ 69 ]. These fi ndings strongly suggest 
that nodal metastases of bladder cancer may occur 
in the absence of distant spread and can be 
resected at least in some patients. Indeed, in many 
observational studies the extent of pelvic lymph-
adenectomy was positively correlated with over-
all survival [ 66 ,  70 ]. A clinical trial of standard 
versus extended pelvic lymphadenectomy during 
cystectomy for muscle- invasive bladder cancer 
(NCT01224665) is underway. 

 The depth of the bladder wall invasion is also 
a strong predictor of clinical behavior of muscle- 
invasive bladder cancer, predicting the risk of 
nodal metastases as well as that of disease- 
specifi c mortality in patients with a given nodal 
status. For example, in one SEER study of 2,388 
patients with pT2b-pT3b bladder cancer treated 
with radical cystectomy, the risk of nodal metas-
tases increased with increasing T sub-stage in a 
dose–response fashion (pT2b = 20 %, 
pT3a = 36 %, pT3b = 48 %, trend  P  < 0.001) [ 67 ]. 
In this study, penetration of the bladder wall by 
direct extension of the tumor (even if micro-
scopic) was also a strong predictor of disease- 
specifi c and overall survival in patients with a 
given nodal status. For example, compared with 
stage pT2b, stage pT3a was associated with a 
twofold increase in disease-specifi c mortality in 
node-negative patients (HR = 2.00, 95 % CI: 
1.89–2.53) and a more than 50 % increase in 
disease- specifi c mortality in node-positive 
patients (HR = 1.57, 95 % CI: 1.16, 2.13), after 
adjusting for the number of nodes examined and 
the number of positive nodes [ 67 ]. 

 Association of the T stage with disease- 
specifi c and overall survival independent of the 
nodal status and other prognostic factors has also 
been reported in many other studies [ 62 ,  65 ,  66 ]. 
This is probably because more advanced T stage 
increases the risk of distant hematogenous spread 
as well as the risk of local recurrence in addition 
to its effect on the risk of nodal metastases. 
Interestingly, some patients with biopsy- 
confi rmed muscle-invasive disease treated with 
radical cystectomy have no residual tumor in the 
cystectomy specimen (stage pT0). In the absence 
of systemic neo-adjuvant chemotherapy, this 

occurs in about 5–15 % of all patients, while with 
platinum-based neo-adjuvant chemotherapy, the 
frequency of stage pT0 has been reported at 
20–38 % [ 60 ,  71 ,  72 ]. Despite invasion of detru-
sor muscle in the TURBT specimen, patients 
with stage pT0 at the time of cystectomy have 
very favorable prognosis, with overall 5-year sur-
vival of approximately 85 % [ 71 ]. 

 Another factor that may help predict the 
behavior of muscle-invasive bladder cancer is the 
presence of lymphovascular invasion (LVI). For 
example, in one study, in 374 patients with patho-
logically organ-confi ned bladder cancer (stage 
<T3 with negative nodes), 5-year survival was 
75 % in those without LVI and 52 % in those with 
LVI [ 73 ]. In patients with direct extravesical 
extension with negative nodes, and in patients 
with positive nodes, presence of LVI was also 
associated with decreased survival [ 73 ]. Similar 
results were reported from many other studies, 
with LVI as an independent predictor of survival 
in patients with a given T stage and a given nodal 
status [ 60 ,  74 – 76 ]. 

 In summary, muscle-invasive bladder cancer 
is usually a life-threatening illness with highly 
aggressive natural history. Prognosis is particu-
larly poor for those presenting with distant 
metastases, but even among patients with a nega-
tive metastatic workup at presentation, positive 
nodes are frequently found at the time of cystec-
tomy, and distant recurrences involving the 
lungs, liver, or bone are common. Patients with 
direct extravesical extension of the tumor and 
with evidence of lymphovascular invasion are at 
particularly high risk for metastatic disease. On 
the other hand, those with no residual disease in 
the cystectomy specimen generally have favor-
able prognosis.      
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2.1            Introduction 

 Bladder cancer is the 4th most common cancer in 
males (6 % of all cancers diagnosed) and the 11th 
most common cancer in females in the US in 
2013 [ 1 ]. Overall, bladder cancer is the sixth most 
common cancer in the US with 72,570 estimated 
new cancer cases (54,610 in males and 17,960 in 
females) and 15,210 estimated deaths (10,820 in 
males and 4,390 in females) in 2013 [ 1 ]. Non-
muscle-invasive bladder cancers account for 
approximately three-fourth of all new diagnosed 
bladder cancers, and can be subdivided into low-
grade and high-grade disease. Low-grade disease 

usually lacks the tendency to progress into 
 muscle-invasive disease and remains rather indo-
lent and not threatening to survival despite its ten-
dency for frequent recurrence. In contrast, high-
grade disease can progress to muscle invasion, 
which carries a signifi cantly worse prognosis and 
can lead to severe morbidity due to the need for 
aggressive therapy to eradicate the disease from 
the bladder. The lifetime probability (from birth to 
death) of developing bladder cancer is 3.81 % in 
males and 1.15 % in females [ 1 ]. Depending on 
the stage of cancer at time of diagnosis the sur-
vival rates vary. Unfortunately, approximately 
one-fourth of all patients present with muscle-
invasive or metastatic disease at diagnosis which 
leads to a poor prognosis for these patients. 
Patients with organ confi ned muscle-invasive 
bladder cancer at diagnosis have an estimated 
70 % 5-year survival rate, while the patients with 
presence of regional or distal metastasis have 
approximately 33 % and 6 % 5-year survival, 
respectively [ 1 ]. Outcomes for patients with blad-
der cancer have not signifi cantly improved in the 
last 25 years, so better methods for detection of 
bladder cancers before invasion or metastasis as 
well as better treatment options are needed to 
improve survival [ 2 ]. 

2.1.1    Basic Rationale for Screening 

 The concept underlying screening is to diagnose 
diseases in an asymptomatic population before 
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symptoms of the disease develop and to improve 
outcomes compared to the natural history of the 
disease. One test or a combination of different 
tests can be used, which should be cost-effective 
and accurate. Since screening focuses on an 
asymptomatic population at variable risk for the 
disease, the invasiveness of the diagnostic tests 
should be as low as possible so benefi ts will out-
weigh risks of screening. The National Cancer 
Institute published a statement in which three 
requirements were determined to be fulfi lled to 
have effi cacy of screening [ 3 ]:
    1.    Screening leads to earlier disease detection 

than if the cancer would have been detected 
because of symptoms.   

   2.    Earlier detection and therefore earlier treat-
ment can improve the overall outcome of the 
disease.   

   3.    Prospectively collected screening results show 
a decrease in disease-specifi c mortality and an 
improvement in overall survival.    
  There are potential issues with screening that 

need to be considered. There is a risk for overdi-
agnosis of indolent disease which may lead to 
overtreatment. This is particularly problematic in 
prostate cancer as diagnosis often results in treat-
ment with either radical prostatectomy or radia-
tion therapy. Therapy for prostate cancer results 
in signifi cant morbidity and decreased quality of 
life for many patients due to issues such as erec-
tile dysfunction, urinary incontinence, urinary 
voiding dysfunction, or anxiety. One potential 
advantage of screening in bladder cancer is the 
relative minimal morbidity associated with 
removing bladder tumors. Second, the accuracy 
of the screening test is also important since false- 
positive results can lead to patient anxiety and 
unnecessary testing with attendant complications 
and cost. Furthermore, false-negative fi ndings in 
a cohort at risk may lead to a false sense of 
 security. Finally, benefi ts of population-based 
screening should outweigh the risks and show 
cost-effi cacy before widespread utilization. 

 Interpretation of the benefi t of screening based 
on provided data is subject to important biases 
termed lead- and length-time bias. Lead-time 
bias is a statistical distortion of results which can 
occur because a disease is diagnosed earlier than 

it would have if it was diagnosed following the 
onset of symptoms. The additional “lead time” 
could be falsely interpreted as an increase in sur-
vival. Length-time bias occurs because screening 
studies are more likely to detect patients with 
slower growing, less aggressive tumors simply 
because these patients have a longer period of 
time in the asymptomatic phase than faster grow-
ing tumors. Since these slower growing tumors 
are less likely to result in cancer-related death 
than the faster-growing tumors, persons with can-
cer detected through screening will seem to do 
better than persons with tumor detected without a 
screening test.  

2.1.2     Basic Rationale for Screening 
for Bladder Cancer 

 Demographic facts have to be taken into account 
when discussing screening for bladder cancer. A 
screening test is most effective when the targeted 
disease either displays a high incidence or a high 
mortality [ 4 ]. Bladder cancer has a lower inci-
dence and mortality than breast and colon cancer, 
but higher incidence rates than cervical cancer 
[ 1 ]. However, the incidence rates include all 
grades (low and high grade) and stages (invasive 
as well as non-invasive). Since the low-grade 
cancers are in most cases not life-threatening, 
their early detection will have minimal impact on 
survival and the impact of screening on the detec-
tion of high-grade or invasive cancers is most 
critical [ 2 ]. Based on the current incidence and 
the fact that low-grade non-invasive tumors con-
stitute approximately 40–50 % of all bladder can-
cers, screening the whole population is unlikely 
to be effective. In order for bladder cancer screen-
ing to be considered, a high-risk cohort needs to 
be identifi ed. There are several well-known risk 
factors for bladder cancer including increasing 
age and male gender [ 1 ]. The risk to develop 
bladder cancer increases signifi cantly with rising 
age (probability of developing bladder cancer: 
0.37 % in men under 60 years old and 3.69 % in 
men over 70 years old). Also the incidence of 
bladder cancer is signifi cantly higher in men 
(37.5/100,000 men vs. 9.3/100,000 women). 
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Most bladder cancers result from smoking or 
less frequently environmental exposures. Risk 
factors for bladder cancer can be acquired 
through  exposure to a carcinogen such as ciga-
rette smoke, aromatic amines, or polycyclic aro-
matic hydrocarbons [ 5 ,  6 ]. These carcinogens 
can be subdivided in occupational (aromatic 
amines, polycyclic aromatic hydrocarbons) and 
non- occupational risk factors (smoking). 
Smokers have a four- to fi vefold higher risk of 
developing bladder cancer compared to non-
smokers [ 5 ]. Other risk factors can be determined 
genetically, like a positive family history or 
known predisposing syndromes like the Lynch 
Syndrome [ 7 – 9 ]. The probability of overdiagno-
sis of bladder cancer with screening seems negli-
gible since invasive bladder cancers found at 
autopsies are extremely rare, suggesting that 
most invasive cancers become symptomatic in a 
rather short timeframe [ 10 ].   

2.2      Urine Markers: What Possible 
Tools Do We Have And How 
Good Are They? 

 At this time bladder cancer is diagnosed in patients 
who are found to have blood in the urine. As such, 
the most commonly used tool to screen for bladder 
cancer has been to look for microscopic blood in 
the urine. Several urine-based tumor markers have 
also been investigated for their potential role in 
screening for bladder  cancer, detection of bladder 
cancer in patients with micro-hematuria as well as 
for surveillance of recurrent bladder cancer. To 
date, none of them could demonstrate suffi cient 
performance (sensitivity, specifi city, and positive 
predictive value) to be recommended for screen-
ing. In this chapter, we will review the data avail-
able for tests that have been previously utilized for 
bladder cancer screening. 

2.2.1    Dipstick Hematuria Testing 

 Dipstick testing of freshly voided urine is used 
commonly to evaluate the presence or absence 
of micro-hematuria, is inexpensive and gives 

 immediate results. It can be done in the offi ce or 
at home by the patients themselves after only little 
training. The test does not require intact red blood 
cells and can detect micro-hematuria with a sensi-
tivity of 0.91 and a specifi city of 0.99 [ 11 ,  12 ]. 

 Unfortunately, there is a high prevalence of 
microscopic hematuria in the adult population (as 
high at 10–14 %) and most do not have bladder 
cancer with rates of 2–5 % in referred popula-
tions [ 13 ]. As such, the low positive predictive 
value (PPV) results in many unnecessary work-
ups with resultant cost and anxiety. Unfortunately, 
dipstick performance in detection of bladder can-
cer is even less effective and results in a sensitiv-
ity of 0.52 and a specifi city of 0.82 over all stages 
and grades [ 14 ]. Sensitivity is better for higher 
grade and higher stages of disease.  

2.2.2    Cytology 

 Cytology is used high frequently to assess malig-
nant, suspicious, or atypical cells in voided urine 
samples. It is a subjective procedure with high 
intra-observer variability and the results are not 
available immediately. Overall sensitivity of 
cytology is very low (approximately 34 %) but 
can be as high as 80–90 % for high-grade disease. 
It benefi ts form a very high specifi city of 95–99 % 
which exceeds all available markers [ 14 ]. 
Cytology has not been studied suffi ciently in the 
screening setting to determine its performance, 
especially when considering that many screened 
tumors may be smaller than those detected symp-
tomatically. Furthermore, the test is relatively 
expensive since requires preparation and a 
pathologist to interpret results.  

2.2.3     Nuclear Matrix Protein 22 
(NMP-22) 

 The BladderChek NMP-22 test (Alere Inc., 
Waltham, MA, USA) is a point-of-care assay in 
which freshly voided urine is tested for presence 
or absence of nuclear matrix proteins, which are 
preferentially released into the urine during cell 
destruction as commonly present in malignancies. 

2 Screening for Bladder Cancer
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Because of its superior sensitivity compared to 
cytology, the US food and drug administration 
(FDA) approved NMP-22 for detection of bladder 
cancer in patients with hematuria and surveillance 
of patients with a positive history of bladder can-
cer [ 15 ,  16 ]. Overall sensitivity is 0.73 and speci-
fi city is 0.80, also with better performance in 
higher grades and higher stages [ 14 ]. As other 
markers, the performance of NMP-22 has been 
primarily assessed in patients with bladder cancer 
or at risk for bladder cancer and needs to be better 
defi ned in a screened population.  

2.2.4     Fluorescence In Situ 
Hybridization Assay (FISH) 

 The UroVysion FISH assay (Abbott Inc., Abbott 
Park, IL, USA) is a laboratory multi-target essay 
that detects aneuploidy of chromosomes 3, 7, 
and 17 as well as loss of 9p21 and in cells in 
voided urine with an overall sensitivity of 0.71 in 
patients with a history of bladder cancer and a 
specifi city of 0.95 in healthy volunteers without 
a history of bladder cancer [ 17 ]. The specifi city 
is generally lower in patients undergoing evalua-
tion for bladder cancer (between 0.84 and 0.94) 
[ 18 ]. Furthermore, the lab-based assays have a 
considerably higher cost then point-of-care tests 
and this has a detrimental impact on their cost- 
effectiveness in the setting of screening large 
populations.  

2.2.5    ImmunoCyt Test 

 Bladder cancer markers present on exfoliated 
cells in voided urine are detected by various fl uo-
rescent antibodies (19A211, M344, and LDQ10) 
of the ImmunoCyt test (DiagnocureInc, Québec, 
QB, Canada/Scimedx, Denville, NJ, USA) and 
evaluated in conjunction with cytology. This test 
is FDA-approved for surveillance of bladder can-
cer and not for detection at this time. Unfortunately 
this test is a laboratory test only, but reaches a 
sensitivity of 0.86 and a specifi city of 0.79. 
Noteworthy is its overall good performance 
regardless of grade or stage of the tumors [ 19 ].  

2.2.6    Bladder Tumor Antigen (BTA) 

 BTA-Stat and BTA-Trak are semi-quantitative 
and quantitative immunoassays detecting com-
plement factor H (CFH) and related proteins 
(CFH-rp) in voided urine as a point-of-care test 
[ 20 ,  21 ]. BTA-Stat has a sensitivity of 0.71 and a 
specifi city of 0.73 whereas BTA-Trak has a sen-
sitivity of 0.69 and a specifi city of 0.90 overall 
[ 14 ]. Best performance of both tests is in detec-
tion of tumors with higher grades and higher 
stages [ 14 ].   

2.3     Screening for Bladder 
Cancer: What Data Is Out 
There? 

2.3.1     Screening of the General 
Population 

 There have been only few studies investigating 
screening for bladder cancer in the general popu-
lation (Table  2.1 ). Messing et al. tested 1,575 
men (45 % of men solicited), older than 50 years 
for hematuria via repetitive home screening with 
urine dipstick testing [ 22 ]. The patients were 
advised to carry out daily urine testing for 14 
days and if results were all negative, to repeat 
testing 9 months later for another 14 days. 
Patients with one or more positive tests were rec-
ommended to have a complete workup including 
intravenous urogram, cystoscopy, and cytology. 
A control group ( n  = 509) was formed with data 
from the Wisconsin Cancer Reporting System 
(WCRS) which is a population-based tumor reg-
istry. Screening and control population had a 
similar mean age of 64.8 and 64.0 years and a 
comparable amount of smokers 15.9 and 22.0 % 
for current smokers at the time of study and 44.0 
and 47.0 % former smokers. In the screening 
group 258 (16.4 %) men had positive dipstick 
testing and underwent evaluation as mentioned 
above. A total of 21 bladder cancers (1.33 %) 
were found on these evaluations and were treated 
according to tumor stage and grade. There was no 
signifi cant difference found in the detected 
 bladder cancers in proportion of low-grade and 

L.-M. Krabbe et al.



       Ta
b

le
 2

.1
  

  Sc
re

en
in

g 
fo

r 
bl

ad
de

r 
ca

nc
er

 in
 th

e 
ge

ne
ra

l p
op

ul
at

io
n 

an
d 

he
av

y 
sm

ok
er

s   

 St
ud

y 
au

th
or

 
 C

ou
nt

ry
 

 St
ud

y 
tim

e 
 Po

pu
la

tio
n 

ta
rg

et
ed

 

 N
o.

 o
f 

to
ta

l 
pa

tie
nt

s 
in

 
st

ud
y 

 Pr
im

ar
y 

te
st

 

 N
o.

 o
f 

po
si

tiv
e 

te
st

s 
(%

) 
 Fu

rt
he

r 
te

st
s 

 N
o.

 o
f 

po
si

tiv
e 

fu
rt

he
r 

te
st

s 
(%

) 
 D

ia
gn

os
tic

 
pr

oc
ed

ur
e 

 N
o.

 o
f 

di
ag

no
st

ic
 

pr
oc

ed
ur

es
 

 N
o.

 o
f 

bl
ad

de
r 

ca
nc

er
 

fo
un

d 

 %
 o

f 
bl

ad
de

r 
ca

nc
er

 f
ou

nd
 

in
 to

ta
l 

po
pu

la
tio

n 

  G
en

er
al

 p
op

ul
at

io
n  

 M
es

si
ng

 
et

 a
l. 

[ 2
2 ]

 
 U

SA
 

 19
89

–1
99

2 
 M

en
 >

50
 y

ea
rs

 
 1,

57
5 

 D
ip

st
ic

k 
 25

8 
(1

6.
4)

 
 – 

 – 
 C

ys
to

sc
op

y 
 25

8 
 21

 
 1.

33
 

 B
ri

tto
n 

et
 a

l. 
[ 2

4 ]
 

 U
K

 
 19

89
–1

99
2 

 M
en

 >
60

 y
ea

rs
 

 2,
35

6 
 D

ip
st

ic
k 

 47
4 

(2
0.

1)
 

 – 
 – 

 C
ys

to
sc

op
y 

 31
7 

 17
 

 0.
72

 

 H
ed

el
in

 
et

 a
l. 

[ 2
6 ]

 
 Sw

ed
en

 
 B

ef
or

e 
20

06
 

 M
en

 6
0–

70
 y

ea
rs

 
 1,

09
6 

 D
ip

st
ic

k 
 17

4 
(1

5.
9)

 
 – 

 – 
 C

ys
to

sc
op

y 
(w

hi
te

- l
ig

ht
 +

 
fl u

or
es

ce
nt

) 

 17
4 

 7 
 0.

64
 

 B
an

gm
a 

et
 a

l. 
[ 3

1 ]
 

 T
he

 
N

et
he

rl
an

ds
 

 20
08

–2
00

9 
 M

en
 5

0–
75

 y
ea

rs
 

 1,
74

7 
 D

ip
st

ic
k/

U
B

C
 

 40
9 

(2
3.

4)
 

 N
M

P-
22

, M
A

, 
FG

FR
3,

 C
H

3 
 75

 (
18

.3
) 

 C
ys

to
sc

op
y 

 71
 

 4 
 0.

23
 

 To
ta

l 
 – 

 – 
 M

en
 >

50
 y

ea
rs

 
 6.

77
4 

 D
ip

st
ic

k 
 1.

31
5 

(1
9.

4)
 

 – 
 – 

 C
ys

to
sc

op
y 

 82
0 

 49
 

 0.
72

 
  H

ea
vy

 s
m

ok
er

s  
 St

ei
ne

r 
et

 a
l. 

[ 3
5 ]

 
 A

us
tr

ia
 

 20
07

 
    Sm

ok
er

s 
≥4

0 
PY

 
 18

3 
 D

ip
st

ic
k,

 
N

M
P-

22
, 

C
yt

ol
og

y,
 F

IS
H

 

 75
 (

40
, 9

) 
 – 

 – 
 C

ys
to

sc
op

y 
 75

 
 3 

 1.
64

 

 L
ot

an
 

et
 a

l. 
[ 3

6 ]
 

 U
SA

 
 20

06
–2

00
7 

 >
50

 y
ea

rs
, s

m
ok

in
g 

>
10

 y
ea

rs
, 

oc
cu

pa
tio

na
l 

ex
po

su
re

 >
15

 y
ea

rs
 

 1,
50

2 
 N

M
P-

22
 

 85
 (

5.
7)

 
 – 

 – 
 C

ys
to

sc
op

y 
 69

 
 3 a   

 0.
13

 

 To
ta

l 
 – 

 – 
 H

ea
vy

 s
m

ok
er

s 
 1,

68
5 

 V
ar

io
us

 
 16

0 
(9

.4
) 

 – 
 – 

 C
ys

to
sc

op
y 

 14
4 

 6 
 0.

36
 

   a  1
 m

ar
ke

d 
at

yp
ia

  



22

high- grade cancers between the screening 
(52.4 % vs. 47.7 %) and control group (60.3 % 
vs. 39.7 %), but the proportion of invasive high-
grade cancers was signifi cantly lower in the 
screening group (10 % vs. 60 % of all high-grade 
tumors detected and 4.8 % vs. 23.5 % of all can-
cers detected,  p  = 0.02) [ 23 ]. The long-term out-
comes showed that none of the men who had a 
cancer detected through screening died of blad-
der cancer, while 20.4 % of the patients with 
bladder cancer in the control group died of dis-
ease ( p  = 0.02) and suggested a signifi cant reduc-
tion in mortality from bladder cancer.

   In a similar effort Britton et al. screened 2,356 
men, older than 60 years, with weekly urine dip-
stick testing for a total of 10 weeks, without any 
repeat testing when results were negative [ 24 ]. 
Similar to Messing et al. [ 22 ], 474 (20 %) had a 
positive urine dipstick for hematuria and 319 
underwent evaluation of hematuria. There were 
17 (0.7 % of total study population and 3.5 % of 
men with hematuria) patients diagnosed with 
bladder cancer (out of which ten men had a posi-
tive cytology). As in the Messing cohort, approx-
imately 53 % (9 of 17) of patients had high-grade 
disease but screening resulted in a signifi cant 
reduction in the detection of muscle-invasive dis-
ease with no patients found by Britton to have 
muscle-invasive disease. Outcome results did not 
match the results of the Messing study however, 
since fi ve of nine (56 %) patients with high-grade 
bladder cancer progressed to muscle-invasive 
bladder cancer, and three (33.3 %) died of disease 
as well as three died from unrelated causes [ 25 ]. 
No control group was available in this study, so 
understaging at the time of diagnosis or under-
treatment of disease for high-grade tumors is a 
possibility. 

 In 2006, Hedelin et al. reported about a cohort 
of asymptomatic men (age 60–70 years) from 
Scandinavia [ 26 ]. They included 1,096 (55 % of 
invited men) and used urine dipstick, urinary 
bladder cancer test (UBC), and international 
prostate symptom score (IPSS) as screening 
tools. Patients with a positive urine test or IPSS 
>10 were evaluated with white-light and fl uores-
cence cystoscopy. Seven tumors were detected 
with white-light cystoscopy, all in patients that 

had a history of smoking (two in patients without 
hematuria, but positive UBC test). No additional 
tumors were detected with fl uorescence cystos-
copy. The authors concluded that UBC and fl uo-
rescence cystoscopy were not useful in screening, 
and the high rate of micro-hematuria (25 %), 
without corresponding malignant disease, made 
screening of the general population ineffective. 

 The most recent study comes out of the 
Netherlands. With the aim to see if general popula-
tion screening is feasible and to fi nd a way to 
reduce cystoscopies, Roobol et al. initiated a pro-
spective trial in which Dutch men aged 50–75 
could participate [ 27 ]. A total of 6,500 men were 
invited to participate and were trained to conduct 
14 consecutive, daily home urine dipstick testing. 
If one or more results were positive, participants 
were recommended to undergo further evaluation 
consisting of more urine tests using molecular 
markers in the fi rst instance. Further urine tests 
consisted of NMP-22, microsatellite analysis 
(MA), fi broblast growth factor receptor (FGFR3), 
and multiplex ligation-dependent probe amplifi ca-
tions (MLPA) [ 28 – 30 ]. Recently, the fi nal results 
were reported [ 31 ] with 1,747 men undergoing 
hematuria testing of which 409 men (23.4 %) 
tested positive with urine dipstick. Of these, 385 
(94.1 %) men underwent subsequent testing for 
the other urine markers mentioned and 75 (18.3 %) 
had one or more positive test results and were 
referred for cystoscopy. Cystoscopy was per-
formed on 71 (94.7 %) subjects and four bladder 
cancers (0.2 % of total population tested and 1 % 
of men with positive dipstick) and one kidney 
tumor were detected. Patients with positive mark-
ers, but negative cystoscopy were asked to undergo 
rescreening 6 months later. From linkage with the 
Dutch Cancer Registry one bladder cancer and one 
kidney cancer were missed by the screening proto-
col. Interestingly, three of four detected bladder 
cancers by protocol were in non-smokers, whereas 
the cohort had 58 % former smokers and 17.1 % 
current smokers. Also 36 % of the cohort stated a 
history of occupational exposures, but there was 
no signifi cant difference between positive dipstick 
or positive molecular markers and smoking or 
occupational exposure. While use of a second-step 
combination of molecular urine markers resulted 
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in a  signifi cant reduction of cystoscopies with very 
few missed cancers, the low number of cancers 
detected and high cost demonstrated minimal ben-
efi t of screening an asymptomatic unselected 
population.  

2.3.2     Screening of Non- 
occupational High-Risk 
Populations 

 Targeted screening of high-risk patients increases 
the cancer yield and reduces the number of 
unnecessary evaluations. Identifi cation of risk is 
an important component of screening for all can-
cers. Age is the primary risk factor in deciding 
when to screen for colon, breast and prostate can-
cer since cancer is typically a disease of the 
elderly. Similarly, any strategy to screen for blad-
der cancer will require a determination of risk 
and will be limited to the highest risk cohort, 
which will allow screening to be practical and 
cost-effective. 

2.3.2.1     Defi nition of High-Risk 
Populations 

 As mentioned above (Sect.  2.2 ) various risk fac-
tors increase the chance for developing bladder 
cancer. A positive family history generates a two- 
to sixfold increased relative risk (RR) to develop 
bladder cancer, but this only accounts for around 
2 % of total bladder cancer diagnoses [ 7 ]. Also 
tumor predisposing syndromes like the Lynch 
syndrome (see section “ Screening in Patients 
with Lynch syndrome ”) increase the RR for 
developing bladder cancer up to 5.42 depending 
on genetic mutation present [ 3 ]. Non-genetic, 
acquired risk factors include smoking, occupa-
tional exposure and others like certain medica-
tions (thiazolidinediones, cyclophosphamide, 
and phenacetin), radiation exposure, exposure to 
herbs containing aristolochic acids, infections 
and chronic irritation due to indwelling catheters. 
Smoking is the leading cause of bladder cancer 
with an increased RR for former and current 
smokers (defi ned as >10 cigarettes/day). RR for 
current smokers is 4–5 times higher than for 
 non- smokers and even former smokers kept an 

increased RR of 1.3–2.7 for men and 1.8–3.8 
for women, depending on intensity of former 
 smoking, with the tendency to persist through 
time after quitting [ 5 ,  32 ]. Occupational exposure 
to aromatic amines or polycyclic aromatic hydro-
carbons has an elevated RR between 1.16 and 
1.23. The attributable risk is the amount of dis-
ease incidence that can be attributed to a specifi c 
exposure. Attributable risk is calculated by taking 
the difference in incidence of disease between 
exposed and non-exposed individuals. The attrib-
utable risk of bladder cancer from occupational 
exposures is 4.2–7.4 % [ 33 ]. There is also a gen-
der and age-associated risk with men and older 
subjects exhibiting higher rates of bladder cancer 
as noted previously. 

 There have been attempts to quantify the 
degree of risk by establishing predictive models. 
A study by Wu et al. including 678 white bladder 
cancer patients and 678 controls found that sig-
nifi cant risk factors for bladder cancer included 
pack-years smoked and exposures to diesel, aro-
matic amines, dry cleaning fl uids, radioactive 
materials, and arsenic [ 34 ]. This model yielded 
good discriminatory ability (AUC = 0.70; 95 % 
CI, 0.67–0.73) but improved to 0.80 (95 % CI, 
0.72–0.82) when mutagen sensitivity data were 
incorporated. Mutagen analysis is expensive at 
this time and may not be practical for broad- 
based screening. Furthermore, this will need to 
be validated in prospective studies. Decision- 
analysis techniques were applied by Vickers et al. 
based on the occurrence of high-grade or invasive 
bladder cancer in the Prostate, Lung, Colorectal 
and Ovarian Cancer Screening Trial (PLCO) [ 7 ]. 
The PLCO included 149,619 individuals of 
55–75 years of age and a risk score for bladder 
cancer was defi ned that consisted of four vari-
ables that could sum up to reach 0–11 points total 
(2 points for age >65; 2 points for smoking his-
tory >10–19 pack-years, 4 points for smoking 
history >20 pack-years, 4 points for male sex and 
1 point for positive family history). If people with 
>6 points (around 25 % of the population) were 
screened for bladder cancer, 57 cases of high- 
grade or invasive bladder cancer per 100,000 
people could be detected. Screening the total 
population would detect only 38 further cases at 
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much higher costs. The assumption is that earlier 
detection would also reduce mortality if the cases 
can be identifi ed before the cancer became 
invasive.  

2.3.2.2     Evidence of Screening on high- 
risk populations 

 Few studies have been published concerning 
high-risk populations for bladder cancer. Two 
groups have presented results of screening in a 
high-risk smoking population (Table  2.1 ) and 
very diverse studies have shown confl icting 
results in screening people with occupational 
exposure (Table  2.2 ).

     2.3.2.2.1  Heavy Smokers and 
Occupational Exposed People 

 The rationale for screening heavy smokers is that 
the majority of patients with bladder cancer are 
previous or current smokers and tobacco expo-
sure is the most signifi cant risk factor for the dis-
ease. Steiner et al. screened 183 heavy smokers 
(>40 pack years) using urine dipstick test, NMP- 
22, cytology, and FISH [ 35 ]. Participants with 
one or more positive test results were further 
evaluated including cystoscopy and imaging. 
Seventy-fi ve men (40.9 %) had one or more posi-
tive test results and in further evaluation, 18 men 
(24 % of men with positive test results and 9.8 % 
of total cohort) were detected as having an abnor-
mal histologic condition. Of those lesions 15 
were in the urinary bladder (1 pT1 low-grade, 2 
carcinoma in situ (CIS), 11 dysplastic lesions, 
and 1 inverted papilloma) and 2 upper tract uro-
thelial tumors and 1 renal cell carcinoma. Thus a 
total of 6 men (3.3 %) had urinary tract malig-
nancy and 12 (6.6 %) displayed a possible pre- 
cancerous lesion of the urinary tract. The authors 
considered screening of this population effi cient 
and the most effi cient screening tool was the 
combination of FISH, cytology and urine dip-
stick testing. However, there are questions 
regarding cost implications of using multiple 
tests and their incidence of disease far exceeded 
that of any other screening study to date. 

 A larger study by Lotan et al. screened a high- 
risk population, defi ned as ≥10 years history of 

smoking ( n  = 1,298) or ≥15 years of occupational 
status ( n  = 513) using the NMP-22 BladderChek 
test [ 36 ]. In case of a positive NMP-22 result, the 
participants were advised to undergo evaluation 
with cystoscopy and cytology. NMP-22 was posi-
tive in 85 participants (5.7 %) and 69 underwent 
further evaluation, the other 16 declined. Of those 
that underwent further testing, three (3.5 %) par-
ticipants were found to have lesions, including 
one pTa high grade, one pTa low grade, and one 
marked atypia. This represented 0.16 % of the 
total cohort. In the 12 months of follow-up period 
(range 0.9–25.5 months), 2 of 1,309 (0.15 %) 
participants developed low-grade non-invasive 
bladder cancer. The low incidence of cancer sug-
gests that the selection criteria for bladder cancer 
risk were too low. Furthermore, women were 
included in the screening ( n  = 327) and all the 
cancers were confi ned to men. 

 Occupational exposure is known to increase 
the risk for development of bladder cancer. Still, 
various studies on screening of workers have 
shown that bladder cancer incidence is low and 
those studies lack information regarding time of 
exposure and smoking histories. Furthermore, 
they frequently were underpowered due partly to 
low acceptance rates of workers for screening 
(Table  2.2 ) [ 37 – 44 ]. While regulations have 
reduced exposure to potential carcinogens in the 
Western world, there is still concern for potential 
exposures in developing societies.  

   2.3.2.2.2 Aristolochic Acid 
 Zlotta et al. reported about screening a cohort of 
persons that had been exposed to aristolochic acid 
(present in certain Chinese herbs) and were diag-
nosed with aristolochic acid nephropathy (AAN) 
[ 45 ]. Patients exposed to aristolochic acid show a 
rapidly progressive renal interstitial fi brosis 
alongside with renal failure as well as a high inci-
dence of upper tract urothelial cancers and blad-
der cancers. In their study, a total of 43 patients 
were screened for bladder cancer biannually for 
10 years via cystoscopy and mapping biopsies. 
Bladder cancer was diagnosed in 25 patients 
(52 %). The vast majority (22 patients) were diag-
nosed with non-muscle-invasive cancer and none 
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died of bladder cancer. However, three patients 
declined further screening and subsequently 
developed muscle-invasive and metastatic disease 
and died from bladder cancer. These results sug-
gest that aggressive screening (consisting of urine 
markers alongside cystoscopy) in a population 
with these high incidences of bladder cancer and 
urothelial carcinoma in general seems obligate 
and effective.  

    2.3.2.2.3  Screening in Patients with 
Lynch Syndrome 

 Patients with Lynch syndrome express mutations 
in MLH1 and MSH2 (90 %) as well as MSH6 
(10 %) and are at high risk of developing various 
cancers, which differ by mutation present [ 46 ]. 
These patients have the highest risk of develop-
ing colorectal cancer and endometrial cancer 
alongside with ovarian cancer, with age and 
mutation-dependent cumulative risks up to 49 % 
for colorectal cancer, 57 % for endometrial can-
cer and 38 % for ovarian cancer. But also other 
cancer entities are found more frequently in 
patients with Lynch syndrome like gastric can-
cer, small bowel cancer, biliary tract cancer, and 
urothelial cancer. Cumulative risk for urothelial 
cancer at the age of 70 years is estimated to a 
total of 1.9 % over all mutations, but up to 8 % 
for MSH2 mutations. In a recent publication by 
Skeldon et al., cancer incidences of patients with 
Lynch syndrome were compared to the general 
Canadian population and bladder cancer as well 
as upper tract urothelial cancer (UTUC) inci-
dences were signifi cantly higher in patients with 
MSH2 mutation (6.21 % for bladder cancer and 
3.95 % for UTUC, both  p  < 0.001), but without 
statistical signifi cance for MLH1 mutations [ 47 ]. 
Since patients and families with Lynch syn-
drome are under close observation for different 
cancers, patients with MSH2 mutations should 
be offered screening for bladder cancer and 
UTUC. Which testing and at what intervals has 
yet to be defi ned. Because of the considerably 
lower incidence of bladder cancer in the other 
mutations (MLH1 and MSH6), it will be impor-
tant to consider the cost- benefi t of screening 
these patients.     

2.4     Cost and Cost-Effectiveness 
of Screening for Bladder 
Cancer 

 Cost and cost-effectiveness research is an impor-
tant consideration when evaluating the feasibility 
and practicality of screening for bladder cancer. 
Currently, bladder cancer is estimated to cost 
approximately $3.98 billion and estimates have 
been projected at nearly $5 billion by 2020 (in 
2010 dollars) [ 48 ]. 

 Screening for other cancers such as breast and 
prostate cancer is widely practiced and from a cost 
perspective is considered reasonable but can result 
in costs up to US$50,000 per life year saved [ 49 , 
 50 ]. Prevalence of disease, benefi t of screening, 
performance of the test used and costs of the test 
play into the calculation, because a more expensive 
test has to perform signifi cantly better than a 
cheaper test in order to maintain cost-effectiveness 
[ 51 ]. Cost for urine marker tests vary signifi cantly 
with point of care tests such as NMP-22 
BladderChek test or BTA stat costing approxi-
mately US$20–24 in comparison with laboratory 
tests such as FISH or ImmunoCyt that account for 
over US$200 per test. With lack of prospective 
studies up until now looking at cost-effectiveness 
of screening for bladder cancer, decision-analytic 
models are used to determine benefi t of screening, 
which has the advantage of being able to vary cer-
tain factors such as marker cost, incidence of dis-
ease, and marker performance [ 51 ]. A Markov 
model, used to estimate cumulative cancer-related 
costs and effi cacy of screening vs. no screening of 
a high- risk population for bladder cancer using a 
urine- based marker over a 5-year period, found that 
screening in a population with a bladder cancer 
incidence of >1.6 % would improve overall sur-
vival as well as result in potential cost savings [ 52 ]. 
This is unique and is bound to the fact that detect-
ing high-grade tumors before muscle invasion 
results in survival advantage and also a  cost- benefi t 
due to lower costs for treatment of non-muscle-
invasive tumors (transurethral resection of bladder 
tumors (TUR-BT) and intravesical therapy includ-
ing follow up) compared to  muscle-invasive tumors 
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(cystectomy in combination with chemotherapy). 
Still, these results depend highly on cancer inci-
dence. The relatively low incidence of bladder can-
cer, even in high-risk populations, remains the 
biggest challenge for a screening paradigm. Also 
performance of the markers used weigh heavily 
into the equation. While a higher sensitivity 
improves cost-effectiveness by improving survival 
due to earlier detection of cancer, a higher specifi c-
ity increases cost-effectiveness by decreasing 
the number of unnecessary work-ups [ 51 ]. Also, 
cost of the test used has a major infl uence on 
 cost- effectiveness for screening, since the cost of 
every test used will be transferred to each person 
screened.  

2.5     Conclusions 
and Perspectives 

 Though screening for bladder cancer may be fea-
sible in high-risk populations, there is currently 
no signifi cant evidence to recommend such, 
because of lack of suffi cient data to defi ne screen-
ing protocols as well as lack of availability of 
high-performance urine markers reaching cost- 
effectiveness. There are few exceptions in which 
screening should be considered, consisting of 
patients with AAN due to their extremely ele-
vated risk of urothelial disease. Furthermore, 
patients with Lynch syndrome and verifi ed 
 mutation of MSH2 likely have suffi cient risk to 
justify screening for bladder cancer but the best 
screening practice is yet to be determined. 

 Demonstration of a survival benefi t or at a 
minimum downstaging from muscle invasion to 
non-muscle-invasive disease is necessary before 
bladder cancer screening can be recommended. 
To demonstrate this would require a large pro-
spective study targeting a population at suffi cient 
risk and would ideally incorporate a cost- effective 
endpoint. One advantage of screening in bladder 
cancer however, unlike prostate cancer, is that the 
risks associated with unnecessary work-ups may 
be costly but have minimal risks. In prostate can-
cer the damage of unnecessary screening includes 
all the negative consequences associated with 

prostate cancer diagnosis and treatment such as 
erectile dysfunction, urinary incontinence, and 
anxiety.     
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3.1            Introduction 

 Bladder cancer represents a broad diagnostic cat-
egory that includes classic urothelial carcinoma 
and a spectrum of morphologic variants. In addi-
tion to urothelial carcinoma, less common pri-
mary tumors include pure squamous cell 
carcinoma, adenocarcinoma, and small cell carci-
noma [ 1 ]. Challenges arise in surgical pathology 
diagnosis due to subtleties in recognizing uncom-
mon variants, artifacts associated with tissue sam-
pling and processing, and limitations in available 
ancillary techniques to aid in the diagnosis. 

 Tissue-based diagnosis of bladder cancer 
includes evaluation of biopsy, transurethral resec-
tion (TUR), and cystectomy/cystoprostatectomy 
specimens. Cytology is a useful adjunct in patient 
diagnosis in many instances, especially in patients 
with high-grade disease. Cytology specimens 
include both voided urine and bladder washes [ 2 ]. 
Each specimen type has limitations, risks, and 
benefi ts to be considered by the clinician. 
Diagnostic features and criteria differ between 

specimen types and often require an accurate 
 clinical history and cystoscopy report for accurate 
diagnosis. Specifi cally, patient risk factors, prior 
treatment, cystoscopy fi ndings, and the location 
of the lesion should be communicated clearly to 
the pathologist to provide the most accurate diag-
nosis [ 3 ,  4 ].  

3.2    Non-neoplastic Urothelium 

 The urothelium is formed by 2–3 (distended) to 
6–7 (contracted) layers of cells, which include 
umbrella cells (superfi cial layer), intermediate 
cells (mid portion of the urothelium), and basal 
cells (abutting the basement membrane; Fig.  3.1 ). 
Umbrella cells are elliptical with abundant eosin-
ophilic cytoplasm and align in a single row to 
make up superfi cial most layer of the urothelium. 
These cells may distend or contract and are 
coined “umbrella” because when distended they 
stretch over several cells in the layer below. The 
presence of these cells is often reassuring that the 
lesion is either non-neoplastic or low-grade, as 
they are absent in most high-grade neoplasms. 
Intermediate cells may be cuboidal to low- 
columnar in shape with distinct cell borders, 
smooth nuclear contours, and stippled fi ne chro-
matin. Basal cells are cuboidal and form a single 
row of cells [ 5 ,  6 ].

   Variation within the normal urothelium is 
common and may include a spectrum of benign 
proliferative and metaplastic processes that may 
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be diagnostically challenging [ 4 – 7 ]. Urothelial 
invaginations into the lamina propria, or von 
Brunn nests, are common in adult patients 
(Fig.  3.2a ). These nests may become hyperplastic 
(von Brunn nest hyperplasia) or may dilate into 
cysts (cystitis cystica et glandularis) [ 8 ]. When 
fl orid, these conditions may mimic an early inva-
sive carcinoma with or without glandular differ-
entiation; however, the lack of involvement of 
deeper layers of the lamina propria and/or mus-
cularis propria favors a benign process [ 6 ,  7 ]. 
Squamous metaplasia occurs frequently in the 
trigone of females and is often considered a 
benign alteration in the absence of keratinization 
(Fig.  3.2b ) [ 9 ,  10 ]. In some instances, squamous 
metaplasia associated with reparative changes 
may lead to the development of squamoid 
“tongues” that extend into the lamina propria, a 
benign morphologic fi nding termed pseudocarci-
nomatous hyperplasia due to its ability to mimic 
invasive cancer (Fig.  3.2c ) [ 11 ].

   Cytologic variation also occurs under infl am-
matory or irritative conditions and is termed 
“reactive atypia.” Reactive urothelial cells may 
have enlarged nuclei but typically have smooth 
nuclear contours, fi ne chromatin, and occasional 
small nucleoli (Fig.  3.2d ). Polarity is maintained 

and mitotic fi gures may be present but not 
 atypical and confi ned to the basal layers [ 6 ]. 
Umbrella cells are typically retained in the 
absence of denudation. Radiation therapy is a 
common cause of reactive atypia and also a risk 
factor for bladder neoplasia, thus making the dif-
ferential diagnosis more challenging. The pres-
ence of smudgy, degenerative nuclear features, 
lack of mitotic fi gures, and an association with 
infl ammation and vascular changes in the lamina 
propria aid in the correct diagnosis. Chemotherapy 
and Bacillus Calmette-Guerin (BCG) have been 
associated with atypia of the urothelium, with the 
latter showing characteristic granulomatous 
infl ammation in the lamina propria. Finally, cath-
eterization or other chronic injury can lead to 
squamous or glandular metaplasia or denudation 
of the epithelium, all of which may mimic neo-
plastic lesions [ 4 ].  

3.3    Cystitis 

 Cystitis is infl ammation of the urothelium and 
can be due to infectious or noninfectious causes. 
Infections may be bacterial, viral, fungal, or para-
sitic. Bacterial cystitis is comprised of mixed 

  Fig. 3.1    Hematoxylin and 
eosin stain (H&E) of 
normal urothelium. 
Superfi cial umbrella cells 
(U) overlie layers of 
intermediate urothelial 
cells (UC). A single layer 
of basal cells (B) abuts the 
basement membrane. The 
underlying lamina propria 
(LP) is comprised of loose 
connective tissue fi lled 
with lymphatics and blood 
vessels       
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infl ammatory infi ltrate. Viral cystitis has a back-
ground of infl ammation with viral cytopathic fea-
tures characteristic of the pathogen, including 
cystitis caused by herpes (large, multinucleated, 
glassy nuclei) and BK virus (enlarged, dark 
smudgy nuclei). Immunohistochemical staining 
targeted at viral antigens may be utilized to con-
fi rm the diagnosis [ 6 ]. 

 Noninfectious cystitis encompasses a variety 
of unrelated entities that have distinct morpho-
logic features and clinical associations. Interstitial 
cystitis often affects younger women and is asso-
ciated with mucosal ulceration (Hunner’s ulcers) 
and underlying focal hemorrhage; the etiology is 

unknown and likely autoimmune. Polypoid cysti-
tis is associated with various infl ammatory 
 processes and catherization and is associated 
with bulbous, edematous protrusions of the uro-
thelium that may grossly mimic a papillary neo-
plasm (Fig.  3.3a ) [ 7 ]. Malakoplakia is associated 
with bacterial infection of the bladder and may 
represent a defect in the host histiocytic response 
to these organisms (Fig.  3.3b ). This lesion is 
associated with nodular thickening of the mucosa 
and is defi ned by the presence of histiocytes with 
granular abundant cytoplasm (von Hansemann 
cells) and Michaelis-Gutmann bodies (concentric 
hydroxyapatite intracytoplasmic inclusions that 

  Fig. 3.2    Non-neoplastic features of the urothelium include 
( a ) von Brunn nests (VB) are common in the adult bladder 
and represent invaginations of the urothelium; ( b ) non-
keratinizing squamous metaplasia is considered a normal 
fi nding in the trigone of women; ( c ) pseudocarcinomatous 

hyperplasia is a reactive epithelial change that can mimic 
carcinoma; ( d ) reactive nuclear atypia is defi ned by 
enlarged nuclei with smooth nuclear contours, inconspicu-
ous nucleoli and fi ne chromatin       
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stain positively for calcium and iron) [ 6 ]. In gen-
eral, these lesions are often distinct from carci-
noma, but correct diagnosis is required for 
appropriate patient management.

3.4        Non-invasive Urothelial 
Neoplasms 

3.4.1    Papillary Lesions 

 Papillary lesions are categorized in the US 
according to the 2004 WHO/ISUP classifi cation 
scheme, which includes papilloma, papillary 
 urothelial neoplasm of low malignant potential 
(PUNLMP), low-grade papillary urothelial carci-
noma (LGTCC), and high-grade papillary uro-
thelial carcinoma (HGTCC) [ 12 ]. Risk of 
recurrence and progression increase proportion-
ately with grade using this schema. The lowest 
end of the spectrum is urothelial papilloma, 
which is morphologically defi ned as exophytic 
discrete (non-fused) papillary excrescences with 
thin fi brovascular cores (Fig.  3.4a ). These fi bro-
vascular cores are covered by essentially normal 
urothelium that lacks cellular atypia and shows 
limited to no mitotic fi gures. Umbrella cells are 
common and may be frequently vacuolated. 
These lesions have very low risk of recurrence or 

progression. PUNLMP is the next category of 
papillary lesions and is defi ned by urothelium 
with markedly increased thickness (often greater 
than ten layers) but no cellular atypia (Fig.  3.4b ). 
LGTCC is defi ned as urothelium of any thickness 
that retains overall architecture and polarity but 
with scattered hyperchromatic nuclei and occa-
sional mitotic fi gures that are normal and 
restricted to the lower layers of the urothelium 
(Fig.  3.4c ). Finally, HGTCC is defi ned by moder-
ate to marked architectural disturbance that 
includes frequent branching and fusion of papil-
lary fronds. Loss of polarity, nuclear pleomor-
phism, irregular chromatin distribution, and 
prominent nucleoli are frequently present. In 
addition, denudation may be marked, resulting in 
naked fi brovascular cores without any adherent 
urothelium (Fig.  3.4d ) [ 12 ,  13 ].

3.4.2       Flat Lesions 

 Urothelial dysplasia covers a spectrum of mor-
phologies and its diagnosis is often challenging 
and subjective. By defi nition, dysplasia shows 
mild cellular and architectural changes that may 
include loss of polarity, nuclear crowding, and 
hyperchromasia. Mitoses are rare and mostly 
confi ned to the basal layer. Whereas dysplasia 

  Fig. 3.3    ( a ) Polypoid cystitis shows broad-based, bulbous 
projections of urothelium with underlying edematous 
stroma; ( b ) Malakoplakia contains diffuse infl ammation 

including histiocytes containing abundant granular cyto-
plasm and small round Michaelis-Gutman bodies       
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represents a precursor to the development of 
 cancer in up to 20 % of cases, the remaining 
cases do not show progression; the atypical fea-
tures seen in such instances likely represent a 
spectrum of reactive changes to early, limited 
neoplasia [ 14 ,  15 ]. 

 Flat urothelial carcinoma in situ (CIS) repre-
sents a pre-invasive lesion in many instances and 
shares histologic features with HGTCC. In the 
classic form, disrupted polarity, nuclear pleomor-
phism and enlargement, prominent nucleoli and 
frequent mitotic fi gures high in the urothelium 
are often present (Fig.  3.5a ). Numerous variants 
of CIS have been described and include 
 micropapillary CIS (complex branching pattern), 

clinging CIS (single layer of CIS cells attached to 
the surface), and pagetoid CIS to describe a few 
(Fig.  3.5b ). Although most cases of CIS may be 
readily identifi ed by light microscopy, immuno-
histochemical stains may be helpful in challeng-
ing cases (Table  3.1 ). Specifi cally, full thickness 
cytokeratin 20 expression, loss of basal CD44, 
and strong nuclear p53 expression in the majority 
of cells can help support the diagnosis [ 14 ,  16 , 
 17 ]. These immunostains may also be applied to 
cases of dysplasia; however, the results are often 
variable and mixed and generally do not readily 
defi ne a pre-neoplastic phenotype. CK20 is a 
low-molecular weight cytokeratin, representing 
intermediate fi laments providing structural support 

  Fig. 3.4    Papillary lesions include ( a ) Urothelial papil-
loma with normal cytology and vacuolization of the 
umbrella cell layer; ( b ) PUNLUMP with marked thickness 

of the urothelium; ( c ) LGTCC showing scattered hyper-
chromatic nuclei but no disorganization; ( d ) HGTCC with 
marked nuclear atypia and loss of polarity       
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to superfi cial umbrella cells. In neoplastic pro-
cess it is expressed throughout the entire thick-
ness of the urothelium and is not restricted to the 
superfi cial layer. Additional markers that have 
been described in CIS include loss of E-cadherin 
and increased Ki67, although these markers may 
not be as specifi c as the panel described above 
[ 18 ].

3.5          Invasive Urothelial 
Carcinoma 

    Conventional urothelial carcinoma (>90 % of 
bladder cancers) may demonstrate a range of 
morphologies and may be associated with fl at 
CIS or HGTCC. In general, the presence of inva-
sion associated with LGTCC is low; a recent 

study has identifi ed focal high-grade features in 
the in situ component associated with these 
lesions, suggesting invasion occurs only in the 
presence of background high-grade disease [ 19 ]. 
Conventional urothelial carcinoma shows inva-
sive nests of nondescript urothelial cells that may 
show minimal to marked nuclear atypia. In up to 
a third of cases, however, urothelial carcinoma 
variants may be present that can mimic virtually 
any other tumor type in the body (Table  3.2 ). Up 
to one-third of urothelial carcinomas may show 
divergent differentiation, with squamous differ-
entiation present in two-thirds of these cases 
[ 12 ,  13 ]. Although beyond the scope of this dis-
cussion, several variants have been suggested to 
harbor a more aggressive disease course (e.g., 
micropapillary, nested) or limited response to 
therapy (e.g., squamous differentiation).

  Fig. 3.5    CIS has numerous variants including ( a ) conventional CIS with enlarged hyperchromatic nuclei and architec-
tural distortion and ( b ) micropapillary CIS showing complex branching papillary fronds that lack fi brovascular cores       

   Table 3.1    Immunohistochemical stains in the diagnosis of CIS [ 17 ]   

 Stain  Function  Pattern in normal urothelium  Pattern in CIS 

 p53  Tumor suppressor  Patchy cytoplasmic stain in 
urothelial cells 

 Intense nuclear expression in a 
large proportion of cells 

 CK20  Cytokeratin  Umbrella cell layer  Full thickness of urothelium 
 CD44  Cell surface receptor for hyaluronate  Basal cell layer  Absent 
 E-cadherin  Cell adhesion molecule  Cell membrane of urothelial cells  Absent or decreased 
 Ki67  Proliferation marker  Occasional patchy staining in 

urothelial cells 
 Increased throughout full 
thickness 
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3.6        Non-urothelial Bladder 
Cancer Forms 

 When conventional urothelial carcinoma occurs 
as an admixture with a variant, the carcinoma is 
considered to be urothelial in nature. However, 
when other bladder cancer subtypes are present 
in pure form (i.e., squamous cell carcinoma, ade-
nocarcinoma, and small cell carcinoma) they are 
classifi ed separately. It is likely that the patho-
genesis of these entities are closely related and, 
in fact, pure forms of non-urothelial bladder 
 cancer likely represent an outgrowth of a more 
conventional form [ 20 ]. For the purposes of this 
discussion, these entities are listed individually 
below with defi ning features and signifi cant 
associations. 

 Squamous cell carcinoma is diagnosed when 
the invasive component of the lesion is associated 
with pure squamous differentiation (Fig.  3.6a ). 
Lesions are graded based on the extent of differ-
entiation, with well and moderately differentiated 
lesions showing the presence of intercellular 
bridges and keratin formation. In poorly differen-
tiated lesions, keratinization may be scant and the 
diagnosis may be based primarily on the pres-
ence of desmosomes and dense pink cytoplasm. 
The in situ components associated with these car-
cinomas may vary and range from true in situ 
squamous cell carcinoma to high-grade urothelial 
carcinoma. Whereas pure squamous cell carci-
noma occurs in only 5 % of the US population, 
squamous differentiation in the background of 
urothelial carcinoma is common. Recent gene 
expression profi ling has shown that squamous 
and urothelial carcinomas share a signifi cant pro-
portion of dysregulated genes, suggesting a com-
mon origin to these two lesions [ 20 ].

   Pure adenocarcinoma of the bladder comprises 
only 2 % of bladder cancers in the US and may 
originate from either the urachus or from glandu-
lar changes of the urothelium proper [ 12 ,  21 ]. In 
many instances, these tumors are large when dis-
covered and the site of origin may be diffi cult to 
ascertain. The morphology of glandular differen-
tiation in these carcinomas varies and may include 
adenocarcinoma NOS, signet ring cell, mucinous, 
clear cell, hepatoid, and mixed forms (Fig.  3.6b ). 
The major differential diagnosis in this subset of 
bladder cancer includes spread of adenocarci-
noma from the colon into the bladder. Although 
many groups have studied the utility of immuno-
histochemical stains in  differentiating these two 
primary sites, application of these stains to indi-
vidual patients remains challenging. In addition, a 
reduction in immunoreactivity may be evident in 
some variants, such as signet ring cell carcinoma 
[ 22 ]. A variety of in situ components, including 
urothelial CIS, may be present in association with 
invasive adenocarcinoma. Commonly, in situ 
glandular lesions including villous adenomas may 
be identifi ed. 

 Small cell carcinoma occurs in <1 % of 
 bladder cancers and consists of high-grade neu-
roendocrine carcinoma cells. Cells are small and 

   Table 3.2    Variants of urothelial carcinoma [ 12 ]   

 Urothelial carcinoma 
with squamous 
differentiation 

 Intercellular bridging and 
keratinization 

 Urothelial carcinoma 
with glandular 
differentiation 

 True glandular spaces; may 
appear colonic, tubular, mucinous 
or signet ring in appearance 

 Nested  Bland appearance; often missed at 
diagnosis 

 Large nested  Large bland nests 
 Microcystic  Microcysts admixed with 

macrocysts >1–2 mm 
 Urothelial carcinoma 
with small tubules 

 Bland, irregular small tubules 

 Lymphoepithelioma-
like 

 Syncytial growth of tumor cells 
with vesicular nuclei; may be 
obscured by prominent associated 
infl ammation 

 Lipoid-rich  Multiple large cytoplasmic 
vacuoles containing lipid 

 Glycogen rich/clear 
cell 

 Large tumor cells with clear 
cytoplasm 

 Urothelial carcinoma 
with rhabdoid 
features 

 Individual cells with perinuclear 
inclusion, eccentric nuclei, 
prominent nucleoli 

 Plasmacytoid  Individual cells with pink 
cytoplasm and eccentric nuclei 

 Sarcomatoid  Spindled cells and occasional 
osteoid production 

 Undifferentiated 
forms 

 May contain trophoblastic giant 
cells, osteoclastic giant cells, or 
giant cells NOS 
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uniform with stippled chromatin, inconspicuous 
nucleoli, show nuclear molding and scant cyto-
plasm (Fig.  3.6c ). Mitoses are frequent and 
necrosis may be present [ 12 ]. These lesions are 
often quite aggressive and may derive from a 
background urothelial carcinoma [ 13 ].  

3.7    Staging of Bladder Cancer 

 The bladder consists of the urothelium and the 
underlying layers of lamina propria, muscularis 
propria (detrusor muscle) and perivesical fat, sur-
rounded in parts by the adventitia. Bladder can-
cer staging follows these layers with increasing 

depth of invasion associated with increasing 
pathologic stage (Table  3.3 ) [ 13 ,  15 ,  23 ].

   pT1 disease is defi ned by invasion into the 
lamina propria, which consists of loose connec-
tive tissue containing blood vessels, lymphatics 
and thin, wispy muscle called muscularis muco-
sae. This smooth muscle layer is generally thin 
and discontinuous; however, under some circum-
stances such as bladder stress or infl ammation, 
these muscle bundles may undergo hypertrophy. 
This is clinically relevant, as the distinction 
between this hypertrophic muscularis mucosae 
layer and the detrusor muscle layer on biopsy or 
transurethral resection may be diffi cult to distin-
guish. pT2 disease involves cancer invasion into 

  Fig. 3.6    Other primary carcinomas of the bladder include 
( a ) squamous cell carcinoma showing intercellular bridges, 
keratinization and squamous pearls; ( b ) adenocarcinoma 
with colonic-type gland formation; and ( c ) small cell 

 carcinoma defi ned by cells with increased nuclear/
cytoplasmic ratio, “salt-and-pepper” chromatin and fre-
quent mitotic fi gures       
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the large smooth muscle bundles of the muscula-
ris propria (detrusor muscle). Identifi cation of 
pT2 disease is critical in most patients for the 
decision to perform cystectomy versus conserva-
tive therapy. Whereas several studies have 
attempted to identify immunohistochemical 
markers specifi c for this muscle layer of the blad-
der (e.g., smoothelin), the utility of these stains 
has proven challenging due to a number of tech-
nical issues in various labs [ 24 ,  25 ]. Staging 
beyond pT2 can only be performed on cystec-
tomy specimens, as fat may be present in all lay-
ers of the bladder wall; thus identifi cation of pT3 
disease is only possible when full thickness sec-
tions of the bladder wall are available for review. 

 Correct bladder cancer staging may be chal-
lenging for a number of reasons [ 26 ]. Limitations 
may occur at the time of sample collection, if 
only limited material is obtained (scant speci-
men) or if extensive cautery is used when obtain-
ing the specimen. In such cases, the specimen 
may be staged as a pTx lesion, as inadequate 
evaluation of the lamina propria can be under-
taken. Poor orientation of the specimen during 

embedding may lead to tangential sections and 
challenges in assessing the base of any in situ 
lesion for invasive cells. Finally, prior therapy 
may lead to morphologic variations that cause 
challenges in interpretation; this category 
includes prior chemotherapy, radiation therapy, 
or infl ammation that leads to pseudocarcinoma-
tous hyperplasia.  

3.8     Utility of Cytology in Bladder 
Cancer Diagnosis 

 Cytology is commonly utilized for the screening 
and monitoring of bladder cancer. It is an inex-
pensive and minimally invasive procedure that 
provides ample information. It is most commonly 
utilized in screening high-risk patients (occupa-
tional exposure), monitoring recurrence, or for 
the workup of hematuria. Cytology is not fre-
quently used for screening asymptomatic patients 
or intermediate risk patients. Cytology is most 
useful to provide basic information, such as the 
presence of atypical or malignant cells, and some 
characterization of the neoplasm, such as low or 
high grade. Accuracy of diagnosis in bladder 
neoplasia increases with higher grade disease or 
a greater extent of bladder involvement. In lower- 
grade neoplasia (LGTCC), false negatives are a 
potential error, and reactive or degenerative 
changes can lead to false positives.  

3.9    Types of Cytology Specimens 

 Specimen types include voided urine, catheter- 
collected urine, and washing or brush samples. 
Voided specimens are easiest to obtain, need to 
be clean catch, obtained preferably 3–4 h after 
the last urine, and should not include the fi rst 
urine in the morning [ 27 ]. While non-invasive 
and simple to obtain, the voided sample often 
provides few cells and these cells are poorly pre-
served and can be contaminated by the squamous 
cells from the genital tract. Cellularity is increased 
in many conditions like urolithiasis, urothelial 
neoplasia, and reparative processes after treat-
ment and instrumentation [ 2 ,  27 ,  28 ]. 

   Table 3.3    Bladder cancer staging [ 23 ]   

 pTx  Assessment of invasion cannot be performed due 
to limited specimen or cautery artifact 

 pT0  No residual in situ or invasive disease; often 
employed after neoadjuvant therapy or precedent 
BCG/TUR 

 pTa  Non-invasive high-grade papillary urothelial 
carcinoma 

 pTis  Flat CIS 
 pT1  Invasion into the lamina propria; includes 

invasion into the fi brovascular core of a papillary 
lesion 

 pT2  Invasion into the muscularis propria (detrusor 
muscle) 

 pT2a  Invasion of inner half of muscularis propria 
 pT2b  Invasion extends beyond inner half of muscularis 

propria 
 pT3  Invasion into the perivesical fat; performed on 

cystectomy only 
 pT3a  Invasion detected microscopically 
 pT3b  Macroscopically visible extravesicular mass 
 pT4  Invasion into adjacent organs 
 pT4a  Invasion into prostatic stroma or uterus or vagina 
 pT4b  Invasion into pelvic or abdominal walls 
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 Catheter specimens collect urine into a pooled 
container. They are more diffi cult to obtain, 
requiring a minimally invasive procedure and 
carry a risk of infection. Instrumentation artifact, 
bacteria, infl ammatory cells, and pooling of urine 
with degenerated cells can lead to poor quality 
specimens. However, they provide more cells 
than voided urine and with less contamination 
from the genital tract. Bladder washings utilize a 
catheter in which saline is pulsed into the bladder 
and then collected. This method provides a supe-
rior specimen to voided or catheter specimens in 
that it provides higher numbers of well-preserved 
cells with little-to-no contamination but with 
known artifact [ 27 ]. It also carries the same risks 
of catheterization (minimally invasive procedure 
with risk of infection and instrumentation arti-
fact) and is more expensive. Directed washing 
(upper tract) and brush procedures provide a sim-
ilar sample to bladder washings but with direct 
selective sampling of the suspicious area. 
However, these are more diffi cult and expensive 
procedures, carrying inherent risks associated 
with an invasive procedure. 

 In patients who have undergone cystectomy, 
an ileal loop/conduit may be utilized for urine 
screening after cystectomy. This can be useful for 
monitoring recurrence in the ureter or renal pel-
vis [ 27 ,  28 ]. However, these specimens are often 
diffi cult to interpret and usually show contamina-
tion from the intestinal lining cells and bacteria 
that can obscure background cancer cells.  

3.10     Nomenclature/Reporting 
of Cytology Specimens 

 In order to provide useful information to the cli-
nician, nomenclature and reporting has to be 
clear and applied using standardized terminology 
(Table  3.4 ). Specimen adequacy has not been 
well defi ned; however, unsatisfactory specimens 
are defi ned as those with severe cellular degen-
eration or the presence of marked obscuring 
infl ammatory cells or lubricants.

   If no malignant cells or atypical cells are 
 identifi ed, the specimen is termed “negative for 
malignancy” on the diagnostic line. When mild 

cellular atypia is present, the diagnosis of “atypi-
cal cells present” is rendered. Atypical cells could 
represent a low-grade lesion or reactive changes. 
When moderate atypia is present, but the cells are 
lacking criteria for a diagnosis of malignancy, 
they are termed “suspicious.” Finally, when the 
features are conclusive for malignancy the diag-
nostic line reads “positive.” [ 28 ] Whereas the 
diagnostic extremes are easy to interpret, the util-
ity of atypia in predicting the presence of subse-
quent neoplasia varies somewhat between 
pathologists.  

3.11    Cytologic Diagnostic Criteria 

 Low-grade lesions including hyperplasia, papil-
loma, or PUNLUMP are nearly impossible to dif-
ferentiate from each other on cytology because 
they, by defi nition, lack cytologic atypia and 
rarely are associated with the denudation com-
mon in high-grade lesions. Certain features may 
give clues to low-grade lesions, such as cluster-
ing of urothelial cells with crowding and loss of 
honeycombing, especially when present in 
voided urine [ 27 ]. In addition, umbrella cells are 
often retained in these low-grade lesions. Rarely 
papillary fronds with delicate fi brovascular cores 

   Table 3.4    Nomenclature of urine cytology specimens 
[ 27 ,  28 ]   

 Term  Defi nition 

 Non-diagnostic 
or unsatisfactory 
specimen 

 Cellularity too limited or obscuring 
infl ammation 

 Negative for 
malignancy 

 No malignant cells identifi ed 

 Atypical cells 
present 

 Clusters of urothelial cells in voided 
urine or mildly atypical urothelial 
cells. May indicate reparative process, 
instrumentation, stone or low-grade 
(papilloma, PUNLMP) papillary 
neoplasm 

 Suspicious for 
urothelial 
carcinoma 

 Highly atypical urothelial cells 
concerning for malignancy but 
lacking enough nuclei or adequate 
preservation for defi nitive diagnosis 

 Positive for 
malignancy 

 Clear cut atypical features that 
support a diagnosis of urothelial 
carcinoma 
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may provide a clue to the diagnosis of a papillary 
neoplasm. Overall, these lesions are rarely diag-
nosed on cytology. 

 In LGTCC, the specimen may show increased 
cellularity with cells forming loose-to-crowded 
clusters in a haphazard growth pattern (Fig.  3.7 ). 
Cells show atypia with mild variation including 
cellular enlargement, eccentric nuclei, increased 
nuclear/cytoplasmic ratio, and irregular and 
thickened nuclear membranes. The chromatin is 
uniform, dark and granular with small, incon-
spicuous nucleoli. Infrequent mitotic fi gures are 

seen. The cytoplasm is typically homogenous 
without vacuoles. These fi ndings are often diag-
nosed as suspicious [ 2 ,  27 ,  28 ]. Clues to a diag-
nosis of urothelial neoplasia include coy cells 
(small single cells with high N/C ratio), bird’s 
eyes (entosis, or cells wrapped around another 
cell), pyknotic cells, and eccentric nuclei.

   High-grade urothelial lesions are diagnosed 
more frequently as CIS rather than HGTCC. High-
grade cells show obvious malignant features and 
are present as individual cells or in small clusters 
(Fig.  3.8a, b ). The frequent denudation in high-
grade lesions makes detection of this category 
more common on cytology. The cells appear 
overlapped, with crowded large nuclei showing a 
high nuclear/cytoplasmic ratio (Fig.  3.9a, b ). The 
chromatin is coarse and dark with large nucleoli 
and frequent indentation of the nuclear mem-
brane. Mitosis or atypical mitotic fi gures may 
occur. The cytoplasm is often very small and 
sometimes vacuolated. Umbrella cells are absent 
in these lesions and there is often a background 
tumor diathesis [ 27 ,  28 ].

    Variants are common in urothelial neoplasia and 
are generally associated with high-grade lesions. 
As described previously, squamous and glandular 
differentiation occur most commonly. The pres-
ence of such divergent differentiation is common in 
high-grade urothelial tumors and cannot be used to 
distinguish a pure adenocarcinoma or squamous 
cell carcinoma from urothelial carcinoma with 

  Fig. 3.7    Low-grade papillary urothelial carcinoma shows 
clusters of cells with loss of honeycombing, with enlarged 
and variable nuclei on cytology       

  Fig. 3.8    High-grade urothelial carcinoma at cytology shows hyperchromatic, pleomorphic, irregularly shaped nuclei 
and coarse chromatin. ( a ) Clusters or ( b ) individual cells may be present       
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divergent differentiation on cytology. Finally, inva-
sion cannot be accurately determined on cytology 
due to the lack of tissue- based orientation inherent 
in these specimen types.  

3.12     Benign Urinary Tract 
Diseases on Cytology 

 Benign urinary tract diseases and conditions 
include infectious and noninfectious causes and 
may mimic malignancy in cytology or histology 
specimens. In many of these cases, the features 
that appear most obvious in cytology specimens 
may be more diffi cult to ascertain in biopsy or 
TUR specimens. 

 Infections may be bacterial (malakoplakia), 
fungi, parasitic ( Trichomonas vaginalis ), or viral 
such as herpes simplex virus (HSV), cytomegalo-
virus (CMV), polyomavirus, or human papilloma 
virus (HPV). Viral infections have characteristic 
cellular changes that can mimic malignancy. For 
example, the “decoy cell” found in polyomavirus 
has increased nuclear size, hyperchromasia and 
high N/C ratio and are named due to its ability to 
mimic malignant features (Fig.  3.10 ). The pres-
ence of ground glass chromatin, round and smooth 
nuclear membranes assists in a benign diagnosis.

   Noninfectious fi ndings include crystals, casts, 
nonspecifi c reactive changes, and therapeutic 

effects [ 2 ,  27 ,  28 ]. Nonspecifi c reactive changes 
are similar to those identifi ed in tissue specimens 
and include enlarged nuclei, prominent nucleoli, 
coarsely vacuolated cytoplasm but an absence of 
nuclear atypia such as dense chromatin, irregular 
nuclear contours, and high N/C ratio. Calculi 
may cause damage creating cellular changes 
including increased cellularity, variable N/C 
ratio, frayed cytoplasm, dark coarse chromatin, 
and irregular nuclear contours. 

 Therapeutic changes occur secondary to chemo-
therapy, radiation, and BCG changes. Changes due 
to radiation or chemotherapy typically include 

  Fig. 3.9    High-grade urothelial carcinoma at cytology show ( a ) clusters of overlapped and crowded nuclei and ( b ) 
individual cells with hyperchromatic, pleomorphic, irregularly shaped nuclei and coarse chromatin       

  Fig. 3.10    Polyomavirus (decoy cell) cells have increased 
cellular size but with round, smooth nuclear contours. 
Note the glassy homogenous nuclear appearance due to 
intranuclear viral inclusions       
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 cellular and nuclear enlargement, but without 
change in N/C ratio, nuclear vacuolization, and 
smudged chromatin, with retention of smooth 
nuclear contours. BCG effects can leave multinu-
cleated giant cells in a granulomatous background. 

3.12.1    UroVysion 

 The UroVysion (®) assay is a commercially 
available kit that utilizes fl uorescence in situ 
hybridization (FISH) using multiple probes to 
detect aneuploidy in chromosomes 3, 7 and 17, 
and loss of 9p21. It is utilized in urine cytology 
cases of urothelial atypia to help differentiate 
reactive from malignant processes. A negative 
result supports the diagnosis of a benign reactive 
process. A positive test result in cytology speci-
mens that lack morphologic high-grade features 
may indicate the presence of urothelial carcinoma 
but is not always specifi c and does not identify the 
location within the urinary tract [ 29 ,  30 ].      
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4.1               Introduction 

 Bladder cancer is the fourth most common 
 cancer in men and tenth most common in women 
in the US, with an estimated 72,570 new cases 
diagnosed in 2013 (about 54,610 in men) and an 
estimated 15,210 deaths (about 10,820 in men) 
[ 1 ]. Bladder cancer is 3–4 times more likely in 
men than women, and is diagnosed twice as often 
in whites compared to African-Americans [ 2 ] for 
reasons that are not understood. 

 Histologically, 95–97 % of bladder cancer in 
the US and European countries is urothelial cell 
cancer (UCC) [ 3 ], which will be the focus of this 
chapter. Clinically, bladder cancer can be broadly 
divided into non-muscle invasive (NMIBC) or 
muscle invasive (MIBC), and NMIBC accounts 
for about 75 % of disease at initial diagnosis. 
NMIBC is further classifi ed based on the tumor, 

node and metastases (TNM) system as Ta 
 (confi ned to epithelium), carcinoma in situ (Tis 
or CIS), or T1 (invasion of the lamina propria). 
Additionally, tumors are often divided into low- 
and high-grade disease based on cellular differ-
entiation. Low-grade disease is almost universally 
non-invasive, and accounts for about 60 % of 
NMIBC. The remainder of NMIBC (high-grade 
Ta, T1 and CIS) is high-grade, as is all 
MIBC. These categories (high-grade vs. low- 
grade) correspond to distinct histologic pheno-
types that present different risks for recurrence 
and progression and thus direct management of 
those with NMIBC. Low-grade disease (includ-
ing papillary urothelial neoplasm of low malig-
nant potential (PUNLMP) and low-grade Ta) 
demonstrates a high rate of recurrence but a low 
risk of progression to MIBC and is often amena-
ble to transurethral resection alone. In contrast, 
high-grade NMIBC (including CIS and high- 
grade Ta-T1) carries a high rate of recurrence and 
a high risk of progression, and therefore requires 
more aggressive management with intravesical 
therapy and close surveillance. MIBC has a high 
risk of metastatic progression and mandates radi-
cal treatments such as cystectomy and chemo-
therapy. MIBC carries a poor prognosis, with 
overall survival at 5 years of approximately 50 %. 

 UCC has an established association with 
increasing age and a variety of environmental 
exposures, including cigarette smoke. Cigarette 
smoking is the strongest and most common risk 
factor for bladder cancer conferring a twofold 
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increased risk for former smokers and a fourfold 
increased risk for current smokers. Smoking is 
associated with up to 50 % of new cancer cases in 
both US males and females [ 4 ]. Yet only a small 
percentage of those with environmental expo-
sures develop bladder cancer, suggesting there 
may be a genetic predisposition. Some investiga-
tions into genetic contributions to bladder cancer 
give insight into the mechanisms of bladder 
carcinogenesis.  

4.2    Familial and Genetic Risk 

 Epidemiologic studies have demonstrated that 
the risk of bladder cancer is approximately dou-
bled in the case for fi rst-degree relatives [ 5 ], yet 
familial aggregation has been reported in only 
5 % of bladder cancer cases [ 6 ]. One common 
mechanism to identify genes involved in carcino-
genesis is to analyze familial cases, yet to date 
familial studies have failed to identify a mode of 
inheritance, genetic site specifi city, or an ethnic 
predilection [ 7 ]. Despite negative results from 
familial studies, high-penetrance genes associ-
ated with bladder cancer have been identifi ed. 
Hereditary retinoblastoma (RB1) gene carriers 
may have the greatest genetic risk for bladder 
cancer. Fletcher et al. [ 8 ] studied 144 survivors of 
hereditary retinoblastoma and found a 26-fold 
increased rate of bladder cancer mortality in 
these patients compared to the general popula-
tion. A germline translocation of the oncogene 
CDC91L1 (20q11) has been identifi ed in 30 % of 
bladder cancers, though the protein it encodes for 
and its role in the biologic behavior of bladder 
cancer is not understood [ 9 ]. Lynch syndrome, or 
hereditary non-polyposis colorectal cancer 
(HNPCC) is an autosomal dominant genetic dis-
order that carries a relative risk of 14–22 times 
the general population and cumulative 2.6 % life-
time risk of urothelial cell cancer of the renal pel-
vis and ureter, with occurrence 10–15 years 
earlier than the typical age for upper tract UCC 
[ 10 ,  11 ]. While the risk of upper tract urothelial 
cancer with HNPCC is well established, data are 
inconsistent regarding the risk for bladder tumors. 
Two recent studies have suggested that patients 

with HNPCC carrying a germline mutation in 
MSH2, a mismatch repair gene, are at increased 
risk for bladder UC [ 12 ,  13 ] though a third study 
failed to fi nd this association [ 14 ]. 

 Despite a lack of explanation of familial blad-
der cancer cases aside from genetic syndromes, 
several low-penetrance genes have been identi-
fi ed as possible factors in developing bladder 
cancer through genome-wide association studies 
(GWAS). Three large GWAS studies [ 15 – 17 ] of 
European and American Caucasian subjects have 
resulted in the identifi cation of eight novel single- 
nucleotide polymorphisms (SNPs) that convey a 
signifi cant risk for developing bladder cancer, as 
well as confi rmation of GSTM1 and NAT2, two 
genetic loci previously identifi ed by candidate 
gene studies (Table  4.1 ). GSTM1 and NAT2 are 
the most studied loci, and lie at the crossroads 
between environmental exposure and genetic 
susceptibility.

    N -acetyltransferases (NATs) are involved in 
bio-activation, detoxifi cation, and enhanced 
secretion of aromatic amines, which are consid-
ered the most potent bladder carcinogens in 
tobacco smoke. NAT2 is normally expressed in 
the liver, and known genetic polymorphisms 
affect the acetylation function of NAT2. 
Depending on the alleles, individuals may have a 
rapid, intermediate or slow acetylation pheno-
type, which results in differing ability to clear 
aromatic amines. Various studies have found that 
individuals with the slow-acetylation phenotype 
carry a higher risk of developing bladder cancer 
from smoking than the rapid or intermediate 
acetylation phenotypes. Risk of bladder cancer in 
the slow-acetylator phenotype is limited to smok-
ers (OR 1.2), with those who never smoked hav-
ing no increased risk [ 15 ]. 

 GSTM1 is an enzyme involved in detoxifi ca-
tion of electrophiles by glutathione conjugation 
for a wide variety of substances. Numerous can-
didate gene studies have confi rmed that deletion 
of GSTM1 (null) leads to a 50 % increased risk 
for developing bladder cancer [ 15 – 17 ]. Data 
pooled in the largest GWAS study to date demon-
strate that the risk varies based on categories of 
smoking history. The odds ratio for GSTM1-null 
individuals for developing bladder cancer was 
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1.7 in never smokers, 1.6 in former smokers, and 
1.2 in current smokers [ 15 ]. Thus certain GSTM1 
and NAT2 phenotypes may lead to individual 
susceptibility to the damaging effects of aromatic 
amines through formation of DNA adducts, and 
increased likelihood of entering the path to blad-
der carcinogenesis. 

 Larger studies are expected to uncover addi-
tional bladder cancer susceptibility SNPs, likely 
of similar signifi cance to currently known SNPs 
[ 15 ]. The clinical value of SNPs identifi ed by 
GWAS is yet to be demonstrated, as attempts to 
incorporate SNP analysis with traditional epide-
miologic factors to predict the risk of developing 
bladder cancer have been unsuccessful. [ 18 ]. 
Future studies may provide not only the ability to 
predict bladder cancer risk, but also further 
insight into the mechanisms involved in the ini-
tial steps of bladder carcinogenesis.  

4.3    Genetic Instability 

 Genetic instability is an important contributor to 
bladder carcinogenesis, and in fact appears to be 
one of the earliest events in this process. 
Additionally, increasing genetic instability is 
associated with higher grade and advanced stage 
in bladder tumors. Comparative genomic hybrid-
ization (CGH) studies evaluating the relative 
number of chromosomal gains and losses across 

the genome have revealed marked differences 
between Ta and T1 carcinomas, while the differ-
ences between T1 and MIBC were much smaller 
[ 19 ]. In general low-grade tumors have a lesser 
degree of genetic instability, permitting recur-
rence but rarely progression to high-grade dis-
ease. High-grade papillary cancer and CIS have 
more unstable genomes, leading to greater capac-
ity for development of invasion and metastatic 
spread. 

 A variety of investigators have found frequent 
losses of 9p and 9q in PUNLMP and low-grade 
Ta tumors. This loss of heterozygosity (LOH) of 
chromosome 9 is thought one of the earliest 
events in bladder carcinogenesis, as chromosome 
9 alterations can be found in papillary hyperpla-
sia, considered a precursor to low-grade bladder 
cancer [ 20 ]. There are a number of candidate 
genes on 9p and 9q that may have a signifi cant 
role in bladder carcinogenesis, which are dis-
cussed later. 

 T1 features LOH at chromosome 9 at a similar 
rate, but also has frequent losses of 8p, 11p, 11q 
and 13q, as well as gains of 1q, 8q, 17q and 20q. 
The total number of genetic alterations in stage 
T2-4 tumors is not signifi cantly more than that of 
T1, suggesting T1 carcinomas are more closely 
related to T2-4 than to Ta at the genetic level 
[ 21 ]. Also, because the relative similarity in the 
amount of genetic changes in T1 and MIBC, 
genes associated with the progression to muscle 

   Table 4.1    Established urothelial cell cancer susceptibility loci   

 Gene  Chromosome  SNP location 
 Risk allele 
(frequency)  Allelic OR (95 % CI)   p -value  Reference 

 MYC  8q24.21  rs96428890  0.45  1.22 (1.15–1.29)  7.8 × 10 −12   [ 16 ] 
 TP63  3q28  rs710521  0.73  1.18 (1.12–1.24)  1.8 × 10 −10   [ 16 ] 
 PSCA  8q24.3  rs2294008  0.46  1.15 (1.10–1.20)  2.0 × 10 −10   [ 17 ] 
 CLPTM1L, 
TERT 

 5p15.33  rs2736098  0.54  1.11 (1.07–1.16)  5.0 × 10 −7   [ 48 ] 

 FGFR3, TACC3  4p16.3  rs2294008  0.19  1.24 (1.17–1.32)  9.5 × 10 −12   [ 16 ] 
 APOBEC3A, 
CBX6 

 22q13.1  rs1014971  0.38  0.88 (0.85–0.91)  8.4 × 10 −12   [ 15 ] 

 CCNE1  19q12  rs8102137  0.33  1.13 (1.09–1.17)  1.7 × 10 −11   [ 15 ] 
 UGT1A  2q37.1  rs11892031  0.08  0.84 (0.79–0.89)  1.0 × 10 −7   [ 15 ] 
 NAT2 (slow 
acetylator) 

 8p22  rs1495741  0.20  1.40 (1.30–1.50)  8.0 × 10 −12   [ 15 ] 

 GSTM1 (null)  1p13.3  Deletion assay  0.53  1.47 (1.38–1.57)  5.0 × 10 −31   [ 15 ] 
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invasiveness have been diffi cult to isolate [ 22 ]. 
Though the chromosomal aberrations are fre-
quent, particularly in high-grade bladder cancer, 
a number of investigators have been able to iden-
tify key genes and/or signaling pathways associ-
ated with particular subsets of UCC, and allowed 
for the molecular characterization of bladder 
cancer.  

4.4    Pathways to Carcinogenesis 

 The differences in clinical outcomes seen 
between low-grade, non-invasive urothelial car-
cinoma and high-grade, invasive urothelial carci-
noma are manifested at a molecular level. Two 
distinct molecular pathways to the development 
of bladder cancer have been described [ 23 ] based 
on specifi c genetic changes that occur between 
each type of urothelial tumor development. The 
“Ta pathway” is the development of papillary, 
non-invasive low-grade disease from normal uro-
thelium whereas the “CIS pathway” includes the 
development of high-grade tumors, not necessar-
ily papillary, that often progress to MIBC. The 
origin of high-grade Ta tumors is currently not 
understood, and they may arise de-novo from fl at 
dysplasia or from an increase in grade from low- 
grade Ta tumors. Figure  4.1  depicts the current 
model of pathogenesis for the major groups of 
bladder tumors. This model of two general 
molecular pathways provides a framework for 
discussion of the pathogenesis of bladder cancer, 
though progress in genetic and epigenetic studies 
suggests that with further discovery this model 
will become more complex.

   The above molecular pathways are classifi ed 
either by genetic alterations or pathologically in 
terms of grade and progression to invasiveness. 
Somatic mutations in fi broblast growth factor 
receptor-3 (FGFR3) and RAS have been strongly 
correlated with development of low-grade and 
low-stage bladder cancer, whereas TP53 and Rb 
mutations are associated with CIS, high-grade, 
and muscle invasive bladder cancer [ 24 ]. FGFR3 
and TP53 mutations are almost mutually exclu-
sive [ 25 ] and help to defi ne the two pathways to 
formation of bladder cancer. Table  4.2  shows the 

frequency of notable genes that have a demon-
strated involvement in the pathogenesis of Ta 
and MIBC.

4.4.1      The Ta Pathway 

 The Ta pathway is the development of papillary, 
non-invasive low-grade disease from normal uro-
thelium. Genetic changes in the Ta pathway are 
associated with hyperplasia and growth. Normal 
urothelium transforms into low-grade papillary 
cancer through activation of proto-oncogenes, 
resulting in phenotypic changes that are histo-
logically named papilloma, papillary urothelial 
neoplasia of low malignant potential (PUNLMP), 
hyperplasia, and low-grade urothelial cancer. 
Characteristic changes of the Ta pathway include 
LOH of chromosome 9, and mutations in FGFR3, 
RAS, and PI3K.  

4.4.2    Chromosome 9 

 The deletion of parts or all of chromosome 9 is 
likely the earliest mutation seen in low-malignant 
potential (PUNLMP) and non-invasive bladder 
cancer, and is associated with hyperplasia. 
Deletions in 9p and 9q are also seen frequently in 
CIS and other high-grade tumors including 
MIBC. A variety of known tumor suppressor 
genes can be found at 9p and 9q. Deletion of 9p 
leads to loss of CDKN2A (9p21), which codes 
for TP16 (INK4a) and TP14 (ARF). INK4a is a 
negative regulator of RB, and ARF is an inhibitor 
of TP53, both pathways normally associated with 
the high-grade disease. Deletions in 9q involve 
the tumor suppressor genes TSC1 (tuberous scle-
rosis 1), PTCH (patched homologue 1), and 
DBC1 (deleted in bladder cancer gene 1). TSCI 
(9q34) deletions activate oncogenic potential 
through signaling pathways such as the PI3K 
pathway (discussed below), and are seen in 
approximately 15 % of UCC [ 26 ], but studies to 
date show no apparent association with tumor 
grade or stage. Both PTCH (9q22) and DBC1 
(9q33) are affi liated with increased cellular pro-
liferation and these deletions are seen in up to 
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  Fig. 4.1    Pathways of urothelial cell tumorigenesis. High-grade invasive disease is associated with greater genetic insta-
bility and hypermethylation compared to low-grade non-invasive disease       
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60 % of UCC due to LOH of 9q. Interestingly, 
PTCH1 is the gene in Gorlin Syndrome, a rare 
congenital syndrome associated with pediatric 
bladder cancer.  

4.4.3    FGFR3 

 Somatic mutations in fi broblast growth factor 
receptor-3 (FGFR-3) are strongly correlated with 
development of low-grade and low-stage bladder 
cancer and are the hallmark mutation of the Ta 
pathway. FGFR-3 (4p16) is a tyrosine kinase 
receptor involved with regulation of several cel-
lular processes including cell growth, differentia-
tion, migration, wound healing, and angiogenesis, 
depending on the target cell type and the develop-
mental stage. The receptor is one of the four 
FGFR members, and the structure is common to 
many receptor types. FGFR3 has an extracellular 
portion containing three immunoglobulin (Ig)-
like domains, a hydrophobic transmembrane 
domain, and an intracellular domain containing 
a tyrosine kinase involved in signal transduction. 

A variety of mutations have been described, with 
the majority found in exons 7, 10 and 15, and 
include alterations in the extracellular, trans-
membrane, and intracellular domains [ 27 ]. Many 
of these mutations lead to ligand-independent 
dimerization or autophosphorylation and activa-
tion of downstream signaling pathways, includ-
ing the Ras-MAPK pathway and PI3K pathway. 
The most common of these, accounting for over 
70 % of FGFR3 mutations, is S249C. This muta-
tion results in cross-linking of adjacent receptors 
via disulfi de bonds and ligand-independent 
dimerization [ 28 ]. 

 Somatic mutations in FGFR-3 are found in 
70–75 % of low-grade Ta urothelial cell cancer 
[ 29 ] and at a similar frequency in papilloma and 
PUNLMP. Papilloma is a benign exophytic 
growth covered with phenotypically normal 
appearing urothelium. In one study of 12 patients 
with urothelial papilloma, 9 were found to harbor 
the FGFR3 mutation (75 %) [ 30 ]. This has not 
been confi rmed by additional studies, and further 
understanding is needed to explain why this lesion 
harbors the FGFR3 mutation but remains benign. 

   Table 4.2    Frequency of genetic alterations in select genes for Ta and MIBC tumors   

 Gene  Cytogenic location  Alteration  Frequency in Ta tumors  Frequency in MIBC tumors 

 Chromosome 
 9p  Deletion  36–47 %  21–30 % 
 9q  Deletion  44–66 %  17 % 

 Oncogenes 
 HRAS  11p15  Activating mutation  15 %  10–15 % 
 FGFR3  4p16  Activating mutation  60–80 %  ~50 % Overexpression 

 15 % Mutation 
 PIK3CA  3q26  Activating mutation  35–65 %  25 % 
 MDM2  12q13  Overexpression  30 %  4 % Overexpression 
 Tumor suppressor genes 
 TP53  17p13  Deletion or mutation  ~0 % Ta, 20 % of T1  70 % 
 RB1  13q14  Deletion or mutation  ~0 %  37 % 
 PTEN  10q23  Homozygous deletion or 

mutation 
 Infrequent  LOH 30–35 % 

 Mutation 17 % 
 CDKN2A  9p21  Homozygous deletion or 

methylation or mutation 
 HD 20–30 %  HD 20–30 % 
 LOH ~60 %  LOH ~60 % 

 PTCH  9q22  Deletion or mutation  LOH ~60 %  LOH ~60 % 
 Mutation rare  Mutation rare 

 DBC1  9q32-33  Deletion or methylation  LOH ~60 %  LOH ~60 % 
 TSC1  9q34  Deletion or mutation  LOH ~60 %  LOH ~60 % 

 Mutation ~15 %  Mutation ~15 % 
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In bladders with both PUNLMP and low- grade Ta 
tumors, biopsies of these lesions have the same 
genetic alterations in most cases [ 31 ]. In fact, 
there are no genetic markers that consistently dis-
tinguish these entities, supporting the common 
belief that PUNLMP is a likely precursor to low-
grade bladder cancer. Despite the high rate of 
recurrence for low-grade cancer, no study to date 
has defi nitely developed a relationship between 
mutant FGFR3 and tumor recurrence [ 32 ]. 

 FGFR3 mutations are found in only 21–38 % 
of T1 disease, 0 % of primary CIS, and in about 
10–15 % of T2-4 tumors [ 27 ,  33 ]. Despite a 
lower rate of FGFR3 mutations in higher-stage 
disease, overexpression of FGFR3 protein is 
more common in higher stage disease when 
compared to Ta disease and normal controls. In a 
study of micro- dissected tumor cells from 172 
patients, overexpression of FGFR3 was found in 
39 % of muscle invasive tumors despite most 
samples lacking the FGFR3 mutation, suggest-
ing FGFR3 signaling may contribute to this phe-
notype, and that both wild-type and mutant 
FGFR3 may provide valid therapeutic targets in 
both NIMBC and MIBC [ 27 ]. 

 A number of FGFR-targeted therapeutic agents 
have been tested in bladder cancer cell lines 
in vitro and in vivo [ 34 – 36 ]. Studies using siRNA 
or shRNA knockdown or specifi c antibodies to 
block FGFRs activity have shown that some UC 
cell lines are FGFR3-dependent. Overall, the 
in vivo and in vitro studies confi rm that FGFR 
inhibitors may be of clinical relevance in the treat-
ment of bladder cancer but also raise some crucial 
issues, particularly the requirement for biomark-
ers of FGFR dependence to predict response to 
treatment and the need for combination therapy 
with other agents due to the likely recurrence and/
or resistance after treatment withdrawal.  

4.4.4    RAS 

 RAS is the most common oncogene in human can-
cer, and is mutated in 10–20 % of bladder cancers. 
There are three activating mutations in the RAS 
family with KRAS and HRAS mutations being 
found at a similar frequency in bladder cancer, and 

NRAS mutations being uncommon [ 37 ]. Both 
RAS and FGFR3 converge on the mitogen-acti-
vated protein kinases (MAPK) signaling pathway, 
and both have been associated with the Ta pathway 
of bladder cancer. In total, 85 % of Ta tumors have 
either the RAS or FGFR3 mutations. This suggests 
that some or all of the effects of activating muta-
tions of FGFR3 occur through the RAS-MAPK 
pathway. RAS and FGFR3 mutations are mutually 
exclusive of each other, representing alternative 
means to confer the same phenotype of UCC cells. 
Prognostic data for RAS with respect to recur-
rence-free, progression-free, or disease-specifi c 
survival in bladder cancer are currently lacking.  

4.4.5    PI3K Pathway 

 The phosphatidylinositol 3-kinase (PI3K) path-
way, along with the RAS-MAPK pathway, are 
the two most important pathways involved in cell 
growth in UCC. The PI3K pathway is activated 
by several mechanisms, including by FGFR3 and 
Ras. In UCC, aside from the Ras and FGFR3 
mutations, mutations within the PI3K pathway 
have been identifi ed in PIK3CA, AKT1, and 
TSC1, as well as LOH, homozygous deletions, 
and inactivating mutations in PTEN. PTEN inac-
tivation is generally associated with invasive dis-
ease, and will be described further below. 
PIK3CA is the alpha-catalytic subunit of PI3 
kinase, and PIK3CA mutations are mainly asso-
ciated with low-grade and low-stage tumors [ 38 ]. 
Though RAS and FGFR3 are mutually exclusive 
mutations, PIK3CA and FGFR3 mutations can 
co-occur. Together, they may have an additive 
oncogenic effect, and in one study recurrences of 
tumors harboring both mutations were higher in 
grade [ 37 ]. 

 TSC1, as described above, is located on 9q 
and thus frequently has at least one allele deleted 
in UCC, with the other allele often mutated lead-
ing to loss of function. TSC1 encodes for hamar-
tin, and it is an inhibitor of mammalian target of 
rapamycin (mTOR) activation. AKT, also known 
as protein kinase (PKB) is a key regulator in the 
PI3K pathway, and its downstream effects include 
the mTOR activation. Activating mutations in 
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AKT have been found in UCC, again suggesting 
one common pathway between loss of TSC1 and 
AKT mutation through activation of mTOR. 
Cellular work has suggested that PI3K pathway 
activation is needed for the invasive phenotype 
seen in PTEN defects, making PI3K inhibitors 
potential therapeutic agents [ 39 ]. Other potential 
therapeutic agents for UCC in the P13K pathway 
are AKT inhibitors and mTOR inhibitors, or a 
combination thereof. Of note, mTOR can be acti-
vated by both the MAPK and PI3K pathways, so 
direct inhibition of mTOR, such as with rapamy-
cin, may be more effective than blockade of inter-
mediary proteins in these pathways. The role of 
mTOR and the effect of its blockade in UCC are 
currently under investigation.  

4.4.6    CDKN2A 

 Cyclin-dependent kinase inhibitor 2A (CDKN2A) 
located on 9p21 encodes two tumor suppressor 
proteins, P16(INK4a) and P14(ARF), involved in 
cell cycle arrest and senescence. TP16 is a negative 
regulator of RB, and TP14 is a negative regulator of 
TP53. CDKN2A is frequently inactivated by 
homozygous deletion in bladder cancer, though its 
exact role in tumor genesis in not clear. Rebouissou 
and colleagues investigated the role of CDKN2A 
as a function of FGFR3 and the Ta pathway [ 40 ]. A 
total of 288 bladder tumors were studied, with 
FGFR3 in 43 % and homozygous CDKN2A dele-
tions in 19 %. CDKN2A deletions occurred more 
frequently in FGFR3-mutated tumors than in wild-
type FGFR3 tumors. CDKN2A deletion was not 
associated with tumor stage when considering the 
entire cohort. However, when looking only at 
tumors with FGFR3 mutations, there was a stage 
correlation, with CDKN2A deletion found in 20 %, 
27 %, and 79 % of Ta, T1, and T2-4 tumors respec-
tively. The presence of CDKN2A deletion had no 
effect on disease recurrence, but was a signifi cant 
predictor of progression independent of stage and 
grade. This suggests that homozygous CDKN2A 
loss plays a critical role in the progression to mus-
cle invasive disease in the Ta pathway.  

4.4.7     The CIS Pathway and Muscle 
Invasive Disease 

 Genetic changes associated with the CIS path-
way result in invasion, in contrast to the changes 
of the Ta pathway that result in hyperplasia, or 
growth. TP53, PTEN, and RB1 pathways are the 
hallmarks of invasive disease, and alterations in 
more than one of these pathways carry increas-
ingly worse prognosis [ 41 ]. While there is vari-
ance in data on the prevalence of genetic 
alterations in CIS, there is strong agreement that 
CIS has a high rate of TP53 (17p13) mutation 
and/or LOH of chromosome 17. Other frequent 
genetic alterations reported in CIS include LOH 
on 14q (70 %), 8p (65 %), 13q (56 %), 11p 
(54 %), and 4q (52 %) [ 42 ]. 

 The reported frequency of chromosome 9 
LOH in CIS is not consistent, which is likely 
related to the varied presentation of CIS. 
Primary CIS, which is not associated with a 
papillary or invasive lesion, has TP53 overex-
pression but lacks deletion of chromosome 9. In 
contrast, secondary CIS, which is associated 
with papillary lesions, can display alterations in 
chromosome 9. Chromosome 9 deletions are 
the most frequent abnormality in both low- and 
high-grade tumors, and the conversion of nor-
mal urothelium to dysplasia is associated with 
chromosome 9 deletions in 75 % of cases. 
Furthermore, secondary CIS will have the same 
molecular expression profi les as the adjacent 
papillary tumor [ 43 ] and morphologically nor-
mal urothelium in the same bladder [ 44 ]. This 
illustrates the overlapping of pathways to devel-
oping invasive disease, directly from fl at CIS, 
versus the pathway of hyperplasia associated 
with high-grade disease (Fig.  4.1 ). 

 It should be noted that a high proportion of 
bladder tumors demonstrate a wild-type pheno-
type, having no mutations in FGFR-3 or TP53. 
This can be seen in 32 % of Ta, 40 % of T1, and 
43 % of T2-4 tumors [ 25 ]. Thus, there is a high 
likelihood that mutations in other genes or 
changes in gene expression are involved in the 
development of bladder cancer.  
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4.4.8    TP53 

 TP53 is the hallmark of high-grade disease and 
invasiveness in urothelial cell cancer [ 23 ]. 
Located on chromosome 17p13, p53 tumor sup-
pressor gene is one of the most well studied genes 
in cancer and is the most common genetic event 
in human malignancy, associated with over half 
of all tumors. This protein functions as a tran-
scription factor that regulates expression of sev-
eral downstream genes, its two major functions 
being cell cycle arrest and apoptosis. Since it is 
involved in checkpoint control after DNA dam-
age, additional genetic changes can result when 
mutations to this gatekeeper gene occur. Over 
50 % of high-grade disease has defects in TP53 
[ 45 ]. TP53 mutations are generally not observed 
in Ta, found in approximately 20 % of T1, and 
42 % of T2 disease. Approximately 5–20 % of 
low-grade tumors will progress to high-grade 
tumors, which requires the loss of P53 [ 46 ]. P53 
mutations occur at the earliest stage of the CIS 
pathway compared to the late in the Ta pathway, 
at the muscle-invasive stage [ 25 ]. TP53 controls 
the proper function of TP21, another key protein 
in cell cycle regulation. Genetic malfunctions of 
TP53 and TP21 in concert have been associated 
with higher relapse rates and worse survival after 
recurrence compared to TP53 malfunction alone. 
Other alterations that affect function of the p53 
pathway include those of overexpression of 
MDM2 and alteration of p14(ARF). MDM2 is a 
proto-oncogene that serves as the antagonist to 
TP53. The protein product of MDM2 binds to 
p53 and inhibits its transcriptional activity, tar-
geting p53 for degradation. P14(ARF) blocks 
MDM2-induced p53 degradation, and as it is 
located on chromosome 9p, is frequently deleted 
in high-grade bladder cancer. 

 Measuring p53 overexpression by immuno-
histochemistry is an accepted surrogate for the 
p53 mutation. Mutated p53 has a longer half-life 
compared to wild type, and positive staining for 
p53 in 10 % or more cells positively correlates 
with TP53 mutation. The use of p53 overexpres-
sion as a surrogate, and the simple classifi cation 
of tumors being either wild-type or mutant has 
been challenged, citing evidence that different 

mutations of TP53 harbor distinct functional 
properties, and not all mutated forms of TP53 
have a longer half-life. There is consensus, how-
ever, that p53 overexpression is strongly associ-
ated with bladder tumors of higher stage and 
grade and worse prognosis.  

4.4.9    RB 

 Retinoblastoma (Rb) tumor suppressor gene is 
located on chromosome 13q and is altered in up 
to 50 % of invasive bladder cancers, however Rb 
alterations are infrequent in Ta tumors. 
Inactivation of this gene is more frequent in high- 
grade and advanced state bladder cancer, and its 
alteration has been associated with disease pro-
gression and decreased survival. Rb inactivation 
is also thought to be involved in genetic instabil-
ity, a frequent hallmark of invasive disease. Loss 
of Rb function leads to aberrant control of the 
mitotic spindle and chromosome segregation 
resulting in aneuploidy. RB function is mediated 
by P16(INK4a), a cyclin-dependent kinase inhib-
itor, which is encoded by CDKN2A on chromo-
some 9p. While both p53 and Rb pathway 
alterations independently convey increased risk, 
the highest risk of progression and death after 
cystectomy is with alteration in both p53 and Rb 
pathways [ 21 ].  

4.4.10    PTEN 

 PTEN (10q) protein is a multifunctional phos-
phatase whose target is PIP3 frequently 
 inactivated in high-grade bladder cancer. 
De-phosphorylation of PIP3 results in inhibition 
of the PI3K signaling pathway, thus loss of PTEN 
allows for unregulated activity of this pathway. 
As noted above, activation of the PI3K pathway 
is necessary for the invasive phenotype associ-
ated with the loss of PTEN. Deletions of 10q are 
found in 24–58 % of invasive UC, but infrequent 
in low-grade NMIBC. Up to 41 % of tumors with 
altered p53 have down-regulation of PTEN, and 
in combination these alterations are associated 
with poor outcome [ 47 ].   
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4.5    Epigenetic Changes 

 The term epigenetic refers to mechanisms that 
permit the stable transmission of cellular traits 
without an alteration in DNA sequence or amount. 
Epigenetics encompasses many different phe-
nomena, including DNA methylation, histone 
modifi cations, and post-transcriptional effects 
mediated by non-coding RNA transcripts, so 
called microRNAs (miRNAs). Epigenetic changes 
modulate gene expression to play a vital role in 
initiation of cancer and can alter aspects of tumor 
phenotypes, including invasion, angiogenesis, 
motility and proliferation. Epigenetic changes are 
among the earliest molecular events associated 
with transformation and could therefore precede 
morphologic alterations in cellular architecture. 

 DNA methylation is one of the most studied 
mechanisms of genetic change associated with 
cancer. This involves the methylation of cytosine 
bases in DNA which alters the capacity of tran-
scription factors to bind DNA and initiate gene 
expression, resulting in transcriptional silencing. 
Methylation thus leads to repression of certain 
genes, and is used physiologically in development 
and differentiation to direct appropriate gene 
expression. In cancer, hypermethylation, particu-
larly of promoter CpG (cytosine-phosphate- 
guanine) islands, is a mechanism utilized to 
initiate or promote carcinogenesis. A variety of 
genes have been demonstrated to be modulated in 
bladder cancer through hypermethylation, too 
numerous to review here. The functions of these 
genes include cell cycle control, differentiation, 
apoptosis, cellular adhesion, and migration [ 48 ]. 
In general, DNA methylation increases with 
increasing grade and stage [ 49 ,  50 ], suggesting 
hypermethylation promotes a more aggressive 
phenotype as with genetic instability. In addition, 
a recent genome-wide analysis of DNA methyla-
tion patterns revealed a distinct hypomethylation 
pattern only in non-invasive tumors relative to 
normal epithelium and invasive tumors, suggest-
ing distinct epigenetics also differentiate the Ta 
and CIS pathways [ 49 ]. Lastly, the same study 
examined normal epithelia from bladders removed 
for cystectomy, and found hypermethylation at 
many loci that were shared with bladder tumors, 

particularly invasive bladder tumors (T2-4). This 
suggests DNA methylation is an early event in 
bladder carcinogenesis, as well as a source of the 
fi eld effect seen in bladder UCC. Whether the nor-
mal bladder of patients with non-invasive tumors 
would more closely resemble the methylation pat-
terns found in the Ta pathway could not be eluci-
dated in this study. As DNA methylation is 
reversible and appears to be a crucial early event 
in bladder tumor development, DNA methyl-
transferase inhibitors may prove useful in both 
NMIBC and MIBC in the future. 

 Histones are involved in DNA packaging, and 
modifi cation of histones through acetylation, 
phosphorylation or methylation can affect tran-
scription of genes coiled around the histone com-
plex. Studies on histone modifi cation in bladder 
cancer are limited, however a recent study found 
that modifi cation of histones through altering 
methylation and acetylation was responsible for a 
specifi c expression silencing profi le (MRES) in 
bladder tumors and bladder cancer cell lines [ 51 ]. 
Furthermore, on clustering analysis, the MRES 
signature was associated with tumors and cells 
containing the CIS pathway expression signature, 
and was only rarely found in tumors with FGFR3 
mutation, which is part of the Ta pathway. Thus, at 
least this portion of histone modifi cation appears 
to be differentially utilized by the two pathways, 
and may signify a more aggressive phenotype. 

 Micro-RNAs are short, non-coding RNAs 
which can affect gene expression at the post- 
transcriptional level. Though they mainly func-
tion in silencing their target gene transcripts, 
either through impeding translation or targeting 
the transcripts for degradation, they may also 
cause increased expression of their target 
mRNAs in some circumstances. A variety of 
miRNAs differentially expressed in bladder can-
cer have been reported, also with a variety of tar-
gets including FGFR3, AKT, p53 and PTEN 
[ 48 ]. Expression profi ling of miRNAs in bladder 
cancer has been performed [ 52 ,  53 ], each with 
interesting implications into the molecular path-
ways of bladder cancer. Catto found altered 
miRNA expression in normal urothelium of 
bladder cancer patients as compared to controls, 
suggesting another epigenetic mechanism occur-
ring early in UCC development. They also found 
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a pattern of decreased miRNA expression in 
low-grade tumors, including loss of miRNAs 
which normally suppress FGFR3 expression. In 
high-grade tumors they found up-regulation of a 
number of miRNAs, including one which affects 
p53. Dyrskjot similarly found expression differ-
ences between low- grade and high-grade tumors, 
and additionally identifi ed miR-129, whose tar-
gets are GALNT1 and SOX4, as portending a 
poor prognosis. Others have also correlated 
miRNA expression patterns with recurrence and 
progression in low- grade and high-grade bladder 
cancers [ 54 ].  

4.6    Recurrence and Prognosis 

 The    clinical goal in bladder cancer management 
is to predict the fate of an individual tumor and to 
select the optimal individual treatment. 
Histopathologic features including tumor grade, 
depth of invasion, multiplicity, size, morphology, 
the presence of vascular or lymphatic invasion, 
and the presence or absence of CIS are currently 
used to predict relative risk of recurrence and 
progression. These features are all signifi cant 
predictors of outcome in the bladder cancer pop-
ulation, but they do not provide accurate predic-
tions for individual patients. The current amount 
of data available from high-throughput analysis 
like GWAS have led to investigations of specifi c 
clinical behavior based on a tumor’s gene expres-
sion signature. 

 Using cDNA expression libraries, Dyrskjot 
et al. attempted to classify tumors as Ta versus T1 
or T2. Eighty percent of Ta tumors were correctly 
classifi ed, and Ta tumors that were falsely classi-
fi ed as T1 or T2 had a signifi cantly worse prog-
nosis [ 55 ]. Similarly, Wang et al. [ 56 ] developed 
a multiplex PCR assay using a 57-gene mRNA 
expression profi le to predict Ta, T1, and T2 blad-
der cancer as high risk versus low risk of progres-
sion. At 2 years the tumors classifi ed as high risk 
in each stage group had greater progression than 
those segregated as low risk. Such signatures 
may also be applicable to detection of cancer and 
predicting therapy response, though discussion 
of this is outside the scope of this chapter.  

4.7    Conclusion 

 Bladder cancer is a multifactorial disease with 
well-established links to environmental factors 
and a clear demonstration of a genetic compo-
nent in its development. Two separate pathways 
defi ne the current model for bladder carcinogen-
esis, yet the exact genetic bases for the develop-
ment of urothelial cell cancer is not well 
understood and will undoubtedly become more 
complex. Future research will focus toward fur-
thering our understanding of the molecular basis 
for bladder carcinogenesis, along with develop-
ment of risk prediction models that integrates 
genetic and environmental factors to predict indi-
vidualized probability for bladder cancer devel-
opment, prognosis, and guide treatment.     
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5.1            Introduction 

 Bladder cancer is the most common neoplasm of 
the urinary tract and the sixth most common 
malignancy in the United States [ 1 ]. While most 
are detected at the clinically localized stage, 
approximately 25 % of patients will initially 
present with regional or metastatic disease. 
Radiographic imaging is a vital part of the evalu-
ation of both local and advanced bladder cancer 
as it assists the urologist in the determination of 
appropriate management. It furthermore plays an 
important role after defi nitive treatment for long- 
term cancer surveillance and in some cases man-
agement of surgical complications. 

 It is important to recognize that at the time of 
most patients having an established diagnosis of 

bladder cancer, they will have already undergone 
some form of imaging as part of a hematuria 
evaluation. In this chapter, we discuss the differ-
ent imaging modalities used in diagnosis and 
staging in the context of both localized and 
advanced bladder cancer. We will also review the 
role of imaging in the setting of neoadjuvant 
 chemotherapy and post-treatment cancer surveil-
lance. Newer imaging techniques utilizing cys-
toscopy (narrow band imaging, confocal laser 
microendoscopy, and optimal coherence tomog-
raphy) are not presently used in standard prac-
tice and will not be discussed.  

5.2     Role of Imaging for Non- 
muscle Invasive Bladder 
Cancer (CIS, Ta, T1) 

 The majority of patients (approximately 75 %) 
presenting with urothelial cancers of the bladder 
are diagnosed with non-muscle invasive disease, 
that is, confi ned to the mucosal or lamina propria 
layers. Nonetheless, imaging is still an important 
part of this evaluation as it helps ensure accurate 
clinical staging while also evaluating the upper 
urothelial tracts for synchronous or metachro-
nous lesions. There are several modalities that 
may be used in this evaluation including ultraso-
nography, contrast-enhanced radiography (i.e. 
intravenous pyelogram, retrograde pyelogram), 
computed tomography, and magnetic resonance 
imaging. 
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5.2.1     Radiography, Intravenous 
Pyelography, and Ultrasound 

 Plain radiography has no role in the evaluation of 
non-muscle invasive bladder cancer (NMIBC) 
given its lack of soft tissue contrast or defi nition. 
While there have been some case reports describ-
ing appearance of calcifi cations in the bladder 
showing up on plain x-ray, these are merely of his-
torical perspective and will not be described. On 
the other hand, the addition of intravenous contrast 
to plain radiography (intravenous pyelography, 
IVP) has been used for many years in the fi eld of 
urology. An IVP involves injection of intravenous 
contrast followed by serial radiographic and tomo-
graphic images obtained of the kidneys, ureter, 
and bladder as the contrast media moves through 
the urinary tract. For many years IVP was the 
study of choice along with cystoscopy in the eval-
uation of hematuria, however in the era of com-
puted tomography and magnetic resonance 
imaging, this test has fallen out of favor. In the 
most recent version of the AUA Clinical Guidelines 
for asymptomatic microhematuria, IVP and ultra-
sound were considered less optimal imaging tests 
given their low sensitivity compared with mag-
netic resonance imaging (MRI) or computed 
tomography (CT) and high likelihood of missing a 
diagnosis [ 2 ]. When present on IVP, urothelial 
cancers may appear as a fi lling defect within the 
bladder or upper urinary tracts (Fig.  5.1 ) [ 3 ]. 
Papillary lesions, as often seen with non-invasive 
tumors, will have frond- like projections into the 
bladder lumen, giving the appearance of a poorly 
marginated fi lling defect within the bladder. A 
thickened bladder wall on the IVP may be seen in 
some cases of carcinoma in situ. One potential pit-
fall with IVP is that a large median lobe may be 
mistaken for a fi lling defect or bladder tumor.

   Ultrasonography has several theoretical 
advantages as an imaging modality of the bladder 
and urinary tract. It is readily available, requires 
no patient preparation, is inexpensive, and not 
associated with radiation exposure. In addition, it 
allows for simultaneous evaluation of the upper 
tracts and may demonstrate hydronephrosis, 
renal calculi, or renal masses. The accuracy of 
ultrasound in visualizing bladder tumors depends 

on the degree of distention and tumor character-
istics (size, morphology, and location) and is 
operator-dependent. Newer contrast-enhanced 
techniques show some promise for improving 
diagnostic accuracy in the imaging of bladder 
tumors for evaluation of hematuria. That being 
said, cystoscopy remains the gold standard diag-
nostic procedure and should be performed regard-
less of ultrasound fi ndings. 

 Ultrasonography is a poor tool for staging of 
bladder cancer and it is rarely used after histo-
logic confi rmation. More commonly, ultrasound 
of the bladder is performed as part of the evalua-
tion of the kidneys and an incidental lesion is 
noted. Bladder tumors on ultrasound typically 
appear as hypoechoic, plaque-like or polpypoid 
lesions projecting into the bladder lumen [ 4 ]. 
Doppler studies may demonstrate blood fl ow, 
especially in larger papillary lesions. Shadowing 
may also be present if there is calcifi cation. 
Bladder wall thickening may also be apparent 
although this is a nonspecifi c fi nding. 

  Fig. 5.1    Intravenous pyelogram demonstrating left 
hydroureteronephrosis and large fi lling defect within the 
bladder.  Reprinted with permission  [ 3 ]       
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 The diagnostic accuracy of ultrasound for 
detection of bladder tumors is highly variable and 
dependent on size and location. Datta et al. 
showed that US had an overall sensitivity of 63 % 
and specifi city of 99 % for detection of bladder 
cancer in a series of over 1,000 patients present-
ing with hematuria [ 5 ]. Smaller lesions are in 
particular more diffi cult to evaluate. For lesions 
less than 5 mm in diameter, Malone et al. found 
that US detected only 38 % of tumors compared 
to 82 % of those greater than 5 mm as confi rmed 
by cystoscopy [ 6 ]. Several series have shown the 
importance of tumor location and sensitivity of 
US. The bladder neck, dome, and anterior blad-
der are all sites where US visualization is limited 
and may miss lesions [ 7 ,  8 ]. 

 Contrast-enhanced ultrasonography (CEUS) is 
a newer form of ultrasonography that attempts to 
improve the diagnostic accuracy of ultrasound. 
This modality relies on intravenous microbubble 
contrast agents and a specialized ultrasound probe. 
The microbubbles are entirely intravascular and 
their properties result in high echogenicity when 
visualized on sonogram. This allows for evalua-
tion of vasculature and neovascularity (i.e. tumors). 
It has been used for imaging of the spleen, liver, 
and kidneys [ 9 ]. Previous studies using CEUS of 
the bladder revealed that the mucosal and submu-
cosal layers had early enhancement and the detru-
sor was relatively hypoechoic in comparison. 
Using CEUS of the bladder, the presence of a 
hypoechoic layer between the bladder tumor and 
bladder wall was predictive of non-invasive dis-
ease in a small study [ 10 ]. Most recently, Nicolau 
reported their experience using contrast-enhanced 
ultrasound in a cohort of 43 patients undergoing 
transurethral resection of bladder tumors. CEUS 
and routine US were performed the day prior to a 
transurethral resection of bladder tumor (TURBT). 
CEUS was more accurate than routine US in 
detection of bladder cancer (88.3 % vs. 72.09 %) 
and was particularly helpful in non-conclusive US 
cases. Sensitivity of CEUS was highest with 
lesions >5 mm (94.7 % vs. 20 % if <5 mm) [ 11 ]. 
More recently, three-dimensional ultrasound has 
been combined with CEUS in efforts to not only 
improve detection but also predict invasiveness. 
This new technique, as shown in Fig.  5.2 , results in 

contrast-enhanced sonographic images in multiple 
planes allowing for a three-dimensional recon-
struction of a bladder tumor. Of 60 bladder lesions 
evaluated with combined 3D US and CEUS prior 
to TURBT, all 16 muscle invasive tumors were 
correctly diagnosed. Inter-reader agreement was 
highest when these images were combined as 
compared to individual use (kappa = 0.914) [ 12 ].

   Despite the advantages of ultrasound for blad-
der cancer imaging, it still lacks in diagnostic 
accuracy, especially for smaller lesions. Routine 
grey scale ultrasound is still considered inferior 
to other imaging modalities such as CT and MRI 
for evaluation and staging of bladder cancer. For 
the evaluation of hematuria, ultrasound is consid-
ered a suboptimal test based on the AUA guide-
lines [ 2 ]. With evolving technologies utilizing 
microbubble contrast and three-dimensional 
imaging, ultrasound imaging may play a more 
important role in imaging bladder tumors, but not 
without further refi nement of the modality.  

5.2.2     Computed Tomography 
and Urography for Non-
invasive Disease 

 Multidetector row computed tomography (CT) is 
currently the most widely used imaging modality 
for bladder cancer. In practice many patients will 
have had some form of CT imaging prior to 
undergoing offi ce cystoscopy or transurethral 
resection of a bladder tumor as this is usually per-
formed as part of a hematuria evaluation. It is 
important to delineate the use of CT in the con-
text of a hematuria evaluation versus staging after 
a confi rmatory diagnosis of bladder cancer. In 
this section, we discuss the role of CT imaging as 
it relates to NMIBC. Later in this chapter, we will 
discuss CT imaging in the setting of invasive 
bladder cancer. 

 CT imaging for bladder cancer should be per-
formed with intravenous contrast unless contra-
indicated due to renal insuffi ciency or allergy. 
Delayed images are essential and allow for 
assessment of the collecting system, ureters, and 
bladder. Advances in post-processing computer-
ized technology now allow for reconstructed 
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CT images in coronal and sagittal planes, which 
 provide further improvements in evaluation of 
the urinary tract. 

5.2.2.1    Low-Grade NMIBC 
 Most non-invasive bladder tumors are low grade 
and of papillary architecture. Malignant potential 
of these tumors is    extremely low, with rates of 
progression less than 5 %. These tumors may 
vary in size, number, and characteristics. Papillary 
lesions may be seen as a focal fi lling defect pro-
jecting into the bladder or an area of asymmetric 
bladder wall thickening. Larger lesions may 
appear as an enhancing soft tissue density pro-
jecting into a relatively hypodense background of 
the urine fi lled bladder, or on delayed images as a 
fi lling defect (Fig.  5.3 ).

   In the setting of non-invasive urothelial blad-
der cancer, ongoing surveillance after treatment 
is necessary to ensure there has been no disease 
recurrence. Cystoscopy is the mainstay of post- 
treatment cancer surveillance in low-grade non- 
invasive disease. Upper tract imaging should be 
performed every 1–2 years or more frequently in 
cases of high-grade recurrences, therefore CT 
urography continues to play a prominent role 
even at this stage.  

5.2.2.2    High-Risk Non-invasive Disease 
 High-risk NMIBC includes carcinoma in situ, 
T1 (lamina propria invasion), and high-grade Ta. 
Morphologically the latter two may be indistin-
guishable from low-grade NMIBC on CT imag-
ing while the former is virtually never seen on 

  Fig. 5.2    Contrast-enhanced 3D ultrasound of patients 
with non-invasive bladder tumor. ( a ) Conventional 2D 
ultrasound; ( b ) 3D image from three rectangular planes; 

( c ) Contrast enhanced 2D ultrasound with homogenous 
enhancement; ( d ) 3D contrast enhanced image.  Reprinted 
with permission  [ 12 ]       
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imaging [ 13 ]. High-risk disease is associated 
with higher rates of recurrence and progression 
and adjuvant intravesical treatment after resec-
tion is recommended in order to reduce the 
chance of recurrence and progression. The role of 
imaging as part of surveillance after treatment is 
no different than that with low-grade NMIBC.  

5.2.2.3    CT: Conclusion 
 Computed tomography urography (CTU) has 
become the imaging test of choice for NMIBC 
and is often performed prior to cystoscopy during 
hematuria evaluation. Contemporary sensitivity 
and specifi city for bladder cancer detection using 
CTU range from 79 to 95 % and 83–99 %, 
respectively [ 14 – 16 ]. As will be discussed later, 
despite this diagnostic capability, CTU falls short 
when it comes to staging accuracy. Furthermore, 
CTU is unable to demonstrate carcinoma in situ 
and may miss small lesions, particularly when 
less than 1 cm [ 13 ]. Cystoscopic examination 
with transurethral resection therefore remains 
essential and to date cannot be replaced by CT.   

5.2.3     Magnetic Resonance Imaging 
in NMIBC 

 Magnetic resonance imaging provides without 
question the best soft tissue contrast quality of all 
imaging modalities. This technique requires no 

radiation exposure but is more time-consuming 
and costly. The ability of MRI to produce images 
with such spatial resolution and detail rely on the 
effects of proton alignment within tissues when 
exposed to a magnetic fi eld. In the most basic 
form, there are two phases in which images are 
constructed, T1 and T2. The contrast agent gado-
linium is also used for better enhancement of tis-
sues. As with computed tomography, multiplanar 
images in the axial, coronal, and sagittal planes 
can be constructed. 

 There are little data available in using MRI to 
evaluate the urinary bladder in NMIBC. However, 
MRI has been used to assess the urinary tract dur-
ing a hematuria evaluation in patients who cannot 
tolerate iodinated contrast due to allergy. 
Magnetic resonance urography (MRU) is much 
similar to CTU, using gadolinium contrast to 
evaluate the urinary system in a delayed phase. 
On T1-weighted images, fl uid (such as urine) is 
of low signal intensity and therefore the bladder 
appears hypointense. On T2-weighted images, 
fl uid is of high signal intensity. On either of these 
phases, a bladder tumor may be demonstrated by 
an area of signal intensity contrasting that of 
urine and the bladder wall. For example, on 
T1-weighted imaging, a bladder tumor will likely 
appear as an area of intermediate intensity and on 
T2 phase the tumor will appear hypointense to 
the surrounding urine. The detrusor layer is of 
low signal intensity and should be intact for 

  Fig. 5.3       Axial contrasted CT showing a large left-sided papillary bladder tumor. ( a ) Early contrast with enhancing 
tumor; ( b ) delayed images showing fi lling defects within the bladder and left ureter       
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 non- invasive tumors, as depicted in Fig.  5.4  [ 17 ]. 
With diffusion-weighted (DW) MRI (discussed 
later) the “inchworm sign,” characterized as a 
low signal intensity stalk invaginating into a high 
signal intensity tumor, has shown to be highly 
accurate in predicting non-muscle invasive blad-
der cancer [ 18 ].

5.3         Role of Imaging 
in the Setting 
of Neoadjuvant 
Chemotherapy 

 The use of neoadjuvant systemic chemotherapy 
(NC) has been shown to result in improved over-
all survival [ 19 ]. However, controversy is still 
ongoing in regards to which patients should be 
initially managed with NC. For patients with 
organ confi ned disease (≤clinical T2N0) radical 
cystectomy alone will likely cure most patients 
without the need for cytotoxic chemotherapy. On 
the other hand, clinical staging is notoriously 
inaccurate, with a discrepancy between clinical 
and pathologic staging in up to 50 % of cases 
[ 20 ]. Therefore, many of these patients will actu-
ally have more advanced disease after cystec-
tomy and may require chemotherapy in an 
adjuvant setting. It has been our practice to treat 
patients with clinically advanced disease with 

neoadjuvant chemotherapy prior to radical cys-
tectomy, although practice patterns and opinions 
vary on this matter. Nonetheless, radiographic 
imaging plays an important role in patient selec-
tion for neoadjuvant chemotherapy as well as 
monitoring response to treatment. 

 There are several fi ndings on cross-sectional 
imaging with either CT or MRI that may suggest 
locally advanced disease. The most notable of 
these is hydronephrosis, which has been shown to 
be an independent predictor of both  extravesical 
and node positive disease [ 18 ,  21 ]. Given this 
fi nding after staging one should give strong con-
sideration to neoadjuvant chemotherapy prior to 
surgical resection. Hydronephrosis is apparent in 
both CT and MRI and is evident by dilation of the 
collecting system to varying degrees. Most com-
monly there is ureteral dilation to the level of the 
ureterovesical junction. It is important to evaluate 
the delayed images as hydroureteronephrosis may 
be seen as a result of upper tract TCC. If any of 
these fi ndings are seen during staging of bladder 
cancer, one should strongly consider the use of 
neoadjuvant chemotherapy. Other fi ndings sug-
gestive of locally advanced disease include evi-
dence of perivesical fat involvement and extension 
into other organs. Both of these radiographic fi nd-
ings are highly suspicious for T3 or T4 disease, 
although the lack of these fi ndings does not neces-
sarily rule out extravesical disease. 

  Fig. 5.4    ( Left ) T2 MRI showing non-invasive tumor with 
low signal intensity ( black arrow ). ( Right ) T1 MRI shows 
same tumor with high signal intensity compared to urine. 

 White arrows  denote intact detrusor layer.  Reprinted with 
permission  [ 17 ]       
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 The use of positron emission tomography to 
better select patients who may benefi t from NC 
has been evaluated in recent years. This functional 
study relies on the use of radio-labeled metabolic 
substrates to identify areas of abnormal uptake, 
which may suggest tumor metastasis (Fig.  5.5 ). 
To date, fl udeoxyglucose (F 18) and [11C] cho-
line have been the primary radiotracers used for 
bladder cancer staging with a diagnostic accuracy 
of 65–94 % in predicting lymph node metastasis. 
While it has been proposed that [11C] choline 
may be better for bladder cancer owing to lack of 
urinary excretion, no randomized controlled trials 
comparing the two have been conducted.

   More recently, diffusion-weighted MRI has 
been added to conventional MRI to improve 

tumor staging in patients with bladder cancer. 
This technique relies on the relative movement of 
water through tissues, resulting in an apparent dif-
fusion coeffi cient (ADC). It has previously been 
demonstrated that the ADC of bladder tumors is 
lower than that of the surrounding tissue [ 22 ]. 
Overall accuracy of predicting tumor stage was 
improved from 67 to 88 % with the addition of 
DW images to MRI T2 phase in one series [ 23 ]. 
Another single center experience found that use 
of DW-MRI with T1/T2-MRI reduced upstaging 
after cystectomy to 5 % [ 24 ]. While DW-MRI 
appears to improve diagnostic accuracy, to date 
most studies have been limited to small single 
institution experiences. Nonetheless, this newer 
technology holds promise in efforts to improve 
clinical staging to better select those patients who 
may benefi t from NC. 

 Monitoring the response to neoadjuvant che-
motherapy with imaging is important as well. 
Indeed, not all patients respond to NC and under 
those circumstances consideration should be given 
to proceeding with cystectomy. Furthermore, 
patients with nodal involvement who have an 
incomplete or no response to NC in particular have 
poor outcomes [ 25 ]. CT, MR, and positron emis-
sion tomography (PET) techniques have all been 
described as useful imaging studies during and 
after treatment with NC to evaluate for treatment 
response. At present there is no universally agreed 
upon strategy on how to best use imaging to moni-
tor patients on NC. In our practices, we obtain 
imaging with CT or MRI after two cycles of treat-
ment to evaluate for response. Patients in whom 
there appears to be objective response to chemo-
therapy receive 1–2 additional cycles, while those 
that show any signs of progression have chemo-
therapy interrupted and proceed to cystectomy as 
clinically indicated. 

 In efforts to better predict response of neoadju-
vant chemotherapy in patients prior to cystec-
tomy, newer modalities have been studied. 
Diffusion-weighted imaging (DWI) MRI had 
higher specifi city and accuracy in predicting com-
plete vs. partial response to chemoradiation prior 
to surgery when compared to T2-weighted and 
dynamic contrast-enhanced MRI phases in a 
small study of 20 patients with organ confi ned 

  Fig. 5.5    FDG PET/CT in a 55-year-old male with T2 
bladder cancer. Patient was found to have abnormal signal 
uptake in left iliac chain ( arrow ) and was treated with neo-
adjuvant chemotherapy       

 

5 Imaging in Localized and Advanced Bladder Cancer



66

disease [ 26 ]. To date, this is the only experience 
using DWI in this setting. Martens and colleagues 
compared FDG-PET to conventional contrast- 
enhanced CT in a group of patients with lymph 
node positive bladder cancer undergoing NC. In 
this small cohort FDG-PET was no better than CT 
imaging in distinguishing responders from non-
responders or complete vs. partial response [ 27 ].  

5.4     Role of Imaging for Muscle 
Invasive Bladder Cancer 
(Clinical T2, T3, or T4) 

 While only about 25 % of urothelial carcinomas 
are found to be muscle invasive at the time of 
diagnosis, imaging plays a crucial role in the man-
agement of these patients. It is paramount to 
determine the presence of extravesical, nodal, 
and/or metastatic disease [ 28 ,  29 ] as these fi nd-
ings will affect treatment recommendations. This 
is particularly relevant as discussed previously; 
treatment paradigms are changing with increasing 
administration of neoadjuvant chemotherapy for 
locally advanced urothelial carcinoma [ 30 – 32 ]. 

 Generally, plain radiography and ultrasound 
are not used routinely in the evaluation of muscle 
invasive urothelial carcinoma due to diminished 
sensitivity, the lack of high-resolution images and 
the absence of whole body imaging. While IVP 
has historically been used for detecting upper 
tract disease, it has a very limited role in the eval-
uation of locally advanced urothelial carcinoma. 
Like in NMIBC, CT and MRI have a predominant 
role in muscle invasive disease as these cross-sec-
tional imaging modalities provide information on 
the overall clinical stage of the patient [ 33 ]. 
Additional imaging modalities include positron 
emission tomography (PET) and whole body 
bone scans. It is imperative that these studies be 
conducted prior to any radical extirpative surgery, 
as surgery may not be the initial treatment of 
choice for patients with advanced disease (non-
organ confi ned extravesical tumor, regional node 
positive disease, or the presence of distant nodal 
or visceral metastases). Additionally, as most 
patients with muscle invasive disease will proceed 
to radical cystectomy, whole body imaging allows 

for surgical planning and facilitates the detection 
of anatomic variations such as duplicated ureters 
or ectopic kidneys. 

5.4.1     Computed Tomography 
for Muscle Invasive Bladder 
Cancer 

 Although the primary method of in-situ clinical 
staging for urothelial carcinoma is with a trans-
urethral resection, multidetector row computed 
tomography (CT) has become the most common 
modality for evaluating muscle invasive bladder 
cancers [ 34 ,  35 ]. This is due to its speed, wide-
spread availability, and advantage of imaging 
multiple organs simultaneously. Considerations 
with the use of CT include radiation exposure 
and the need for an intravenous contrast agent 
which may be diffi cult in patients with contrast 
allergies or renal insuffi ciency. 

 Despite its widespread use, CT has a limited 
ability to accurately stage urothelial carcinoma. 
While complete intravesical lesions (stage T1) 
are usually apparent, there can be signifi cant 
ambiguity in differentiating T2 from T3 disease 
[ 36 ] (Figs.  5.6  and  5.7 ). Several studies have 
demonstrated limited accuracy for CT in deter-
mining the depth of bladder invasion [ 37 – 39 ]. 
Paik et al. [ 40 ] reported an overall accuracy of 
54.9 %, and under- and over-staging in 39 % and 
6.1 % of patients respectively. Eight of their 
patients were found to have extravesical disease 
on CT, confi rmed pathologically in only four. 

  Fig. 5.6    CT demonstrating a right-sided bladder lesion 
that was found to be a pT3b bladder tumor       

 

T. Kim et al.



67

More recently, Baltaci et al. [ 41 ] reported their 
series of 100 cases, in which only 22 of 57 
(38.6 %) patients with extravesical invasion on 
CT were confi rmed pathologically. Ambiguity of 
extravesical disease can be present after cysto-
scopic intervention and bladder tumor resection, 
which can cause perivesical fi brosis and mimic 
extravesical extension. To avoid this, imaging 
ideally should be obtained prior to any transure-
thral resection.

    The presence of node positive disease is also 
an important prognostic factor in muscle invasive 
bladder cancer [ 42 ]. When examining nodal 
involvement with CT, it is purely an anatomic 
study without any functional assessment, thus 
lymph nodes are evaluated based on their ana-
tomic architecture (Fig.  5.8 ). Size ≥10 mm in the 
short axis dimension is the most suggestive 
 fi nding to determine nodal involvement. Lymph 
nodes also may become more rounded if involved 
with metastatic disease [ 36 ]. CT however, remains 
a poor predictor of lymph node involvement with 
accuracy between 5 and 50 % [ 42 ]. This poor pre-
dictive value is secondary to the inability to detect 
micrometastatic disease using CT.

5.4.2        Magnetic Resonance Imaging 
for Muscle Invasive Bladder 
Cancer 

 The role of MRI in muscle invasive bladder can-
cer is identical to CT: evaluation of extravesical, 

nodal, and metastatic disease. MRI is thought to 
be superior to CT in terms of local staging [ 34 , 
 35 ,  43 ], however its slower speed, decreased 
availability, and discomfort for symptomatic 
patients and for those with claustrophobia make 
it a less accessible or optimal imaging modality 
for many. Despite the ability to more accurately 
evaluate soft tissue, there is no reported advan-
tage in the staging of urothelial carcinoma. A 
recent study by Tekes et al. [ 44 ] reported on 67 
patients with urothelial carcinoma staged using a 
dynamic MRI with gadolinium contrast and com-
paring results of clinical radiographic staging to 
pathologic stage. The overall accuracy of MRI 
was 62 %, with over-staging occurring in 32 % of 
patients. While this was found to be lower than 
previously published studies (72–95 % accuracy) 
[ 44 ], it is consistent with Vargas et al. [ 45 ] who in 
a prospective study found that MRI correctly 
staged 56 % of patients in their series while over- 
staging occurred in 38 % of cases. 

 With MRI, pelvic lymph nodes are more visi-
ble due to the surrounding adipose tissue, but this 
does not translate into higher accuracy in deter-
mining lymph node involvement [ 35 ]. Vargas 
et al. [ 45 ] report a sensitivity and specifi city of 
only 50 % and 71 % respectively. As with CT, the 
determination of lymph node involvement is 
most reliant on a size criterion of ≥10 mm in 
shortest dimension. Normal and tumor bearing 
lymph nodes demonstrate similar enhancement 
on gadolinium-enhanced MRI.  

  Fig. 5.7    CT demonstrating a bladder tumor easily identi-
fi ed as extravesical       

  Fig. 5.8    CT demonstrates right obturator lymphadenopa-
thy in a female patient with locally advanced bladder cancer. 
The node was positive for urothelial carcinoma at the time of 
radical cystectomy following neoadjuvant chemotherapy       
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5.4.3     Bone Scans for Muscle 
Invasive Bladder Cancer 

 Along with the lung and liver, bone is one of 
the more common sites of distant metastasis 
for urothelial carcinoma. Similar to PET 
scans, bone scans utilize an intravenous radio-
isotope, which leads to “hot spots” or uptake 
seen on whole body scan. Not only metastatic 
disease, but also benign etiologies such as 
inflammation or previous trauma can create 
uptake noticeable on bone scan. Despite their 
high sensitivity for bone abnormalities, the 
low specificity of bone scans requires a skill-
ful interpretation. Historically, preoperative 
bone scans were routinely ordered prior to 
radical cystectomy, which if positive would 
result in the patient’s surgeon canceling the 
procedure. In contrast, Braendengen et al. [ 46 ] 
reviewed 91 patients following radical cystec-
tomy who had undergone preoperative bone 
scans. The bone scans were scored on a scale 
indicating how likely it was the patient had 
bone metastases. They found no significant 
relationship between findings on preoperative 
bone scan and the development of subsequent 
bone metastases. Additionally, they evaluated 
54 patients with muscle invasive urothelial 
carcinoma who underwent preoperative bone 
scan. Only three patients had positive studies 
that resulted in a change to their management 
strategy from primary surgery to primary sys-
temic chemotherapy. Follow up revealed that 
one of these patients had a false-positive study, 
leaving only two patients who truly had meta-
static bone progression. They concluded that 
preoperative bone scans were unnecessary as 
they did not contribute to the overall clinical 
decision making process. In today’s practice, a 
bone scan should be ordered in the presence of 
symptoms such as new onset bone pain. An 
elevated serum alkaline phosphatase is another 
widely accepted indication for a bone scan, 
although this was not supported in the afore-
mentioned study.  

5.4.4     Positron Emission 
Tomography for Muscle 
Invasive Bladder Cancer 

 Positron emission tomography (PET) is a func-
tional study with limited anatomic detail that 
detects the uptake of radio-isotopes by metaboli-
cally active cells in the body, such as tumor cells. 
In the initial diagnosis of urothelial carcinoma, 
the utility of PET scans is limited due to urinary 
excretion of the radio-isotope [ 43 ]. PET scans 
theoretically provide the ability to detect disease 
at an earlier stage, before any anatomic variation 
may be present. In practice however, PET scans 
have not routinely demonstrated superiority to 
detecting nodal involvement compared to CT, 
and may not be sensitive enough to detect node 
positivity unless the disease burden equates to a 
≥10 mm lymph node [ 47 ]. There is a paucity of 
published data of the use of PET in urothelial car-
cinoma. One of the largest series published 
reported a sensitivity of 67 %, specifi city of 
86 %, and accuracy of 80 % [ 48 ] for staging of 
urothelial carcinoma. 

 Today, radiographic advancements have 
allowed PET scans to be fused with CT scans in 
order to create simultaneous anatomic and func-
tional imagery (PET/CT). This combined image 
has allowed for greater accuracy than with either 
PET or CT alone. In their series, Kibel et al. [ 49 ] 
compared CT and bone scintigraphy vs. PET/CT 
in patients with urothelial carcinoma using [ 18 F] 
fl uorodeoxyglucose (FDG) and found occult met-
astatic disease in 7 of 42 patients found to be neg-
ative on conventional CT scan. They reported a 
positive predictive value of 78 %, negative predic-
tive value of 91 %, and sensitivity and specifi city 
of 70 % and 94 % respectively for PET/CT, which 
is consistent with previously reported sensitivity 
and specifi city of 60 % and 88 % respectively 
[ 47 ]. In addition, some authors have suggested 
that PET scans may provide prognostic informa-
tion. Drieskens et al. [ 47 ] reported in their series a 
median overall survival of 32 months in patients 
with urothelial carcinoma and a negative PET/CT 
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scan as opposed to 13.5 months with a positive 
PET/CT, which is refl ective of the studies with    a 
high positive predictive value. 

 One of the pitfalls of PET scans is the detection 
of false-positive lesions (Fig.  5.9 ). A false- positive 
evaluation can occur with intestinal uptake that 
mimics a metastatic lesion [ 47 ] or with areas of 
infl ammation due to benign etiologies. Such fi nd-
ings must be clarifi ed through  clinical correlation 

and comparison or combination with CT scans or 
other diagnostic procedures.

   In the post-treatment setting, PET scans can be 
utilized to detect disease response or progression 
after neoadjuvant chemotherapy (Fig.  5.10a, b ). 
Post-cystectomy patients at risk for either locore-
gional or distant recurrence can be evaluated with 
PET if any suspicious or ambiguous lesions are 
found [ 50 ].

5.5         Surveillance Imaging After 
Radical Surgery 

 Guidelines detailing a specifi c outline of follow 
up after radical cystectomy do not exist. Choice 
of imaging modality and timing is at the discre-
tion of the surgeon, but should take into account 
the fi nal pathologic tumor stage as more locally 
advanced disease warrants a stricter surveillance 
schedule. Generally, imaging of the chest, abdo-
men and pelvis should be performed every 
3–12 months for at least 2 years with either CT or 
MRI [ 51 ]. A chest radiograph is considered a suf-
fi cient evaluation of the lungs; however, further 
work up with a CT Thorax needs to be obtained if 
there is a lesion of concern. Clinical suspicion 
should always prompt an evaluation with whole 
body imaging and additional studies as indicated 
including bone scintigraphy or PET/CT.     

  Fig. 5.9    PET/CT demonstrating a large hypermetabolic 
bladder tumor. Also appreciated is a right-sided mildy 
hypermetabolic region of soft tissue in the external iliac 
location, ( arrow ) which was found to be pathologically 
benign and attributed to granulomatous changes from 
prior inguinal hernia repair       

  Fig. 5.10    ( a ) PET/CT reveals a large hypermetabolic 
pre-sacral lymph node in a male patient with muscle inva-
sive urothelial carcinoma prior to neoadjuvant chemother-
apy. Also apparent is a focus of false-positive uptake in 

the small intestine ( arrow ). ( b ) Resolution of the pre-
sacral node after neoadjuvant chemotherapy as seen on 
PET/CT       
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6.1            Introduction 

 The management of urothelial carcinoma of the 
bladder (UCB) is highly dependent on stage. 
Tumors confi ned to the mucosa can be safely 
managed with local resection with or with-
out intravesical agents. In contrast, locally 
advanced UCB is managed more aggressively 
with radical cystectomy, often with systemic 
chemotherapy administered either in the neoad-
juvant or adjuvant setting. Lastly, metastatic 
disease is managed with systemic chemother-
apy alone. Accordingly, accurate pre-treatment 
staging of UCB is an essential component of 
effective care, in that it affords appropriate 
selection of patients for optimal intervention. 

 Unfortunately, current standard imaging 
modalities do not effectively identify local extent 
of tumor or micrometastatic disease [ 1 – 7 ]. 
Historically, when compared to transurethral 
resection or radical cystectomy for assessment 
of depth of invasion, the overall accuracy of 
computed tomography (CT) ranges from 55 to 
92 % [ 4 ]. The accuracy of magnetic resonance 

imaging (MRI) for assessing depth of invasion 
into  muscle is better than CT, ranging from 73 to 
96 % [ 3 ]. Overall, the results of CT and MRI for 
the detection of lymph node metastases are simi-
lar, as they are both based on size criteria with 
sensitivities for detection of disease confi rmed 
on histology ranging from 48 to 87 % [ 3 ]. This 
unfortunately limits the ability to detect up to 
approximately half of patients with metastatic 
disease who would potentially benefi t from ear-
lier institution of systemic therapy. Current algo-
rithms for identifi cation of visceral, bone and 
pulmonary metastatic disease are fraught with 
similarly poor sensitivity and specifi city. 

 This chapter aims to address the newer imag-
ing techniques used in the setting of staging of 
UCB. When considering treatment for UCB, 
determination of the extent of local disease and/
or nodal involvement is of utmost importance to 
assess which patients are best suited for conser-
vative management versus a single or multi-
modal therapy. While conventional imaging 
techniques clearly play a central role in the 
assessment of bladder cancer, the focus of this 
chapter will be to highlight the current state-of-
the-art with respect to use of newer magnetic 
resonance (e.g. diffusion- weighted MRI (DW 
MRI), dynamic contrast enhanced MRI (DCE 
MRI), and MRI lymphography) and nuclear 
medicine (positron emission tomography (PET) 
and PET/CT) techniques for these purposes.  
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6.2     Assessment of Local Disease 
Extent 

 The accurate assessment of depth of invasion is a 
signifi cant problem in the management of blad-
der carcinoma. While inaccurate staging rarely 
occurs for low-grade disease, high-grade disease 
is more aggressive than initially appreciated. 
Herr et al. demonstrated that 28 % of patients 
with high-grade pathologic (pT1) UCB on initial 
resection were found to have residual T1 disease 
at re-resection [ 8 ]. Furthermore, up to 40 % of 
patients with clinical T1 (cT1) disease demon-
strate muscle invasion in the fi nal cystectomy 
specimen [ 9 ]. In addition, even after re-resection, 
cT1 tumors still have a very high rate of progres-
sion indicating that many will or have already 
developed invasive disease, even if it cannot be 
identifi ed [ 8 ]. 

 The clinical utility of assessing depth of inva-
sion is not limited simply to identifi cation of 
patients in need of extirpative surgery, but also to 
identifi cation of those in need of neoadjuvant sys-
temic chemotherapy. Since approximately 50 % 
of patients with extravesical extension develop 
metastatic disease [ 10 ] and neoadjuvant chemo-
therapy has been demonstrated to be most effec-
tive in patients with increased depth of invasion 
into the bladder wall [ 11 ], more accurate assess-
ment of depth of invasion will steer patients most 
in need of aggressive therapy in that direction. 

6.2.1    Conventional MRI 

 Advantages of conventional MRI when com-
pared to CT are improved soft tissue contrast 
resolution and the lack of ionizing radiation. On 
T1-weighted (T1W) images, the bladder tumor 
typically has low-to-intermediate signal inten-
sity similar to that of the bladder wall. However, 
on T2-weighted (T2W) images, the tumor tends 
to be more appreciable, as it contrasts with adja-
cent structures (i.e. its signal intensity is between 
that of the darker bladder wall and the brighter 
urine), thus facilitating tumor assessment [ 12 ]. 
In studies performed prior to the advent of mul-
tidetector row CT, MRI was reported to be up to 

33 % more accurate than conventional CT for 
assessment of depth of invasion [ 3 ]. A fi nal 
advantage is that MRI does not utilize ionizing 
radiation, therefore making it more favorable in 
populations that might need repeat examinations 
due to concerns about cancer risk from repeat 
radiation exposure [ 13 ]. 

 However, as mentioned previously, conven-
tional MRI with T1W/T2W imaging does not 
accurately assess if a bladder mass is actually 
cancer, assess the extent of local wall invasion, or 
assess microscopic invasion. To help address this 
challenge, MRI has evolved and functional pulse 
sequences (DW MRI and DCE MRI) have been 
developed to determine both grade and stage of 
the local lesion.  

6.2.2     Diffusion-Weighted MRI 
(DW MRI) 

 DW MRI produces in vivo images of biological 
tissues weighted with the local microstructural 
characteristics of water diffusion. Essentially, 
this provides an indication of how far a water 
molecule can move. Malignant tissues have been 
shown to have more restricted diffusion, also 
known as an Apparent Diffusion Coeffi cient 
(ADC), when compared with normal tissues. 
This is due to the fact that cancer cells are smaller 
and therefore water cannot move as far [ 12 ]. 

 Early work in DW MRI focused on cancer 
detection, rather than local staging. One of the 
earliest reports demonstrating the potential utility 
of DW MRI for imaging of bladder carcinoma 
was by Matsuki et al. [ 14 ]. They reported the sen-
sitivity and positive predictive value (PPV) for 
detection of bladder tumors at 100 % in 17 uri-
nary bladder carcinomas. All lesions, compared 
to cystoscopy as the gold standard, demonstrated 
high signal intensity relative to surrounding tis-
sue and a signifi cantly lower ADC value. Abou-
El- Ghar et al. compared conventional T2W MRI 
to DW MRI in 130 patients with gross hematuria 
for the detection of UCB [ 15 ]. They reported the 
sensitivity/specifi city of DW MRI and T2W MRI 
for local UCB detection to be 98 %/92 % and 
96 %/86 %, respectively, in comparison to 
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 cystoscopy. However, this difference was not 
 statistically signifi cant. Avcu et al. reported a sen-
sitivity and specifi city of 100 % and 77 %, 
respectively, for DW MRI in the detection of 46 
malignant bladder lesions [ 16 ]. These studies 
focus on detection rates of malignant bladder 
lesions, compared to cystoscopy, and although 
DW MRI is less invasive, it has yet to be found to 
be equivalent or superior to the gold standard of 
cystoscopy for UCB detection and has signifi -
cantly higher cost. 

 The potential advantage of DW MRI lies with 
the ability to assess local depth of tumor inva-
sion, as well as histologic grade. Although it 
demonstrated inferior sensitivity compared to 
unenhanced and gadolinium-enhanced images, 
Watanabe et al. reported that DW MRI demon-
strated superior specifi city of 93 % (compared to 
79 % for both unenhanced and enhanced images) 
in the identifi cation of tumors ≥T2. Furthermore, 
they demonstrated that the correlation between 
the radiologic and pathologic stages was greater 
with DW MRI, in comparison to unenhanced and 
enhanced sequences ( p  = 0.044 and  p  = 0.031, 
respectively) [ 17 ]. 

 Another study evaluating the ability of DW 
MRI to assess depth of invasion is a prospective 
study of 106 patients conducted by El-Assmy 
et al. They noted a local staging accuracy with 
DW MRI of 63.6 % (21/33), 75.7 % (25/33), 
93.7 % (30/32), and 87.5 % (7/8) for stages T1, 
T2, T3, and T4, respectively, compared to an 
overall staging accuracy of only 39.6 % for T2W 
MRI, both of which were compared to the gold 
standard of histopathology following tumor 
resection or radical cystectomy. They demon-
strated that the accuracy of DW MRI in differen-
tiating superfi cial from invasive tumors and 
organ-confi ned from non-organ-confi ned tumors 
was 63.6 % and 69.6 %, respectively. This was in 
comparison to respective accuracies of 6.1 % and 
15.1 % for conventional T2W MRI [ 18 ]. 

 In addition to prospectively evaluating its abil-
ity to determine T stage of UCB, grade can be 
assessed using ADC values. Takeuchi et al. cor-
related ADC values in DW MRI to histological 
grade of 52 bladder tumors in 40 patients. The 
accuracy for assessment of T stage of T2W MRI 

versus combined T2W MRI with DW MRI was 
improved from 67 to 88 %. The overall accuracy 
for diagnosing ≥T2 bladder carcinoma was sig-
nifi cantly improved by adding diffusion-weighted 
images ( p  < 0.01). Additionally, the mean ADC 
of grade 3 (G3) tumors was signifi cantly lower 
than that of grade 1 and 2 tumors ( p  < 0.01) [ 19 ].  

6.2.3     Dynamic Contrast-Enhanced 
MRI (DCE MRI) 

 An MRI technique that can be used either as an 
alternative or a supplement to DW MRI is dynamic 
contrast-enhanced MRI (DCE MRI). DCE MRI 
provides an index of tumor vascularity compared to 
normal bladder wall vascularity. With this modality, 
Fast Gradient Recalled Echo (GRE) T1W images 
are obtained before, during, and after intravenous 
injection of gadolinium. Since malignant bladder 
lesions have more blood vessels, they tend to 
enhance earlier and with more intensity than the 
remainder of the bladder wall [ 20 ]. A study by 
Tuncbilek et al. in which 24 patients were examined 
using DCE MRI to investigate its ability to measure 
bladder cancer angiogenesis, noted a correlation 
between DCE MRI parameters and microvessel 
density (assessed by immunostaining), and histo-
logic grade. Furthermore, a signifi cant difference 
( p  < 0.05) was seen between groups of patients with 
and without local recurrence with regard to two of 
the DCE MRI parameters (peak time enhancement 
in the fi rst and second minute after contrast admin-
istration ( E (max/1) and  E (max/2))) [ 21 ], providing 
evidence that DCE MRI may be used to noninva-
sively assess histopathologic characteristics and to 
predict local recurrence. 

 In an effort to evaluate DCE MRI in tumor and 
node staging and differentiation of urinary blad-
der cancer from postbiopsy effects, Barentz et al. 
prospectively evaluated 61 consecutive patients 
with histologically proven urinary bladder cancer. 
Patients underwent unenhanced and DCE MRI 
1–4 weeks after undergoing transurethral resec-
tion or biopsy. With the DCE technique, they were 
able to demonstrate that malignant bladder lesions 
enhanced earlier than normal bladder wall in 
comparison to unenhanced images [ 22 ]. 
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 To evaluate the utility of DCE MRI in the 
staging of superfi cial tumors, Scattoni et al. cor-
related histopathologic fi ndings to imaging fi nd-
ings in unenhanced and DCE MRI. The overall 
accuracy of DCE MRI compared to T1W and 
T2W MRI in assessment of depth of invasion of 
UCB in 48 patients was reported to be 81 % com-
pared to 58 % and 71 %, respectively. With 
respect to superfi cial involvement of the bladder 
wall (Ta-T1 disease), DCE MRI correctly 
assessed 84 % of cases and muscular infi ltration 
(≥T2 disease) in 63 % of cases [ 23 ].  

6.2.4     Positron Emission 
Tomography/Computed 
Tomography (PET/CT) 

 Positron emission tomography (PET) imaging 
leverages a core characteristic of cancer cells: 
increased metabolism. PET affords the opportu-
nity to use a systemically administered, radiola-
beled tracer that can be followed as it is 
metabolized. These tracers are preferentially 
consumed by metabolically active cells, includ-
ing cancer cells. Tracers that have been investi-
gated for utility in bladder cancer imaging include 
 18 F-fl uorodeoxyglucose ( 18 F-FDG),  11 C-choline, 
 11 C-methionine, and  11 C-acetate. 

 While these tracers share an affi nity for rap-
idly dividing cells, they leverage different meta-
bolic processes. The most commonly used is 
 18 F-FDG, a radiolabeled glucose analog that 
enters tumor cells via glucose transporters and 
undergoes limited metabolism once inside, thus 
resulting in intracellular accumulation [ 24 ]. 
 11 C-choline depends on a different cellular pro-
cess. It is eventually synthesized into 
 11 C-phosphatidylcholine, which is a major con-
stituent of the cell membrane. The uptake of cho-
line by cells is, therefore, enhanced during tumor 
proliferation [ 25 ]. A signifi cant limitation to 
 11 C-choline is its short half-life, limiting its use to 
institutions with an on-site cyclotron [ 20 ]. 
 11 C-methionine is proportional to the amino acid 
transport within cells. Methionine is used for 
 protein synthesis, as it is used to convert 
 S -adenosylmethionine, which acts as a donor of 

methyl groups in various biologic processes; it is 
a precursor in polyamine synthesis and the trans-
sulfuration pathway. Cancer cells are dependent 
on the external supply of methionine because the 
transmethylation rate is high in tumor cells. As 
such, increased methionine uptake can be consid-
ered a marker of malignant tissue [ 26 ]. In con-
trast,  11 C acetate uptake depends on lipid 
synthesis. It is metabolized and incorporated into 
the cellular lipid pool, mostly for the purpose of 
cell membrane synthesis. Increased incorpora-
tion of acetate into cells is a marker of increased 
fatty acid synthesis.  11 C-acetate has a very short 
half-life and, as a result, requires the presence of 
an on-site cyclotron, similar to  11 C-choline [ 25 ]. 
While  11 C-choline,  11 C-methionine, and 
 11 C-acetate have minimal excretion in the urine, a 
signifi cant limitation of  18 F-FDG is its urinary 
excretion thus obscuring the ability to visualize 
and assess the wall of the bladder [ 20 ]. 

 Despite the potential for intravesical tracer 
accumulation to interfere with images of the blad-
der, PET/CT with  18 F-FDG has been explored in 
the assessment of localized disease. To overcome 
the limitation of the mode of elimination of this 
tracer, investigators have used forced diuresis and 
bladder drainage. Anjos et al. examined a total of 
17 patients with UCB (6 who subsequently under-
went a cystectomy and 11 who did not) using 
 18 F-FDG PET/CT. They obtained initial imaging, 
but also additional pelvic images obtained 1 h after 
intravenous furosemide and oral hydration. Of the 
total group of 17 patients, the delayed images 
using diuresis and hydration changed the fi nal 
PET/CT reading in seven patients. Additionally, 
41 % of patients were upstaged on the basis of the 
delayed pelvic images alone [ 27 ]. 

 Another method that facilitates use of  18 F- 
FDG  PET/CT to identify local disease was use of 
Foley catheter drainage by Kibel et al. [ 28 ]. To 
facilitate clearance of urinary activity, a Foley 
catheter was placed before injection of FDG, fol-
lowed by intravenous furosemide approximately 
20 min later, with hydration administered 
throughout the study. Of 34 patients in whom a 
primary tumor focus was identifi ed at the time of 
cystectomy, 28 (82 %) demonstrated increased 
FDG uptake on preoperative  18 F-FDG PET/CT. 
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 Conventional CT has been compared to  18 F- 
FDG  PET/CT in assessment of local disease. 
Lodde et al. compared conventional CT to  18 F-
FDG PET/CT with forced diuresis in 70 patients 
of whom 44 patients had known muscle-invasive 
disease prior to radical cystectomy. Of these 44 
patients, four had no residual cancer in the blad-
der at defi nitive pathology, leaving 40 for sensi-
tivity calculations. Conventional CT had a 
sensitivity of 77 %, which was lower than that for 
 18 F-FDG PET/CT, which was 85 %. However the 
specifi city of  18 F-FDG PET/CT was 25 %, com-
pared to 50 % for conventional CT, meaning that 
 18 F-FDG PET/CT more frequently incorrectly 
identifi ed tumor in bladder. CT missed six resid-
ual muscle-invasive UCBs, compared to four 
missed by  18 F-FDG PET/CT.  18 F-FDG PET/CT 
detected one cancer in a bladder diverticulum and 
detected 2 of 13 prostate invasions (pT4a) [ 29 ]. 

 This mixed data limit the role of  18 F-FDG 
PET/CT to appropriately assess local disease in a 
reliable manner. The above data demonstrated 
that, although it is feasible,  18 F-FDG PET/CT 
does not appear to add additional information to 
the gold standard of transurethral resection in 
assessment of depth of invasion of local UCB. 

  11 C-choline has also been investigated in the 
assessment of localized disease. Gofrit et al. eval-
uated 16 patients who underwent  11 C-choline 
PET/CTfollowed by radical surgery in compari-
son with histopathologic fi ndings.  11 C-choline 
uptake was found in all primary tumors. The 
series included three patients with refractory 
bladder carcinoma in situ, which was visualized 
in all three. They were able to demonstrate not 
only excellent sensitivity for use of  11 C-choline 
PET/CT, but the potential ability to identify CIS 
[ 30 ]. Picchio et al. compared the diagnostic accu-
racy of preoperative contrast-enhanced CT and 
 11 C-choline PET for the staging of 27 patients 
who underwent radical cystectomy. The presence 
of residual bladder cancer (pTa-pT4) was cor-
rectly detected in 84 % and 96 % of histologi-
cally tumor-positive patients by CT and 
 11 C-choline PET, respectively. They concluded 
that  11 C-choline PET is comparable to CT for 
detecting residual cancer after transurethral 
resection [ 31 ]. These studies raise the possibility 

that  11 C-choline PET could identify occult CIS or 
cancer in patients with positive cytologies or 
local response to chemotherapy prior to surgery 
or radiation therapy. This remains to be proven 
and the short half-life of the tracer limits its use to 
selected centers. 

 Two other less extensively studied tracers, 
 11 C-methionine and  11 C-acetate, have been 
explored but not found to be superior to conven-
tional imaging. Ahlstrom et al. examined 
 11 C-methionine in the diagnosis and staging of 
UCB in patients with biopsy-proven disease prior 
to treatment with resection or cystectomy. 
Eighteen out of twenty-three primary tumors 
were detected, but this modality was not superior 
to CT or MRI [ 32 ].  11 C-acetate PET/CT has also 
failed to demonstrate superiority. In a prospective 
comparison of  11 C-acetate PET/CT, MRI, and 
contrast-enhanced CT for staging of local UCB, 
all three imaging modalities were found to have 
similar accuracy (50 %, 56 %, and 75 %, respec-
tively) in 16 patients with histologically con-
fi rmed bladder cancer prior to radical cystectomy. 
For all modalities, staging accuracy was reduced 
in patients with a history of prior intravesical 
and/or systemic chemotherapy [ 33 ]. 

 PET/CT, although feasible, is limited with 
respect to detection and staging of local UCB, 
due to tracer accumulation within the urinary 
bladder, in the case of  18 F-FDG, and limited data 
and short half-life, in the case of  11 C-choline, 
 11 C-methionine, and  11 C-acetate. However, early 
reports demonstrate promise with respect to non-
invasive detection of carcinoma in situ and re- 
staging of the primary tumor following 
transurethral resection and prior to radical 
cystectomy.   

6.3     Assessment of Metastatic 
Disease 

 The current standard of detection for nodal 
involvement of UCB is based on size (positive 
fi ndings if pelvic nodes are greater than 8 mm 
and abdominal nodes are greater than 10 mm in 
maximum short-axis diameter) on cross-sectional 
imaging [ 3 ]. Since metastatic disease does exist 
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in lymph nodes smaller than the aforementioned 
size criteria, this defi nition will miss up to 50 % 
of metastatic disease [ 3 ]. In addition, patients 
have enlarged lymph nodes for reasons other than 
metastatic cancer and may be incorrectly charac-
terized as having metastatic cancer. 

 Furthermore, improved identifi cation of bone 
metastatic disease is clearly needed. Current 
National Comprehensive Cancer Network 
(NCCN) guidelines advocate the use of bone 
scintigraphy only in the setting of an abnormal 
serum alkaline phosphatase (AP) [ 34 ]. However, 
Abbosh et al. demonstrated that although serum 
AP demonstrated reasonable specifi city (86 %) 
and negative predictive value (86 %), up to half 
of patients with bone metastases have normal 
serum AP levels [ 35 ]. 

 Appropriate staging of patients, with respect 
to the presence and location of metastatic dis-
ease, is crucial for risk stratifi cation and most 
importantly for appropriate treatment selection. 
The pattern of UCB recurrence at distant sites 
indicates that the predominant cause is occult 
micrometastases present at the time of cystec-
tomy. Grossman et al. demonstrated that neoad-
juvant chemotherapy followed by radical 
cystectomy improved survival compared to radi-
cal cystectomy alone, indicating that micrometa-
static disease could be effectively treated [ 11 ]. 
Because of physical limitations that might arise 
after radical cystectomy, fewer candidates can 
tolerate postoperative chemotherapy [ 36 ]. The 
effectiveness of neoadjuvant chemotherapy and 
the poor tolerability of adjuvant chemotherapy 
are perhaps the most compelling reasons to cor-
rectly identify patients with micrometastatic dis-
ease preoperatively.  

6.4    MRI Lymphography 

 One modality that might address our current bar-
riers to detection of micrometastatic nodal disease 
is the use of ultra small superparamagnetic iron 
oxide (USPIO) particles. USPIO  nanoparticles 
are composed of iron oxide crystals coated with 
polymers to avoid uncontrolled aggregation of the 
magnetic crystals. They preferentially accumulate 
in the normal lymphatic tissue of the lymph nodes. 

Metastatic disease leaves a defect in the signal 
which is detected by MRI [ 37 ]. 

 The initial clinical experience with USPIO par-
ticles was published by Bellin et al. who studied 
30 adults suspected of having lymph node metas-
tases in a variety of malignancies who underwent 
MR imaging before and 22–26 h after intravenous 
infusion of USPIO particles. Subsequently, suspi-
cious lymph nodes were biopsies or resected. The 
MRI images demonstrated 100 % sensitivity and 
80 % specifi city in detection of lymph node metas-
tases [ 38 ]. 

 USPIO particles in bladder cancer were fi rst 
studied by Deserno et al. who demonstrated selec-
tive decrease in signal intensity on T2W images in 
nodal metastases, when compared to normal 
nodal tissue. In 58 patients with proven UCB on 
biopsy or transurethral resection and no other 
prior imaging, 172 nodes imaged prior to surgical 
excision or image-guided biopsy with the use of 
the particles revealed 50 malignant nodes. This 
translated to a sensitivity and specifi city of 92 % 
and 76 % for detection of nodal metastatic dis-
ease, respectively. Additionally, of 12 normal-
sized lymph nodes found eventually to harbor 
metastatic disease on histopathologic analysis, 
this technique accurately identifi ed ten [ 39 ]. 

 A second study attempted to prove that USPIO 
particles were superior to DW MRI by performing 
preoperative 3-T MRI before and after administra-
tion of the USPIO particles in 21 patients prior to 
radical cystectomy with extended lymphadenec-
tomy. Diagnostic accuracy was similar for both 
conventional MRI and MRI with USPIO particles. 
The only improvement was time of analysis, which 
was signifi cantly shorter with USPIO-DW MRI 
compared to conventional MR (13 min versus 
80 min, respectively;  p  < 0.0001) [ 40 ], which is of 
limited clinical benefi t. Additional potential of this 
imaging modality continues to be explored. 

6.4.1     Positron Emission 
Tomography/Computed 
Tomography (PET/CT) 

 PET/CT is emerging as the best novel modality to 
detect micrometastatic disease. A clear advan-
tage of PET/CT over cross-sectional imaging, 
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MRI lymphography, and bone scintigraphy is 
that nodal, visceral, and bony metastatic disease 
can be identifi ed with a single imaging modality. 
When combined with CT, PET allows for the 
combination of the optimal functional imaging of 
PET with the anatomic characterization of CT. As 
discussed previously, tracers that have been 
investigated for utility in UCB staging include 
 18 F-fl uorodeoxyglucose ( 18 F-FDG),  11 C-choline, 
 11 C-methionine, and  11 C-acetate. 

 Detection of metastatic disease with  18 F-FDG 
PET/CT has shown more promise than its use in 
detection of local disease. Drieskens et al. evalu-
ated the utility of preoperative  18 F-FDG PET and 
CT done separately, followed by correlative 
imaging leading to a PET/CT result, in 40 patients 
with histology-proven bladder cancer and com-
pared their results to histopathology (via lymph-
adenectomy or biopsy) and clinical follow-up for 
12 months. They reported a sensitivity and speci-
fi city of 60 % and 88 %, respectively, for detec-
tion of nodal and/or metastatic disease with 
 18 F-FDG PET/CT. Diagnostic discordances 
between PET/CT and CT alone were found in 9 
out of 40 (approximately 23 %), among whom 
PET was correct in 6 patients (3 with true- positive 
and 1 with true-negative distant metastases, and 2 
with true-negative lymph nodes). PET/CT, com-
pared to conventional CT, enabled true upstaging 
of distant metastatic disease and true downstag-
ing of NM-negative disease [ 41 ]. 

 Kibel et al. evaluated the ability of preopera-
tive  18 F-FDG PET/CT to identify metastatic dis-
ease. They prospectively evaluated 43 
chemotherapy-naïve patients with clinical stage 
T2-T3N0M0 urothelial carcinoma of the bladder 
preoperatively with  18 F-FDG PET/CT, all of 
whom had negative conventional CT and bone 
scintigraphy. Positive fi ndings were confi rmed 
with percutaneous biopsy or open lymphadenec-
tomy, whereas patients with negative fi ndings 
were subjected to complete lymphadenectomy. 
 18 F-FDG PET/CT demonstrated a sensitivity and 
specifi city of 70 % and 94 %, respectively. Most 
importantly, negative  18 F-FDG PET/CT fi ndings 
correlated signifi cantly with recurrence-free 
 survival, disease-specifi c survival, and overall 
survival. Of note, two patients with positive PET/
CT had an altered treatment approach following 

biopsy confi rmation of nodal disease. One under-
went neoadjuvant chemotherapy followed by cys-
tectomy and remained disease-free at 24 months 
post-cystectomy. Another was found to have 
widespread metastatic disease, obviating the need 
for surgery, and ultimately died of metastatic dis-
ease 5 months following the PET/CT [ 28 ]. 

 Conventional cross-sectional imaging, with 
CT or MRI, was compared to  18 F-FDG PET/CT 
by Apolo et al. They analyzed fi ndings in 47 
patients who underwent  18 F-FDG PET/CT after 
conventional CT or MRI. Findings were then 
compared to biopsy, obtained at the discretion of 
the practicing oncologist, or serial CT or 
MRI. They demonstrated an overall sensitivity 
and specifi city of 87 % and 88 %, respectively, 
for  18 F-FDG PET/CT in 135 lesions in 47 patients. 
 18 F-FDG PET/CT detected additional metastatic 
deposits in 40 % of patients. Furthermore, clini-
cians changed their planned management in 68 % 
of patients based on the  18 F-FDG PET/CT results. 
Physicians reported that additional imaging tests 
were avoided with the use of FDG-PET/CT, and 
the need for biopsy was negated in 21 % of 
patients, thus avoiding an invasive procedure. In 
patients planned for treatment of organ-confi ned 
muscle-invasive disease, 19 % were found to 
have metastatic disease on FDG-PET/CT and 
thus required systemic chemotherapy. In some 
instances, surveillance was changed to treatment, 
and local treatment with radiation therapy was 
changed to systemic chemotherapy for more 
advanced disease in one patient. Within the group 
with a change of treatment, eight patients had a 
biopsy, and one patient had additional imaging 
(MRI) because of the fi ndings on PET/CT [ 42 ]. 

 Lodde et al. also compared conventional CT to 
 18 F-FDG PET/CT for evaluation of metastatic dis-
ease in 70 patients with a variety of clinical stages 
of disease. Some underwent preoperative imaging 
and others who underwent postoperative imaging 
or imaging after chemotherapy. The overall sensi-
tivity of  18 F-FDG PET/CT for detection of pelvic 
node metastasis was 57 % compared to only 33 % 
for conventional CT. Furthermore, to evaluate 
extrapelvic metastasis, they considered 36 patients 
who had ≥6 months of imaging follow-up. 
Extrapelvic suspicious areas on  18 F-FDG PET/CT 
images at the beginning of the study were assessed 
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and were found in a total of 20 patients. Suspicious 
areas on  18 F-FDG PET/CT were in the retroperito-
neum in 8 patients, in the mediastinum in 5, and in 
the lungs in 13. Other areas with positive images 
were in bone (three patients), supraclavicular cer-
vical nodes (six), thyroid (one), left adrenal gland 
(one), and right renal pelvis (one). Of these 20 
patients, 10 had multiple synchronous lesions 
including lymph nodes in the retroperitoneum or 
mediastinum. UCB progressed in nine of the ten 
patients and six died of their disease. In the other 
ten patients with extrapelvic positive images and 
no pelvic or retroperitoneal lymph nodes, nine 
had lesions in the lung. While some of these may 
have represented metastatic UCB, none were con-
fi rmed. This was due to the fact that some of these 
patients progressed and died prior to biopsy of 
their lung lesions and others were found to have 
primary carcinoma of the lung [ 29 ]. Therefore, 
lung lesions identifi ed on  18 F-FDG PET/CT 
should be confi rmed to be related to UCB, as they 
might be due to other processes. 

 In addition to assessing lymphatic and vis-
ceral metastases, Lodde et al. also examined  18 F- 
FDG  PET/CT to detect bone metastasis. They 
compared 36 bone scintigraphy results with  18 F- 
FDG  PET/CT. Both techniques detected three 
patients with bone metastasis. In one case, how-
ever, additional pelvic and vertebral bone metas-
tases were detected by  18 F-FDG PET/CT only 
[ 29 ]. Abbosh et al. recently corroborated this 
fi nding by demonstrating that bone scan and  18 F- 
FDG  PET/CT were able to identify a similar pro-
portion of patients with skeletal metastasis, but 
bone scan failed to identify additional lesions 
seen on PET [ 43 ]. 

 The above studies have demonstrated the util-
ity of  18 F-FDG PET/CT in the preoperative evalu-
ation of individuals with invasive bladder cancer. 
Furthermore, they underscore the utility of a sin-
gle imaging modality to obviate the need for mul-
tiple, separate, modalities to identify visceral, 
pulmonary and bone disease in patients suffering 
from UCB. 

 Additional agents have been explored as trac-
ers for use in PET/CT for identifi cation of meta-
static UCB. In a study of 27 patients with UCB 
prior to radical cystectomy and lymphadenec-

tomy, Picchio et al. demonstrated that  11 C-choline 
PET had a signifi cantly higher accuracy than CT 
for demonstrating lymph node involvement [ 31 ]. 
In a study of 18 patients with transitional cell car-
cinoma, all of whom had prior negative CT of the 
chest, abdomen, and pelvis. Gofrit et al. noted 
three out of six patients with evidence of 
 11 C-choline uptake in lymph nodes that were ulti-
mately positive for disease on histopathology at 
the time of radical cystectomy. Furthermore, this 
study reported the ability to visualize bone metas-
tases not previously noted on CT [ 30 ]. Maurer 
et al. assessed the accuracy of  11 C-choline PET/
CT compared with CT for lymph node staging in 
44 patients with localized bladder cancer prior to 
radical cystectomy. The sensitivity/specifi city of 
 11 C-choline PET/CT and conventional CT were 
58 %/66 % and 75 %/56 %, respectively; thus, 
the authors concluded that  11 C-choline PET/CT 
did not offer added diagnostic effi cacy over con-
ventional CT [ 44 ]. 

  11 C-choline was compared to  18 F-FDG in a 
study by Golan et al. The two tracers were com-
pared for the evaluation of both local and meta-
static disease in 20 consecutive patients. The 
positive predictive value of  11 C-choline PET/CT 
versus  18 F-FDG PET/CT was 79.4 % versus 
88.2 %, respectively, for detection of extravesical 
lesions. Interestingly,  18 F-FDG PET/CT correctly 
identifi ed four extravesical metastases missed by 
choline PET. The authors concluded that 
 11 C-choline PET/CT carried no appreciable 
advantage to  18 F-FDG PET/CT [ 45 ]. 

 Other tracers used in PET, such as 
 11 C-methionine and  11 C-acetate, have also shown 
promise with respect to detection of distant dis-
ease in UCB in small pilot studies. PET with 
 11 C-methionine was employed by Letocha et al. 
in 44 separate examinations involving 29 patients 
with localized or metastatic transitional cell car-
cinoma of the urinary bladder. In four patients, 
PET was performed at three different time points: 
before chemotherapy, after one course, and after 
three courses. They noted that the overall diag-
nostic accuracy of  11 C-methionine PET was poor 
in this study, but showed some promise for moni-
toring patients with poor response to systemic 
therapy [ 46 ]. 
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  11 C-acetate has also been investigated for the 
purpose of the detection of metastatic 
UCB. Schoder et al. investigated the utility of 
 11 C-acetate PET/CT for staging of bladder can-
cer and response assessment after neoadjuvant 
chemotherapy. Seventeen patients underwent 
 11 C-acetate PET/CT ≤1 month before planned 
radical cystectomy and pelvic lymph node dis-
section, ten of whom underwent neoadjuvant 
chemotherapy prior to PET. Histopathology 
from surgery served as the gold standard. A 
total of 494 lymph nodes (108 nodal regions) 
were removed in the 16 patients who underwent 
cystectomy (one patient did not ultimately 
undergo radical cystectomy). Two  11 C-acetate 
positive nodal regions from two patients, and 
the biopsied retroperitoneal region from a third 
contained metastases, all of which were nega-
tive on conventional CT. Overall, this study 
demonstrated that  11 C-acetate PET/CT had 
good sensitivity (100 %) and specifi city (87 %) 
for correct identifi cation of metastatic nodal 
regions [ 47 ]. 

 PET/CT, particularly with  18 F-FDG, carries 
with it the potential to identify metastatic disease 
not otherwise seen on conventional cross- 
sectional imaging, with the added benefi t of iden-
tifi cation of visceral and bony metastases with 
one imaging study. Further research is needed to 
elucidate the utility and effi cacy of imaging with 
other tracers.   

6.5    Conclusions 

 Emerging MR techniques enable improved visu-
alization of the bladder wall, for better assess-
ment of local tumor extent. Patients with occult 
invasion of the muscle can undergo earlier defi ni-
tive treatment with radical cystectomy. Although 
PET/CT has been explored in the assessment of 
local disease, the appropriate tracer and tech-
nique for achieving adequate local assessment 
remains undetermined. 

 Recent major advances with respect to staging 
of bladder cancer have been in the realm of 
 extravesical metastatic disease. The advent of 

unique radiotracers, particularly  18 F-FDG and 
 11 C-choline, afford the opportunity to detect early 
metastatic disease, as well as the ability to iden-
tify visceral and bone metastases, all with one 
imaging study. Patients with metastatic disease 
could be guided to earlier systemic chemother-
apy and possibly away from needless radical 
surgery.     
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      Abbreviations 

   NMIBC    Non-muscle-invasive bladder cancer   
  TURBT    Transurethral resection of bladder tumor   
  SEER    Surveillance Epidemiology, and End 

Results   
  NCCN    National Comprehensive Cancer 

Network   
  MMC    Mitomycin C   
  BCG    Bacillus Calmette-Guérin   
  USQC    Urological Surgery Quality Collaborative   
  SCOAP    Surgical Care and Outcomes 

Assessment Program   
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7.1           Socioeconomic Status 
and Bladder Cancer 

 Bladder cancer is a disease that predominantly 
affects elderly individuals with a history of tobacco 
use. Compared with other urologic cancers,  bladder 

cancer has an older peak incidence (Fig.  7.1 ), with 
few newly diagnosed bladder cancer patients being 
younger than 65 years old, irrespective of patient 
gender or race/ethnicity (Fig.  7.2 ). Age correlates 
with comorbidity [ 1 ], and the preponderance of 
smoking history or active tobacco use among 
newly diagnosed bladder cancer patients means 
that many incident bladder cancer cases will be 
complicated by chronic lung disease and cardio-
vascular disease [ 2 ]. Race/ethnicity appears to be 
associated with bladder cancer risk as well. Whites 
have more than twice the odds of developing blad-
der cancer than African American and Hispanic 
men and women. Bladder cancer also has a gender 
predisposition: men are more likely to be diag-
nosed with bladder cancer than women. Fewer than 
one-third of cystectomy patients in Medicare 
claims data are women [ 3 ]. Thus, the profi le of the 
average bladder cancer patient is an elderly white 
male with at least two comorbid conditions [ 4 ].

    The risk factors that predispose patients to 
developing bladder cancer include tobacco con-
sumption and environmental exposures to car-
cinogens such as those found in dyes and cleaning 
solvents [ 4 ]. Professions associated with these 
exposures include workers in the rubber, leather, 
and textile industries. Painters, truck drivers, and 
hairdressers similarly experience higher risks of 
developing bladder cancer. The nature of the pro-
fessions that predispose to bladder cancer means 
that most patients newly diagnosed with bladder 
cancer are of lower socioeconomic status. 
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 In addition to disproportionately affecting 
blue-collar careers [ 5 ], tobacco use is more com-
mon among less educated, lower income indi-
viduals [ 6 ]. Men and women living below the 
poverty line are more likely to smoke than higher 
income individuals [ 7 ]. As the predominant risk 
factor for bladder cancer, tobacco use patterns in 
the US further contribute to the socioeconomic 
“profi ling” of the average bladder cancer patient.  

7.2     Disparities in Bladder 
Cancer Care 

 The socioeconomic characteristics of the typi-
cal bladder cancer patient partly explain many 
of the health care disparities that have been 
 identifi ed in bladder cancer. Bladder cancer is a 
remarkably heterogeneous disease wherein 
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most non-muscle- invasive bladder cancer 
(NMIBC) cases are more analogous to a chronic 
disease with low risk of cancer-specifi c death, 
yet muscle-invasive bladder cancer, even when 
clinically localized, confers high risk for pro-
gression to metastases and bladder cancer mor-
tality. Thus, stage at presentation is an important 
determinant of survival in bladder cancer [ 8 ]. 

 Access to health care services is often 
described using the conceptual framework of the 
Anderson Behavioral Model [ 9 ]. Under this 
model, factors that infl uence the receipt of health 
care services include predisposing, enabling, 
need-based, and contextual determinants. 
Predisposing factors are immutable personal 
characteristics that are associated with likelihood 
of health care delivery, such as gender, age, or 
race/ethnicity. In bladder cancer, women experi-
ence worse survival outcomes possibly as a result 
of delays in diagnosis imposed by provider prac-
tice patterns [ 10 ,  11 ]. Women with hematuria, the 
symptom that induces most bladder cancer diag-
noses, are more likely to receive a course of anti-
biotics and delayed urologic referral [ 12 ]. 

 Race/ethnicity has been shown to impact 
treatment and health outcomes in bladder cancer. 
African American men and women suffer inequi-
ties in the diagnosis and treatment of bladder can-
cer. Cancer grade, an important prognostic 
indicator in NMIBC, and cancer stage, which is 
closely associated with bladder cancer-specifi c 
survival, are both higher among African 
Americans than among whites [ 13 – 15 ]. Stage at 
presentation may vary as a result of delays in 
realizing care for symptoms indicative of a new 
bladder cancer diagnosis. However, once diag-
nosed, African Americans may experience dis-
parities in treatment. For grade and stage-matched 
cancers, African Americans are less likely than 
whites to undergo surgery [ 16 ,  17 ]. 

 Among clinically localized muscle-invasive 
bladder cancer patients, African Americans are 
more likely to undergo alternative treatments to 
the gold standard of management with radical 
cystectomy. Radiation, combination radiation 
with chemotherapy, and—most concerning—no 
further treatment beyond the initial diagnostic 
transurethral resection of bladder tumor 
(TURBT), are all more common among African 

Americans compared with whites [ 16 ,  18 ]. For 
African Americans that undergo radical cystec-
tomy, the predisposition of racial-ethnic minori-
ties to receive care at urban underserved hospitals 
may explain worse postoperative survival 
 outcomes compared with whites [ 19 ]. 

 Enabling factors are patient characteristics 
that either facilitate or encumber access to 
health care services. In the US health care 
 system, insurance status is an important deter-
minant of access; other factors in this category 
include education level, occupation, and income. 
Americans are either adequately insured, under-
insured, or uninsured. In 2011, 55 % of 
Americans had employer- based health insur-
ance, 15 % were covered by Medicare (some of 
which were dually covered with employer-based 
insurance), 17 % had Medicaid coverage, and 
16 %—or more than 48 million individuals—
were uninsured [ 20 ]. Because most insurance in 
the US derives from employment, having com-
mercial insurance is an indicator of higher 
socioeconomic status [ 21 ]. 

 Most population-based analyses of bladder 
cancer care have employed Medicare-based data, 
which limits conclusions about the infl uence of 
insurance on access. However, in general, unin-
sured and underinsured patients experience 
delays in care and are found to have later-stage 
cancers once diagnosed [ 22 ,  23 ]. Among patients 
in the National Cancer Database, those with 
Medicaid coverage and uninsured patients with 
muscle-invasive bladder cancer were less likely 
to undergo radical cystectomy [ 17 ]. As a result, 
the survival outcomes of underinsured and 
insured bladder cancer patient may suffer, com-
pared with better-insured patients [ 15 ]. 

 Insurance status may explain or further exac-
erbate racial/ethnic and socioeconomic dispari-
ties in bladder cancer outcomes. The majority of 
African Americans have government-sponsored 
health insurance or are uninsured [ 24 ]. 
Furthermore, more than 70 % of Medicaid 
patients live in US census tracts in the lowest 2 
quartiles of household income. Bladder cancer 
patients with Medicaid likely experience delays 
in care and have decreased access to needed ser-
vices such as radical cystectomy for locally 
advanced bladder cancer [ 25 ]. 
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 Socioeconomic status has been shown to cor-
relate with cancer survival in general [ 7 ]. Specifi c 
to bladder cancer, men and women in executive 
or managerial professions have better survival 
outcomes than blue collar workers, although this 
fi nding has not been corroborated with more con-
temporary data [ 26 ]. Income and education, 
which are linked, may enable better health out-
comes in bladder cancer through facilitation of 
access to expert providers beyond those locally 
available. 

 Lastly, contextual factors, which refer to deter-
minants peripheral to the patient that infl uence the 
care they receive. For many conditions, the local 
health care environment in which patients require 
care is as important as the predisposing and enabling 
factors that infl uence access [ 27 ]. For urologic con-
ditions, the availability of a trained urologist has 
been shown to affect the likelihood that a patient 
receives needed surgery. For muscle-invasive blad-
der cancer, the travel distance between a patient’s 
residence and a urologist that performs radical cys-
tectomy is strongly associated with the odds that a 
stage II bladder cancer patient undergoes radical 
cystectomy [ 3 ]. Contextual factors explain differen-
tial access to health care among rural Americans, 
but also apply to urban underserved areas.  

7.3     Quality of Bladder 
Cancer Care 

 Nationally, patients receive just over half of the 
health care services that are recommended by 
guidelines for common general medical condi-
tions [ 28 ]. Physicians appear to more compre-
hensively care for cancer and surgical conditions, 
but quality of care defi ciencies remain. The 
Dartmouth Atlas describes supply-sensitive care, 
susceptible to overuse, as health care services 
that depend on local resources, but for which evi-
dence is lacking [ 27 ]. Preference-sensitive care, 
subject to both patient and provider preferences, 
is a common source of variation in the delivery of 
health care services. Effective care practices are 
evidence-driven, but they are often underused as 
a result of resource discrepancies such as the 
availability of trained surgeons. 

 Value is the product of health care quality and 
health care costs. High value health care services 
provide high quality care at low cost. Both com-
ponents are receiving attention by payers and leg-
islators. Bladder cancer is a potential target for 
this attention given that economic analyses have 
demonstrated that, per capita, bladder cancer is 
the costliest cancer in the US [ 29 ]. Sources of the 
increased expenditure for bladder cancer include 
the need for invasive procedures to conduct blad-
der cancer surveillance, the high frequency of 
interval surveillance recommended by national 
guidelines, and the high cost of the index admis-
sion for patients undergoing radical cystectomy 
for muscle-invasive bladder cancer. 

 Radical cystectomy is an example of effective 
care according to the Dartmouth Atlas categories. 
Guidelines recommend radical cystectomy and 
urinary diversion for the management of muscle- 
invasive bladder cancer, yet review of population- 
based data suggests that few patients with stage II 
bladder cancer undergo cystectomy [ 3 ]. From 
data that links Medicare claims with the 
Surveillance, Epidemiology, and End Results 
(SEER) national cancer registry, only 21 % of 
patients with muscle-invasive bladder cancer 
were treated with radical cystectomy, compared 
with 28 % who underwent chemotherapy and/or 
radiation and 51 % who received no further inter-
vention following the diagnostic TURBT. 
However, most of the bladder cancer guidelines 
are based upon expert opinion rather than high-
level evidence derived from clinical trials, which 
may explain why bladder cancer care is subject to 
substantial variation in the US. For example, 
although radical cystectomy is recommended by 
several guidelines as standard of care therapy for 
muscle-invasive bladder cancer, the comparative 
effectiveness of radical cystectomy versus alter-
native treatments such as bladder- sparing combi-
nation chemotherapy and radiation has not been 
rigorously evaluated in a clinical trial. 

 Clinical trials have evaluated the effi cacy of 
neoadjuvant chemotherapy in anticipation of 
planned exenterative surgery for muscle-invasive 
bladder cancer. Based upon documented survival 
benefi t among patients randomized to neoadjuvant 
chemotherapy with cisplatin-based regimens [ 30 ], 
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the National Comprehensive Cancer Network 
(NCCN) recommends that neoadjuvant chemo-
therapy be strongly considered for cystectomy 
candidates [ 31 ]. Many of these patients have 
occult metastases that confer high risk for bladder 
cancer-specifi c mortality [ 8 ]. Yet, administrative 
claims demonstrated marked underuse of chemo-
therapy in the neoadjuvant setting [ 32 ,  33 ]. 

 Consideration of chemotherapy and optimiza-
tion of comorbid conditions can impose delays in 
care for patients with muscle-invasive bladder 
cancer. Providers experienced in the care of stage 
II and higher bladder cancers, especially those 
working in multidisciplinary teams, may be able 
to manage these concerns more effi ciently. This 
is critical to health outcomes in this population as 
delays in care for patients that require cystectomy 
can impact cancer-specifi c survival. Patients for 
whom the period between the diagnosis of 
muscle- invasive disease and extirpative treatment 
with radical cystectomy exceeds 3 months have 
higher rates of pathologic upstaging [ 34 ] and 
worse overall and cancer-specifi c survival out-
comes [ 35 ,  36 ]. These delays occur in more than 
one-third of cases [ 36 ]. 

 Other surgical factors may further impact sur-
vival from muscle-invasive bladder cancer. 
Candidates for partial cystectomy are typically 
older patients with greater burden of comorbid 
conditions for whom radical cystectomy may be 
too high risk and in whom the tumor is in an appro-
priate location for partial resection [ 8 ]. In most 
academic, high-volume bladder cancer centers, 
fewer than 5 % of patients are considered eligible 
for partial cystectomy. Yet review of nationally 
representative hospital discharge claims suggests 
that 20 % of patients undergoing surgical extirpa-
tion of locally advanced bladder cancers with 
either radical cystectomy or partial cystectomy 
receive the more limited partial cystectomy [ 37 ]. 
Similarly, despite more broad acceptance of the 
importance of extended lymphadenectomy in 
muscle-invasive bladder cancer, most surgeons 
nationwide appear to perform a more limited 
lymphadenectomy [ 38 ]. These important fi ndings 
may indicate that the health outcomes of locally 
advanced bladder cancer patients are being com-
promised by sub-standard surgical practices. 

 Patients with NMIBC generally have low risk 
for bladder cancer mortality; however, a fraction 
of NMIBC patients progress to having more 
aggressive cancers. For these men and women, 
rigorous adherence to a regimen of intravesical 
treatments may be associated with reduced risk 
for tumor recurrence and disease progression. 
Following TURBT, a meta-analysis demon-
strated that an immediate instillation of 
Mitomycin C (MMC) reduces the risk of bladder 
cancer recurrence by nearly 40 % [ 39 ]. Yet this 
may occur rarely in general urologic practice. 
Analysis of SEER-Medicare linked claims dem-
onstrated that fewer than 5 % of patients receive 
an instillation of intravesical chemotherapy fol-
lowing TURBT [ 40 ]. Billing claims from a com-
mercial payer corroborated these results [ 41 ]. 

 Following this initial NMIBC care episode, 
NCCN guidelines recommend an induction course 
of intravesical immunotherapy, vigilant surveil-
lance with regular cystoscopies and cytologies, 
and maintenance intravesical immunotherapy 
[ 31 ]. Whether due to provider variation or patient 
factors possibly related to the invasive nature of 
cystoscopy and intravesical immunotherapy, 
Medicare benefi ciaries appear to receive only a 
fraction of this recommended care. A patient with 
high-grade NMIBC should receive quarterly sur-
veillance cystoscopies in the 2 years following 
their initial diagnosis. Yet Schrag et al. demon-
strated that fewer than half of patients undergo the 
requisite cystocopic surveillance [ 42 ]. 

 More contemporary analyses of linked SEER- 
Medicare data have evaluated compliance with 
cystoscopy, cytology, and intravesical therapy in 
high-grade NMIBC and identifi ed substantial 
gaps between NCCN guidelines and community 
bladder cancer clinical practice [ 40 ,  43 ]. Fewer 
than one-third of patients receive induction 
courses of intravesical Bacillus Calmette–Guérin 
(BCG) [ 40 ]. Following initial management of 
high-grade NMIBC with induction BCG, mainte-
nance BCG has been shown to reduce rates of 
recurrence and progression [ 44 ]. However, main-
tenance BCG may be rarely used in clinical prac-
tice [ 40 ,  45 ]; the variation in compliance with 
recommendations and clinical trial evidence for 
BCG may be attributable to surgeon practices 
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rather than patient characteristics. The surgeon 
diagnosing and treating an initial high-grade 
NMIBC was found to explain a large proportion 
of the variation in receipt of these therapies. 
Thus, the person diagnosing a new bladder can-
cer has a substantial impact on the sequence of 
therapies that may be given. As a result, the sur-
vival outcomes of bladder cancer patients may be 
compromised: Chamie et al. demonstrated poorer 
bladder cancer-specifi c survival among patients 
with lower compliance with guideline- 
recommended NMIBC care [ 43 ].  

7.4     Quality Improvement 
in Bladder Cancer 

 These variations may represent quality of care 
concerns that refl ect low value health care deliv-
ery. Certainly, these data suggest that an opportu-
nity exists to improve the clinical outcomes of 
bladder cancer patients through greater attention 
to the quality of health care they receive. 
Importantly, the administrative data used to iden-
tify quality concerns in bladder cancer may lack 
the granularity required to accurately capture 
detailed elements of care such as intravesical 
MMC. Through a multicenter quality improve-
ment collaborative, Barocas et al. evaluated the 
quality improvement potential of efforts to 
increase appropriate use of post-TURBT MMC 
[ 46 ]. Contrary to the fi ndings from administrative 
claims, the authors found high levels of what they 
termed “judicious use” of MMC. Judicious use 
referred to the fact that provider decisions to  not  
give MMC may represent appropriate decision- 
making. Combining appropriate non-use with 
appropriate use results in compliance with judi-
cious MMC utilization in over 80 % of cases. 
Addressing bladder cancer quality will require 
this mode of transparent reporting of provider- 
specifi c outcomes with a greater level of data 
detail than can be abstracted from sources such as 
Medicare claims. 

 The MMC data derive from the fi rst clinician- 
led quality collaborative in urology, the Urological 
Surgery Quality Collaborative (USQC) [ 47 ]. 
General surgery quality collaboratives have 

 previously demonstrated substantial cost savings 
associated with collaborative participation [ 48 , 
 49 ]. A Michigan general surgery collaborative was 
associated with reductions in complications rates 
that increased over time yielding a $20 million 
cost savings to the health care system [ 50 ]. The 
Washington State Surgical Care and Outcomes 
Assessment Program (SCOAP) has produced sim-
ilar results in colorectal and bariatric surgery [ 51 ]. 

 The USQC is a multicenter effort linking aca-
demic urologic practices with large urology 
group practices in which clinicians develop 
abstraction tools that can be used to collect data 
that is relevant to health care quality. Through 
these efforts, the USQC has implemented feed-
back reports to reduce overuse of advanced imag-
ing in the staging of low-risk clinically localized 
prostate cancer [ 52 ]. Although MMC use was 
deemed appropriate, the methods by which the 
USQC measured these outcomes could facilitate 
identifi cation of processes of perioperative care 
around radical cystectomy and urinary diversion 
that would improve outcomes or decrease surgi-
cal morbidity. Yet broadening collaborative-type 
efforts would require tremendous resources for 
data abstraction and feedback reporting that may 
limit application of these exciting results to a 
larger population. 

 Directing patients to high quality providers 
may address quality concerns in bladder cancer 
care. Surgical outcomes may be better when 
patients are cared for at high volume centers [ 53 ]. 
To some degree, patients in need of cystectomy 
are already being directed toward high volume 
providers. Hollenbeck et al. identifi ed a natural 
regionalization of cystectomy care over the 1990s 
to high volume, urban academic centers [ 54 ]. 
Data suggesting a relationship between travel 
distance and receipt of radical cystectomy sug-
gest that few providers are available that offer 
radical cystectomy [ 3 ], and thus care is being 
directed to select centers. As a result, hospital- 
specifi c cystectomy volumes are increasing, and 
the number of hospitals performing cystectomies 
are declining [ 55 ]. This concentration of complex 
bladder cancer surgery to high volume centers 
may explain observed declines in postoperative 
mortality [ 55 ,  56 ]. 
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 Payers have taken note. The Leapfrog Group 
unites private and public health care payers to 
implement purchasing principles that direct 
patients to providers based on their safety and 
quality ratings [ 57 ]. The Leapfrog Criteria may 
not have impacted risk for inpatient mortality 
[ 58 ], but the Leapfrog Group has raised public 
awareness about health care quality concerns. 
Similarly, Blue Cross Blue Shield of America 
implemented a regionalization model for medical 
care including surgical care for complex and rare 
cancers. Identifi ed centers of excellence, based 
on volume and other processes of care, are 
decreed Blue Distinction Centers and patients are 
routed to these facilities. Patients cared for at 
Blue Distinction Centers have been shown to 
have superior outcomes than patients treated by 
other providers [ 59 ]. 

 Regionalization models have caveats. For 
patients without employer-based health insur-
ance, policy-based regionalization efforts would 
be needed to ensure that disparities in care by 
insurance status are not further compounded by 
exclusion of access to centers of excellence for 
radical cystectomy care. Currently, underinsured 
and uninsured patients are more likely to receive 
care at hospitals in lower volume quartiles for 
complex surgical conditions such as radical cys-
tectomy [ 55 ]. Restriction from opportunities to 
access high volume cystectomy providers could 
further exacerbate disparities by socioeconomic 
status and race/ethnicity. Regionalization can also 
saturate high volume centers, leading to delays in 
care known to confer adverse health outcomes in 
muscle-invasive bladder cancer [ 34 – 36 ]. 

 At the national level, efforts are emerging to 
incentivize high quality care, which have variable 
relevance to bladder cancer care. Partly as a result 
of the efforts of the Leapfrog Group, the Medicare 
Modernization Act of 2003 and later the Tax 
Relief and Health Care Act of 2006 created the 
Physician Quality Reporting System (PQRS) 
[ 60 ]. Now the nation’s largest pay-for- performance 
initiative, PQRS began as a voluntary program, 
but became permanent with the Medicare 
Improvements for Patients and Providers Act of 
2008 (MIPPA). PQRS began as an incentive, but 
noncompliance with the requirement to report 

will lead to penalties by 2015. However, no PQRS 
measures specifi cally apply to bladder cancer 
care. According to the American Urological 
Association, as of 2012, only 15 PQRS measures 
applied to urologic care, with the only disease-
specifi c measures referring to prostate cancer care 
and urinary incontinence [ 61 ]. Generation of 
bladder cancer-specifi c PQRS measures could 
target identifi ed quality of care concerns and 
improve compliance with guideline-recom-
mended bladder cancer care. A more direct fi nan-
cial incentive would be increased payment for 
cystectomy, for which reimbursement has lagged 
remarkably behind infl ation rates [ 62 ], yet this is 
unlikely to occur. 

 An initiative with potential to impact bladder 
cancer care is the concept of bundled payments 
for inpatient episodes of surgical care. Under a 
bundled payment system, providers receive a 
defi ned total reimbursement for all care related to 
a surgery and discrete postoperative global 
period, including readmissions [ 63 ]. The Centers 
for Medicare and Medicaid Services (CMS) are 
evaluating bundled payments with the Acute 
Care Episode Demonstration Project in cardio-
vascular and orthopedic procedures [ 64 ]. Miller 
et al. analyzed Medicare data and identifi ed sub-
stantial variation in the costs of post-discharge 
care following major inpatient surgical proce-
dures suggesting that these demonstration proj-
ects are likely to achieve cost savings [ 65 ]. Given 
the high cost of the index radical cystectomy 
admission and the high rates of readmissions fol-
lowing radical cystectomy for bladder cancer 
[ 66 – 70 ], bundling payments for cystectomy care 
could induce practice changes that improve 
health care quality and health outcomes for blad-
der cancer patients. 

 Other policy initiatives that might infl uence 
bladder cancer incidence and mortality include 
addressing tobacco use in America. Public health 
legislation on tobacco can support cancer control. 
The rigorous tobacco laws enacted in California 
in 1995 that restricted smoking in public venues 
were shown to be associated with reduced inci-
dence of lung cancer over time compared with 
lung cancer rates in states with less restrictive 
tobacco control programs [ 7 ]. A trend was 
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observed toward decreasing incidence of bladder 
cancer, although this was not statistically signifi -
cant. As of April 2013, there only 10 states with 
no form of legislation covering smoking in public 
places [ 71 ]. In 28 states, bans limit smoking in all 
enclosed public places, affecting 49 % of the US 
population [ 71 ]. With increasing implementation 
of these bans or consideration of a federal ban, 
we may witness further declines in bladder can-
cer incidence. 

 Lastly, increasing the quality of the evidence 
underlying guideline recommendations for blad-
der cancer care may address the identifi ed varia-
tion in the delivery of bladder cancer services. 
The NCCN guidelines for bladder cancer care 
derive mainly from expert opinion due to the pau-
city of high quality clinical trials in bladder can-
cer care [ 31 ]. Advocacy could direct funding for 
bladder cancer research, including clinical trials.  

7.5    Conclusions 

 Bladder cancer is a costly condition for which 
health care delivery is susceptible to marked vari-
ation and possible quality of care defi ciencies. 
Quality of care concerns can relate to health care 
disparities which may disproportionately affect 
bladder cancer patients, given the preponderance 
of low socioeconomic status among bladder can-
cer survivors due to its associated risk factors. 
Quality improvement may derive from local 
efforts such as clinician-led urologic collabora-
tives, as well as national efforts through policy 
changes.     
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  Everything that can be counted does not necessarily count; everything that counts cannot 
necessarily be counted  

 —Albert Einstein 

8.1            Introduction: The Cost 
of Survival 

    Therapeutic endpoints for cancer treatments were 
historically measured by quantitative outcomes, 
such as disease-specifi c, recurrence-free and 
overall survival, and achieved at any cost, namely 
short-term morbidity and mortality [ 1 ]. Yet, these 
treatment goals and costs are not always in line 
with patient goals, preferences and values, and 
may not be acceptable to the patient [ 2 ,  3 ]. Any 
disease or treatment can result in varying amounts 
of short- and long-term physical (pain, creation of 

an ostomy), functional (urinary, sexual, bowel), 
psychosocial (depression, adapting to a new 
health state), emotional (fulfi lling family roles), 
and occupational (professional or domestic) 
impairment. These represent different types of 
treatment costs that we know to be important fac-
tors in cancer treatment. The fundamental consid-
eration in modern cancer care is: what is the cost 
of survival? [ 4 ] 

 In 2013, many cancers, including urothelial 
carcinoma, have become chronic diseases as a 
result of an improvement in our knowledge and 
treatment of the disease. Although patients now 
live for years with their diseases and the conse-
quences of treatment, they have made it clear that 
there is more to life than simply “not dying” [ 5 ]. 
As a result, the objectives of treating cancer have 
broadened from quantitative measures (if a 
patient survives) to qualitative measures (how a 
patient survives) with an emphasis on patient- 
centered care [ 6 ,  7 ]. 

 This is particularly true for the treatment of 
bladder cancer. Some patients require radical 
cystectomy (RC) with urinary diversion, which is 
associated with signifi cant morbidity and altera-
tions in patient body image, functionality, sexual 
function and urinary continence with a nearly 
40 % mortality rate at 5 years [ 8 – 10 ]. Others are 
managed endoscopically and are subject to mul-
tiple uncomfortable intravesical treatments and 
bothersome urinary symptoms. Unfortunately, 
traditional quantitative outcomes do not com-
pletely capture the impact of bladder cancer or its 
treatment. 
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 One way of providing a more complete eval-
uation of the subjective impact of a disease or 
its treatment is to measure patient quality of life 
(QOL). This measure captures many of the 
physical and psychological effects of treatment 
that patients consider important. Interest in 
QOL has grown over the past 40 years and 
today plays a central role in cancer treatment. 
The goal of this chapter is to describe the sig-
nifi cance of QOL in the treatment of bladder 
cancer and how to measure and incorporate 
QOL into clinical practice.  

8.2     Defi ning Quality of Life: 
Counting the Uncountable 

 It has long been recognized that the state of health 
is “not merely the absence of disease” but also the 
presence of “physical, mental, and social well-
being,” and as surgeons it is our goal to not only 
treat disease, but also to improve our patient’s 
well-being [ 11 ]. In essence, quality of life is the 
presence and amount of patient well- being and 
encompasses multiple domains, including health 
status, functional capacity, fi nancial stability, job 
security, amount of independence, spirituality, 

and social relationships. Health-related quality of 
life (HRQOL) refers specifi cally to the elements 
in a patient’s life that are affected by their health 
status. HRQOL is a multidimensional construct 
that includes general health domains such as 
physical, emotional and psychological function-
ing, presence of  symptoms, social and familial 
support, and satisfaction with healthcare delivery, 
as well as disease- specifi c domains such as uri-
nary and bowel function, body image and sexual-
ity for bladder cancer patients [ 12 ]. Importantly, 
HRQOL also includes amount of bother related to 
each domain. 

 Due to the broad nature of the concept, no 
standard defi nition of HRQOL exists. It has been 
described as a “patient’s appraisal of and satisfac-
tion with their current level of functioning as 
compared to what they perceive to be possible or 
ideal,” and the extent to which “medical interven-
tions impact the functional, psychological, social 
and economic life” of a patient [ 12 ,  13 ]. Calman 
simply defi nes HRQOL as the gap between a 
patient’s expectations and experiences (Fig.  8.1a ) 
[ 14 ]. The most vital element of HRQOL is that it 
is a patient-centric assessment that cannot be 
assigned or assumed, but only measured by 
patient report [ 14 ].

Pre-
intervention

Observed

Observed

Expected
Expected

HRQOL

HRQOL

Post-
intervention

Time

a b

Pre-
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Time

  Fig. 8.1    ( a ) HRQOL before and after an intervention 
 represented as the gap between patient expectation and 
actual experience. Since the observed ( solid line ) is below 
expected ( dashed line ), pre-intervention HRQOL is low 

while it is high post-intervention. ( b ) HRQOL accounting 
for changing expectations with time (response shift). 
Post-intervention HRQOL is lower than estimated in 
( a ) [ 14 ]       
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   There is a critical distinction between HRQOL 
and health status. Whereas health status refers 
primarily to the direct physical and functional 
effects of disease, HRQOL also encompasses 
how patients perceive and react to their health 
status [ 15 ]. Such a distinction must be made 
because patients with impaired “objective” health 
states, such as those with severe disabilities or in 
hospice care, may have outstanding coping 
mechanisms and different expectations around 
their condition and report surprisingly high 
HRQOL [ 16 ,  17 ]. Thus, it is inaccurate to make 
assumptions on HRQOL based on health status 
alone. 

 HRQOL is predicated strongly on the patient’s 
preference, or  relative  desirability, of a given 
health status [ 18 ]. Given the subjectivity of 
HRQOL, it is heavily infl uenced by a patient’s 
values, goals, experiences and opinions, and may 
change with interventions, differing expectations 
or ongoing experience. It may also vary between 
patients who have different judgments of similar 
health states [ 19 ]. Because HRQOL is highly 
personal, it has proven diffi cult to defi ne, mea-
sure and gain acceptance in the clinical setting. 
However, with improved understanding of what 
constitutes HRQOL and how it is quantifi ed, its 
role in the care of cancer patients has become 
essential.  

8.3     Assessing Quality of Life: 
The Importance 
of a Subjective Metric 

 Measuring and utilizing HRQOL in the patient 
care and research settings is important for several 
reasons. Patients thirst for information about 
their diagnosis, prognosis and what to expect 
during their treatment, and rely on their physician 
for this type of counseling [ 20 ]. By measuring 
HRQOL and quantifying the physical, emotional, 
psychosocial and functional impacts of a disease 
or treatment, physicians can more accurately 
counsel their patients. Patients fear the implica-
tions of a cancer diagnosis, the consequences of a 
radical operation, and the possibility of death, 
which can often be allayed through honest dis-
cussion [ 21 ]. Well-informed patients may also 

have better psychological outcomes and increased 
treatment satisfaction [ 21 ,  22 ]. 

 Counseling not only helps educate patients, but 
maximizes future HRQOL by enabling surgeons to 
become an “honest broker” and set realistic expec-
tations [ 23 ,  24 ]. Discussing HRQOL concerns may 
improve communication and screen for important 
problems not regularly discussed at clinic visits. 
For instance, cancer patients are known to be at 
substantial risk for depression, sometimes long 
after their treatment [ 25 – 27 ]. Symptoms of depres-
sion detected during QOL assessment may prompt 
specialist referral and failure to do so may result in 
untreated diagnoses that exacerbate disease trajec-
tory or prolong recovery. Patients tend to be grate-
ful for discussions of HQROL topics, indicating 
the importance of HRQOL in their disease, treat-
ment and physician relationship [ 28 ]. And as the 
primary purpose for measuring any health outcome 
is to improve it, physicians can identify unrecog-
nized problems with their treatment plans or patient 
support mechanisms through the analysis of 
HRQOL [ 29 ]. 

 Quality of life data may also improve shared 
clinical decision making. There are many factors 
to consider when treating a cancer patient, and 
surgeons must tailor their treatment to a patient’s 
value system [ 7 ,  24 ]. For instance, if social conti-
nence is more important to a patient with invasive 
bladder cancer than the risk of urinary retention, 
they may be better suited with an orthotopic neo-
bladder (ONB) rather than an ileal conduit (IC). 
With information on how different treatments 
normally impact HRQOL, physicians may be 
better able to individualize treatment plans. 
Interestingly, QOL may impact prognosis [ 30 –
 32 ]. Palapattu measured the amount of psycho-
logical distress prior to RC and found that 
preoperative somatic distress was associated with 
disease progression [ 32 ]. Mansson demonstrated 
that certain types of defense strategies impacted 
how well patients adapted to their new health sta-
tus after RC [ 33 ]. 

 HRQOL is an increasingly important mea-
surement in clinical trials and has already been 
used as a clinically relevant outcome [ 34 ,  35 ]. 
There are several circumstances when measuring 
HRQOL is absolutely necessary in the clinical 
trial setting [ 36 ]:

8 Quality of Life Measures



98

•    When measuring the benefi t of adjuvant therapy 
with a moderate risk of disease recurrence.  

•   If survival is expected to be similar between 
treatment arms.  

•   If the treatment is performed for palliation.  
•   When comparing surgical techniques expected 

to have similar oncologic outcomes.    
 In each of these circumstances, as well as 

many others, patient HRQOL should be mea-
sured as it may be the only difference between 
treatment arms. In fact, HRQOL has become 
such an important metric that clinical trial 
groups such as the European Organization for 
Research and Treatment of Cancer (EORTC) 
have emphasized routinely including HRQOL 
measurements in clinical trials [ 37 ]. The Patient-
Centered Outcomes Research Institute (PCORI) 
was established by the United States govern-
ment in 2010 to promote research initiatives that 
investigate the “relative health outcomes, clini-
cal effectiveness, and appropriateness” of medi-
cal interventions, emphasizing the central role 
of patient-reported outcomes and HRQOL in 
treatment decision- making [ 38 ]. With an empha-
sis on improving healthcare quality, treatment 
outcomes, including morbidity, survival and 
quality of life, have become surrogates for qual-
ity of care [ 39 ]. Since HRQOL is a priority in 
comprehensive cancer treatment, it will be an 
increasingly important endpoint in measuring 
quality of care [ 6 ,  40 ]. 

 Finally, HRQOL has also gained importance 
in health policy decisions through its role in the 
calculation of quality-adjusted life years 
(QALYs). A QALY is an outcome used to com-
pare the relative value of different treatments by 
contrasting their cost, or effectiveness, per year 
of quality life gained and requires measurement 
of patient HRQOL. QALYs have already been 
used in large-scale healthcare change and will 
likely continue to be an important outcome in 
policy decisions [ 41 ]. 

 In all, measuring and utilizing HRQOL in 
the clinical and research setting is a valuable 
practice with increasing importance. Some 
even consider failure to measure and utilize 
HRQOL to be  “neither good science nor good 
medicine” [ 21 ].  

8.4     HRQOL in Bladder Cancer 
Patients: Scope of the Issue 

 In most early clinical trials, including those in 
bladder cancer, HRQOL was not assessed [ 19 , 
 42 ]. In addition to coping with a new cancer diag-
nosis, patients with bladder cancer are subject to 
an array of treatment- and disease-related issues 
that cause signifi cant anxiety and distress. 
Patients being managed endoscopically may 
require multiple painful operations and intravesi-
cal instillations, experience bothersome urinary 
symptoms and be at risk for disease recurrence 
and progression [ 43 – 46 ]. RC patients undergo a 
procedure associated with signifi cant morbidity, 
psychological distress and life-changing conse-
quences, such as urinary incontinence, sexual 
dysfunction, impaired functional status and 
changes in body image [ 8 ,  47 – 51 ]. Even after 
treatment, bladder cancer survivors may be at 
risk for diminished HRQOL secondary to ongo-
ing lifestyle factors, such as diet, exercise and 
smoking [ 52 ,  53 ]. 

 With the popularization of the ONB, urologists 
assumed it would be associated with improved 
HRQOL in comparison to incontinent urinary 
diversions given the avoidance of an external 
appliance and replication of physiologic voiding. 
Multiple studies, including a Cochrane review 
[ 54 ], attempted to demonstrate an improvement in 
HRQOL with ONB, however this has proven dif-
fi cult [ 19 ,  47 ,  55 ]. One explanation is that there is 
no real difference in HRQOL between diversion 
types. Alternatively, the available methods to 
assess HRQOL in bladder cancer patients may not 
be suffi ciently sensitive to detect nuanced differ-
ences between treatment types. Many HRQOL 
studies in bladder cancer patients did not use vali-
dated, disease- specifi c questionnaires, but instead 
used suboptimal techniques for measuring 
HRQOL such as “homemade” questionnaires or 
patient interviews [ 24 ]. Lastly, weaknesses in 
study design may lead to diffi culties in demon-
strating any differences if they are present. In 
 general, HRQOL studies in bladder cancer have 
been small, single institution, retrospective stud-
ies with signifi cant methodological fl aws [ 56 ]. 
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Many investigators fail to collaborate with experts 
in QOL study design, such as statisticians and 
psychologists, and studies often lack pre- 
intervention and longitudinal assessments [ 56 ]. 
There are very few prospective studies and no 
level I evidence supporting HRQOL differences 
between diversion types or between any other 
treatments for bladder cancer. 

 Thus, bladder cancer patients are at risk for a 
reduction in HRQOL, yet much is still unknown 
about and the true impact of the disease and its 
treatment [ 57 ]. To date, most HRQOL research in 
bladder cancer has been in the RC population 
with a paucity in the native bladder population. 
Any attempt to identify real differences in 
HRQOL across diversion or treatment types 
would require a large, high-quality prospective 
study that controls for patient and decision- 
making confounders, although randomization to 
diversion type is probably not feasible.  

8.5     Response Shift: Adaptation 
to Health States 

 While HRQOL can change secondary to an out-
come or intervention, it can also change due to 
variation in expectation (Fig.  8.1a ) [ 14 ]. As 
patients adapt to new disease states, HRQOL 
can change as they recalibrate their point of ref-
erence (their expected health status), repriori-
tize the relative importance of the aspects of 
their life that constitute HRQOL or reconceptu-
alize their very defi nition of HRQOL [ 58 ]. 
This variation in HRQOL secondary to chang-
ing expectations is known as response shift 
(Fig.  8.1b ) [ 19 ]. Response shift is either an 
inherent property of how HRQOL is defi ned or 
measured and may confound the interpretation 
of HRQOL differences. 

 Response shift may explain unexpected 
HRQOL differences or lack thereof, such as the 
similar QOL between lottery winners and non- 
winners and high HRQOL among patients with 
declining health states [ 16 ,  18 ,  59 ]. Similarly, 
most RC patients are “generally satisfi ed” and 
have similar HRQOL to the general population 

and to other RC patients despite differences in 
functional outcomes and diversion type, refl ecting 
their ability to adapt similarly to different health 
states [ 19 ,  49 ,  55 ,  60 ]. Recall bias is another 
example of response shift. As patients adapt to 
new health states and change their perspective, 
any assessment of prior HRQOL may be inaccu-
rate (Fig.  8.1b ) [ 18 ,  61 ,  62 ]. 

 Response shift can make the measurement of 
HRQOL challenging and must be accounted for 
when designing a study and interpreting study 
fi ndings. Going forward, methods for adjusting 
for response shift will improve the fi delity of 
HRQOL assessments.  

8.6     Measuring Health-Related 
Quality of Life: Instruments 

 In order to generate useful and generalizable 
HRQOL data, there are numerous important 
study design considerations, including who 
should measure it, what to measure and when and 
how it should be measured [ 63 ]. 

8.6.1    Who 

 Although physicians may accurately assess 
health status, they lack insight into how it impacts 
patient’s daily lives. For example, the Karnofsky 
Performance Status (KPS), a well-known assess-
ment, is a physician’s evaluation of a patient’s 
functional status [ 64 ]. Although the KPS has 
been used extensively in clinical trials, it has 
been criticized for accuracy, completeness and 
reliance on the physician’s assessment rather 
than patient report [ 65 ,  66 ]. Indeed, we now 
understand that it is neither appropriate nor accu-
rate for a physician to defi ne patient HRQOL 
[ 67 ]. Similarly, patient proxies such as spouses, 
friends and family members lack the perspective 
to accurately assess patient HRQOL and should 
not be queried unless the patient is unable to be 
directly assessed [ 18 ,  68 ]. HRQOL is a patient- 
centric concept that is best measured through 
direct patient assessment.  
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8.6.2    How 

 The simplest way to determine subjective out-
come is to ask patients if a treatment improved 
their life. While most people can articulate the 
quality of their experience such communication 
cannot be quantifi ed, necessitating the standard-
ization and quantifi cation of HRQOL. There are 
generally two methods for measuring HRQOL: 
patient-completed questionnaires and researcher- 
administered interviews. Because interviews are 
time and labor-intensive, questionnaires, also 
known as instruments, are typically preferred. 
Instruments are inexpensive, practical and easy to 
administer. HRQOL instruments are complex 
tools that require a rigorous process of develop-
ment and implementation. 

 Instrument development is a multistep process 
that begins by determining what aspects of 
HRQOL are to be measured, then generating and 
assembling questions into a single instrument 
and fi nally performing a psychometric analysis 
[ 69 ]. Question, or item, development ideally 
involves input from multiple perspectives, such 
as physicians, patients, epidemiologists and 
 psychologists. First, candidate items are devel-
oped through a review of the literature to ascer-
tain previously identifi ed important HRQOL 
issues, as well as through patient focus groups to 
help identify domains of interest. The item list is 
then refi ned by expert analysis and patient feed-
back from semi-structured interviews. 

 Item responses are either recorded on a Likert 
scale, in which several answer options are pre-
sented in a categorical fashion, or a visual analog 
scale, where patients mark their answer along a 
continuum between two ends of a spectrum. Most 
instruments use Likert scales due to easier data 
capture and simplicity of answering. There are 
several factors to consider in instrument develop-
ment. Each item must be written below an eighth 
grade reading level, free of abbreviations and com-
plex terms, and contain only one question to ensure 
patient comprehension [ 70 ]. Furthermore, items 
must not include any language perceived to be 
offensive, which is typically detected during pilot 
and cross-cultural testing. Also, there is generally 
a trade-off between breadth (number of domains) 

and depth (number of items) of assessment. 
In order to minimize patient burden, there must be 
a balance between the two, with a possible bias 
toward breadth given the uncertainty of the impact 
of a disease or treatment [ 5 ]. 

 Once an instrument has been created, it must 
undergo psychometric analysis to verify its mea-
surement properties [ 71 ]. Involvement by statisti-
cians or psychometricians in this step is 
mandatory. First, an instrument is tested for reli-
ability, which evaluates its precision, or freedom 
from measurement error. The two most common 
measures of reliability are internal consistency 
and test–retest. Internal consistency reliability is 
the amount of internal agreement among items. 
For instance, all items intended to measure func-
tional status should score similarly and correlate 
highly. Internal consistency reliability is quanti-
fi ed with Crohnbach’s coeffi cient alpha. A value 
of >0.7 indicates good reliability, however if it is 
too high (>0.9) the instrument may have exces-
sive homogeneity suggesting item redundancy. 
Test–retest reliability is how well an instrument’s 
results are reproducible, and is measured by 
administering the instrument to the same subject 
within a relatively short time span, often a matter 
of weeks. Test–retest reliability is quantifi ed by 
correlation coeffi cients, with >0.7 considered 
highly reliable [ 23 ]. 

 Still, a highly precise instrument is not neces-
sarily accurate. Hence, an instrument must be 
tested for validity, which is its ability to measure 
the truth. Because validity varies based on the 
context and population for which it is used, an 
instrument must be validated separately for dif-
ferent clinical scenarios. For example, an instru-
ment validated to measure incontinence 
symptoms in neurogenic bladder patients does 
not mean it can evaluate the same symptoms in 
prostate cancer patients. There are three types of 
validity: face, construct and criterion. Face valid-
ity, also known as content validity, is a subjective 
assessment of how well the instrument measures 
HRQOL. It represents an “enlightened common 
sense” impression by experts in the fi eld as to 
whether the instrument includes necessary items 
and does not include irrelevant ones [ 72 ]. 
Criterion validity is the correlation between the 
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instrument and a “gold standard” instrument 
when administered concurrently. An instrument 
is highly valid if it scores similarly and correlates 
highly ( r  > 0.7) with the gold standard. For exam-
ple, if an instrument designed to measure bother 
from urinary incontinence correlated highly with 
daily pad use, it would have high criterion valid-
ity. If a gold standard does not exist, criterion 
validity cannot be measured. Lastly, construct 
validity is a retrospective assessment of how well 
an instrument measures what it was designed to 
measure. Construct validity can be diffi cult to 
assess and often takes years of instrument use 
before establishing. Two methods for evaluating 
construct validity are convergent and divergent 
validity [ 73 ]. Convergent validity is established 
when different instruments designed to theoreti-
cally measure the same concept converge on the 
same results. Alternatively, divergent validity is 
established when instruments measuring unre-
lated concepts have opposite results. Construct 
validity is quantifi ed with correlation coeffi -
cients, with >0.7 considered highly valid. 

 Once reliability and validity are established, 
an instrument should be evaluated for 
 responsiveness, or how well it detects change 
over time. For instance, the American Urological 
Association- Symptom Index (AUA-SI) is 
expected to change as a man receives treatment 
for lower urinary tract symptoms. A highly 
responsive instrument is able to detect even small 
changes in HRQOL. A common question is what 
amount change in HRQOL is considered clini-
cally meaningful. For example, what difference 
in AUA-SI is clinically relevant? While there is 
no number universally regarded as meaningful, at 
least half the instrument’s standard deviation is 
often a good rule [ 74 ]. Once each of these proper-
ties has been explored, the fi nal step is to imple-
ment the instrument into clinical practice.  

8.6.3    When 

 Measuring HRQOL should be a seamless part of 
clinic visits and included in most clinical trials, 
much like obtaining a vital sign. Given its subjec-
tivity, HRQOL can be easily infl uenced by the 

context in which it is measured, necessitating 
standardization of the schedule and setting of 
instrument administration. Since HRQOL is con-
stantly in fl ux, patients must be asked to evaluate 
their HRQOL within a specifi c time frame, such 
as within the past week or month. One must also 
determine at which points during the course of 
disease or treatment measurements should be 
taken. A baseline assessment is always indicated, 
as are regular assessments thereafter in a longitu-
dinal fashion. After RC, HRQOL may return to 
near baseline levels within 1 year, thus evalua-
tions within the fi rst year are likely responsive to 
disease-specifi c changes [ 75 ]. In addition to tim-
ing, it is important to standardize where patients 
complete instruments. For instance, if one patient 
is assessed at home and another in the hospital, it 
would be unclear if HRQOL differences were 
real or due to the setting in which the instrument 
was completed. 

 Thus, validated instruments are the most 
appropriate method for evaluating HRQOL in 
bladder cancer patients, and they should be com-
monplace in both the clinic and in clinical trials 
[ 13 ,  63 ].   

8.7     Selecting an Instrument: 
Finding the Best Fit 

 There are a multitude of standardized instru-
ments to measure HRQOL including general, 
cancer-specifi c, disease-specifi c, utility and 
treatment- specifi c instruments [ 19 ]. General 
instruments can be applied to larger populations 
and compared across different disease states and 
treatment modalities, however they are less sensi-
tive to disease- or treatment-specifi c changes. On 
the other hand, disease-specifi c instruments are 
more sensitive to changes in a particular disease 
state, but lack generalizability across different 
patient groups. 

 There are several factors into selecting the best 
instrument (Table  8.1 ). The fi rst and most impor-
tant step in selecting the appropriate HRQOL 
instrument is to ask a specifi c research question 
and determine which aspects of HRQOL are most 
important to assess. One must also  consider the 
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characteristics of the study population, as well as 
the instrument itself. Only established instru-
ments with known psychometric properties that 
have been validated in the intended study popula-
tion should be used. To select a non- validated 
instrument without known psychometric proper-
ties or an ad hoc questionnaire is unacceptable in 
any high-quality clinical research.

   As HRQOL is a multidimensional construct, 
any instrument should measure multiple general 
and disease-specifi c domains [ 76 ]. This is 
 commonly achieved using a modular instrument 
that consists of a set of general HRQOL questions 
and set of disease-specifi c items known as a mod-
ule [ 69 ]. Furthermore, it is often useful to assess a 
patient’s overall satisfaction, in order to determine 
the clinical relevance of HRQOL changes. 

8.7.1    General HRQOL Instruments 

 Most general instruments assess several basic 
HRQOL areas including physical, psychosocial 
and emotional functioning, mobility, self-care 
activities, energy, cognitive function, general 
health and pain [ 13 ]. The three most commonly 
used general HRQOL instruments for cancer 
patients are the SF-36, FACT-G, and EORTC 
QLQ-30. Each is designed to be completed by 
the patient. Other well-known general HRQOL 
instruments are the Sickness Impact Profi le and 
Nottingham Health Profi le [ 77 ,  78 ]. While many 
general instruments have been used to measure 

HRQOL in bladder cancer patients, none have 
been validated in this population.
    1.     Medical Outcomes Short Form Health Survey  

( SF-36 ): The SF-36 is a well-known, widely 
used general HRQOL instrument developed 
by the RAND Institute [ 79 ]. It has been used 
in a variety of disease states, including blad-
der cancer, and is considered by many the 
gold standard for measuring general HRQOL 
[ 80 – 83 ]. The SF-36 consists of 36 items orga-
nized into eight domains (role limitations- 
physical, role limitations-emotional, social 
functioning, physical functioning, mental 
health, energy/vitality, pain, and general 
health) grouped into two scales (physical and 
mental). Each item is scored on a Likert scale. 
There are shorter versions of the SF-36 with 8 
(SF-8) or 12 (SF-12) items, which have been 
produced to reduce respondent burden and are 
psychometrically validated [ 84 ].   

   2.     Functional Assessment of Cancer Therapy—
General  ( FACT-G ): Unlike the SF-36, the 
FACT-G is an instrument designed to measure 
cancer-specifi c general HRQOL. It is a vali-
dated 28-item instrument that consists of four 
domains (physical, functional, social, and 
emotional well-being) with each item scored 
on a Likert scale [ 85 ]. The FACT-G has been 
used in bladder cancer patients [ 80 ,  86 ,  87 ].   

   3.     European Organization for the Research and 
Treatment of Cancer Quality of Life Core 
Questionnaire  ( EORTC QLQ-30 ): Similar to 
the FACT-G, the EORTC QLQ-30 is designed 
to measure cancer-specifi c general HRQOL. It 
is a 30-item instrument that consists of six 
functional subscales (physical, role, cognitive, 
emotional, social, and global) and three symp-
tom scales (pain, fatigue, and emesis) [ 88 ]. 
Each item is scored on a Likert scale. This 
instrument has been used to study HRQOL in 
bladder cancer patients [ 89 ,  90 ].    
  There are also a variety of instruments 

designed to assess specifi c aspects of general 
HRQOL such as pain, body image, mental 
health, and functionality. For a comprehensive 
list of HRQOL instruments refer to   www. 
proqolid.com    .  

   Table 8.1    Factors in instrument selection   

 Is it valid and reliable? 
 Are norms available? 
 Is it suitable for the targeted population? 
 Are questions easy to read and understand? 
 Is scoring easy or complex? 
 Is the layout of the questions clear? 
 What is the format of the questions? 
 Is it comprehensive but brief as possible? 
 Does it ask socially loaded questions? 
 Who will complete the questions? 

  [ 21 ]  
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8.7.2     Disease-Specifi c HRQOL 
Instruments 

 General HRQOL instruments lack the ability to 
capture important disease-specifi c issues experi-
enced by patients with bladder cancer, such as 
continence, body image and bowel problems. As 
is often demonstrated by psychometric analysis 
of disease-specifi c instruments, there can be low 
correlation between disease-specifi c and general 
HRQOL items, suggesting disease-specifi c items 
measure concepts not captured with generic ones, 
and vice versa [ 91 ,  92 ]. Historically, instruments 
assessing HRQOL in bladder cancer patients 
were either general HRQOL instruments or 
invalidated homemade questionnaires [ 47 ,  82 , 
 93 – 95 ]. Several bladder cancer-specifi c HRQOL 
instruments have since been developed, and two 
have thus far been validated [ 91 ,  92 ].
    1.     FACT-Vanderbilt Cystectomy Index  ( FACT- 

VCI  ): The FACT-VCI is a modular instrument 
composed of the 28-item FACT-G and a novel 
17-item module [ 96 ]. Each item is scored on a 
4-point Likert scale. The FACT-VCI was spe-
cifi cally developed to measure HRQOL in 
bladder cancer patients undergoing radical 
cystectomy. It was validated in RC patients 
and has good reliability, validity and respon-
siveness [ 91 ]. It is scored as a simple sum-
mary of all 15 gender-neutral questions (items 
1–15) with a separate score for sexual func-
tion (items 16 and 17). The FACT-VCI is 
highly specifi c for detecting RC-related prob-
lems and also measures general HRQOL 
changes. It has been used to assess HRQOL in 
RC patients [ 97 ,  98 ] and is currently being 
used in large prospective studies [ 99 ].   

   2.     Bladder Cancer Index  ( BCI ): The BCI was 
also developed to measure HRQOL in blad-
der cancer patients [ 100 ]. It consists of 34 
items, each scored on a Likert scale, orga-
nized into three domains (urinary, bowel, and 
sexual) with function and bother measured in 
each domain. Unlike the FACT-VCI, the BCI 
measures HRQOL in both RC and non-RC 
patients and is reliable, valid and responsive 
in these populations [ 49 ,  92 ]. Its main advan-
tage is its generalizability across all patients 

with bladder cancer. However, some items 
may be  inapplicable to certain patients, which 
may limit its face validity. For instance, a 
patient being managed endoscopically may 
be unable to answer questions about urine 
leakage causing skin irritation, whereas this 
would be highly applicable to a patient with 
an IC. Notably, the BCI fails to measure 
important emotional, functional and psycho-
social domains of HRQOL requiring the co-
administration of a supplemental instrument 
for complete HRQOL assessment.   

   3.     FACT-Bladder  ( FACT - BL ): The FACT-BL is 
also a modular instrument designed to mea-
sure HRQOL in bladder cancer patients [ 101 , 
 102 ]. It is based on the FACT-G with a 13-item 
module. Although the FACT-BL has been 
used clinically [ 57 ,  87 ,  103 ], it has not yet 
been validated in bladder cancer patients.   

   4.     EORTC QLQ-BLM-30 : The QLQ-BLM-30 is a 
modular instrument designed to measure 
HRQOL in patients with muscle-invasive blad-
der cancer. It is based off of    the EORTC QLQ-
30 and has a bladder-cancer specifi c module 
[ 104 ]. Although it has been used clinically 
[ 89 ], it has not yet been validated in patients 
with muscle-invasive bladder cancer and stud-
ies with this instrument are ongoing [ 105 ].   

   5.     EORTC QLQ-BLS-24 : The QLQ-BLS-24 is a 
modular instrument designed to measure 
HRQOL in patients with non-muscle-invasive 
bladder cancer. Similar to the BLM-30, it is 
based off of the EORTC QLQ-30, but instead 
has a non-muscle-invasive-specifi c module 
[ 104 ]. It has not been validated in patients 
with non-muscle-invasive bladder cancer and 
studies with this instrument are ongoing [ 106 ].    

8.7.3      Health Utility Instruments 

 Utility instruments measure patient preferences 
for different health states which are used to com-
pare the relative effectiveness or cost of treat-
ments [ 107 ]. Measuring health utilities begins by 
defi ning particular health states and then deter-
mining patient valuations of each state, where 1 
is equivalent to perfect health and 0 is death. 
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The outcome is expressed in QALYs, which is a 
preference- weighted measure combined with a 
survival estimate. Utility instruments include the 
EQ-5D [ 108 ], SF-6D [ 109 ], Health Utilities 
Index [ 110 ] and Quality of Well Being-Self 
Administered [ 111 ]. Utility instruments typically 
use different types of response scales. The stan-
dard gamble asks patients with impaired health 
how much they would risk for an intervention 
that could either cure them or kill them, while 
time-tradeoff asks patients how much life they 
would be willing to give up to achieve perfect 
health.   

8.8     HRQOL in Bladder Cancer 
Patients: The “Hard” Data 

 Since the inception of HRQOL in bladder cancer, 
well over 50 studies have been published using 
over a dozen instruments, most of which attempt 
to identify differences between types of urinary 
diversion in RC patients. There are several large 
and well-performed reviews that nicely 
 summarize studies to date, none of which have 
demonstrated consistent superiority of any single 
diversion type [ 19 ,  47 ,  54 – 56 ,  95 ,  112 ,  113 ]. 
They have, however, confi rmed a consistent 
decrease in HRQOL after RC with gradual 
improvement over the fi rst 12 months for most 
patients. Although the literature on HRQOL after 
RC is extensive, its scientifi c quality is relatively 
poor, contributing to its inability to demonstrate a 
HRQOL difference between diversion types 
[ 113 ]. Although HRQOL has been studied for 
nearly every diversion type, ONB and IC are the 
most common. 

 In one of the longest prospective studies, 
Hedgepeth reported HRQOL differences in 226 
RC patients using the BCI [ 49 ]. With 8 years of 
follow-up, IC patients had gradual improvement 
in their body image to near baseline, while ONB 
patients had persistently decreased body image 
scores. Ileal conduit patients had higher postop-
erative urinary function, but similar levels of uri-
nary bother, bowel and sexual domains as ONB 
patients. Hardt prospectively evaluated patients 
undergoing continent and incontinent diversions 

and found similar HRQOL between diversion 
types and that over 75 % of patients would choose 
the same diversion again [ 114 ]. Allareddy mailed 
the FACT-BL to 259 bladder cancer patients, 82 
of whom had undergone RC and 177 had native 
bladders [ 57 ]. In this cross-sectional study, there 
was no difference in HRQOL between RC and 
native bladder patients or IC and continent diver-
sion patients. 

 Still, some  have  demonstrated relevant differ-
ences in diversion types. In the validation study 
of the FACT-VCI, IC patients had signifi cantly 
higher HRQOL than ONB patients 1 year after 
surgery, although this study was not powered nor 
designed to explore differences between diver-
sion types [ 91 ]. Conversely, Hobisch sent the 
EORTC-QLQ-30 and a self-designed question-
naire to 102 patients after RC, and reported ONB 
patients had superior HRQOL outcomes to IC 
patients and would almost uniformly recommend 
their diversion type to another patient, while only 
a third of IC patients would do the same [ 90 ]. 
Although not a comparative study, women with 
ONB were found to have a surprisingly high rate 
of voiding dysfunction, including hyperconti-
nence and incontinence [ 115 ]. In general, while 
IC patients tend to have more problems with 
leakage, skin irritation and are less likely to 
travel, ONB patients may experience problems 
with incontinence and hypercontinence [ 55 , 
 116 ]. Interestingly, the associated bother with 
these two diversions is almost identical in many 
studies and both sets of patients have similarly 
high levels of satisfaction, oftentimes compara-
ble to population norms. 

 While the majority of emphasis on HRQOL 
after RC and urinary diversion focus on urinary 
problems, sexual function is also an important 
issue. Although many men and women will have 
substantial sexual dysfunction prior to surgery, 
there are still many patients for whom mainte-
nance of sexual function is a priority. Men are at 
risk for erectile dysfunction and women may be 
left with a foreshortened and denervated vagina 
resulting in substantial sexual dysfunction. Zippe 
administered the Index of Female Sexual Function 
to 27 sexually active women before and after 
RC and found signifi cant reductions in vaginal 
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lubrication, ability to achieve orgasm, sexual 
desire and increased dyspareunia, with about half 
unable to have successful vaginal intercourse 
postoperatively [ 117 ]. Zippe similarly adminis-
tered the Sexual Health Inventory for Men 
(SHIM) to 49 sexually active men and found sub-
stantial decreases in SHIM scores after RC, with 
86 % of men unable to produce an erection suf-
fi cient for vaginal penetration, particularly those 
that underwent non-nerve sparing RC [ 118 ]. 

 Another area of study in RC patients has been 
in the potential HRQOL benefi ts of robotic- 
assisted laparoscopic RC (RARC). RARC is 
associated with less intraoperative blood loss and 
analgesic requirement, and a shorter hospital stay 
and time to regular diet at the cost of an increased 
operating room time and equipment expenses 
[ 119 ]. RARC appears to have a similar rate of 
complications and short-term oncologic effi cacy. 
Yuh administered the FACT-BL to 57 patients 
undergoing RARC and identifi ed signifi cant 
HRQOL reductions in several domains with 
return to baseline at 6 months [ 103 ]. In another 
study out of Roswell Park, the CARE instrument 
was administered pre- and postoperatively to 91 
patients undergoing RARC [ 120 ]. The overall 
score decreased by nearly 50 % at 1 week with 
near complete recovery at 10 weeks. Specifi cally, 
both pain and cognition scores demonstrated a 
fairly rapid recovery to near baseline by approxi-
mately 1 month, but gastrointestinal and activity 
scores did not recover until at least 3 months. 
Although these single-armed analyses demon-
strate promising HRQOL results with RARC, no 
publications to date have compared HRQOL 
between open RC and RARC although prelimi-
nary, unpublished data suggest no difference 
between the two approaches [ 99 ,  121 ]. 

 Approximately 75 % of patients with bladder 
cancer have non-muscle-invasive disease and are 
treated endoscopically. While this treatment is 
signifi cantly less morbid than RC, it is still associ-
ated with HROQL changes and patient distress. 
Muezzingolu demonstrated high pain scores 
among patients undergoing surveillance cystos-
copy, which seemed to worsen with each subse-
quent procedure [ 45 ]. Yoshimura administered the 
SF-36 to 133 patients undergoing transurethral 

resection of a bladder tumor (TURBT) and found 
signifi cant decreases in nearly every general 
HRQOL domain as compared to population 
norms [ 46 ]. Although non-muscle-invasive blad-
der cancer is rarely lethal, cystoscopy and TURBT 
are associated with pain, patient distress and 
impaired HRQOL. Given the frequent use of 
endoscopy in bladder cancer patients, fi nding 
ways to improve this experience is needed. 

 Thus, despite the abundance of HRQOL stud-
ies in bladder cancer there are many unanswered 
questions about which type of urinary diversion 
is superior. Even with high-quality data support-
ing a particular diversion, higher postoperative 
HRQOL will always be achieved by extensive 
preoperative counseling, setting realistic expecta-
tions and matching the right patient to the right 
diversion.  

8.9    Conclusion 

 HRQOL is a vital component when counseling 
and treating bladder cancer patients, and is also an 
important comparative-effectiveness research out-
come. Although there is no gold-standard method 
for measuring HRQOL in bladder cancer, the use 
of reliable, valid and responsive disease- specifi c 
instruments is mandatory. Furthermore, HRQOL 
studies should include input from statisticians or 
other specialists in study design, and account for 
known diffi culties with HRQOL measurement, 
such as response shift. Although studies to date 
have not consistently demonstrated the superiority 
of any diversion type, with proper patient selection 
and preoperative counseling, postoperative 
HRQOL can be comparable between diversions. 
With ongoing study of HRQOL in bladder cancer, 
we will continue to improve cancer survivorship 
and refi ne patient treatment.     
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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 

0 10010 20 30 40 50 60 70 80 90

42

31 1

0 31

20

0

1

0

1

0 26024022020018016014012010080604020

0.9 1e-0050.0010.020.10.20.30.40.50.60.70.80.86

0.95 0.93 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.10.86 0.02

0.93 0.9 0.86 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.020.8 0.001

Points

Pathologic T stage

LVI

Pathologic N stage

Neoadj.Chemotherapy

Adjuvant radiotherapy

Total Points

8Yrs.Surv.Prob.

2Yrs.Surv.Prob.

5Yrs.Surv.Prob.

  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 
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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.      
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10.1             Clinical Trial Design 
Concepts in Bladder Cancer 

 The development of new and improved therapeu-
tic strategies is a key goal of the oncology com-
munity and such efforts are ongoing in the fi eld 
of bladder cancer. New treatments are tested for 
safety and effi cacy in humans using a prospec-
tive, phased clinical trial structure. 

 Phase I oncology trials are typically per-
formed when a new drug or compound has some 
evidence of anticancer activity in the preclinical 
setting. While it is hoped that patients will derive 
clinical benefi t from participation, the primary 
objective of these trials is to fi nd a safe dose and 
schedule of the compound for further testing in 
phase II and III trials. Pharmacokinetic studies 
are also performed to assess how the drug is dis-
tributed and excreted by the human body and 
patients are monitored for any toxicity that may 
arise. These trials often start by using 10 % of the 
lethal dose of drug in animal species (measured 

as milligrams per square meter of body surface 
area) [ 1 ]. Three patients are treated and observed 
for toxicity and if no dose-limiting toxicity (DLT) 
occurs then the dose is escalated for the next 
three patients. What constitutes a DLT is defi ned 
separately for each individual trial but is typically 
defi ned as clinically signifi cant grade ≥3 toxicity 
or a toxicity requiring dose reduction or treat-
ment discontinuation. If no more than one patient 
in a cohort of three experiences a DLT then three 
additional patients are treated at that level, and 
the dose is further escalated if these three experi-
ence no DLT. In summary, dose levels are esca-
lated as long as no more than one in six patients 
experience a DLT at which point dose escalation 
stops. Doses are often escalated in proportion to 
a modifi ed Fibonacci series of numbers [ 2 ]. Such 
a phase I trial design is commonly termed the 
“3 + 3” design. Newer phase I designs aimed at 
speeding up this process include methods for 
intrapatient dose escalation and greater dose 
escalation between cohorts [ 2 ]. For some classes 
of therapeutics, DLTs may not occur. In such 
instances (e.g. tumor vaccines), a phase I study is 
performed to fi nd the minimum dose and sched-
ule of drug with maximum biologic activity. 
Pharmacokinetic and pharmacodynamic end-
points such as plasma drug concentration and 
measurement of tumor targeted T cells may be 
used in such cases [ 3 ]. Patients considered for 
enrollment in phase I trials generally have 
exhausted standard therapies and have few good 
therapeutic options. 
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 Historically, phase II trials were performed 
to assess whether a new drug or combination of 
drugs has evidence of effi cacy in a given tumor 
type [ 2 ]. Increasingly investigators are design-
ing these trials to enroll only patients whose 
tumors contain a relevant molecular target, in 
addition to or instead of a specifi c anatomic or 
histopathologic subtype. RECIST response rate 
or progression-free survival are the most com-
monly used primary endpoints, and results are 
typically compared to previously reported effi -
cacy rates for current standard of care regimens 
[ 4 ,  5 ]. To minimize the number of patients 
exposed to a futile drug, a commonly used sta-
tistical approach is the optimal two-stage design 
whereby the trial is terminated early if the drug 
does not show suffi cient levels of activity [ 6 ]. 
Given the limitations associated with comparing 
the effects of a new drug on treated patients by 
comparing with historic controls, randomized 
phase II designs are increasingly used. These 
trials use endpoints such as response rate or pro-
gression-free survival rather than more robust 
endpoints such as overall survival that are 
needed for registrational phase III trials. 
Furthermore the statistical design does not need 
to be as stringent as that used for phase III trials 
as the goal of the trial is to detect a signal of 
activity, rather than to defi nitively prove clinical 
benefi t (e.g. alpha level of 0.10 rather 0.05 may 
be used). Both of the above differences allow 
these trials to be smaller and provide quicker 
results than their phase III counterparts although 
results should not be used to alter practice or for 
regulatory approval [ 3 ]. 

 Phase III trials are intended to provide data 
which is suffi ciently robust to provide guidance to 
practicing physicians when making decisions 
about how to manage their patients [ 2 ]. Overall sur-
vival and quality of life in a cohort of patients 
treated with an investigational compound com-
pared with a cohort treated with current standard of 
care are the most relevant measures. Quality of life 
is more diffi cult to assess than overall survival due 
its subjective nature, although efforts are ongoing 
to incorporate such data collection into newer 
phase III trials. To maximize the applicability of 
phase III trial results to the real world setting, they 

often enroll patients in numerous treatment loca-
tions and sometimes involve international collabo-
ration. Treatment assignment should be randomized 
to eliminate known and unknown selection biases. 
Analysis of results should be performed by “inten-
tion to treat” meaning all patients assigned to a 
treatment arm are analyzed when computing results 
regardless of whether or not they received the 
assigned treatment [ 2 ]. 

 Molecular markers predictive of response are 
increasingly important in cancer medicine. 
Theoretically, such “predictive biomarkers” are 
used to ensure those patients who will benefi t 
from a given compound receive it and to elimi-
nate futile therapy with the associated toxicity 
and cost for others. Biomarker discovery should 
now be integrated in all phases of clinical trials 
by attempting to fi nd associations between 
response to therapy and molecular characteristics 
of the tumor. Although a full discussion of the 
methodologies which can be used are outside the 
scope of this chapter, two successful examples in 
cancer medicine include human epidermal 
growth factor receptor 2 (HER2) immunohisto-
chemistry to select patients for trastuzumab treat-
ment in breast cancer and epidermal growth 
factor receptor ( EGFR ) gene mutations to select 
for erlotinib treatment in lung cancer [ 7 ,  8 ]. 

 Historically, it has been diffi cult to perform 
clinical trials of novel agents in bladder cancer 
for a number of reasons. Accruing suffi cient 
numbers of patients has been a problem because 
locally advanced or metastatic bladder cancer is 
not as common as some of the other major can-
cer types. Overall, bladder cancer has an annual 
incidence rate in the USA of 23/100,000 persons 
compared with 49/100,000 for colorectal cancer 
and 70/100,000 for lung cancer [ 9 ]. Of these 
only about 50 % develop muscle-invasive or 
metastatic disease during their disease course, 
and it is only these patients who are considered 
for systemic therapy using current treatment par-
adigms. The patient population is comprised 
mainly of elderly patients (median age at diag-
nosis is 73) with a current or former smoking 
history, (with all of the associated toxicities) 
making many patients ineligible for clinical 
trials of novel agents with uncertain toxicity profi les. 
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For example, approximately 50 % of patients are 
ineligible for standard cisplatin-based chemo-
therapy due to co-morbidities (renal dysfunc-
tion, neuropathy, hearing loss) or performance 
status. Systemic cisplatin-based chemotherapy in 
the neoadjuvant setting was eventually shown to 
improve survival for muscle invasive bladder can-
cer, but accrual to these trials was fraught with dif-
fi culty due to issues highlighted above as well as 
the need for co-operation from urologists in refer-
ring patients for treatment prior to cystectomy. 
One example of such diffi culty was a neoadjuvant 
chemotherapy trial that took 11 years to enroll 317 
patients at 126 institutions between 1987 and 1998 
[ 10 ]. A more recent example was a Spanish adju-
vant chemotherapy trial which terminated early in 
2007 due to poor accrual after only 142 of a 
planned 340 patients were enrolled [ 11 ]. 

 The optimal trial design for an investigational 
agent in bladder cancer is dependent on the dis-
ease state under investigation as well as the 
properties of the compound. In non-muscle inva-
sive bladder cancer, novel therapies can be 
screened for activity by using a “marker lesion” 
study. In this design, a small solitary tumor is left 
in place after resection of other disease, and 
treatment with a novel systemic or intravesical 
agent is initiated [ 12 ,  13 ]. Cystoscopic follow up 
and tumor size measurement are used to assess 
response to therapy and if lesions are progress-
ing then resection is performed. Development of 
a novel systemic treatment active against non- 
muscle invasive disease could reduce the signifi -
cant morbidity and cost of lifelong surveillance, 
multiple endoscopic resections and intravesical 
treatment with which these patients are currently 
managed [ 14 ]. BCG refractory non-muscle inva-
sive bladder cancer is often treated with cystec-
tomy because prognosis is guarded with 
continuation of conservative management (one 
study in patients with recurrent T1 disease 
treated with bladder sparing approaches 
described a 71 % rate of progression to muscle 
invasive disease and a 48 % rate of cancer-related 
death at 5 years follow-up) [ 15 ]. In muscle inva-
sive bladder cancer, the current standard of care 
involves neoadjuvant cisplatin-based chemother-
apy followed by radical cystectomy [ 16 ]. This 

treatment paradigm provides an ideal research 
setting for the addition of novel agents to con-
ventional chemotherapy regimens because a 
detailed assessment of the molecular character-
istics of the tumor pre- and post-treatment is 
possible. An objective measurement of the com-
pounds’ anticancer activity based on pathologic 
response is also possible. The molecular infor-
mation gleaned can be used to discover biomark-
ers predictive of treatment response as well as 
confi rming that the target of interest is in fact 
inhibited. Once phase I and II trials have demon-
strated evidence of effi cacy and safety for a 
novel compound, a randomized phase III study 
is performed to investigate for superiority over 
the current standard of care. In the era of preci-
sion medicine, with compounds directed at spe-
cifi c molecular targets, the investigation of 
potential predictive biomarkers either in the ini-
tial inclusion criteria and/or in the subsequent 
results analysis should be strongly considered. 

 Potential bladder cancer randomized clinical 
trial designs and endpoints for different disease 
states are outlined in Table  10.1 . The specifi cs of 
design for any given clinical trial will be depen-
dent on the particular agent under investigation 
so the designs outlined are intended only as a 
general guide.

10.2        Novel Treatment Strategies 
Under Investigation 
for Bladder Cancer 

10.2.1    Signaling Pathway Blockade 

 Cancer cells typically bear thousands of genetic 
alterations but only a small number are thought 
to be “driver” events leading to transformation 
of a normal cell to the malignant state [ 18 ]. Cells 
that have activating alterations in growth-pro-
moting oncogenes are reliant on continued activ-
ity of these protein products for sustained 
proliferation and survival in a state termed 
“oncogene addiction” [ 19 ]. Therapeutic manipu-
lation of this phenomenon by blockade of the 
overactive signaling molecule or its downstream 
effectors has lead to successful development of 
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drugs in many cancers including chronic myeloid 
leukemia, lung cancer, and melanoma [ 20 – 22 ]. 
Many bladder tumors have activating genetic 
alterations which may render them susceptible to 
signaling pathway blockade using the same 
approach. The frequency of specifi c alterations 
can vary with grade and stage of disease. 
Furthermore, the specifi c type of alteration may 
have an effect in its biologic relevance and its 
potential as a therapeutic target. For  example, 
emerging data in melanoma patients suggests 
that imatinib is effective in tumors with exon 11 

or 13 point mutations of the  KIT  gene, but is 
unlikely to be effective in patients with  KIT  
amplifi cation [ 23 ]. An outline of the most com-
monly found activating alterations in potentially 
targetable signaling pathways based on a recently 
published series of muscle invasive bladder can-
cers is shown in Table  10.2  [ 24 ].

   Activating alterations of the phosphoinositide 
3-kinase(PI3K)/Akt/mTOR (mammalian target 
of rapamycin) pathway occur in approximately 
30 % of muscle invasive bladder cancers [ 25 ]. 
Specifi cally, one study reported activation of 

   Table 10.1    Endpoint options for randomized phase II and III clinical trials in bladder cancer      

 Disease state 

 Current 
standard 
of care [ 17 ] 

 Randomized trial 
design for 
experimental arm 

 Primary endpoint 
 Primary 
endpoint  Secondary endpoints 

 Randomized phase 
II  Phase III  Phase III 

 NMIBC—
newly 
diagnosed high 
grade or Tis/T1 

 TURBT + 
I.V. BCG 

 Novel agent added 
to or replacing 
I.V. BCG 

 Recurrence-free 
survival 
or 
 Complete response 
rate if marker 
lesion study 

 Recurrence-
free survival 

 Progression-free survival 
 Bladder intact survival 
 Overall survival 
 Toxicity 

 NMIBC—BCG 
refractory 

 Cystectomy  TURBT + novel 
systemic or I.V. 
agent with 
immediate 
cystectomy if 
failure 

 Progression-free 
survival 
or 
 Complete response 
rate if marker 
lesion study 

 Overall 
survival 

 Progression-free survival 
 Distant metastasis free 
survival 
 Bladder intact survival 
 Toxicity 

 MIBC—pre- 
cystectomy and 
cisplatin 
eligible 

 Neoadjuvant 
cisplatin-based 
chemotherapy 
followed by 
cystectomy 

 Novel systemic 
agent added to or 
replacing systemic 
chemotherapy 

 pT0 rate  Overall 
survival 

 pT0 rate 
 Distant metastasis-free 
survival 
 Toxicity 

 MIBC—pre- 
cystectomy and 
cisplatin 
ineligible 

 Cystectomy  Neoadjuvant 
systemic treatment 

 pT0 rate  Overall 
survival 

 pT0 rate 
 Distant metastasis-free 
survival 
 Toxicity 

 MIBC—post- 
cystectomy  

 Observation or 
adjuvant 
chemotherapy 

 Adjuvant systemic 
treatment regimen 

 Recurrence-free 
survival 

 Overall 
survival 

 Recurrence-free survival 
 Distant metastasis-free 
survival 
 Toxicity 

 Advanced 
bladder cancer a  

 Cisplatin-based 
chemotherapy 

 Novel agent added 
to or replacing 
systemic
chemotherapy 

 Progression-free 
survival 

 Overall 
survival 

 Progression-free survival 

 1st line  Response rate 
 Toxicity 

 Advanced 
bladder cancer a  

 Second-line 
chemotherapy 

 Novel agent added 
to or replacing 
systemic 
chemotherapy 

 Progression-free 
survival 

 Overall 
survival 

 Progression-free survival 

 ≥2nd line  Response rate 
 Toxicity 

   NMIBC  Non-muscle invasive bladder cancer,  BCG  Bacillus calmette-guerin,  MIBC  Muscle invasive bladder cancer, 
 I.V.  intravesical,  pT0  Absence of any tumor on pathologic examination of cystectomy specimen 
  a Metastatic or locally advanced disease  
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 PIK3CA  in 18 %, inactivation of  PTEN  in 4 %, 
activation of  AKT  in 2 %, and inactivation of 
 TSC1  in 7 % [ 24 ]. Therapeutic molecules target-
ing PI3K and mTOR are under active develop-
ment in this disease. One report highlighting the 
potential of this approach described the case of a 
patient with metastatic urothelial carcinoma who 
achieved a durable complete response with evero-
limus, a drug targeting the mTOR complex. Upon 
tumor genome sequencing the patient was found 
to have an inactivating  TSC1  point mutation and 
further study in other patients highlighted the 
potential of these mutations to be predictive of 
response to everolimus therapy [ 26 ]. This fi nding 
requires prospective validation in other TSC1 
mutant tumors. 

 Activating point mutations of  FGFR3  have 
been reported in 13 % of muscle invasive urothe-
lial bladder cancers [ 24 ]. These mutations are 
even more common in non-muscle invasive 
 bladder cancer with reported frequencies of 66 % 
and 38 % in Ta and T1 disease respectively [ 27 ]. 

Activating translocations of  FGFR3  have also 
been described although their frequency is not yet 
clear [ 28 ]. Furthermore, FGFR3 protein is over-
expressed in up to 40 % of FGFR3 wild-type 
tumors so that in total approximately 50 % of 
muscle invasive bladder cancers may have activat-
ing genetic alterations or protein overexpression 
of FGFR3 and suggesting this pathway as a viable 
therapeutic target [ 27 ]. Although one trial in met-
astatic disease has failed to show signifi cant activ-
ity for the FGFR3 inhibitor dovitinib, there are 
ongoing efforts to target this pathway using thera-
peutic compounds with improved pharmacoki-
netic and pharmacodynamic profi les [ 29 ]. 

 Loss of cell-cycle control through inactivation 
of the RB (retinoblastoma protein) pathway is 
observed in 60 % of muscle invasive bladder can-
cers [ 24 ]. This occurs through  RB  mutation or 
deletion in 15 %,  CDKN2A  deletion in 24 %, 
 CCND1  amplifi cation in 14 %, and  E2F3  ampli-
fi cation in 21 % [ 24 ]. Interest in targeting this 
pathway in bladder cancer has risen given the 
successful use of the RB pathway inhibitor 
PD0332991 in breast cancer [ 30 ]. CDK4 (Cyclin- 
dependent kinase 4) inhibitors such as PD0332991 
work by inhibiting CDK4/Cyclin D1 complex 
which is an upstream downregulator of the RB 
protein. Preclinical evidence suggests that these 
agents need intact RB protein to work effectively 
so patients with  RB  deletion or inactivating muta-
tion may not benefi t. [ 31 ,  32 ] Clinical trials test-
ing these agents in bladder cancer will determine 
their effi cacy in different genetic subsets of this 
disease. 

 Monoclonal antibodies and small molecule 
tyrosine kinase inhibitors targeting the human 
epidermal growth factor receptor 2 (HER2) and 
epidermal growth factor receptor (EGFR) pro-
teins have led to therapeutic advances in subsets 
of breast, gastroesophageal, lung, and other can-
cers [ 22 ,  33 ,  34 ]. These strategies have been most 
useful in subsets of the disease bearing genetic 
alterations leading to over activation of the rele-
vant protein through amplifi cation or point muta-
tion. The HER2 encoding  ERRB2  gene is 
amplifi ed in 6 % of bladder cancers and accord-
ing to one report the EGFR protein is expressed 
in 74 % of cases (although this is not necessarily 
accompanied by  EGFR  gene alteration) [ 24 ,  35 ]. 

   Table 10.2    Oncogenic alterations with a frequency of 
≥5 % in a series of 97 localized high-grade carcinomas of 
bladder origin [ 24 ]   

 % of patients 
affected  Type of mutation(s) 

  RB pathway  
 CDKN2A  25  Deletion or point 

mutations 
 CCND1  14  Amplifi cation 
 CCNE1  5  Amplifi cation 
 RB  15  Point mutations or deletion 
 E2F3  21  Amplifi cation 
  Overall   61 
  RAS/RAF 
pathway  
 FGFR3  13  Activating point mutations 
 ERBB2  6  Amplifi cation 
 FGFR1  6  Amplifi cation 
 RAF1  6  Amplifi cation 
  Overall   36 
  MTOR 
pathway  
 PIK3CA  18  Activating point mutations 
 TSC1  7  Inactivating point 

mutations 
  Overall   30 

  Note: 85 % patients had ≥ pT2 disease and 90 % were of 
predominantly urothelial carcinoma histology  
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These proteins may prove to be viable therapeu-
tic targets in subsets of bladder cancer patients. 

 Aurora A kinase and polo-like kinase 1 are pro-
teins involved in orderly cell mitosis. Overexpression 
of either molecule had been associated with poor 
prognosis in bladder cancer patients [ 36 ,  37 ]. These 
proteins are also overexpressed in other tumor types 
and ongoing development of therapeutic molecules 
targeting them may lead to effective treatment 
options in bladder cancer patients [ 38 ]. 

 Heat shock proteins (HSPs) are believed to act 
as “molecular chaperones” by stabilizing the sig-
naling molecules which promote cell survival 
[ 39 ]. Members of this family including HSP 27, 
HSP70-2, and HSP 90 are upregulated in cells 
during times of stress [ 39 ]. They may also play a 
role in carcinogenesis and chemoresistance in 
many tumor types including bladder cancer [ 40 , 
 41 ]. OGX427 is an antisense oligonucleotide 
which suppresses cellular expression of HSP 27 
[ 42 ]. It is under active investigation in bladder 
cancer patients as a single agent and in combina-
tion with cytotoxic chemotherapy (NCT01780545, 
NCT01454089, and NCT00959868).  

10.2.2    Immunotherapy Strategies 

 Intravesical bacillus Calmette-Guerin (BCG), a 
live attenuated form of mycobacterium bovis, is 
an effective treatment for non-muscle invasive 
bladder cancer. When used in the adjuvant setting 
after cystoscopic resection of non-muscle inva-
sive bladder cancer it decreases recurrence rates 
by 70 % [ 43 ]. Although the precise mechanism of 
action is unclear, BCG triggers both acquired and 
innate local immune responses which correlate 
well with its antitumor effi cacy [ 44 ]. The effi cacy 
of this immunotherapy in early bladder cancer 
management provides proof of principle that it is 
an immunogenic disease with opportunity for 
benefi t from newer immunotherapy approaches. 

 DN24-02 is an autologous active cellular immu-
notherapy currently undergoing clinical investi-
gation in the adjuvant setting for resected muscle 
invasive bladder cancer (NCT01353222). A patient’s 
own peripheral blood mononuclear cells are col-
lected via standard leukapheresis and activated 
ex-vivo against a recombinant HER2- derived 

fusion protein to stimulate an immune response 
against HER2. Only patients expressing HER2 pro-
tein (accounting for approximately 80 % of bladder 
cancer patients) are eligible for inclusion in the 
study [ 45 ]. Early laboratory data provide encourag-
ing evidence that treated patients are mounting an 
appropriate immune response to HER2 expressing 
cells but data on clinical outcomes are awaited [ 46 ]. 
This approach has proven effi cacy in prostate can-
cer where, using the same manufacturing platform, 
sipuleucel T, improved median overall survival 
from 22 to 26 months (HR = 0.78,  p  = 0.032) in 
asymptomatic or minimally symptomatic meta-
static castrate-resistant patients [ 47 ]. 

 Other emerging immunotherapy strategies 
which may have a role in the future treatment of 
bladder cancer include immune checkpoint block-
ade with antibodies targeting CTLA-4, PD-1, or 
PD-L1. Indeed, PD-L1 expression is associated 
with higher stage and grade bladder cancers [ 48 ]. 
The PD-L1 monoclonal antibody MPDL3280A is 
under active investigation and promising prelimi-
nary data from a phase I trial reported objective 
responses in 16 of 30 (52 %) UC patients with 
PD-L1 positive tumors [ 49 ].  Furthermore, the 
emerging fi eld of chimeric antigen receptor-modi-
fi ed T cells may lead to wide ranging treatment 
breakthroughs in the management of hematologic 
as well as solid tumor malignances [ 50 ].  

10.2.3    Anti-Angiogenic Strategies 

 As in other solid tumors, angiogenesis plays a 
key role in bladder cancer development and pro-
gression [ 51 ,  52 ]. Despite this, trials investigating 
the use of tyrosine kinase inhibitors sunitinib and 
pazopanib [   both of which inhibit signaling from 
the pro-angiogenic vascular endothelial growth 
factor receptor (VEGFR) and platelet-derived 
growth factor receptor (PDGFR)] produced little 
evidence of effi cacy [ 53 – 55 ]. Bevacizumab is a 
monoclonal antibody targeting the VEGF protein 
and has known effi cacy in metastatic lung, colon, 
cervical, and other cancers. Two single-arm 
phase II trials have evaluated its effi cacy and 
 toxicity in urothelial cancer when added to 
platinum- based chemotherapy with encouraging 
response rates (49 and 72 %) and median overall 
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survival (13.9 and 20.4 months) was reported 
[ 56 ,  57 ]. An ongoing randomized phase III clini-
cal trial is evaluating its effi cacy in advanced 
bladder cancer when added to the cisplatin/gem-
citabine regimen (NCT00942331). Trebananib is 
an angiopoietin inhibitor which also has anti-
angiogenic properties and will be investigated in 
combination with docetaxel for advanced urothe-
lial cancer in the near future (  NCT01907308    ).      
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11.1            Introduction 

 Bladder cancer is considered one of the costliest 
malignancies treated in the United States (US) 
from diagnosis to death [ 1 ,  2 ]. A signifi cant 
socioeconomic burden arises from the need for 
frequent follow-up exams, regular endoscopic 
treatments, and requisite surveillance imaging. 
With over 72,000 new diagnoses of bladder can-
cer expected in 2013, this disease continues to 
pose a substantial economic challenge [ 3 ]. 

 Eighty percent of all newly diagnosed bladder 
cancers are non-muscle invasive urothelial carci-
nomas confi ned to the mucosa or lamina propria. 
Given its propensity for recurrence, bladder 
cancer frequently follows a prolonged course of 
follow- up and treatment [ 4 ]. While the majority 
of low-grade tumors do not progress, up to 20 % 
of non-muscle invasive lesions can proceed to 
muscle invasion or metastasis [ 5 ]. Additionally, 
patients with Ta or T1 urothelial cancer associ-
ated with carcinoma in-situ (CIS) are frequently 

understaged and are at higher risk for progression 
despite intravesical therapy. 

 The detection of urothelial carcinoma has tra-
ditionally relied on cystoscopy, cytologic analy-
sis, and imaging of the upper tract. To evaluate 
the bladder, white light cystoscopy is used to 
visually inspect for abnormal lesions. Cytologic 
examination of voided or bladder wash speci-
mens can be utilized in conjunction with cystos-
copy to screen, diagnose, and monitor patients 
with bladder cancer. Several commercially avail-
able bladder cancer tumor markers are available 
to assist with bladder cancer detection. While 
putatively useful for screening and surveillance, 
experience with these markers has been mixed. 
Their specifi c role in the diagnosis and manage-
ment of urothelial cancer remains to be defi ned. 

 Once a lesion is identifi ed, transurethral resec-
tion is performed to assess histopathologic grade 
and stage. Although some factors that infl uence 
the rate of recurrence, such as tumor size, multi-
focality, and tumor genetics, are unchangeable, 
one way to reduce tumor recurrence may be more 
complete resection of all visible lesions and a 
more complete assessment of the normal appear-
ing mucosa. What appears to be tumor “recur-
rence” may be residual tumor left behind or 
lesions missed during diagnostic and therapeutic 
cystoscopy [ 6 ]. Variability in the quality of tumor 
resection may account for differences in recur-
rence rates when bladder tumors of similar char-
acteristics are compared across multiple centers. 
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Improved visualization of bladder lesions might 
facilitate more complete resection and detection 
of occult lesions, thereby reducing tumor burden. 
Moreover, since most bladder lesions are found 
prior to muscle invasion and metastasis, early 
diagnosis, accurate staging, and aggressive inter-
vention offer the opportunity to intervene prior to 
progression to a life-threatening disease. 

 While the goals of diagnosis and treatment of 
bladder cancer remain focused on reducing dis-
ease recurrence, progression, and mortality, in 
light of ever-rising healthcare costs, judicious 
application of new diagnostic strategies must be 
pursued. Herein, we discuss the current tools in 
use for bladder cancer diagnosis. We provide an 
overview of non-invasive diagnostic techniques, 
including urine cytology and FDA-approved 
urine markers. We review several emerging imag-
ing technologies and data supporting their appli-
cation to improve bladder cancer diagnosis, 
including fl uorescence cystoscopy, optical coher-
ence tomography, narrow-band imaging, confo-
cal microscopy, and spectroscopy.  

11.2     Non-Invasive Diagnostic 
Techniques 

11.2.1    Urine Cytology 

 Cytologic analysis of voided urine or washed 
bladder specimens remains the gold standard 
for non-invasive bladder cancer detection and 
monitoring. This microscopic evaluation of 
stained urothelial cells relies on a histopathologic 
interpretation of abnormal cytologic features, 
including prominent nucleoli, increased nuclear-
to-cytoplasmic ratio, mitotic fi gures, and hyper-
chromasia. Owing to decreased cellular adhesion, 
high-grade tumors are more easily detected than 
low-grade tumors with urine cytology. In a com-
bined analysis of contemporary studies by the 
Mayo clinic, overall sensitivity is low, ranging 
from 19 % for low-grade tumors to 60 % for 
high-grade tumors [ 7 ]. A recent study of more 
than 800 patients comparing urine cytology to 
other urinary markers showed 89 % sensitivity 
for high-grade tumors and carcinoma in situ [ 8 ]. 

Variability in the sensitivity of cytology reported 
in the literature may be due to user-dependence 
and heterogeneity of experience among interpret-
ing pathologists. A strength of cytology remains 
its high specifi city, which ranges from 88 to 98 % 
[ 8 ,  9 ].  

11.2.2    Urinary Biomarkers 

 A plethora of urinary tumor markers have been 
investigated in an effort to improve upon the 
diagnostic characteristics of urine cytology. 
Many studies have evaluated the diagnostic per-
formance of individual and combination markers 
as compared to results with urine cytology. These 
urinary markers depend on elevations in bladder 
cancer-specifi c proteins in the urine or chromo-
somal aberrations present in the urothelial cells. 
A potential advantage of urinary markers is the 
ability to provide diagnostic information regard-
ing cancer risk in a non-invasive fashion. To sat-
isfy the characteristics of an ideal test, any 
proposed biomarker test should be reliable, inex-
pensive, non-invasive, and highly sensitive and 
specifi c. We have chosen to focus on four FDA- 
approved, commercially available urinary mark-
ers designed for the detection and diagnosis of 
bladder cancer. The diagnostic characteristics of 
these urinary markers are summarized in 
Table  11.1 .  

 Nuclear matrix protein 22 (NMP22) is a pro-
tein related to mitosis and the distribution of 
chromatids to dividing cells. This class of pro-
teins is responsible for DNA replication and gene 
regulation in the nucleus of the cell. The test for 
the marker is available both as a quantitative 
ELISA assay and as a point-of-care (POC) assay 
known as BladderChek (Stellar Pharmaceutics, 
Inc., London, ON). It is FDA-approved for use as 
an aid to cystoscopy in the diagnosis and man-
agement of bladder cancer. NMP22 is expressed 
in much higher concentrations in urothelial carci-
noma than in normal urothelium. However, sev-
eral benign conditions, including infl ammation, 
recent instrumentation, bowel interposition, uri-
nary tract infection, hematuria, and stones can 
lead to false-positive results [ 16 ]. Several studies 
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have examined the diagnostic characteristics of 
this protein assay. The mean sensitivity and spec-
ifi city for NMP22 is 75 % [ 17 ]. In a multicenter 
study of 1331 patients, Grossman et al. showed 
that NMP22 had greater ability to detect bladder 
cancer in high-risk patients undergoing cystos-
copy and bladder biopsy than did voided cytol-
ogy (sensitivity 55.7 % (95 % CI, 44.1–66.7 %) 
vs. 15.8 % (95 % CI, 7.6–24.0 %) [ 18 ]. However, 
NMP22 was less specifi c for bladder cancer than 
voided cytology (85.7 vs. 99.2 %). In addition to 
its improved cancer detection in combination 
with cystoscopy, a positive NMP22 result has 
been shown to be associated with a higher risk of 
bladder cancer recurrence [ 19 ,  20 ]. 

 Bladder tumor antigen (BTA) tests detect 
complement factor H-related protein in the urine. 
This protein inhibits initiation of the complement 
cascade. The assay comes in a point of care solu-
tion, known as BTA stat ® , which may be con-
ducted in the offi ce with a qualitative result. 
Alternatively, a quantitative enzyme-linked 
immunoabsorbent serologic assay (ELISA), BTA 
TRAK ® , requires a reference laboratory for pro-
cessing. The BTA tests are approved by the FDA 
for surveillance of bladder cancer, but not for ini-
tial diagnosis. Systematic reviews of studies 
using BTA stat ®  have shown overall sensitivity 
and specifi city of 70 and 75 %, respectively [ 21 ]. 
The Finnbladder group showed in a prospective 
multicenter trial of 501 patients with a history of 
bladder cancer that BTA stat ®  was better at 

detecting bladder cancer recurrence than was 
voided cytology (53.4 vs. 17.8 %,  p  < 0.001). In 
this study, the overall specifi cities of BTA stat ®  
and cytology were 85.7 % (95 % CI 81.1–89.5) 
and 98.3 % (95 % CI 96.0–99.4), respectively. 
False-positive results for the BTA tests are known 
to occur in the presence of urinary tract infec-
tions, stones, benign prostatic hyperplasia, intra-
vesical therapy, hematuria, and infl ammation. 
These confounding factors have limited the 
widespread applicability of these tests. 

 ImmunoCyt ®  is an immunofl uorescence assay 
that detects several cell surface antigens, high- 
molecular weight form of carcinoembryonic anti-
gen (19A211), and two mucin glycoproteins 
(LDQ10 and M344), which are specifi c for uro-
thelial carcinoma. This test is FDA-approved for 
the surveillance of bladder cancer. The sensitivity 
of ImmunoCyt is particularly high for carcinoma 
in situ (85 %) and T1 tumors (80 %). In a meta- 
analysis of over 2,800 patients, Mowatt et al. 
showed an overall sensitivity and specifi city of 
84 % (95 % CI, 77–91 %) and 75 % (95 % CI, 
78–92 %), respectively [ 22 ]. Given its perfor-
mance characteristics, ImmunoCyt ®  has been 
studied in combination with urine cytology. In an 
Italian study of 2,217 patients undergoing evalu-
ation and surveillance for bladder cancer, the 
addition of ImmunoCyt ®  to cytology increased 
sensitivity to 72.8 % while maintaining an over-
all specifi city of 71.9 % [ 14 ]. The combination of 
these tests has been proposed to identify low-risk 

   Table 11.1    Urine tumor markers for bladder cancer   

 Target  Sensitivity  Specifi city  Confounder  FDA- approved  

 NMP22 [ 10 ,  11 ]  Nuclear matrix 
protein 

 Low grade 
54–63 % 
 High grade 
70–100 % 

 55–90 %  Hematuria, 
infl ammation, 
instrumentation, 
urinary tract infection 

 Yes 

 BTA [ 12 ,  13 ]  Complement factor 
H-related protein 

 NMIBC 45–75 % 
 MIBC 67–100 % 

 64–81 %  Hematuria, 
infl ammation, 
instrumentation, 
urolithiasis 

 Yes 

 ImmunoCyt [ 14 ]  3 glycoprotein 
antigens (19A211, 
LDQ10, M344) 

 NMIBC 60–66 % 
 MIBC 68–80 % 

 78 %  Intravesical therapy  Yes 

 FISH 
(UroVysion) [ 15 ] 

 Aneuploidy chr 3, 
7, 17, deletion 9p21 

 NMIBC 64–76 % 
 MIBC 83–100 % 

 89–97 %  Barbotage  Yes 
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patients and reduce the frequency of cystoscopic 
evaluation. Intravesical therapy may increase the 
false-positive rate of ImmunoCyt ®  [ 23 ]. However, 
some authors have suggested that this may be an 
anticipatory positive, as nearly 50 % of the so- 
called false positives had converted to recur-
rences at 1 year follow-up [ 24 ]. Various technical 
challenges also limit the accessibility and appli-
cation of this test, including labor-intensive eval-
uation of at least 500 cells per slide, a steep 
learning curve, technical expertise, and interob-
server variability. 

 The UroVysion ®  test utilizes fl uorescence in 
situ hybridization (FISH) to detect aneuploidy of 
chromosomes 3, 7, and 17, and deletions of 9p21. 
The threshold for a positive test includes fi ve or 
more urothelial cells with gains of two or more 
chromosomes, or 12 or more cells with gain of 1 
chromosome, or 12 or more cells with loss of 
9p21 with a minimum examination of 25 cells [ 7 , 
 25 ]. The performance of UroVysion ®  improves 
with increasing grade and stage. The overall sen-
sitivity of UroVysion ®  has been shown to be 
superior to voided cytology (74 vs. 48 %), espe-
cially in high-grade disease such as carcinoma in 
situ (CIS) (100 vs. 67 %) [ 26 ]. In this meta- 
analysis of 12 studies, the overall specifi city for 
UroVysion ®  was 83 % and for cytology was 
96 %. By detecting chromosomal aberrations, 
UroVysion ®  may have the ability to identify 
occult disease prior to visible abnormalities on 
cystoscopy. In patients with negative cystoscopy 
and cytology, a positive FISH test may precede 
the development of a visible tumor by up to 1–2 
years in 40–60 % of cases [ 27 ]. UroVysion ®  does 
not appear to be affected by hematuria or infl am-
mation, although false positives may result with 
the use of barbotage or the presence of polyoma 
virus. The FISH assay has also been shown to be 
useful in monitoring patients for recurrence fol-
lowing BCG therapy. A positive test has been 
associated with a higher risk for the development 
of muscle invasive disease following BCG treat-
ment and increased risk for recurrent tumors. In a 
study of 126 patients receiving BCG, Kamat and 
colleagues found that a positive FISH result in 
patients at any time during therapy increased the 
risk of recurrence by 3 to 5 times and of disease 
progression by 5–13 times over that in patients 

with a negative FISH [ 28 ]. The authors proposed 
that FISH might be a useful marker to monitor 
BCG response and help identify potentially high- 
risk patients for alternative therapies. UroVysion ®  
has also been found to have utility as an adjunct 
to aid in risk stratifi cation of patients with equiv-
ocal cytology results. In a study of 120 patients 
with atypical cytology and a refl ex FISH test, the 
negative predictive value of UroVysion ®  in 
patients with equivocal or negative cystoscopy 
was 100 % [ 29 ]. In such patients, further diag-
nostic work-up and biopsy may be avoided. 
While initially developed to detect bladder can-
cer, some data suggest UroVysion ®  on urine 
washings may also be useful for the detection of 
upper tract urothelial carcinoma. In a group of 55 
patients suspected of upper tract tumors, FISH 
was able to detect all upper tract cancers and had 
a 100 % negative predictive value [ 30 ]. Compared 
to washing urine cytology, FISH was more sensi-
tive (100 vs. 20.8 %), but less specifi c (89.5 vs. 
97.4 %). The role of FISH in upper tract urothe-
lial carcinoma remains to be defi ned. 

 A host of other biomarkers are being actively 
investigated for use in bladder cancer detection 
and surveillance. These areas of study include 
antigens (hyaluronic acid, survivin, NMP52), 
proteomic markers (CXCL1, tumor-associated 
trypsin inhibitor, matrix metalloproteinases), 
genetic markers (FGFR3 mutations), epigenetic 
markers (hypermethylation of E-cadherin and 
p16), and microRNA. As laboratory analytic 
techniques, including high-throughput genomic 
and proteomic technologies, become increas-
ingly complex, our methods for analyzing and 
understanding such high-dimensional data will 
need to evolve. It is unlikely that one single 
marker will provide complete insight, but rather a 
group or network of factors analyzed in combina-
tion will aid in the diagnosis, risk stratifi cation, 
and treatment of bladder cancer.   

11.3    Current Imaging Tools 

 White light (WL) cystoscopy remains the gold 
standard for the diagnosis of bladder cancer. 
Ultrasound and cross-sectional imaging lack suf-
fi cient resolution to detect subtle, microstructural 
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changes in the bladder wall. Direct visual inspec-
tion via WL and subsequent histopathologic 
examination through tumor biopsy are thus the 
primary mode of diagnosis and subsequent sur-
veillance in bladder cancer management. As 
noted previously in this chapter, urine biomarkers 
play an important adjunctive role, particularly for 
detection and monitoring for high-grade disease. 
They are discussed in detail later in this chapter. 

 Flexible cystoscopy is the workhorse in the 
outpatient clinic. Current state-of-the-art technol-
ogy employs digital systems that incorporate 
charged couple device (CCD) distal chip sensors. 
Complementary metal oxide sensors (CMOS) 
obviate the need for fragile fi ber optics,  improving 
durability while simultaneously providing supe-
rior optical resolution [ 31 ]. Rigid instruments 
and state-of-the-art cameras in the operating 
room also incorporate high defi nition (HD) with 
signifi cant improvements in resolution. 

11.3.1     Rationale for Add On Imaging 
Technology 

 For the majority of bladder lesions, notably pap-
illary tumors, WL performs quite well. 
Experienced urologists have excellent ability to 
discriminate benign from malignant lesions. Cina 
et al. illustrated that practitioners were able to 
reliably distinguish cancerous from non- 
cancerous lesions by WL alone with 100 % sen-
sitivity and specifi city [ 32 ]. Despite these 
considerable advances, WL has persistent limita-
tions with false-positive fi ndings leading to 
excessive intervention with bladder biopsies, 
incomplete TURBT leading to residual untreated 
microscopic cancer, and missed diagnosis of car-
cinoma in situ (CIS) that is not visible by WL in 
up to 50 % of patients [ 33 ]. 

 While useful in identifi cation of malignancy, 
visual appearance has been shown to be unreli-
able in determining tumor grade or level of inva-
sion [ 32 ]. Carcinoma in situ may not be visible 
by WL and easily overlooked in up to 50 % of 
lesions [ 34 ]. Missing such a lesion could signifi -
cantly impact a patient’s management and out-
come [ 35 ]. 

 Further limitations in the use of WL can be 
seen in endoscopic-guided tumor resection where 
residual tumor and inadequate staging, especially 
in high-grade T1 disease, occur. A second TUR 
shortly after initial diagnosis of T1 tumors dem-
onstrates residual tumor in 43–62 % of cases 
[ 36 – 38 ]. The signifi cant recurrence rate of blad-
der cancer can be attributed in part to non- 
visualized residual tumor left behind after 
incomplete resection [ 6 ]. Understaging of T1HG 
cancers at the time of cystectomy occurs in up to 
40 % of patients, suggesting that inadequate 
tumor sampling is a contributing factor [ 39 ]. 
While WL remains the current standard of prac-
tice in bladder cancer diagnosis and manage-
ment, better tools for detection, staging, and 
guidelines for treatment clearly are needed. 

 Newer diagnostic imaging modalities offer the 
hope of more precise characterization of dysplas-
tic and malignant lesions in the bladder. These 
include fl uorescence cystoscopy (also referred to 
as photodynamic diagnosis [PDD]), optical coher-
ence tomography (OCT), narrow band imaging 
(NBI), Raman spectroscopy, virtual cystoscopy, 
and confocal microscopy (reviewed by Cauberg 
et al. [ 40 ], Goh et al. [ 41 ], and Liu et al. [ 42 ]).   

11.4     Photodynamic Diagnosis 
(PDD)/Fluorescence 
Cystoscopy 

 PDD requires preoperative intravesical instilla-
tion of a fl uorophore that is taken up by the uro-
thelium and preferentially metabolized by 
dysplastic cells. When exposed to blue light 
(380–480 nm) dysplastic cells emit a characteris-
tic red fl uorescence. In the 1990s, 5- aminolevulinic 
acid (5-ALA) was described with the advantages 
of intravesical application and better fl uorescence 
[ 43 ]. ALA is a substrate involved in heme bio-
synthesis and induces accumulation of excessive 
intracellular levels of the fl uorescent substrate 
protoporphyrin IX (PpIX). Since neoplastic or 
rapidly proliferating cells tend to accumulate 
excess PpIX in contrast to normal tissue, 5-ALA 
can be used to induce red fl uorescence under 
exposure to blue light in order to identify cancerous 
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and pre-cancerous lesions [ 44 ] (Fig.  11.1 ). One 
of the limitations of 5-ALA is its relative tissue 
insolubility. This limited tissue penetrance has 
been addressed with the development of the 
hexyl ester derivative, hexaminolevulinate 
(HAL), with increased lipophilic properties.

   PDD has been in use in Europe for two 
decades using the 5-ALA and, more recently, the 
hexyl ester derivative of ALA (HAL) (Hexvix, 
Photocure, Oslo Norway) following European 
Union regulatory approval in 2005. Updated 
EAU guidelines include PDD as an option for use 
when a high-grade cancer is suspected either 
when there is a positive cytology or history of 
high-grade cancer [ 45 ]. HAL in combination 
with the Storz D-Light system was approved by 
the US Food and Drug Administration in 2010 on 
the basis of a phase III trial conducted in Europe 
and North America, which demonstrated a 16 % 
relative reduction in recurrence at 9 months for 
HAL compared to WL [ 46 ]. 

 Multiple studies have validated the ability of 
PDD to identify a greater number of papillary 
and CIS lesions and two recent meta-analyses of 
clinical trials using HAL provide further confi r-
matory evidence. Burger and colleagues reported 
that at least one additional Ta or T1 tumor was 
identifi ed in 25 % of patients [ 47 ]. In a pooled 
analysis of three phase III multicenter trials 
investigating HAL [ 48 – 50 ], Liu et al. showed a 
fl uorescence detection rate of CIS of 87 versus 
75 % for WL ( p  = 0.006) [ 51 ]. Several studies 

also suggest that use of PDD is associated with a 
more complete tumor resection [ 52 – 54 ]. With 
more accurate diagnosis, Jocham and co-workers 
demonstrated that better postoperative treatment 
was possible in over 20 % of patients with blad-
der tumors [ 48 ]. 

 False positives are a concern as this may lead 
to overuse of bladder biopsies and this occurs in 
up to 40 % of lesions and ranges from 10 to 12 % 
on a per patient basis in contemporary clinical 
trials. [ 46 ] Surgeon experience plays a role and 
other causes of false-positive fl orescence include 
autofl uorescence (AF), which results from acti-
vation of the tissue’s endogenous fl uorophores in 
response to blue light, tangential imaging and 
infl ammation, including that associated with 
post-intravesical therapy mucosal changes and 
post-transurethral resection. Both ALA and HAL 
exhibit limited depth of penetration, restricting 
the evaluation of more invasive lesions. 
Photobleaching, or loss of fl uorescence, is also a 
factor limiting the amount of time for examina-
tion to about 30 min [ 55 ]. 

11.4.1     Level I Evidence Assessing 
Reduction in Recurrence 
Probability 

 Several phase III trials have been reported 
recently evaluated the potential for ALA and 
HAL to reduce the risk of recurrence and the data 

  Fig. 11.1    WL shows a papillary bladder tumor ( left ). Fluorescence cystoscopy following intravesical HAL instillation 
shows the papillary lesion fl uorescing red ( right )       
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are summarized in Table  11.2  [ 46 ,  53 ,  54 ,  56 – 62 ]. 
An excellent review of the literature regarding 
HAL was recently published and the authors con-
cluded that the improved tumor detection and 
reduction of residual disease after TURBT is 
associated with a modest but signifi cant reduc-
tion in recurrence post TURBT. No data to date 
suggest that PDD is associated with a reduction 
in progression. These trials have shown no sig-
nifi cant differences in adverse events between 
patients undergoing fl uorescence cystoscopy and 
those undergoing WL [ 18 ,  46 ,  48 ]. Burger and 
colleagues analyzed 600 patients comparing 
HAL and 5-ALA and found both superior to WL 
with reduced residual tumor post TURBT and 
recurrence probability with no signifi cant differ-
ence between the two protoporphyrins [ 52 ]. The 
FDA approval does not include patients within 
90 days post-BCG treatment, nor does it cover 
multiple uses in the same patient. A recent study 
of 25 patients suggested a benefi t with PDD in 
19 % of patients but with a higher false-positive 
biopsy rate. Registry studies have been proposed 
to address both of these opportunities.

11.4.2       Cost-Effectiveness 

 Several studies have documented that bladder 
cancer is the most expensive cancer from diagno-
sis until death. Patients diagnosed at localized 

stage experience higher lifetime costs compared 
to patients diagnosed at regional stage in part due 
to longer survival from diagnosis to death [ 63 ]. 
Konety and colleagues reported in 2007 that the 
average cost of TURBTs in the US was $26,653 
and that monitoring and treatment of recurrence 
consumes an estimated 60 % of total bladder 
cancer- related costs [ 64 ]. 

 Cost analyses of the use of the hexylester 
derivative of ALA (hexylaminolevulinic acid) 
suggest that its use can reduce the overall cost of 
care at least in part due to a lower overall cancer 
burden. Sievert et al. reported that the cost of a 
TURBT would be reduced by $187 representing a 
9.2 % benefi t by eliminating the need for site- 
directed biopsies of normal appearing mucosa 
and a 20 % reduction in the need for a second 
resection within 6 months [ 65 ]. Utilizing data 
from a randomized trial of ALA conducted in 
Germany, Burger and colleagues estimated annual 
savings of $224 per year with use of fl uorescence 
cystoscopy [ 66 ]. It is not clear that the studies by 
Sievert and Burger accounted for the fully capital-
ized cost of purchasing a blue light system in the 
US. More recently, Garfi eld developed a decision 
tree model to evaluate the cost- effectiveness of 
using fl uorescence cystoscopy at the time of ini-
tial TURBT and found that with 4.5 years of fol-
low-up the total cost burden was $25,921 
compared to $30,581 in patients who were man-
aged with white light cystoscopy alone [ 67 ].  

   Table 11.2    Phase III trials using fl uorescence cystoscopy vs. no treatment/placebo control   

 Recurrence-free 
 survival (%) 

  p  value  Author  Year   N   Agent  Timepoint  PDD  WLC 

    Grossman et al. [ 59 ]  2012  516  HAL  54 months a   38  32  0.04 
 Geavlete et al. [ 58 ]  2012  362  HAL  24 months  69  54  0.001 
 Hermann et al. [ 60 ]  2011  145  HAL  24 months  70  53  0.02 
 Stenzl et al. [ 62 ]  2011  359  5-ALA  12 months  64  73  NS 
 Stenzl, et al. [ 46 ]  2010  551  HAL  9 months  53  44  0.026 
 Schumacher et al. [ 61 ]  2010  300  5-ALA  12 months  55  56  NS 
 Denzinger et al. [ 54 ]  2007  301  5-ALA  8 years  71 b   45  0.0003 
 Daniltchenko et al. [ 53 ]  2005  102  5-ALA  5 years  41  25  0.02 
 Babjuk et al. [ 56 ]  2005  122  5-ALA  24 months  40  28  0.008 
 Filbeck et al. [ 57 ] c   2002  191  5-ALA  24 months  90  66  0.004 

   a Median HAL 55 months vs. median WL 53 months; Long-term follow up of Stenzl, et al. (2010) 
  b Long-term follow up of Filbeck et al (2002); Median ALA 86 months vs. median WL 83 months 
  c Residual tumor and planned re-TRUBT at 5–6 weeks 25.2 % vs. 4.5 % for WL vs. ALA, respectively  
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11.4.3    Novel Fluorophores 

 Hypericin is a derivative of St. John’s wart that is 
less susceptible to photobleaching, with improved 
specifi city and can be used in the same imaging 
system as for the porphyrin-related substrates. 
D’Hallewin and colleagues reported 94 % sensitiv-
ity for hypericin-induced fl uorescent detection of 
CIS and 95 % specifi city, which was superior to 
5-ALA and HAL [ 68 ]. The drug showed excellent 
tolerability and fl uorescence lasted up to 16 h fol-
lowing instillation. A potential limitation of hyperi-
cin is low water solubility, which may be overcome 
with use of solvents, such as polyvinylpyrrolidone 
(PVP) and albumin [ 69 ,  70 ]. In preclinical animal 
models, PVP-hypericin accumulated 3.5-fold pref-
erentially in malignant vs. benign urothelium [ 71 ]. 
Examination of these new aqueous formulations of 
hypericin demonstrated overall tumor detection 
sensitivity and specifi city ranging from 81–95 % 
and 53–91 %, respectively. Using image analysis 
of fl uorescence images in 23 patients, Kah and col-
leagues were able to distinguish low- and high-
grade lesions and suggest that this technique may 
help identify CIS lesions [ 72 ].   

11.5     Optical Coherence 
Tomography (OCT) 

 OCT is a real-time high-resolution imaging tech-
nology that utilizes near infrared light (890–
1300 nm). It measures the unique backscatter 
properties of different tissue characteristics to 
provide a cross-sectional image of biologic tis-
sues. It permits detection of microarchitectural 
features to a resolution of 10–20 μm in a fashion 
similar to B-mode ultrasound [ 73 ]. Compared to 
high frequency ultrasound, OCT is able to distin-
guish structures up to 10–25 times smaller [ 74 ]. 
OCT can be applied to any surface structure and 
was initially developed for imaging the retina and 
since has been applied in a variety of gastrointes-
tinal lesions, cervical dysplasia, and skin disor-
ders. The feasibility of in vivo detection of human 
bladder pathology by OCT was demonstrated by 
Zagaynova and colleagues [ 75 ]. Current endo-
scopic implementations of this technology uti-
lizes a 2.7-mm diameter probe that can be passed 

through a standard cystoscope facilitating real- 
time examination with a relatively short learning 
curve for interpretation of surface microarchitec-
ture to a depth of 1–2 mm. 

 OCT is able to resolve layers of the bladder 
and distinguish benign from malignant character-
istics (Fig.  11.2 ). Manyak et al. reported 100 % 
sensitivity and 89 % specifi city for classifying 
lesions as benign or malignant in 24 patients 
[ 76 ]. In a series of 32 patients, Goh and col-
leagues showed 100 % sensitivity, 90 % specifi c-
ity, and 100 % negative predictive value for 
detection of muscle invasion [ 77 ]. False positives 
do occur in the setting of disruptions of the blad-
der wall from erosion, scarring, or granuloma. 
Integration of fl uorescence cystoscopy (FC) with 
OCT may improve the diagnostic characteristics 
of both imaging modalities [ 78 ]. Schmidbauer 
and colleagues evaluated this in 68 patients and 
found on a per patient basis FC plus OCT 
improved specifi city of FC from 62.5 to 87.5 % 
[ 79 ]. The utility of OCT in the diagnosis of CIS 
and its role in bladder cancer management has 
yet to be elucidated in large controlled studies. 
We have completed a multicenter trial in the US 
with the primary aim to assess the accuracy and 
positive predictive value of OCT for determining 
tumor stage correlated by histopathology 
(NCT00831558). Preliminary fi ndings indicate 
that OCT is very accurate in distinguishing non- 
invasive tumors (Ta) from invasive (T1–T3). 
This may help with intra-operative determination 
of the need for deep resection into muscularis 
propria to optimize pathologic staging.

   There is a wealth of data produced with each 
digitized OCT image. Computer-aided texture 
analysis reduces the subjectivity of image inter-
pretation and provides an objective method to dis-
tinguish cancer from benign tissue [ 80 ]. Optical 
brightness has been used to classify cervical 
intraepithelial neoplasia [ 81 ]. Cauberg et al. have 
evaluated the utility of this for optical grading of 
bladder cancer [ 82 ]. We have observed a continuum 
of lower to higher degrees of brightness with 
increased depth of invasion (unpublished). 

 Recent technical innovations in OCT involve 
thinner profi le probes that may be used with 
 fl exible instruments and to access the upper uri-
nary tract and a portable laptop computer that 
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may facilitate use in the outpatient clinic. CIS 
can be particularly challenging to identify as up 
to 50 % of lesions appear normal by WL. Ren 
and colleagues at Stony Brook have developed 
an experimental OCT system that produces three-
dimensional (3-D) images and have used this 
system to describe the variable morphologies of 
CIS [ 83 ]. Their in vivo preclinical work suggests 
that 3-D OCT enhanced the sensitivity of WL and 
FC and improved the specifi city of NBI for detec-
tion of CIS [ 84 ].  

11.6    Narrow-Band Imaging (NBI) 

 NBI enhances the contrast between abnormal 
lesions and normal urothelium by restricting the 
optical spectrum used for visualization. A narrowed 

bandwidth is accomplished with fi lters, which 
permit transmission of light at wavelengths of 
415 and 540 nm [ 85 ]. Hypervascularity is high-
lighted because hemoglobin strongly absorbs 
light at these wavelengths. Since this technique 
simply fi lters the light, it is easily integrated into 
a standard endoscopic platform. Another advan-
tage is that no additional dyes or markers are 
necessary. 

 NBI cystoscopy relies on the inherent hyper-
vascularity of urothelial carcinomas to enhance 
visual contrast, and thereby detection of lesions. 
Given identical optics, NBI provides the same 
resolution of macroscopic lesions as WL. Areas 
with increased angiogenesis have a blue tint and 
appear darker than normal mucosa (Fig.  11.3 ). 
Several studies have shown that NBI endoscopy 
offers better detection of bladder cancer than 

  Fig. 11.2    White light cystoscopic view of a papillary 
bladder tumor ( top left ); OCT ( middle ) demonstrates the 
mucosal layer is expanded, but intact, without evidence of 
invasion. The lamina propria is intact and appears bright 

and clearly defi ned, while the muscularis propria layer 
appears dark below. Histologic analysis shows a TaG1 
urothelial carcinoma ( bottom right ). OCT 2.7 mm probe 
 bottom left        
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  Fig. 11.3    WL and NBI images. ( a ) A small papillary 
tumor. ( b ) Improved detection by NBI. ( c ) WL image of 
multiple pTaG1 tumors. ( d ) Enhanced contrast of same 
tumors with NBI. ( e ) WL image of CIS. ( f ) Enhanced 

visualization of CIS with NBI. ( g ) False-positive lesion 
near the right orifi ce identifi ed by WL ( h ) Same lesion 
identifi ed by NBI (reactive tissue). Cauberg et al. Elsevier 
2010 (with Permission)       
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WL. A recent meta-analysis of 8 studies and 
1,022 patients showed the sensitivity and speci-
fi city of NBI and WL were 94 % (95 % CI 91–96) 
vs. 85 % (95 % CI 80–89) and 85 % (95 % CI 
81–88) vs. 87 % (95 % CI 83–90), respectively 
[ 86 ]. In the largest reported single-center series 
( n  = 427), Herr et al. demonstrated that NBI iden-
tifi ed CIS better than WL (100 % versus 83 % 
sensitivity,  p  = 0.01) [ 87 ]. A recent subset analy-
sis of patients in this cohort with recurrent tumors 
showed an apparent reduction in the recurrence 
rate of tumors detected and treated with NBI cys-
toscopy [ 88 ]. The authors reported an absolute 
improvement of 7 months recurrence-free sur-
vival after adoption of NBI technology. BCG 
therapy and infl ammatory conditions have been 
shown to increase the false-positive rate of this 
technology. Two studies have shown similar 
overall false-positive rates of 32–36 % for NBI 
[ 87 ,  89 ]. The false-detection rates raise concerns 
regarding the cost and potential morbidity of 
unnecessary biopsies, although these results 
appear to be similar to those associated with WL 
and PDD. Further controlled multicenter studies 
are needed to confi rm the diagnostic and thera-
peutic benefi t of NBI for bladder cancer.

11.7        Confocal Laser 
Endomicroscopy (CLE) 

 CLE is an emerging imaging technology that can 
provide microscopic, real-time, histopathologic 
information on live tissue. This technique 
employs a fi ber optic bundle carrying laser light 
tuned to 488 nm and fl uorescent dyes for con-
trast. Until recently, technical challenges have 
limited the use of this technology in an endo-
scopic solution. Currently, 1.4 mm and 2.6 mm- 
diameter fl exible microendoscopy probes are 
commercially available and can pass through 
standard cystoscopic equipment. Of the imaging 
modalities discussed thus far, CLE has the high-
est resolution (up to 2–5 μm and to a depth to 
240 μm). 

 CLE is capable of resolving micron-scale 
detail of tissue microarchitecture down to the cel-
lular level, making it well suited for the detection 

of epithelial carcinomas, such as bladder cancer. 
Current clinical data derive largely from the gas-
trointestinal literature, where CLE has been 
shown to be useful in the identifi cation of esoph-
ageal, gastric, and colorectal neoplasias [ 90 ,  91 ]. 
Recently, the feasibility of using CLE to detect, 
characterize, and differentiate bladder cancer 
from normal urothelium in vivo and ex vivo has 
been demonstrated [ 92 ,  93 ]. Some limitations of 
CLE include the need for intravenous or intra-
vesical fl uorescein dye as a contrast agent, a fi nite 
window for imaging, en face contact required for 
image acquisition, limited depth of penetration, 
and a small fi eld of view. As an adjunct to con-
ventional cystoscopy, CLE may be used to focus 
on areas of suspicion, confi rm microscopic 
abnormalities, and potentially reduce unneces-
sary biopsies. The diagnostic characteristics and 
therapeutic utility of this technology in the geni-
tourinary system appear promising and is the 
subject of active investigation.  

11.8    Emerging Technology 

 With each imaging modality offering different 
resolution, depth of penetration, and fi eld of 
view, it is likely that a combination of techniques, 
macroscopic (WL, PDD, NBI) and microscopic 
(OCT, CLE), may be integrated to provide 
enhanced endoscopic characterization of bladder 
tumors. In an ex vivo study, one group has shown 
the feasibility of utilizing PDD to target suspi-
cious bladder tumors and then following immedi-
ately with CLE [ 94 ]. A future application may be 
to use real-time, intraoperative microscopic 
imaging techniques to guide and assess the ade-
quacy of tumor resection. 

 On the horizon are several advanced imaging 
techniques currently in development that may 
assist in diagnosis and treatment of bladder 
 cancer (Table  11.3 ). Virtual cystoscopy utilizes 
multi-detector computed tomographic 3-D 
volume- rendered reconstructions to detect blad-
der lesions as small as 5 mm in size [ 41 ]. 
Limitations include the inability to detect fl at 
lesions and radiation exposure from cross- 
sectional imaging. Endoluminal high-frequency 
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ultrasound (HFUS) allows greater depth of pen-
etration (up to 20 mm), but less spatial resolution 
than OCT. It has been shown to be useful for 
identifying muscle invasion in larger bladder 
tumors [ 95 ]. Two-photon laser microscopy takes 
advantage of the autofl uorescence of cells and of 
extracellular matrix components using light in 
the ultraviolet spectrum. An ex vivo examination 
of normal urothelium and of carcinoma in situ 
demonstrated the discriminatory capability with 
this technique to resolution at the sub-micron 
level [ 96 ]. Coherent anti-stokes Raman scatter-
ing (CARS) microscopy is a novel, label-free 
imaging modality which utilizes a combination 
of lasers to excite intrinsic chemical bonds (C–H) 
to generate optical contrast [ 97 ]. This nonlinear 
technique offers the potential of high-resolution 
(0.07–0.1 μm), real-time image acquisition with-
out the need for dyes or stains. CARS micros-
copy has been shown to be capable of 
characterizing prostatic glandular structure and 
cavernosal nerves in fresh tissue specimens from 
patients undergoing radical prostatectomy [ 98 ]. 
Investigation is currently underway to assess its 
suitability for bladder cancer detection.

11.9       Conclusion 

 Bladder cancer remains a challenging disease to 
diagnosis and to manage. The application of new 
technology from biomarker analysis to novel 
imaging techniques offers the opportunity to 
improve detection and treatment. Accumulating 
data support the use of fl uorescence cystoscopy 
to enhance bladder cancer detection and reduce 

tumor recurrence following treatment. Continued 
prospective study is necessary to evaluate the 
feasibility and effi cacy of emerging imaging 
methods for bladder cancer.     
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12.1            Diagnosis and Risk Factors 

 The evaluation of patients with asymptomatic 
microscopic hematuria is an important aspect of 
the practice of urologists. There is a lack of con-
sensus on the ideal evaluation and follow-up of 
these patients. The need for quality studies and 
lack of evidence for the proper evaluation was 
recognized by the AUA in their most recent 
guideline. 

 Our patient is one of the 23 % of men over the 
age of 60 that is found to have microscopic hema-
turia. His age and gender place him into a high- 
risk category for urothelial cancer of the bladder 

(UC). Regardless of additional risk factors, up to 
5 % of men over the age of 60 with microscopic 
hematuria will be found to have bladder cancer 
on subsequent investigations [ 1 ]. 

 Younger men and women of any age are less 
likely to be found to have a serious condition as 
the cause of microscopic hematuria (0–7 %) [ 2 ]. 
The low probability of urinary tract malignancy 
in patients younger than 35 led    the AUA to rec-
ommend that cystoscopy is not mandatory in the 
evaluation of asymptomatic microscopic hematu-
ria in this age group and may be performed at the 
physician’s discretion. A more recent study by 
Loo et al. suggests that this age could be extended 
to 50 years old if there are not other risk factors, 
e.g. cigarette or cigar smoking, radiation expo-
sure, occupational exposure to carcinogens [ 3 ]. 
Men have a higher incidence of bladder cancer 
with a ratio of 3 to 5:1. This ratio exceeds 6:1 in 
several Mediterranean countries, which is likely 
accounted for by environmental exposure and 
cigarette smoking [ 4 ]. 

 Tobacco smoking continues to be the most 
important risk factor for the development of blad-
der cancer with risks up to sixfold higher than 
that of non-smokers. The risk of bladder cancer 
increases with increasing duration and intensity 

        C.  S.   Gomez ,  M.D.      •    M.  S.   Soloway ,  M.D.      (*)
   J.  R.   Caso ,  M.D., M.P.H.      
  Department of Urology ,  University of Miami Miller 
School of Medicine ,   9601 Collins Ave, Apt 1410 , 
 Miami ,  FL 33154 ,  USA   
 e-mail: gomezurology@gmail.com; 
MSoloway@med.miami.edu; JCaso@med.miami.edu   

    C.  P.   Rojas ,  M.D.      •    M.   Jorda ,  M.D., Ph.D., M.B.A.      
  Department of Pathology ,  University of Miami Miller 
School of Medicine ,   1400 NW 12th Ave ,  Miami , 
 FL 33136 ,  USA   
 e-mail: Crojas@med.miami.edu; 
mjorda@med.miami.edu  

 12      Clinical Scenario: Microscopic 
Hematuria and Atypical Cytology 

    68-Year-old man with asymptomatic 
microscopic hematuria, signifi cant tobacco 
history, negative upper tract imaging, and 
persistently atypical and suspicious cytology       
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of smoking. The intensity and duration of smoking 
poses an equal risk to both sexes. The risk associ-
ated with smoking is modifi able and after 15 
years of cessation, the risk of developing bladder 
cancer approaches that of a non-smoker [ 4 ]. 
There is a lack of public knowledge on the asso-
ciation of smoking and bladder cancer [ 5 ]. Many 
physicians are also not aware of this association. 
This is a problem as there is often a several month 
delay from the onset of hematuria to the referral 
for an investigation of the cause of hematuria. If 
the hematuria is related to a malignancy in the 
urinary tract this delay may alter the prognosis. 
Macroscopic hematuria in a person with a history 
of smoking should necessitate a prompt referral 
to an urologist for cystoscopy and upper urinary 
tract imaging. Of note, cigar smoking is also 
associated with urothelial cancer of the urinary 
tract particularly if the smoke is inhaled.  

12.2    Imaging 

 Our patient has had normal “upper tract imag-
ing.” According to the most recent AUA guide-
line [ 6 ], upper tract imaging for this patient 
should be a multiphasic CT urography without 
and with IV contrast. The consensus was that 
multiphasic CT urography has the highest sensi-
tivity and specifi city for detecting lesions of the 
renal parenchyma and upper urinary tract. 

 If the patient has an allergy to iodinated con-
trast or is pregnant, magnetic resonance urogra-
phy is an alternative. MRI is becoming more 
familiar and common practice to urologists in 
diagnosing renal lesions with sensitivities >90 %. 
MRU is capable of detecting upper tract malig-
nancies with sensitivity of 80 % and specifi city of 
97 % [ 7 ]. If our patient has normal imaging with 
either of these studies, one could be confi dent that 
no further radiographic imaging is necessary. 

 If a patient with microscopic hematuria pres-
ents with a “normal” renal ultrasound, is this suf-
fi cient to rule out a lesion in the upper tract? 
Ultrasound has poor sensitivity for detecting 
upper tract urothelial malignancies with rates of 
50–77 % [ 8 ,  9 ]. Given this poor sensitivity for 
detection of upper tract lesions in our patient with 

risk factors for urothelial carcinoma and an atypi-
cal cytology, one should evaluate the entire uro-
thelium to ensure the absence of a urothelial or 
renal neoplasm. Evaluation of the upper tract 
should be performed with either CTU or MRU. 

 The use of intravenous urography has a poor 
sensitivity when compared to CTU with a sensi-
tivity of 50–60 % for detecting upper tract UC 
[ 10 ]. Retrograde pyelography (RPG) is a reason-
able alternative to evaluate the entire upper tract. 
However, this is an invasive test and has no 
advantages when compared to CTU or MRU. If 
our patient had a relative or absolute contraindi-
cation for a multiphasic CT with iodinated con-
trast, MRI or RPG provides an alternative. 

12.3    Cystoscopy 

    Adequate evaluation of the lower urinary tract by 
an experienced urologist should identify most 
papillary or sessile urothelial tumors. Carcinoma 
in situ as a primary bladder cancer is unusual but 
in most instances can be identifi ed as an erythem-
atous patch of abnormal appearing urothelium. In 
any event any abnormal appearing lesion in the 
bladder or prostatic urothelium should be biop-
sied and a diagnosis of bladder cancer estab-
lished. In the scenario as presented we will 
assume this has been performed and no evident 
cancer was observed. 

 If the cytology report was reported as “consis-
tent with cancer” random mucosal biopsies 
would be obtained even in the absence of a visi-
ble lesion. A false-positive cytology particularly 
if indicated as showing high-grade cells is rarely 
a false positive and the clinician must search the 
entire urothelium for the source of the cancer 
cells. In this case we have only atypical/suspi-
cious cells in the urine.   

12.4    Urine Cytology 

 The next important aspect of our case is the report 
indicating that the cytology contained atypical cells. 

 Urine cytology or the examination of the urine 
for cancer cells is an important laboratory study 
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useful in the initial detection of UC and for sur-
veillance of patients once they have been treated. 
Several systems of classifi cation have been pro-
posed since Papanicolaou laid the groundwork 
for the study of urine cytology in 1947; in broad 
terms samples are categorized as unsatisfactory, 
normal, atypical, suspicious, or malignant [ 11 –
 13 ]. There is variability between institutions with 
regards to the criteria and expected prognostic 
implications within each grouping, particularly 
in the middle ground between clearly normal or 
malignant samples [ 12 ]. This has lead to some 
authors referring to the original “class III” clas-
sifi cation described by Papanicolaou—consisting 
of abnormal cells which are not suffi ciently 
pathognomonic—as a “wastebasket” that includes 
specimens with little chance of malignancy as 
well as those with nearly certain high- grade 
malignancy [ 12 ,  14 ,  15 ]. 

 Although it has been a standard diagnostic test 
for many years, the most recent AUA guideline 
on the evaluation of asymptomatic microhematu-
ria states that the use of urine cytology and urine- 
based markers are not recommended as a part of 
the routine evaluation for an individual with 
asymptomatic microhematuria [ 6 ]. The commit-
tee felt that false positives lead to unnecessary 
biopsies and emotional stress to the patient. 
High-grade urothelial cancer is more easily and 
accurately diagnosed than low-grade cancer with 
urine cytology [ 15 – 17 ]. False negatives can occur 
when the urothelium is instrumented or other-
wise irritated such as with stones or an infl amma-
tory process [ 16 – 18 ]. 

 To help standardize reporting of these sam-
ples, Renshaw suggested classifying specimens 
using fi ve features: cell clusters, vacuolated cyto-
plasm, degree of atypia, quantity of atypia, and 
quality of atypia[ 14 ]. Characteristics of high- 
grade cancer include increased size, pleomor-
phism, and high nuclear to cytoplasmic ratio 
(N:C) (Fig.  12.1a ). Focal pseudo-degenerated 
atypia with diffuse, dark chromatin in cells with 
intact nuclear membranes is associated with a 
signifi cant risk of a high-grade tumor. Necrosis 
and anisonucleosis, if found consistently, is a 
highly specifi c (but with low sensitivity) marker 
of neoplasia [ 14 ]. Low-grade tumors are charac-

terized by papillary or loosely cohesive clusters 
of cells, an increased N:C, eccentric nuclei, fi nely 
granular chromatin, and irregular nuclear mem-
branes [ 14 ,  17 ] (Fig.  12.1b ). However, the pres-
ence of papillary clusters in voided urine should 
also raise the differential diagnosis of lithiasis, 
strictures, and instrumentations effect. Vacuolated 
or bubbly cytoplasm is common in reactive cells 
and should be called negative [ 14 ,  15 ].

   Since the specifi city of urinary cytology is 
very high for high-grade UC, these unnecessary 
biopsies are likely related to atypical or suspi-
cious readings by the cytopathologist. A cytology 
report that states “malignant cells are present” 
raises an alarm and requires additional imaging 
and testing. Depending on the clinician a report 
stating “suspicious for malignancy” might initi-
ate a similarly extensive evaluation [ 19 ,  20 ]. 
Patients who have malignant cells identifi ed on 
cytology and have normal upper tract imaging 
and cystoscopy require random bladder biopsies 
and possibly a biopsy from the prostatic urethra if 
there is no abnormality seen in the bladder. This 
more invasive approach is warranted due to the 
high specifi city of urine cytology that approaches 
100 % when malignant cells are identifi ed by the 
trained cytopathologist [ 21 ]. Whereas    atypical 
samples will likely be treated as negative and 
receive little or no additional workup [ 13 – 15 ]. 
Adding to the confusion, “atypical” and “suspi-
cious” may be applied interchangeably between 
different cytopathologists to indicate class III 
samples. This diagnosis occurs with a variable 
frequency that can range from rare 2 to 25 % of 
samples [ 13 ,  15 ]. 

 When cytology results do not have a clear 
“malignant” or “no malignant cells identifi ed” 
diagnosis, communication with the pathologist 
and a good understanding of cytology reporting 
is imperative. 

 Proper sample acquisition is an important 
aspect of obtaining reliable urine cytology. The 
accuracy of urinary cytology increases when 
more samples are investigated. It is important to 
ensure centrifugation of the entire specimen to 
allow for more representative urothelial cell 
recruitment. This is true for both voided and 
bladder washing samples [ 22 ]. Bladder washings 
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will increase the cell yield and thus improve the 
sensitivity, however samples obtained via lower 
or upper tract instrumentation have a higher 
probability of atypia being reported when com-
pared to voided samples [ 13 ,  23 ]. Cytology 
obtained from a urinary diversion has a higher 
rate of atypia. 

 Reporting of atypical cytology can vary and 
there have been attempts to subdivide atypical 
urine samples, indicating the degree to which the 
cytopathologist feels a carcinoma may be pres-
ent. In 2004, the Papanicolaou society recom-
mended that an atypical cytology with changes 
suggestive but not defi nitive for carcinoma pro-
vide additional information. Findings were to be 
subclassifi ed as reactive changes versus low- 
grade urothelial carcinoma, reactive changes ver-
sus high-grade urothelial carcinoma, favor 
papillary urothelial neoplasm of low malignant 
potential, or suspicious for high-grade urothelial 
carcinoma [ 16 ]. Subclassifi cation of atypia is not 
universally used or recognized. In practice, some 
institutions may group these cytologies as atypi-
cal but subcategorize them as more or less suspi-
cious for carcinoma using terms such as “cells of 
uncertain signifi cance” versus “cannot exclude 
high-grade urothelial cancer” [ 12 ] and “favor a 
reactive process” versus “unclear if reactive or 
neoplastic” [ 15 ] (Fig.  12.1c, d ). Furthermore, the 
malignant potential of this diagnosis is not well 
understood so we have adopted a pattern of close 
surveillance rather than more invasive testing 
when a report states atypical cells are identifi ed. 

 Retrospective reviews have provided some 
information on the outcome of individuals who 
have had such a report and have been monitored. 
The chance of identifying UC has varied from 17 
to 66 % and most studies have signifi cant selec-
tion bias by including only patients who have had 
a bladder biopsy. Ubago et al. retrospectively 
reviewed 1,320 atypical urine cytology diagnoses 
over a 10-year period. They found that 21 % of 
the atypical specimens “progressed” to a malig-
nant diagnosis with either positive cytology or 
cancer on a subsequent biopsy. Upper urinary 
tract specimens had the highest rate of progres-
sion (38 %): urinary diversion specimens had the 
lowest (12 %). This report included 57 cases in 

which a positive biopsy was obtained within 2 
days after the atypical cytology. Piaton et al. 
found that there were signifi cant differences if 
they divided atypia into either “atypical of unde-
termined signifi cance” (AUC-US) or “atypical 
cannot exclude high grade” (AUC-H). Fifty-four 
percent of the patients with AUC-H had a subse-
quent diagnosis of a high-grade tumor and only 
17 % of patient with AUC-US developed a high- 
grade lesion [ 24 ]. 

 To augment the diagnostic accuracy of urinary 
cytology, in particular a relatively low sensitivity, 
fl uorescence in situ hybridization (FISH) has 
been proposed [ 25 ,  26 ]. Probes to detect aneu-
ploidy of chromosomes 3, 7, and 17, as well as a 
locus-specifi c probe to detect loss of 9p21 are 
used and collectively known as the UroVysion™ 
assay [ 25 ,  26 ] (Fig.  12.1e, f ). Although it has 
shown usefulness in clarifying which patients 
with atypical urine cytology later have a UC, 
there are more false-positive results. In an early 
study, 7 out of 11 patients who had a negative 
biopsy but a positive FISH later developed a car-
cinoma; signifi cantly, 4 out of 7 had undergone 
progression when they recurred [ 26 ]. However, 
most so-called “anticipatory positive” results 
have been reported in low-grade tumors [ 27 ]. 
Among patients undergoing evaluation for hema-
turia, although researchers found the sensitivity 
improved by nearly 2× over cytology, the 
improvement was in part due to better detection 
of low-grade tumors. A positive FISH without 
subsequent diagnosis of cancer was detected in 
89 out of 473 patients, with a benign cause for the 
hematuria found in just over half. The remaining 
patients had no identifi able cause [ 25 ]. Another 
study examining the use of FISH in the surveil-
lance of patients with bladder cancer found that 
18 out of 21 patients with a recurrence had a posi-
tive FISH, as did 22 out of 43 patients who did 
not [ 28 ]. 

 The authors disagree on the relative impor-
tance of the chromosomal abnormalities. The 
9p21 deletion was found to predict 75 % of the 
patients undergoing bladder cancer surveillance 
who had a recurrence [ 28 ]. Others studies sug-
gest, however, that aneuploidy of chromosomes 7 
and 17 is more commonly associated with tumor 
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  Fig. 12.1    ( a ) Loose cohesive cluster of highly atypical 
cell with markedly increased N/C ratio, unevenly dis-
tributed coarse chromatin, marked hyperchromasia, and 
irregular nuclear membranes consistent with high-grade 
urothelial carcinoma. ( b ) Papillary-like aggregate of 
cells, high N/C ratio, and nuclei eccentrically located 
with fi nely granular chromatin consistent with low-
grade urothelial carcinoma. ( c ) Loose cohesive cluster 
of cells with relative hyperchromasia and irregularity of 

nuclear membrane consistent with atypia cannot exclude 
high grade. ( d ) Papillary-like aggregate with indistinct 
cell borders, dense and homogenous cytoplasm, incon-
spicuous irregular nuclear membrane, and fi ne and 
evenly distributed chromatin; consistent with atypia of 
undetermined signifi cance. ( e ) Negative fl uorescent in 
situ hybridization (FISH) urovision assay. ( f ) Positive 
FISH detecting aneuploidy of chromosome 3, 7, and 17       
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than aneuploidy of chromosome 3 or loss of 
9pq21 [ 29 ]. In trying to improve on the rate of 
false-positive results, in particular limiting the 
effect of reactive urothelium, a tetraploid pattern 
has been suggested to be a generally benign fi nd-
ing, although not exclusive of neoplasia. Using 
these criteria, the authors have been able to 
decrease false-positive results in reactive cases 
2/3 to 1/3 of samples    [ 30 ]. Other cited causes of 
false positives—besides infl ammatory conditions 
such as prostatic hypertrophy, stones, strictures, 
and polyps—include barbotage collection of the 
urine specimen, human polyoma virus infection, 
and seminal vesicle cells [ 18 ,  25 ,  29 ].  

12.5     Conclusion 
and Recommendations 

 The patient in this scenario has some high-risk 
features for a urothelial malignancy because of 
his age, sex, and smoking history. The presence 
of microscopic hematuria suggests that he should 
be followed with a repeat urinalysis and one can 
consider a repeat evaluation should the hematuria 
persist [ 6 ]. The likelihood that he will have can-
cer on a subsequent investigation is quite low, 
however, in the absence of gross hematuria or a 
frankly positive cytology. Our case is unique and 
focuses on the fact that this gentleman    has an 
atypical cytology. While a review of the literature 
shows that this is not synonymous with a positive 
cytology or malignancy, there is an increased risk 
of future urothelial carcinoma. 

 This increased risk deserves close surveillance 
while minimizing morbidity. Random bladder 
biopsies for an atypical cytology are not recom-
mended and would represent over treatment and 
morbidity exposure to the ~80 % of these patients 
who will never develop a urothelial malignancy. 
The use of selective upper tract ureteral washings 
is of low value and again not recommended for 
this individual. Sadek et al. have shown that 
upper tract cytology is often contaminated from 
the bladder causing false-positive readings and a 
low specifi city [ 31 ]. Introducing upper tract 
washings with poor reliability would likely lead 
to further investigations and morbidity. Rather, 

repeat upper tract imaging can be performed if 
the urine cytology remains atypical or micro-
scopic hematuria persists. The use of additional 
urine tumor markers (i.e. FISH) is not indicated 
at this time. The lower specifi city of FISH will 
subject patients to unnecessary invasive proce-
dures and increase the cost of surveillance. 

 Repeat voided urine cytology and fl exible cys-
toscopy at 6 months is a reasonable approach 
with a high sensitivity for detecting both high- 
grade and low-grade malignant lesions while 
minimizing morbidity and anxiety for the patient. 
Bladder wash cytology might be considered at 
the time of the fl exible endoscopy to provide 
more and better preserved cells. If repeat urine 
cytology shows malignant cells while the cystos-
copy remains normal, then further investigations 
with bladder and prostatic urethral biopsies as 
well as a RPG if the lower tract is normal would 
be indicated.     
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      Abbreviations 

   NMIBC    Non-muscle-invasive bladder cancer   
  TURBT    Transurethral resection of bladder 

tumor   
  UTI    Urinary tract infection   
  EORTC    European organization for the 

research and treatment of cancer   
  CIS    Carcinoma in situ   
  BMAP    Bladder mapping   
  EAU    European association of urology   
  PUNLMP    Papillary neoplasm of low malignant 

potential   
  FC    Fluorescent cystoscopy   
  WL    White light   
  UTT    Upper tract tumor   

13.1          Introduction 

 The signifi cance of the initial surgical management 
of NMIBC by TURBT cannot be overstated. This 
technically demanding procedure will set the foun-
dation for the management of the patient. A compe-
tently performed TURBT will optimize patient 
outcome. Similarly, follow-up must be systematic 
and vigilant in order to minimize the risk and con-
sequences of tumor recurrence or progression.  

13.2    Preoperative Assessment 

13.2.1       Imaging Studies 

 CT urography is the imaging modality of choice 
in the evaluation of patients scheduled to undergo 
TURBT [ 1 ]. It has greater sensitivity and speci-
fi city than either standard intravenous urography 
or ultrasound. CT urography provides informa-
tion on tumor stage and also enables the simulta-
neous evaluation of the renal parenchyma and 
upper tract urothelium.  

13.2.2    Laboratory Investigations 

 Prior to a TURBT, the urine should be cultured 
and any infection treated. In addition, a full blood 
count, coagulation studies, and measurement of 
electrolytes and creatinine should be obtained.  
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13.2.3    Medical Clearance 

 Patients diagnosed with bladder cancer are often 
elderly and may have a history of smoking. 
Therefore, a preoperative medical and anesthesia 
review is benefi cial and may reduce the rate of 
procedure cancellation at the time of surgery [ 2 ]. 
Medical conditions which must be diagnosed or 
optimized prior to urological surgery in this 
patient population commonly include chronic 
airways disease, ischemic heart disease and 
peripheral vascular disease, diabetes mellitus and 
chronic renal impairment. Antiplatelet agents 
such as clopidogrel should be stopped 7–10 days 
and warfarin discontinued 3–5 days prior to sur-
gery, respectively. The INR should be checked on 
the day of surgery. For patients who require con-
tinuous thromboprophylaxis, low molecular- 
weight heparin may be required but discontinued 
24 h before surgery.  

13.2.4    Antibiotic Prophylaxis 

 As stated earlier, all patients should have a neg-
ative urine culture prior to TURBT. This may 
require specifi c antibiotics to eliminate organ-
isms found on an initial culture. The question of 
routine antibiotic prophylaxis at the time of sur-
gery has been controversial. In a recent review 
of 42 randomized controlled trials involving 
7,496 patients undergoing transurethral sur-
gery, it was found that antibiotic prophylaxis 
signifi cantly reduced the incidence of bacteri-
uria, symptomatic UTI, bacteremia, and fever 
≥   38.5 °C [ 3 ]. These fi ndings also pertained to 
low-risk patients, including those without cath-
eters and negative urine cultures and were most 
apparent in those who underwent TURBT and 
TURP. The AUA recommends antibiotic pro-
phylaxis for all patients undergoing TURBT 
[ 4 ]. The antibiotics of choice are either a fl uo-
roquinolone or trimethoprim- sulfamethoxazole. 
A proposed alternative is intravenous amino-
glycoside ± ampicillin or a fi rst/second-genera-
tion cephalosporin.   

13.3     Transurethral Resection 
of Bladder Tumors 

 Transurethral resection of bladder tumors 
(TURBT) is a key initial step in the management 
of bladder cancer. It serves both diagnostic and 
therapeutic purposes. An increasing body of evi-
dence also now links the quality of the initial 
TURBT to prognosis. The aims of the TURBT 
are to obtain a specimen of suffi cient size and 
quality to enable accurate histological character-
ization, to determine the depth of invasion and 
the presence or absence of both lymphovascular 
involvement and abnormal urothelium adjacent 
to the primary lesion. 

 TURBT may be performed under either gen-
eral or regional anesthesia according to patient 
factors and preferences of the surgeon and anes-
thesiologist. Neuromuscular blockade may be 
necessary for tumors on the lateral bladder wall 
to avoid an obturator nerve refl ex [ 5 ]. 

 After induction of anesthesia, the patient is 
placed in the dorsal lithotomy position with care 
taken to ensure all pressure areas are padded and 
protected. Patients with a history of a joint 
replacement or spinal abnormality may be posi-
tioned whilst awake to minimize the risk of unin-
tended joint dislocation or spinal nerve irritation. 
A bimanual examination of the pelvis is under-
taken before (and after) resection. A complete 
endoscopic evaluation of the urethra and bladder 
is performed using both a 30° and 70° lens. 
Evaluation of the anterior bladder wall may be 
aided by gentle suprapubic pressure. Either water 
or 1.5 % glycine may be used as an irrigant for 
monopolar resection and 0.9 % saline if bipolar 
electrocautery is used. 

 After the entire bladder is examined, the 
tumor(s) are resected using the cutting current on 
the loop resectoscope. Whilst electrocautery set-
tings are at the discretion of the operating sur-
geon, cutting currents of 140–150 W and 
coagulation of 40–50 W are commonly used [ 6 ]. 
The principles of TURBT are (1) resection of all 
visible tumor, (2) sampling of urothelium adjacent 
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to the tumor, and (3) resection of tissue at the 
tumor base until normal muscle fi bers are visible 
[ 7 ]. Before contact is made with the tissue, the 
loop is electrifi ed. Delicate movements of the 
loop and sheath are made to adjust the depth and 
width of resection. Resection may be either en 
bloc or performed in staged phases. En bloc 
resection involves simultaneous resection of the 
tumor and its base. This is best suited to smaller 
lesions (<2 cm diameter) and has the advantage 
of reduced diathermy artifact [ 7 ,  8 ]. Staged resec-
tion involves resection of the tumor sequentially, 
commencing at its luminal surface until its base 
is reached and normal detrusor is identifi ed as 
seen in Figs.  13.1  and  13.2 . The base and muscle 
may be sent for separate analysis to optimize the 
analysis of tumor depth [ 9 ]. During    resection the 
bladder is emptied with meticulous care taken to 
ensure all tissues are retrieved by straining irrig-
ant that is drained from the bladder. Small, low- 
grade appearing papillary tumors may be 
removed by cold-cup biopsy forceps [ 6 ]. 
Following resection, hemostasis is achieved by 
selective cauterization of bleeding vessels with 
care taken to avoid the ureteric orifi ces. For exten-
sive resections, a roller electrode may be used for 
hemostasis. Depending on the extent of resection 
the urologist will decide whether a Foley catheter 

or continuous bladder irrigation is necessary. If 
irrigation is commenced it is important to ensure 
free effl ux of irrigant and urine before the patient 
leaves the operating room to avoid bladder disten-
sion and delayed perforation.

13.4         TURBT in Specifi c 
Circumstances 

13.4.1    Tumors at the Ureteral Orifi ces 

 Cautery close to the ureteral orifi ce may cause scar-
ring and lead to ureteric obstruction [ 10 ]. Resection 
of the orifi ce may lead to refl ux and, rarely, disrup-
tion of the vesicoureteric junction. Following 
resection here, a ureteric stent may be required. 
The ICUD has recommended a CT urogram or 
DTPA renal scan 3–6 weeks after resection.  

13.4.2     Tumors on the Lateral 
and Anterior Walls 

 Resection of lateral wall tumors may result in 
obturator nerve stimulation, sudden leg adduc-
tion, and perforation [ 11 ]. Strategies to prevent or 
minimize this include: (1) avoid overfi lling the 

  Fig. 13.1    Papillary TCC with resectoscope in position to 
resect lesion         Fig. 13.2    Lesion resected to deep muscle without 

perforation       
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bladder during resection, (2) reduce cutting 
current, (3) “tapping” or “staccato” activation of the 
cutting current, (4) using bipolar cautery, and (5) 
neuromuscular blockade. Resection of tumors on 
the anterior wall may be facilitated by an applica-
tion of suprapubic pressure by an assistant [ 5 ]. 
This may also be helpful when performing 
TURBT in obese patients.  

13.4.3     Tumors in Bladder 
Diverticulae 

 Resection of tumors in diverticulae provides a 
unique challenge due to the lack of a muscularis 
propria and the inherent limitations in assessment 
of the depth of invasion. In addition, the risk of 
perforation is increased. The ICUD has recom-
mended diverticulectomy, partial or total cystec-
tomy to deal with large or high-grade tumors 
arising in a diverticulum. Small, papillary, low-
grade- appearing tumors may be dealt with by 
careful fulguration to avoid perforation [ 10 ].   

13.5    Reresection 

 Repeat TURBT is now a standard of care in 
selected cases of high-grade non-muscle-invasive 
urothelial carcinoma and forms part of the key 
recommendations of treatment guidelines pub-
lished by the EAU, AUA, and ICUD [ 10 ,  12 ]. 
Tumors requiring reresection include all those 
invading the lamina propria (T1) and high-grade 
Ta tumors where detrusor muscle has not been 
sampled [ 13 ]. Reresection serves three main pur-
poses: (1) to ensure complete clearance of the 
primary tumor, (2) to minimize the risk of under-
staging, and (3) to provide prognostic informa-
tion to aid decision-making. In addition, there is 
some evidence that reresection may improve 
response to intravesical treatment. 

 The rate of early recurrence after TURBT var-
ies widely and is often attributed to an incom-
plete primary resection [ 14 ]. This was shown in 
an EORTC analysis of seven phase 3 trials. The 
rate of recurrence at 3 months varied from 0 to 
46 %, with multivariate analysis demonstrating 

that the quality of initial resection was the only 
explanation for the wide variation [ 15 ]. Others 
have shown that surgeon experience is an impor-
tant factor in the quality and completeness of the 
initial resection [ 16 ,  17 ]. Reresection is impor-
tant to ensure complete clearance of the primary 
lesion, especially where less experienced sur-
geons are involved. 

 Several studies have indicated that the depth 
of tumor invasion is often underestimated on an 
initial TURBT. The absence of muscularis pro-
pria in the initial resection has proven to be an 
important predictor of clinical understaging. In a 
study by Herr et al. [ 18 ], of 23 patients with T1 
lesions without muscle in the initial TURBT 
specimen, 49 % had their disease reclassifi ed as 
T2 on repeat resection. In comparison, only 14 % 
of T1 lesions containing muscle in the initial 
resection were subsequently upstaged. Similarly, 
Dutta et al. [ 19 ] reported a 64 % rate of under-
staging in T1 tumors if muscle was absent in the 
TURBT specimen when compared to fi nal analy-
sis of the cystectomy specimen. Understaging 
has also been reported in Ta disease when muscle 
is absent [ 20 ]. For these reasons, a reresection 
has been recommended to ensure accurate stag-
ing in all high-grade non-muscle-invasive (Ta 
and T1) bladder cancers. 

 The results of a reresection also have prognos-
tic implications. Herr et al. [ 21 ] fi rst reported that 
of 260 patients with T1 tumors on initial resec-
tion, those with residual T1 disease at repeat 
resection had a 5-year progression rate to muscle- 
invasive disease of 82 %. In comparison, only 
19 % of those with no residual T1 disease pro-
gressed. Similar fi ndings were reported in a later 
study from the same group [ 22 ]. Based on these 
fi ndings, the authors suggested that patients with 
residual invasive disease at reresection may be 
better served with immediate cystectomy rather 
than a trial of intravesical BCG. 

 Finally, a randomized trial of adjuvant mitomy-
cin C with or without reresection in T1 disease 
found higher rates of both recurrence and progres-
sion in the group that did not undergo reresection 
[ 23 ]. These results suggest that repeat resection 
may also provide a direct therapeutic advantage 
when combined with intravesical treatment.  
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13.6    Cold-Cup Biopsy 

 Random bladder biopsies distant to the site of the 
primary tumor are commonly performed to detect 
the presence of CIS, which is often diffi cult to 
identify but if present may alter management. 
Cold-cup biopsies are taken from normal- and 
suspicious-looking urothelium including the 
sidewalls, trigone, posterior wall, and dome using 
an angled biopsy forceps mounted on a 30-degree 
lens. This process is often referred to as BMAP 
[ 24 ]. The current EAU guidelines recommend 
biopsies from normal bladder mucosa when 
cytology is positive or when an exophytic tumor 
has a non-papillary appearance [ 25 ]. The EAU 
and ICUD also stipulate that biopsies of the pros-
tatic urethra should be considered when a tumor 
is located at the bladder neck or trigone, when 
there are multiple tumors and when consideration 
is being given to orthotopic bladder substitution 
[ 25 ,  26 ]. 

 Despite the recommendations, the accuracy 
of cold-cup BMAP remains questionable. 
Gudjonsson et al. recently reported a sensitivity 
of just over 50 % in detecting CIS by cold-cup 
BMAP in 162 patients who underwent cystec-
tomy [ 24 ]. Others have raised concerns regarding 
the potential for tumor implantation at the biopsy 
site in the presence of CIS [ 27 ]. The ICUD have 
concluded that random bladder biopsies do not 
alter management in most cases and should be 
limited to cases where discordance exists between 
urine cytology and cystoscopic fi ndings and in 
bladder mapping prior to consideration of a par-
tial cystectomy [ 10 ].  

13.7    Fulguration 

 Patients with recurrent low-grade, non-invasive 
bladder cancer may not require repeated visits to 
the operating room and general anesthesia in 
order to monitor and control their disease. Several 
investigators have proposed alternative strategies 
including fl exible cystoscopy with fulguration of 
small lesions in an offi ce or clinic setting under 
local anesthesia to reduce cost and morbidity 
[ 28 ]. The success and safety of this approach 

depends on the ability of the surgeon to correctly 
identify low grade disease and is based on our 
understanding of the risk of progression of low- 
grade disease, which is less than 10 % [ 29 ]. 

 Herr et al. [ 30 ] found that experienced urolo-
gists could correctly identify 93 % of lesions that 
had recurred after initial diagnosis of non- 
invasive disease as low grade. When combined 
with urine cytology, the accuracy increased to 
99 %. 

 O’Neill and Lowrance [ 28 ] have described 
their technique as follows: Prior to the procedure, 
a voided urine specimen is checked with a dip-
stick to exclude infection and is also sent for for-
mal cytology. A single dose of oral antibiotic is 
administered. Men are positioned supine and 
women in low lithotomy. Lidocaine gel (2 %) is 
administered per urethra. A 17-French fl exible 
cystoscope with 5-French working port is inserted 
with sterile water irrigation. A monopolar Bugbee 
electrode with coagulation setting at 25 W is 
used. Firstly the papillary fronds are cauterized, 
then the central portion of the lesion and, fi nally, 
the base. The patient is warned that the cauteriza-
tion may feel like a fi ne pin-prick. After the pro-
cedure, the patient is educated about the 
possibility of bladder spasms, hematuria, and uri-
nary retention. Simple analgesia is prescribed 
and discharged from the clinic after voiding. 

 The respective roles of TURBT and offi ce ful-
guration in the management of low-grade non-
muscle- invasive bladder cancer is described in 
Fig.  13.3  [ 31 ].

13.8        Follow-Up of NMIBC: 
Introduction 

 Correct follow-up schedules used in the manage-
ment of bladder cancer are important as a large 
number of tumors are destined to recur; some 
with progressive disease. Optimal follow-up 
should enable early identifi cation of recurrences 
and more critically progression. At the same 
time, those at low risk of recurrence or progres-
sion should be spared onerous and frequent fol-
low- up which not only decreases quality of life 
but can be expensive and stretch current health 
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resources. Unfortunately, the quality of evidence 
upon which to base follow-up schedules are of 
low quality so many recommendations are based 
on common practice. 

13.9    Risk Stratifi cation 

 Proper follow-up strategies can only be applied 
to a patient with NMIBC once the risk of recur-
rence and progression has been assessed. A sim-
ple way to stratify patient’s risk of recurrence is 
by stage (T1 vs Ta) or grade (high grade vs low 
grade). The AUA has defi ned two risk groups: 
low risk (pTa, low grade) and high risk (pT1, 
high grade, and/or CIS) using these criteria [ 12 ]. 

 Clinical prognostic factors may also be used, 
in addition to pathological factors to stratify 
patients. The EORTC have developed a prognostic 
model for recurrence and progression [ 29 ]. The risk 
table groups patients into four risk categories for 

both the probability of recurrence and progression 
according to their total score (Table  13.1 ).

   The data from 2,596 individual patients from 
seven EORTC trials were used to develop these 
tables but unfortunately these patients were from 
an era where reresection of T1 tumors was not 
routine. On multivariate analysis, the most impor-
tant factors infl uencing time to progression were 
T category, CIS, and grade. These tables will be 
updated by the EORTC for patients treated with 
BCG and maintenance. The NMIBC guidelines 
panel for the EAU has classifi ed patients into low, 
intermediate, and high risk based on the tables 
(Table  13.2 ) [ 25 ].

   One of the criticisms of the EORTC tables is 
that many of the patients, particularly the high- 
risk patients would have been undertreated by 
today’s standard and so are closer to the untreated 
natural history of disease. External validation of the 
risk tables in a high-risk population of NMIBC 
population treated with BCG and maintenance 

Primary Therapy
(TUR, partial cystectomy, IVT, etc.)

Initial Presentation

Six months Tumor Free

Surveillance Protocol

No Recurrence &
negative Urine cytology

Low Grade, Papillary, size
<0.5 cm, �5 small tumors

High grade, Non-Papillary,
>5 tumors, or size >0.5 cm

Continue surveillance Office Cystodiathermy TUR under Anesthesia

+ Urine Cytology – Urine Cytology

Formal TUR and
Biopsy in OR

Surveillance

  Fig. 13.3    Treatment algorithm for low-grade NMIBC. IVT, intravesical therapy; OR, operating room  31        
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have revealed a progression sensitivity of 88 % 
and NPV of 95 % but PPV of only 17 % suggest-
ing adequate discrimination between patients 
with different prognosis but poor calibration in 
patients treated with BCG [ 32 ]. 

 An alternative to the EORTC risk tables is the 
scoring model from CUETO [ 33 ]. In this model 
based on 1,062 patients from four BCG trials, the 
prognostic factors of age, gender, tumor status, T 
stage, and grade were used. The    risk of recur-
rence and progression was similar in CUETO and 
EORTC categorized low- and intermediate-risk 
patients. High-risk patients however had lower 
probabilities of recurrence and progression in the 
CUETO model, presumably because of the use of 
BCG with maintenance. 

 The EORTC risk tables or CUETO scores are 
an important method of risk stratifi cation which 
will subsequently determine future treatment and 
surveillance.  

13.10    Cystoscopy Schedule 

 The follow-up surveillance of NMIBC depends 
primarily on cystoscopic inspection of the blad-
der. This is an invasive, time-consuming and 
costly procedure, so optimization of this strategy 
is important.  

13.10.1     First Cystoscopy 

 The fi rst cystoscopy after a complete TURBT is 
of great importance due to its prognostic value. 
Although recurrence at 3 months depends on the 
quality and completeness of the initial TURBT 
and whether intravesical therapy has been admin-
istered, it has been shown that early tumor recur-
rence at 3 m is clearly prognostic for recurrence 
[ 34 – 36 ] and progression [ 29 ,  37 ,  38 ].  

13.10.2     Further Cystoscopies 

 Traditionally when the fi rst 3-month cystoscopy 
is normal, further cystoscopies have been sched-
uled 3 monthly for 2 years, followed by 6 monthly 
until the end of the fi fth year. This approach has 

   Table 13.1    EORTC tables for calculating risk of recur-
rence and progression [ 29 ]   

 Factor  Recurrence  Progression 

 Number of tumors 
 Single  0  0 
 2–7  3  3 
 ≥8  6  3 
 Tumor size 
 <3 cm  0  0 
 ≥3 cm  3  3 
 Prior recurrence rate 
 Primary  0  0 
 <1 rec/year  2  2 
 >1 rec/year  4  2 
 T category 
 Ta  0  0 
 T1  1  4 
 CIS 
 No  0  0 
 Yes  1  6 
 Grade 
 G1  0  0 
 G2  1  0 
 G3  2  5 
 Total score  0–17  0–23 

   Table 13.2    Probability of recurrence and progression 
according to score and classifi cation system by the 
NMIBC guidelines panel of the EAU [ 25 ]   

 Recurrence 
score 

 Probability of 
recurrence at 5 years  Recurrence 

risk group  (%)  (95 % CI) 

 0  31  24–37  Low risk 
 1–4  46  42–49  Intermediate risk 
 5–9  62  58–65  Intermediate risk 
 10–17  78  73–84  High risk 

 Progression 
score 

 Probability of 
progression at 
5 years  Progression risk 

group  (%)  (95 % CI) 
 0  0.8  0–1.7  Low risk 
 2–6  6  5–8  Intermediate risk 
 7–13  17  14–20  High risk 
 14–23  45  35–55  High risk 
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more recently been tailored based on the EORTC/
EAU risk categorization (grade C recommenda-
tion) [ 39 ]. The intensive schedule described is 
now only recommended for high-risk patients. 
Low-risk patients who have a negative 3-month 
cystoscopy should have their next one 9 months 
later, and then yearly for 5 years. This is sup-
ported by a randomized study that shows time 
between cystoscopies can be safely doubled for 
low-risk patients [ 40 ]. A recommended schedule 
of follow-up cystoscopy is given in Table  13.3 .

13.10.3        When to Stop Cystoscopy 

 There are no clear data defi ning when cystoscopic 
examination can be safely stopped in patients with 
bladder cancer, however in patients with high-risk 
tumors, long-term and possibly lifelong surveil-
lance is required as even after more than a 5-year 
tumor free period after BCG, greater than 20 % 
will have a recurrence at 15 years [ 41 ]. 

 There are confl icting data for low-risk patients. 
In    one study, of 115 patients who were recurrence 
free at 5 years, 98 % remained so at 20 years [ 42 ]. 
Another similar study found 92 % were recur-
rence free long term [ 43 ]. Long-term recurrence 
does however occur even for low-risk tumors. 
Leblanc reported 14 % of recurrences were 
detected after 5 years from fi rst diagnosis for 
TaG1 tumors [ 44 ]. Patients with PUNLMP were 
identifi ed to have greater than 15 % recurrence 
rates after 5 years. Thus in low-risk patients while 
recurrence after 5 years is possible it is low, and 
most would recommend discontinuation of cys-
toscopy after this time [ 39 ]. There are no data to 
guide cessation of cystoscopy for intermediate- 

risk patients, but logically this should be in some-
where between low and high risk and tailored to 
the patients’ biology and personal factors [ 39 ].  

13.10.4      Improving Surveillance 
Cystoscopy 

 An improvement in the sensitivity and specifi city 
of cystoscopy could allow for decreased cystos-
copies performed. FC and NBI have reported 
improved sensitivities but lower specifi cities 
compared to WL cystoscopy in the detection of 
bladder cancers. Most studies have evaluated 
these modalities as part of a TURBT, with very 
few employing it as a surveillance tool [ 45 ,  46 ]. 
The use of FC with fl exible cystoscopy can 
improve the detection of bladder cancer by up to 
28 % [ 47 ]. Similarly a study of surveillance has 
shown that NBI will decrease recurrences from 
92 to 62 % compared to WL cystoscopy [ 48 ]. 
Other cystoscopic diagnostic tools such as Raman 
spectroscopy and optical coherence have yet to 
be tested in surveillance studies.  

13.10.5     Bladder Biopsies 

 Bladder biopsies are required when suspicious 
lesions are identifi ed at cystoscopy or the patient 
has positive cytology with no obvious disease. 
After BCG treatment however, the bladder is 
often infl amed and some will perform routine 
random biopsies of the bladder in this situation. 
Dalbagni et al. have however shown that at 3 m, 
the absence of positive cytology can safely negate 
the need for biopsy of erythematous lesions [ 49 ].  

   Table 13.3    Protocol for surveillance   

 Risk category 
 Schedule of CE after 3 
months and to 2 years 

 Schedule of CE 
2–5 years 

 Schedule after 
5 years  Upper tract imaging  Other tools 

 Low  9 months then yearly  Yearly  Cease follow-up  Not required  Nil 
 Intermediate  6 monthly  Yearly  Yearly for 10 

years 
 CT urogram second 
yearly 

 Plus cytology 

 High  3 monthly  6 monthly  Yearly life-long  CT urogram yearly  Plus cytology 

  Authors’ suggestion based on guidelines and data  
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13.11    Place of Urinary Markers 

 A thorough evaluation of urinary markers is out-
side the scope of this chapter; a detailed discus-
sion is however provided in Chap.    XX. Urinary 
markers for surveying patients during follow-up 
offer the allure of being less invasive at possibly 
lower costs. These markers may be used as (1) 
an adjunct to cystoscopy to reduce the false-
negative rate or (2) a substitute to cystoscopy 
and ideally these markers would have high sen-
sitivity and specifi city. Interestingly, in a study 
of patient preference on the use of urinary mark-
ers, if a test has less than 90–95 % sensitivity in 
comparison to cystoscopy, patients would still 
prefer fl exible cystoscopy as their method of 
follow-up [ 50 ]. Currently no urinary marker ful-
fi ls these criteria and cannot replace cystoscopy 
follow-up [ 39 ]. 

 Urine cytology is a standard test routinely 
used in conjunction with cystoscopic follow-up 
to detect disease which may be missed, such as 
CIS, upper tract disease and prostatic urethral 
involvement. In a study of 15,161 participants, 
urine cytology demonstrated an overall sensi-
tivity and specifi city of 44 % and 96 % respec-
tively [ 45 ]. For low-risk, high–risk, and CIS 
tumors the sensitivity increased from 27 to 
69 % and 78 % respectively. The results of sen-
sitivity and specifi city of urinary markers in the 
detection of NMIBC recurrence are given in 
Table  13.4 .

13.12        Imaging 

 Ultrasound for the detections of small bladder 
tumors has low sensitivity particularly for small 
tumors and cannot be recommended to replace 
cystoscopy. 

 CT scan has reported sensitivities if 79–90 % 
and specifi cities of 91–95 % in comparison to 
cystoscopy for the detection of bladder tumors 
[ 52 ]. The accuracy of CT however does decrease 
in patients with recurrence as scar from TURBT 
and tumors in the bladder base can make identifi -
cation diffi cult. Virtual CT cystoscopy has a 
reported sensitivity similar to multi-detector CT, 
but higher than virtual MRI cystoscopy or virtual 
ultrasound cystoscopy [ 52 ]. Unfortunately, none 
of the imaging methods available are sensitive 
enough to replace cystoscopy.  

13.13    Upper Tract Evaluation 

 The risk of development of upper tract UTT in 
patients with NMIBC is dependent on tumor 
multiplicity, tumor presence in the trigone, blad-
der CIS, tumor grade and stage [ 53 ]. In a study of 
1,529 patients with NMIBC, the risk of UTT 
recurrence over a median time of 4.2 years was 
0.6 %, 1.8 % and 4.1 % for low-, intermediate- 
and high-risk patients respectively [ 53 ]. The time 
to recurrence of UUT from initial TURBT ranges 
from a median of 43 to 88 months. 

 Upper tract tumors are routinely diagnosed by 
CT urography but an alternative is MRI urogra-
phy in patients with contrast allergy. Yearly 
upper-tract imaging is recommended in high-risk 
patients and second yearly for intermediate risk. 
Low-risk patients do not require it.   

13.14    Conclusion 

 The lack of evidence makes clear guidelines in 
the follow-up evaluation of NMIBC diffi cult. All 
bladder tumors ought to have a cystoscopy at 3 m 
following TURBT. Further cystoscopies should be 
performed based on risk category. Low-risk patients 

   Table 13.4    Sensitivity and Specifi city of Urinary 
Markers used for bladder cancer surveillance [ 51 ]   

 Marker  Sensitivity (%)  Specifi city (%) 

 Cytology  12–47  83–97 
 FISH  64 (median)  73 (median) 
 Immunocyte  81 (median)  75 (median) 
 Telomerase  29–66  NA 
 BTA-Trak  60–83  60–79 
 BTA-stat  29–74  56–86 
 NMP-22  50–85  46–93 
 MSA  72–97  80–100 
 CYFRA  75–88  73–95 
 Ubiquitin  21–80  72–95 
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can be discharged after 5 years of surveillance 
however high-risk patients need lifelong surveil-
lance as well as yearly UTT surveillance. Urine 
cytology can be used as an adjunct to cystoscopy 
but other urinary markers do not have a clear role 
in follow-up at this time.     
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      Abbreviations 

   5-ALA    5-Aminolevulinic acid   
  AUA    American Urology Association   
  BCG    Bacillus Calmette-Guerin   
  Cis    Carcinoma in situ   
  CUETO    Club Urológico Español de Tratamiento 

Oncológico   
  EAU    European Association of Urology   
  HAL    Hexaminolevulinic acid   
  IBCG    International Bladder Cancer Group   
  MMC    Mytomicin C   
  NBI    Narrow band imaging   
  NICE    National Institute of Clinical 

Excellence   
  PDD    Photodynamic diagnosis   
  PFS    Progression-free survival   
  RFS    Recurrence-free survival   
  RE-TUR    Re trans-urethral resection   
  TUR    Trans-urethral resection   
  WLC    White light cystoscopy   

       With a worldwide age-standardized incidence 
rate of 9 per 100,000 for men and 2 per 100,000 
for women, bladder cancer is the most common 
malignancy of the urinary tract, representing the 
7th and 17th most frequent malignancy in men 
and women, respectively. The worldwide age- 
standardized mortality rates are 3 and 1 per 
100,000 for men and women, respectively. With a 
higher incidence in the developed world, the EU 
age standardized mortality rate are 8 and 3 per 
100,000 for men and women, respectively [ 1 ]. 

 Approximately 75–85 % of cases present with 
a disease that is confi ned to the mucosa (Ta, CIS) 
or sub-mucosa (T1), being grouped as non-muscle- 
invasive bladder tumors (NMIBC). However, this 
is a very lose heading as evidenced at a molecular 
level and by the very different clinical behavior of 
these tumors. Regarding pTa G3 urothelial carci-
noma of the bladder, the evidence for clinical man-
agement, often extrapolated from pT1 high-grade 
disease remains limited. 

 In this chapter, we present and discuss the 
clinical management of a 45-year-old healthy 
man with his fi rst large, high-grade Ta cancer. 

 While low-grade pTa disease carries a very low 
(<5 %) risk of progression [ 2 ], contemporary 
series have demonstrated a signifi cant risk in terms 
of both recurrence and progression of pTa G3 dis-
ease, with rates in the order of 50 % and 25 %, 
respectively, recently reported by Lebret et al. [ 3 ]. 

 Current international guidelines recommend 
cystoscopic surveillance, re-resection (Re-TUR), 
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and intravesical adjuvant therapy with Bacillus 
Calmette-Guerin (BCG). 

 Firstly, we shall review the case, with particu-
lar attention to the pathology at our multidisci-
plinary meeting. Formal review of the slides by a 
dedicated uro-pathologist is paramount when 
evaluating the tumor, defi ning stage and grade, as 
well as, giving surrogate information of the qual-
ity of the resection performed. 

 Equally important, we routinely perform 
imaging of the upper tract in all high-risk tumors, 
in the presence of positive cytology, as well as, 
following recommendations of the EAU guide-
lines, in all cases when the tumor is located at the 
trigone. As most units, we conventionally per-
formed intravenous urography (IVU), used to 
detect fi lling defects and hydronephrosis. 
Recently, we have updated our local guidelines 
and moved to CT-urography to assess the upper 
urinary tract. 

 In a recent review of 935 patients by Stenberg 
et al., evaluating the usefulness of routine upper 
tract imaging in patients followed for pTa and pT1 
NMIBC, only 51 were found to develop tumors. 
The 5- and 10-year upper tract  disease- free prob-
abilities were 98 % and 94 % versus 93 % and 
88 %, for patients with pTa and pT1 tumors, 
respectively. In this series, only 29 % of patients 
were diagnosed on routine imaging, with an over-
all effi cacy of only 0.49 % [ 4 ]. 

 While the involvement of upper urinary tract 
is low in NMIBC, with reported incidences rang-
ing from 0.3 to 2.4 % [ 4 – 7 ], it increases signifi -
cantly when the tumor is located in the trigone, as 
evidenced by Palou et al. In this retrospective 
study of 1,529 cases with primary NMIBC, syn-
chronous upper tract involvement was found in 
7.5 % of patients with tumors located in the tri-
gone. In this series, if trigonal location and multi-
plicity had been considered, 66.7 % of tumors 
would have been diagnosed [ 8 ]. 

 Furthermore, the risk of recurrence in the upper 
urinary tract increases in multifocal and high-risk 
tumors [ 9 ]. This is particularly important in the 
case of carcinoma in situ, with an incidence as 
high as 24.6 % observed in our series [ 6 ,  10 ]. 

 Accurate tumor staging and grading is neces-
sary in order to plan the optimal treatment for 

each patient as they are among the most impor-
tant predictors of recurrence and disease progres-
sion in non-muscle-invasive bladder cancer 
(NMIBC). 

 Prediction is now facilitated by risk calculator 
software readily available to all professionals 
from different sources. The most widely imple-
mented nomogram is the European Organization 
for Research and Treatment of Cancer (EORTC) 
Risk Tables for Ta T1 Bladder Cancer Version 
1.0,   http://www.eortc.be/tools/bladdercalculator     
(programmed by Richard Sylvester, EORTC 
Data Center, Brussels, Belgium). Combining 
data from 2,596 patients with NMIBC from seven 
EORTC trials, it is a simple scoring system based 
on six variables: Number of tumors, tumor size, 
prior recurrence rate, stage (T), grade, and pres-
ence or absence of carcinoma in situ [ 11 ]. Applying 
these tables to our particular case and considering 
a solitary, primary tumor, > 3 cm in diameter, stage 
pTa, high-grade (G3) without associated pTcis, we 
shall obtain that the estimated rates for disease 
recurrence and progression are 38 % (35–41) and 
5 % (4–7) at 1 year, respectively, while rates of 
62 % (58–65) and 17 % (14–20), respectively, are 
obtained at 5 years. 

 However, this scoring system may be less use-
ful in our particular case, as we are dealing with 
a high-grade G3 tumor and a candidate for BCG 
adjuvant therapy. Certainly, the main limitation 
of the EORTC risk tables is the fact that it is 
based on older series, with little exposure to adju-
vant therapy and without maintenance protocols, 
thus, resulting in overall worse predicted out-
comes [ 12 ]. A more contemporary scoring 
model, proposed by the CUETO group, may bet-
ter predict recurrence and progression rates in 
our scenario [ 13 ]. Applying this model, that also 
takes into account age at diagnosis (45 years) and 
gender (male), the predicted rates for disease 
recurrence and progression are 8.24 % (5.91–
10.57) and 3 % (0.82–5.18) at 1 year, respec-
tively, while rates of 20.98 % (17.32–24.63) and 
11.69 % (7.57–15.81), respectively, are expected 
at 5 years. 

 Ultimately, the mainstay of the initial manage-
ment of NMIBC should be the correct staging, 
thus, requiring an optimal sampling of the tumor. 
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The response to this challenge comes in a two-
fold approach: implementation of a policy of rou-
tine re-resection, the so-called second look TUR 
or Re-TUR, as well as, continue to develop novel 
techniques of imaging and endoscopy aimed to 
optimize tumor identifi cation at the time of cystos-
copy, as well as, non-invasive diagnostic markers. 

14.1    Re-resection 

 The overall rate of recurrence following TUR in 
patients with NMIBC can be as high as 70 %, 
with the greatest risk being at the fi rst follow-up 
cystoscopy [ 14 ]. This can be attributed, at least in 
part, to incomplete resection of the initial tumor 
or to overlooked multifocal disease. The analysis 
of seven phase III trials by the European 
Organization for Research and Treatment of 
Cancer EORTC confi rmed substantial variations 
in early recurrence rates among institutions, with 
recurrence rates at 3 months ranging from 0 to 
46 %, only explained, after multivariate analysis, 
by the variable quality of the resections [ 15 ]. 
Herr and Donat explained that the quality of 
TURBT can be measured with three variables: 
the macroscopic resection of the tumor, the pres-
ence of muscle in the sample, and the recurrence 
rate in the fi rst follow-up [ 16 ]. 

 Presence of Detrusor muscle in the TURBT 
specimen is a surrogate marker of resection qual-
ity. In Mariappan’s series [ 17 ], reporting the pres-
ence of muscle in 67 % of all the fi rst TUR 
specimens, the presence of muscle was associated 
in the multivariate analysis to the recurrence rate 
at fi rst cystoscopy, with a 2.9 times higher proba-
bility of recurrence in the absence of muscle. 
Furthermore, Herr et al. identifi ed the absence of 
muscle in the initial TUR specimen as a predictor 
of clinical under-staging. In this study, 14 % of 
patients with clinical stage T1 disease and muscle 
in the specimen were upstaged to T2 versus 49 % 
if no muscle was present [ 18 ]. Similarly, Dutta 
et al. reported a 64 % rate of under-staging in T1 
tumors if muscle was absent in the specimen ver-
sus only a 30 % if muscle was present [ 19 ]. 

 For Ta disease, when muscle was not clearly 
stated to be present in the TUR specimens, 

upstaging has been reported in up to 14.3 % [ 20    ]; 
contrary to the 6.4 % reported by Han when mus-
cle was sampled [ 21 ]. 

 The published rates of residual tumor detected 
by Re-TUR range from 20 to 81.5 % [ 17 ,  22 ]. If 
we stratify the data based on tumor stage, residual 
disease was detected in 22–74 % of Ta [ 22 ,  23 ] 
and in 26.5–81.5 % of T1 tumors [ 17 ]. Updated 
series on routine Re-TUR from MSKCC, includ-
ing 1,312 patients with NMIBC, have been 
recently published by Herr and Donat, reporting 
residual disease in 51–78 % of patients, depend-
ing on T stage and being highest for pT1 disease 
at initial TUR. In this study, while re-TUR dem-
onstrated upstaging in 15 % of patients with a pTa 
disease, muscle invasive disease was discovered 
in 30 % of those with initial pT1 tumors [ 16 ]. 

 Divrik et al. [ 24 ] randomized 210 patients 
with newly diagnosed pT1, to Re-TUR or stan-
dard follow-up. In this study, 25.7 % had residual 
pT1 disease and 7.6 % were upstaged (pT2 or 
pT1 + Cis). Reported RFS rates at 1, 2 and 3 years 
were 86.35 %, 77.67 % and 68.72 % in the re- 
TUR group and 47.08 %, 42.31 % and 37.01 % in 
the TUR alone group, respectively. The authors 
also observed a reduced risk of progression com-
pared with those in whom a Re-TUR was not per-
formed. In the multivariate analysis, Re-TUR 
was found to be an independent predictor of pro-
gression, as also demonstrated following analysis 
of the Memorial Sloan-Kettering Cancer Center 
initial [ 16 ] and updated [ 25 ] series. 

 Following recommendations of the AUA and 
EAU guidelines, we routinely perform re- 
resection, within 6 weeks, in all high-grade 
tumors, pT1 disease, in cases of incomplete fi rst 
resection or when muscle is absent in the pathol-
ogy specimen. 

 Together with the routine implementation of a 
policy of Re-TUR, we have recently added new 
devices and optimized optical and software sys-
tems that are now part of our daily endoscopic 
armamentarium and may potentially improve our 
outcomes. Such systems include photodynamic 
diagnosis (PDD) and narrow band imaging (NBI). 

  Photodynamic diagnosis (PDD)  uses blue 
light (375–440 nm) after intravesical instillation 
of the photosensitizers 5-aminolaevulinic acid 
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(ALA) or hexaminolaevulinic acid (HAL), high-
lighting the areas of accumulation. PDD is supe-
rior to white light cystoscopy (WLC) for the 
detection of tumors at cystoscopy and biopsy, 
being even more relevant in the case of Cis [ 26 ]. 
For pTa disease, relevant to our clinical scenario, 
the reported detection rates for PDD are still 
superior to WLC, 94–97 % versus 83–88 %, 
respectively [ 27 ,  28 ]. 

 A recently published meta-analysis by Mowatt 
et al. reported that    PDD showed higher sensitivity 
than WLC in the pooled estimates for both patient 
(92 % vs. 71 %) and biopsy (93 % vs. 65 %) level 
analyses, while PDD had a lower specifi city 
(63 % vs. 81 %) [ 29 ]. False positive rates of upto 
30% have been reported with fl uoresence cystos-
copy mainly due to false fl uorescence inerpreta-
tion during the learning curve, infl ammation and 
the previous use of BCG [ 30 ,  31 ]. Therefore, we 
believe that the  timing of the RE-RTU is ideal, 
before starting treatment with BCG. 

 The 2013 EAU 2013 guidelines on non-
muscle- invasive bladder cancer recommend the 
use of PDD in patients with a history of high- 
grade tumor or those with positive cytology. 
Although, there is no clear long-term impact on 
progression, neither on recurrence in the case of 
5-ALA [ 32 ,  33 ], contemporary studies have dem-
onstrated a benefi t in terms of RFS with the use 
of HAL PDD-guided TUR, including pTa disease 
[ 34 – 38 ]. 

  Narrow band imaging  ( NBI ) fi lters light into 
two wavelengths of 540 nm (green) and 415 nm 
(blue) absorbed by hemoglobin, thus, enhancing 
the vessel-urothelium delineation and highlight-
ing the more vascular malignant tissue [ 39 ]. NBI 
has demonstrated superiority to WLC on the 
detection of bladder tumors pTa, pT1, as well as, 
in bladder Cis [ 39 – 45 ]. Systematic review and 
meta-analysis of pooled data from eight studies, 
including 1,022 patients, recently published by 
Zheng et al. has concluded that NBI is an effec-
tive method for the identifi cation of bladder 
tumors, including Cis and superior to WLC [ 46 ]. 
Furthermore, the available data indicate a signifi -
cant reduction on residual tumor rates following 
NBI-TUR [ 41 ,  47 ]. 

 Despite long follow-up studies assessing the 
impact on disease recurrence and progression 
still lacking, a study by Herr and Donat, evaluat-
ing the role of routine surveillance with NBI ver-
sus WLC on a cohort of 126 patients with 
low-grade NMIBC, has demonstrated a reduction 
on the recurrence rate (65 % vs. 94 %), number of 
recurrent tumors (2.8 vs. 2.8) and a longer RFS 
(29 months vs. 13 months), favorable to NBI 
[ 48 ]. Moreover, a recently published prospective 
randomized trial has demonstrated that compared 
to white light TUR, NBI-RTU translated into a 
10 % reduction of the risk or recurrence (51.4 % 
vs. 32.9 %), at 1 year [ 49 ].  

14.2    Urine Markers 

 In parallel to the rapid embracing of novel endo-
scopic aids, the focus of practicing urologists and 
researchers has turned to the development of 
non-invasive urine markers aimed to refi ne the 
diagnosis and follow-up of urothelial tumors. 
Among those, NMP22 ELISSA and NMP22 
BladderCheck, InmunoCyt, BTA Stat and BTA- 
TRAK and Urovysion-FISH are currently com-
mercially available, while others are still at 
different stages of clinical evaluation. 

  Nuclear Matrix Protein 22 tests  include the 
laboratory-based, quantitative, immunoassay 
NMP22 bladder cancer test kit and the point-
of- check, qualitative NMP22 BladderCheck 
(Matritech Inc.) with a sensitivities ranging from 
47 to 100 % and 5–90 %, respectively. However, 
reported specifi cities of up to 90 % and 86 %, 
respectively, remain overall inferior to that of 
urine cytology [ 50 ]. Although it is not altered by 
BCG and therefore potentially useful in high- 
grade disease such as our clinical scenario, 
NMP22 performs better in low-grade disease 
[ 51 ]. Moreover, false positives are reported with 
infection, infl ammation, calculi, stents, instru-
mentation and bowel interposition, as well as, 
other genitourinary malignancies [ 52 ]. 

  InmunoCyt  (Scimedx Corp.) is a novel test 
combining immunofl uorescence and cytology to 
target the bladder cancer-specifi c M344, LDQ10, 
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and 19A211 antigens [ 53 ]. With an improved 
sensitivity of up to a 100 %, particularly when 
compared to cytology alone in low-grade tumors, 
the specifi city remains low, with reported rates of 
69–81.6 % [ 53 – 57 ] and it is also affected by cys-
titis and BPH [ 50 ]. 

 The qualitative, point-of-care  BTA Stat  and the 
quantitative, ELISA  BTA-TRAK  detect human 
complement factor H-related protein, a bladder 
tumor-associated antigen, in voided urine [ 58 ,  59 ]. 
Sensitivity and specifi city rates of 57–83 % and 
60–92 %, respectively, are reported for BTA Stat 
test, with rates of 62–91 % and 29–65 %, respec-
tively, for BTA-TRAK [ 50 ,  60 ]. Importantly for 
our case, while it is affected by several benign 
conditions, similar to NMP22, false positives can 
be caused by BCG treatment [ 61 ]. 

 Urovysion ®  FISH (Vysis-Abbott Laboratories) 
is a multi-target assay designed to detect aneu-
ploidy of chromosomes 3, 7, 17 and the loss of 
the 9p21 locus in malignant cells [ 62 ], with sen-
sitivity and specifi city rates of 84.2 % and 91.8 %, 
respectively, reported by Sokolova et al., in the 
original. Contemporary series have reported 
specifi city rates of 78–92 % and sensitivity rates 
of 69–85 % [ 61 ]. A recent meta-analysis by 
Hajdinjak et al. [ 63 ], involving 2,477 FISH tests 
from 14 studies, has reported a pooled sensitivity 
and specifi city of 72 % (69–75 %) and 83 % (82–
85 %), respectively; with sensitivity increased to 
86 % (82–89 %) when pTa disease was excluded. 

 Relevant to our clinical scenario, FISH may 
potentially be useful in assessing BCG response 
as supported by several recently published stud-
ies demonstrating correlation of post-BCG posi-
tive FISH and tumor recurrence [ 64 – 66 ], as well 
as, progression to invasive disease. In this study, 
published by Kipp et al. [ 64 ], patients with a pos-
itive post-therapy FISH were found to develop 
recurrence earlier and to be 9.4 times as likely to 
develop pT2 disease. 

 Up to this date and based on the available evi-
dence, regarding the routine implementation of 
urine markers, the 2013 EAU guidelines con-
clude that “A urinary marker other than cytology 
is not recommended for high-risk NMIBC 
surveillance.”  

14.3    Treatment 

 Once the case has clearly been defi ned as high- 
grade non-muscle-invasive urothelial carcinoma 
stage pTa G3, we would start adjuvant therapy 
with an induction course of 6-weekly instillations 
of Bacillus Calmette-Guerin [ 67 ], initiated at 
least 2 weeks after the Re-TUR and routinely fol-
lowed by maintenance BCG therapy [ 68 ], aimed 
to reduce the risk of recurrence, as well as, dis-
ease progression. 

 Meta-analyses demonstrated that BCG after 
TUR is superior to TUR alone or TUR and che-
motherapy for prevention of recurrence of non-
muscle- invasive tumors [ 69 – 73 ] and highlighted 
the role of maintenance BCG [ 71 ]. In intermedi-
ate- and high-risk NMIBC, BCG has been shown 
to be superior to MMC [ 74 ], epirubicin alone [ 2 ], 
or in combination with interferon [ 75 ] in the 
reduction of disease recurrence. 

 Furthermore, meta-analyses have demon-
strated that BCG therapy prevents, or at least 
delays disease progression. A meta-analysis by 
the EORTC-GUCG including 4,863 patients 
from 24 RCTs, employing fi ve different BCG 
strains and in 20 of the trials, some form of BCG 
maintenance, has been recently published. With a 
median follow-up of 2.5 years, progression was 
seen in 9.8 % of patients treated with BCG versus 
13.8 % in the control groups (TUR alone, TUR 
plus intravesical chemotherapy, or TUR plus 
other immunotherapy), representing 27 % reduc-
tion in the odds of progression with BCG mainte-
nance treatment ( P  = 0.0001) [ 76 ]. Although, the 
long-term superiority of BCG regarding progres-
sion is still under debate [ 71 ], a recently pub-
lished RCT with long-term follow up has 
demonstrated a signifi cant reduction of metasta-
ses and improved overall- and disease-specifi c 
survival in patients treated with BCG compared 
to adjuvant chemotherapy [ 2 ]. 

 Taking into account the fi ndings of the 
CUETO group regarding recurrence and progres-
sion prognostic value of sex, age and tumor 
focality, one can conclude that our clinical sce-
nario represents an ideal case. Being a primary 
single tumor, male gender and younger age 
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(45 years), one can expect the best possible 
response to BCG therapy [ 12 ,  13 ]. While the opti-
mal instillation frequency and duration of mainte-
nance remain unknown [ 68 ,  77 ], we normally 
continue BCG with 3-monthly instillations, for up 
to 3 years. A recent EORTC RCT including 1,355 
patients has demonstrated that when BCG is given 
at full dose, maintenance for 3 years, but not for 1 
year, reduces recurrence rate in high-risk disease. 
However, there were no differences in progres-
sion or overall survival [ 78 ]. 

 Far from a potentially deleterious effect of 
delaying BCG therapy to after the Re-RTU, this 
may have a benefi cial effect, as evidenced by 
Herr et al., in a series of 347 patients with 
 high- risk NMIBCs, reporting a recurrence rate of 
45 % in the cohort of patients undergoing restag-
ing/second TUR before BCG treatment versus an 
80 % in those who received BCG treatment after 
initial TUR. Multivariate analysis showed that 
the lack of response to BCG at fi rst follow-up 
cystoscopy and a single TUR (rather than restag-
ing TUR) before BCG therapy were signifi cant 
independent factors associated with subsequent 
tumor recurrence and stage progression [ 79 ]. 

 In our department, the routine long-term fol-
low- up this patient will be by means of regular 
cystoscopy and urinary cytology, the fi rst one 
being always performed in the operating theatre 
and under anesthesia, thus, allowing for biopsies 
or further resection should this be considered 
appropriate. For long-term checks, we now per-
form fl exible cystoscopy and cytology, easily 
performed in the offi ce. At present, we do not 
implement urinary markers for the routine sur-
veillance of these patients. 

 The patient is always counseled regarding the 
benefi ts, as well as the side-effects of the adju-
vant treatment, particularly about the potential 
for serious complications of the BCG therapy and 
a direct telephone contact is given to the patient. 
Information is paramount in order to reassure the 
patient and to improve compliance. More impor-
tantly, it is essential for the early recognition by 
the patient of potentially serious complications 
that develop in less than 5 % of cases and are, if 
managed promptly, curable [ 80 ]. 

 Recommendations for individual situations 
have been provided by the International Bladder 
Cancer Group (IBCG) and colleagues from 
Fundación Puigvert [ 81 ] and have been summa-
rized in the updated 2013 EAU Bladder Cancer 
Guidelines, with a systematic review of the local 
(cystitis, hematuria, granulomatous prostatitis, 
and epididymo-orchitis), as well as, systemic 
(fever, arthralgia, arthritis, and BCG sepsis) 
adverse events, with clear recommendations 
regarding their treatment, in particular, guidance 
regarding discontinuation, temporal or defi nitive, 
of BCG instillations and general rules regarding 
the adequate initiation of tuberculostatic drugs 
and/or corticoids. These are guidelines to which 
we adhere in our daily clinical practice   .     
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15.1            Clinical Scenario 

 A 73-year-old woman referred by an outside 
urologist has multiple, recurrent high-grade Ta 
tumors and lower urinary tract symptoms 
(LUTS). Perioperatively, the patient received a 
single course of mitomycin, but has not received 
any other intravesical treatments. In the course of 
this chapter, we will discuss the unique aspects of 
this patient’s disease burden and the clinical 
options available to the practicing urologist. 
There are numerous issues that apply broadly to 
any patient at high risk for recurrence and pro-
gression and specifi cally to this patient, given her 
age, sex, and concomitant LUTS that could 
impact care and course. We have divided her care 
into two distinct phases for conceptual ease. 

15.1.1    Phase 1: Diagnosis 

    The importance of accurate staging and grading 
are imperative for the proper implementation of 
treatment. The prototypal transurethral resection 

(TUR) assiduously examines the lower urinary 
tract—including the entirety of the bladder 
mucosae, as well as the urothelium lining the 
urethra—and resects all tumors that are detected. 
A complete resection of a single papillary tumor 
involves the removal of it in its entirety, the inclu-
sion of the muscle from the tumor bed, and the 
ablation of a circumference of uninvolved 
mucosa surrounding the tumor bed. As evidenced 
by the persistence of tumor as well as signifi cant 
chance for upstaging during re-resection, the pro-
totypal TUR is not always initially possible. Even 
in the most facile hands and discerning eye, the 
technical limitations of the resectoscope and 
physical limitations inherent to both patient and 
physician limit the ability of a single TUR to 
reproducibly grade and stage and to simultane-
ously identify and eradicate all tumor extent. The 
need for a re-resection is well established for all 
patients except those whose diagnosis poses 
scant risk for progression, such as those with 
low-grade Ta and small tumor burden, or for 
those whose diagnosis precludes further endo-
scopic treatment, as in cases of muscle invasive 
disease. In all other patients, we recommend a 
second- look TUR within 4–6 weeks of the initial 
procedure. 

 Germane to the patient in this clinical scenario 
is the multiplicity of her tumors, the possibility 
that this represents an early recurrence, and the 
presence of lower urinary tract symptoms 
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(LUTS). Tumor multiplicity and early recurrence 
may indicate an inadequate initial TUR and the 
presence of LUTS may indicate concomitancy of 
carcinoma in situ. Whether an early recurrence of 
disease represents disease recurrence or failure of 
surgical technique is often unknowable. Tumor 
size and multiplicity are risk factors for early 
recurrence at re-resection and the presence of 
residual tumor at re-resection has a high likeli-
hood to be the result of insuffi cient detection or 
resection during the initial TUR [ 1 ]. 

 There is also concern that this patient has been 
understaged. This can be the result of failure to 
include muscle in the biopsy specimens, failure of 
the pathologist to select a biopsy specimen that has 
muscle present, or the vagaries of pathological 
interpretation. Ta disease, disease that is confi ned 
to the mucosae and does not penetrate the lamina 
propria, is the most common form of non- muscle 
invasive bladder cancer (NMIBC) and represents 
between half and two-thirds of all cases of NMIBC 
[ 2 – 4 ]. High-grade Ta disease is, however, a rela-
tively uncommon entity and represents only 6.9 % 
of all Ta confi ned disease [ 4 ]. Delineating invasion 
of the lamina propria is diffi cult and can be further 
confounded by the vestiges of the TUR. Numerous 
studies have shown a high degree of inter-patholo-
gist variability with regard to specimen character-
ization of grade and stage. The likelihood of 
diagnostic concordance between the local patholo-
gist and a central, specialty trained uropathologist 
is only 23 % for Ta high-grade disease [ 5 ]. A false 
sense of security should not be imparted by a 
diagnosis of “superfi cial” or Ta disease. This 
patient with high-grade disease, regardless of the 
stage, is at a higher risk for recurrence and pro-
gression compared to a patient with low-grade 
disease. 

 Cellular discohesion is a property of both 
high-grade papillary tumors and carcinoma in 
situ (CIS). Therefore, urine cytology is insuffi -
cient to the task of excluding the presence of CIS 
until all high-grade papillary tumors have been 
eradicated. The simultaneous presence of high- grade 
cells on urine cytology and LUTS should prompt 
an exhaustive search for CIS. It has been our 
experience and that of others that the presence of 
LUTS increases the likelihood of concomitant 

CIS [ 6 ]. It is of particular prognostic signifi cance 
in this patient as the presence of CIS confers a 
substantial increase in the risk for progression 
and cancer-specifi c death. Utilizing the EORTC 
risk assessment tables for a patient with multiple, 
small, high-grade, Ta tumors that received a sin-
gle instillation of chemotherapy after initial TUR, 
her risk of progression without CIS is 5 % at 1 
year and 17 % at 5 years [ 7 ]. The presence of CIS 
will increase her risk of progression to 17 % at 1 
year and 45 % at 5 years. While it is not possible 
to defi nitively exclude the presence of CIS in this 
patient with absolute certainty, a good faith 
investigation is imperative, given the impact it 
could have on the future course of her disease 
and any informed discussion regarding further 
treatment. To this end, the authors advocate the 
adjunctive use of fl uorescence cystoscopy (FC) 
and random bladder biopsies for this restaging 
procedure. 

 A visual inspection of the bladder may detect 
the telltale red velvety lesion of CIS at TUR, but 
the majority of CIS lesions are missed by white 
light cystoscopy (WLC) [ 8 ]. Currently, it is our 
practice to maximize the detection of CIS by the 
selective inclusion of random biopsies and 
FC. The European Association of Urology (EAU) 
does not routinely recommend random or pros-
tatic biopsies during TUR [ 9 ]. Nonetheless, it is 
our current practice to perform random bladder 
biopsies in all high-risk patients and, addition-
ally, in male patients we take two biopsies proxi-
mal to the verumontanum at the 5 and 7 o’clock 
positions. Thorstenson et al., in a recent prospec-
tive study, showed substantial benefi t to patients 
with high-risk disease with respect to a decrease 
in recurrence rates, increase in CIS detection and 
5-year cancer-specifi c survival (CSS) [ 10 ]. 
Further studies are needed to validate their fi nd-
ings, but, in general, random bladder biopsies 
had a tendency to increase the level of treatment 
in patients with positive fi ndings due to an 
increased detection of CIS. 

 FC can further increase the detection of CIS to 
~90 % (as opposed to 40 % for WLC) [ 8 ]. 
Currently, no other endoscopic modality has sur-
passed this, though narrow band imaging appears 
to be similarly effi cacious [ 11 ]. In this patient, a 
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second look procedure is crucial before any treat-
ment can be considered. As stated earlier, there is 
a substantial risk of the patient being understaged. 
Furthermore, not only is there known persistent 
disease in this patient, but a reasonable likelihood 
tumors went undetected during the initial resec-
tion. Furthermore, there is a need to re-resect the 
tumor bed of the lesions that were previously iden-
tifi ed and extirpated as this is thought to be a com-
mon source of eventual recurrence [ 12 ]. A 
second-look TUR that utilizes FC will increase the 
capacity of the surgeon to stratify the patient 
according to the EORTC risk tables by enhancing 
the detection of CIS, increasing the number of 
tumors detected, and enhancing the resection of 
identifi ed tumors. Accurate assessment of the risk 
of recurrence and progression are imperative for 
any further discussion of treatment.  

15.1.2    Phase 2: Treatment 

 The natural history of high-grade NMIBC is that 
of unrelenting progression. Superfi cial disease 
(pTa) becomes invasive by transversing the lam-
ina propria (pT1). Metastasis can occur prior to 
muscle invasion through lymphovascular spread 
without invasion of the detrusor muscle (pT2) and 
localized spread (pT3). The tools at the disposal 
of the urologist are few with regard to bladder 
preservation. Visible tumor can be extirpated sur-
gically and disease that cannot be seen with the 
endoscope is treated with intravesical therapy. 

 In the prior section we have emphasized the 
TUR as a diagnostic tool and its primacy in 
obtaining the correct histopathological diagnosis. 
A transurethral resection of a bladder tumor 
(TURBT) is, of course, therapeutic as well as 
diagnostic. A TURBT is an underappreciated art 
and the importance of a well-performed TURBT 
cannot be overemphasized. The procedure needs 
to be systematic and, above all, complete. The 
surgeon must be diligent and willing to perform 
numerous staged resections until the bladder is 
absolutely free of tumor. The eradication of all 
identifi able tumors is imperative prior to the ini-
tiation of intravesical therapy. A hastily performed 
TURBT cannot be salvaged by chemotherapy or 

immunotherapy. Conceptually, a TURBT man-
ages endoscopically visible (macroscopic) dis-
ease and chemotherapy or immunotherapy 
microscopic disease. For a patient with high-
grade papillary tumors, the effect of perioperative 
chemotherapy and subsequent immunotherapy is 
modest relative to a well-performed TUR. 

 Multiple studies have validated the periopera-
tive use of immediate intravesical therapy che-
motherapy [ 13 ,  14 ]. In this patient, the only role 
for chemotherapy is perioperative. Instillation 
should occur after every TURBT in which tumor 
was resected and the suspicion of bladder perfo-
ration is low. The use of perioperative chemo-
therapy bears mentioning for several reasons, in 
spite of this practice being well established in the 
literature. In the United States, the rate of periop-
erative administration rates of chemotherapy 
after TURBT are abysmally and inexcusably 
poor [ 15 ]. The reason for this is multifaceted and 
not limited to surgeon negligence. In recent years 
national shortages of various chemotherapeutics 
have led to the sporadic unavailability of one and 
subsequent shortage of another. More often, 
however, the reasons are more mundane and are 
usually related to poor communication between 
support staff and surgeon and the unavailability is 
one of immediacy rather than actuality. 
Regardless, it is the surgeon’s responsibility to 
ensure that a chemotherapeutic agent is judi-
ciously and promptly administered after a 
TURBT, especially in patients that have the 
greatest potential to benefi t from intravesical che-
motherapy. And while overall administration 
rates are low, a recent study calls into question 
the notion that this is due to indolence or igno-
rance on the part of the practicing urologist. 
Rather, they found that in cases where a chemo-
therapeutic had the greatest potential to positively 
affect recurrence rates—i.e., the tumor was Ta or 
T1 and this was the initial resection or a fi rst 
recurrence—and there was no contraindication 
for chemotherapeutic administration—i.e., a 
deep resection—compliance rates were very high 
(83 %) [ 15 ]. We prefer mitomycin C (MMC), 
given its costs and well established side-effect 
profi le. If this is unavailable, we then proceed to 
doxorubicin and then epirubicin. 
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 The impact of perioperative chemotherapy 
upon recurrence and progression in a patient with 
multiple high-grade Ta tumors is currently 
unknown. Sylvester et al. performed a meta- 
analysis and found an absolute decrease in recur-
rence rates of 11.7 % for NMIBC, including 
low- and high-grade disease (48.4 % vs. 37.7 %) 
[ 16 ]. Recent studies that have attempted to assess 
effi cacy based upon EAU risk stratifi cation have 
been underwhelming in demonstrating an effect, 
but also underpowered for subgroup analysis [ 17 , 
 18 ]. It is likely that benefi t of perioperative chemo-
therapy is very modest with respect to recurrence 
in high-grade disease. As the number of prognostic 
risk factors for recurrence increase, i.e., tumor 
size, multiplicity, early recurrence, tumor stage, 
concomitant CIS, the benefi t is likely to asymp-
totically approach zero. Progression is not affected 
by the instillation of perioperative chemotherapy. 
Currently, both the EAU and American Urological 
Association (AUA) guidelines give tepid support 
to immediate perioperative chemotherapy for 
high-risk patients [ 9 ,  19 ]. We advocate the use of 
perioperative chemotherapy after TURBT for the 
following reasons. Most intravesical therapies 
have an absolute benefi t that is measured in the 
single digits. The labor and time required for instil-
lation at the completion of a TURBT is nominal if 
the drug is ordered in advance. A 1–2 % absolute 
benefi t in reducing recurrence would justify the 
cost of MMC and doxorubicin relative to a TURBT 
(doxorubicin is ~$35/dose and MMC is ~$130/
dose). Furthermore, at the time of initial resection, 
tumor grade is often not known. In some forms of 
low-grade NMIBC, the postoperative instillation 
of a chemotherapeutic agent may be suffi cient for 
treatment if it is instilled at that time [ 9 ]. 

 If a well-performed TURBT is the foundation 
of bladder conserving therapy for patients with 
NMIBC, then bacillus Calmette-Guerin (BCG) is 
the cornerstone for patients with high-grade dis-
ease. Both the AUA and EAU recommend BCG 
for the treatment of patients with a high risk for 
recurrence and progression [ 9 ,  19 ]. Several recent 
meta-analyses have attempted to codify the role 
that BCG can play in the prevention of recurrence 
and progression in high-grade disease. Han et al. 
reviewed 25 trials of patients treated with TUR or 
TUR and BCG for NMIBC and found tumor 

recurrence in 49.7 % and 40.5 %, respectively 
[ 20 ]. Similar fi ndings have been replicated by 
multiple other meta-analyses with similar results 
[ 21 ,  22 ]. With respect to progression, Sylvester 
et al. reviewed 24 trials involving TUR or TUR 
and BCG for information on tumor progression 
[ 23 ]. Those treated with TUR alone progressed in 
13.8 % of all cases, whereas only 9.8 % pro-
gressed when treated with TUR and BCG. Of 
note, induction alone appears to be insuffi cient 
for the prevention of progression. Only studies 
with maintenance therapy demonstrated an 
impact upon progression [ 23 ,  24 ]. 

 BCG therapy is the therapy of choice for 
CIS. Due to the overwhelmingly microscopic 
nature of the disease—notwithstanding the occa-
sional red velvety lesion—TURBT is insuffi cient 
to the task of eradicating CIS. The complete 
response rate after BCG induction and mainte-
nance therapy is approximately 85 % [ 17 ,  25 ]. 
BCG has also been shown to decrease the risk of 
progression relative to other intravesical therapies 
(12 % progression rate vs. 16 % for chemother-
apy) [ 16 ]. 

 For BCG therapy to be successful, a substan-
tial commitment is required of both the urologist 
and patient. The discomfort of intravesical ther-
apy should not be downplayed and the need for a 
long-term treatment emphasized. Patients should 
be instructed to expect minor complications and 
the possibility of signifi cant complications. In 
our practice, induction begins 2–3 weeks after 
the second-look TUR and consists of 6 weekly 
instillations of BCG. Six weeks after completing 
induction we perform a restaging procedure. In 
the absence of tumor, the upper tracts are assessed 
by upper tract washings and bilateral retrograde 
pyelograms. The lower urinary tract is assessed 
with bladder washings, random biopsies, and 
cystoscopy. The visualization of a tumor is con-
sidered an early recurrence and BCG treatment 
failure. A positive urine cytology without appar-
ent tumor is prognostically signifi cant, but it is 
not an absolute indication of BCG failure. 
Approximately 50 % of patients with persistence 
of positive cytology will become complete 
responders to BCG after maintanence [ 26 ]. 

 The ideal maintenance regimen has yet to be 
defi ned in the literature. Recent studies have 

J.A. Gillespie and M.A. O’Donnell



205

tended to show that for high-grade disease “more 
is more,” i.e., full dose is better than 1/3 dose, 3 
years of maintenance results in a more durable 
response than 1 year [ 27 ]. We perform 3 weekly 
instillations of BCG at 3 and 6 months after the 
completion of induction. Maintenance instillations 
continue every 6 months after that, as per SWOG 
protocol, for a total of 3 years [ 27 ]. In conjunction 
with this demanding treatment protocol, quarterly 
cystoscopic surveillance is additionally necessary 
for the direct examination of the bladder for recur-
rence for a minimum of 2 years [ 9 ,  19 ]. 

 The persistence of tumor or positive urine 
cytology after the fi rst round of maintenance is 
always concerning and should prompt a formal 
evaluation under anesthesia. Any evidence of 
treatment failure after maintenance results in a 
restaging procedure with FC as previously 
described, replete with upper tract (bilateral 
washing and retrogrades) as well as lower tract 
(random biopsies and washings) evaluations. 
Any tumor that is present should be resected. 
Tumor stage progression while receiving BCG 
therapy is an indication for cystectomy. 

 Any initial informed discussion of treatment 
options in a patient with high-grade NMIBC 
should include cystectomy. Patients with Ta high- 
grade disease should not be excluded from this 
discussion simply because they have been desig-
nated to have a more “superfi cial” disease. As 
stated earlier, there is signifi cant risk for misdiag-
nosis in the form of understaging. The timing and 
stridency with which cystectomy should be coun-
seled is in proportion to the risk of progression 
and death. 

 Cystectomy can be performed at three thera-
peutic intervals: immediate, early, or deferred. 
Deferred cystectomy—intravesical therapy fol-
lowed by cystectomy upon progression to muscle 
invasive disease—should be avoided as it places 
the patient at undue risk for metastasis and death 
from disease. Denzinger et al. compared cancer- 
specifi c survival (CSS) in 185 consecutive 
patients at high risk for progression that were 
offered early cystectomy [ 28 ]. All patients had 
T1G3 disease and at least two of three character-
istics that confer an increased risk of progression: 
multiplicity, tumor greater than 3 cm, or CIS. In 
total 54 elected for early cystectomy. These were 

subsequently cross-matched with patients that 
underwent a delayed cystectomy for recurrence 
(48 %), CIS (38 %), or progression to muscle 
invasive disease (34 %). The median time from 
initial TUR to deferred cystectomy was 
11.2 months. The delayed cystectomy patients 
had a signifi cant decrease in CSS at 10 years rela-
tive to the early cystectomy group (78 % vs. 
51 %). Notwithstanding the substantial risk of a 
selection bias in this trial—the deferred cohort all 
failed bladder conserving therapy—this illus-
trates the potential risk of delaying treatment. 

 Immediate cystectomy—cystectomy per-
formed without an inductive course of BCG—
represents therapeutic overkill in this patient with 
one exception: the presence of diffuse CIS that is 
concomitant with high-grade papillary tumors. 
Extensive, diffuse CIS has a natural history this is 
different than focal CIS. Moreover, it represents 
further advanced and aggressive manifestation of 
the disease [ 29 ]. It is not, however, possible to 
quantify the risks of secondary diffuse CIS at this 
time with any accuracy as data in the literature 
are lacking. What is known is that patients with 
diffuse CIS are at risk for extravesical extension 
into the urethra and distal ureters and metastatic 
disease. The former is important as it complicates 
future intravesical treatment. The latter, while it 
is not a standard of care to proceed with immedi-
ate cystectomy in this case, a surgeon cannot be 
faulted for counseling a patient toward this end. 
Immediate cystectomy should otherwise be 
reserved for a patient with a strong preference 
toward cystectomy and an aversion for the rigors 
of BCG therapy, or in a patient that is a functional 
bladder cripple. 

 BCG therapy failure is a harbinger of eventual 
progression and an indication for early cystec-
tomy. The EAU considers the following BCG 
treatment failures:
•    Progression to muscle invasive disease at any 

time  
•   The persistence of high-grade disease after 

induction  
•   The persistence, or after initially resolving, reap-

pearance of disease after maintenance therapy  
•   Stage progression while receiving BCG therapy  
•   Spontaneous appearance of CIS during BCG 

therapy    
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 With the exception of progression to muscle 
invasive disease, none of these are, however, an 
absolute indication for cystectomy. In our prac-
tice we counsel toward early cystectomy in all of 
these with one exception: the persistence of high- 
grade disease after induction. As long as the per-
sistence does not represent a worsening of the 
original diagnosis, i.e., the observed tumor is 
sub-centimeter and few in number, this patient 
still has a 50 % chance of achieving a complete 
response after re-induction or maintenance [ 26 ]. 
Further courses of BCG are not recommended 
because of the reduced chance of success (<20 %) 
coupled with the increased likelihood of tumor 
progression and death [ 30 ,  31 ].      
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16.1            Introduction 

 An estimated 72,570 cases of bladder cancer will 
be diagnosed in the US in 2013 [ 1 ]. Although the 
vast majority of the 15,210 bladder cancer deaths 
will be attributed to advanced cases, non-muscle- 
invasive bladder cancer (NMIBC) and its man-
agement can result in signifi cant morbidity and 
cost to the healthcare system [ 2 ]. 

 Approximately 70 % of newly diagnosed 
cases of bladder cancer are non-muscle-invasive 
disease, and approximately 70 % of these are 
classifi ed as Ta disease (confi ned to the urothe-
lium) [ 3 ]. The majority of Ta tumors are low- 
grade (82–97 % with an average of 93 %) [ 4 ], 
while low-grade Ta lesions represent approxi-
mately 20 % of all non-muscle-invasive bladder 
cancers. Low-grade Ta tumors recur in 50–70 % 
of cases and carry a 5–10 % risk of progression to 
invasive disease and a 1–5 % risk of death [ 5 ]. 

 Transurethral resection (TUR) is the standard 
treatment for clinical Ta, low-grade tumors. 
Although TUR alone can completely remove 
these lesions, they have a high risk for recurrence. 
The patient in this clinical scenario is at very high 
risk for recurrence based on the following factors: 
presence of multiple tumors, large tumor volume, 
and a short time to recurrence (with an assumed 
recurrence at 3-month cystoscopy).  

16.2    Intravesical Therapy 

 It has been shown that the risk of recurrence for 
NMIBC is reduced from 48 % without chemo-
therapy to 37 % when intravesical chemotherapy 
is given within 24 h of TUR [ 6 ]. This technique 
was initially described in the 1970s using thio-
tepa in the immediate postoperative period [ 7 ,  8 ]. 
Although a randomized trial of 247 patients pub-
lished by the British Medical Research Council 
[ 9 ] showed no advantage to intravesical thiotepa, 
other small trials [ 10 ,  11 ] showed a benefi t to 
thiotepa (possibly because a higher dose was 
used in those trials). 

 In 1981, Abrams et al. demonstrated a decrease 
in the number of recurrences following TUR for 
patients treated with intravesical doxorubicin 
compared to placebo [ 12 ]. Other agents, such as 
epirubicin [ 13 ,  14 ] and ethoglucid [ 15 ,  16 ], were 
also shown to reduce the recurrence rate. 
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 In 1996, Lamm and Torti reviewed the exist-
ing randomized prospective trials comparing 
intravesical chemotherapy to TUR alone. These 
studies included over 1,000 patients each for 
thiotepa, doxorubicin, and mitomycin. The net 
benefi t on the short-term recurrence rate was 12, 
13, and 15 %, respectively [ 17 ]. 

 A 2004 meta-analysis comprising 1,476 
patients in seven randomized trials (including the 
negative thiotepa study above) demonstrated a 
reduction in the recurrence rate from 48.4 to 
36.7 % with the administration of a single imme-
diate dose of intravesical chemotherapy. This 
analysis also included studies investigating epiru-
bicin (44 % of the patient total), mitomycin C 
(29 %), and pirarubicin (11 %). The authors also 
found that although patients with multiple tumors 
benefi ted from a single dose of intravesical ther-
apy, they also eventually recurred at a much 
higher rate than those with a single tumor (65 % 
vs. 36 %) [ 6 ]. However, in a multicenter random-
ized trial involving 502 patients, Tolley et al. 
demonstrated a benefi t for intravesical mitomy-
cin C irrespective of the recurrence risk category 
(low, intermediate or high risk for recurrence) 
[ 18 ]. In an earlier analysis of the same data, this 
group also demonstrated a benefi t to mitomycin 
C maintenance therapy, with a signifi cantly 
decreased 2-year recurrence rate in the group 
receiving multiple instillations as compared to 
those receiving a single post-resection dose [ 19 ]. 

 The issue of improved effi cacy with longer 
intravesical chemotherapy treatment schedules is 
addressed by a meta-analysis published in 2000 
by Huncharek et al. [ 20 ]. This study encom-
passed over 3,700 patients from 11 randomized 
trials and produced several important fi ndings. 
First, the authors showed a much larger reduction 
in the overall 1-year recurrence rate (44 %) than 
had been shown in the single-dose studies above. 
Using sensitivity analyses, the authors deter-
mined that this difference was at least partially 
attributed to dosing schedule and treatment dura-
tion. For example, in a subset analysis of 575 
patients treated on 2-year protocols, the reduction 
in recurrence was 73 %. A subsequent meta- 
analysis by the same group showed a similar 
decrease in the recurrence rate for patients treated 
with post-resection intravesical chemotherapy as 

compared to those treated with TUR alone [ 21 ]. 
However, the sensitivity analysis in this study 
demonstrated that the differences in treatment 
effi cacy were due to choice of intravesical agent, 
with doxorubicin being less effective than the 
other agents. Another meta-analysis published in 
2008 by Sylvester et al. attempted to determine 
the optimal schedule and duration of intravesical 
chemotherapy. The authors concluded that these 
parameters could not be determined based on the 
available data [ 22 ]. In a randomized trial inves-
tigating methods to improve the effi cacy of 
intravesical mitomycin, Au et al. showed that 
strategies to alkalinize the urine and increase the 
concentration of the drug in the bladder resulted 
in a signifi cant increase in the time to recurrence 
and a higher recurrence-free percentage at 5 
years [ 23 ].  

16.3    BCG Versus Mitomycin C 

 BCG is generally not used for the primary treat-
ment of low-grade Ta bladder cancer. However, it 
has been investigated as second-line therapy and in 
patients at high recurrence risk. A multicenter ran-
domized trial comparing short-term BCG, short-
term mitomycin, and long-term mitomycin did not 
demonstrate an advantage of BCG over mitomycin 
in the short-term arms. However, the authors 
showed a signifi cantly decreased 3-year recurrence 
rate for the long term-mitomycin arm (13.9 %) as 
compared to the short-term BCG arm (34.5 %) and 
the short-term mitomycin arm (31.4 %) [ 24 ]. In a 
2003 meta-analysis, BCG was shown to be supe-
rior to mitomycin for those patients at high risk of 
recurrence [ 25 ]. Another meta-analysis published 
by Bohle et al. found similar results. The authors 
demonstrated a signifi cantly reduced recurrence 
rate for the BCG group compared to the mitomycin 
group (38.6 % vs. 46.4 %) [ 26 ]. Both studies, how-
ever, showed a higher rate of local and systemic 
toxicity in the BCG-treated arms. Furthermore, it 
has been shown that the apparent advantage of 
BCG over mitomycin becomes negligible in the 
subset of patients with only papillary tumors [ 27 ]. 
Nevertheless, it would be reasonable to attempt 
treatment with BCG as a second-line agent after 
failure of intravesical chemotherapy.  
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16.4    Other Intravesical Agents 

 Several other intravesical chemotherapeutic 
agents have been investigated. Gemcitabine dem-
onstrated increased effi cacy and decreased toxic-
ity when compared to mitomycin in a phase III 
randomized trial [ 28 ]. Other studies demon-
strated the effi cacy of gemcitabine in BCG- 
refractory disease, with a 47 % complete response 
rate at 3 months [ 29 ]. However, the durability at 
1 and 2 years was limited (28 and 21 %, respec-
tively). Docetaxel has also shown promise in the 
setting of BCG-refractory NMIBC [ 30 ]. In a 
study of 54 patients treated with intravesical 
docetaxel, Barlow et al. demonstrated a complete 
initial response in 59 % of patients. Adding main-
tenance therapy increased the median time to 
recurrence from 19 to 39 months [ 31 ]. A phase I 
study of 18 patients with BCG-refractory NMIBC 
treated with intravesical nanoparticle albumin- 
bound paclitaxel demonstrated a complete initial 
response in 28 % of patients [ 32 ]. Further studies 
with this and other agents are ongoing.  

16.5    Active Surveillance 

 Since these low-grade noninvasive tumors are 
less likely to undergo progression of stage or 
grade, some urologists have advocated an active 
surveillance protocol with regular offi ce cystos-
copy and fulguration of tumors as needed [ 33 ]. 
Our patient is not an ideal candidate for this as he 
has a high volume of disease, but if we could 
clear his bladder of all visible tumors, it might be 
reasonable to treat any small recurrences in the 
offi ce. This would avoid exposing him to the 
risks of repeated TURs while diminishing the 
overall cost to the healthcare system [ 34 ].  

16.6    Radical Cystectomy 

 There is very limited published information on 
the role of cystectomy in this clinical situation. 
Nevertheless, cystectomy is warranted if low- 
grade disease progresses to refractory high-grade 
NMIBC or in the rare case of progression to 
muscle- invasive disease. Less clear, however, is 

the role of cystectomy in the case of rapidly 
recurrent disease or inability to completely resect 
all tumors. Amling et al. reported on a single- 
institution series of 531 patients who underwent 
radical cystectomy for urothelial carcinoma [ 35 ]. 
A total of 31 patients (5.8 %) underwent radical 
cystectomy for Ta disease that was high-grade, 
recalcitrant to TUR, and/or resistant to chemo-
therapy. Although we do not have numbers on the 
specifi c indication for cystectomy in this group, 
the 5- and 10-year cancer-specifi c survival rates 
were 88 and 75 %, demonstrating that death from 
bladder cancer does indeed occur in this subset of 
patients. Therefore, this suggests that cystectomy 
is a reasonable option for patients with Ta disease 
that falls into one of the above categories. In a 
study of 699 patients with low-grade Ta disease, 
17 (2.4 %) died of bladder cancer, including 13 of 
14 with progression to muscle invasion and 4 of 
19 with progression to high-grade NMIBC [ 36 ]. 
The authors found that resected tumor weight (a 
surrogate for tumor volume) was associated with 
tumor recurrence and disease-specifi c mortality. 
Ultimately, six patients in the entire cohort under-
went cystectomy (<1 %), but fi ve of those six 
died of metastatic urothelial carcinoma and only 
one was disease-free at follow-up. Although it 
was only fi ve patients, it is concerning that those 
individuals died of what was initially diagnosed 
as low-grade Ta disease. The authors conclude 
that current surveillance regimens are inadequate 
for detecting disease progression in a manner that 
will alter the natural history of the disease. 

 Low-grade invasive disease has been described 
though it is a rare entity. In a series of 41 cases of 
invasive low-grade T1 urothelial carcinoma 
described by Toll and Epstein, 10 of 29 evaluable 
patients (34 %) developed a recurrence [ 37 ]. Of 
those ten patients, three underwent cystectomy 
and two were alive without evidence disease at the 
time of last follow-up. Due to the small sample 
size and limited follow-up, the authors were 
unable to draw any conclusions about the progno-
sis of this entity. Still, it is important to consider 
this lesion in the setting of our clinical scenario. 

 In our experience, we have performed radical 
cystectomy due to inability to resect all tumors 
after three or four attempts at complete TUR. As 
for disease that has failed intravesical therapy, we 
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have generally performed cystectomy after fail-
ure of a total of three cycles of induction intra-
vesical therapy (often with two different agents). 
Nevertheless, the decision to proceed to cystec-
tomy is largely dependent on other clinical vari-
ables. Although there are limited data on the role 
of radical surgery for unresectable low-grade Ta 
bladder cancer or low-grade Ta disease that does 
not respond to intravesical therapy, we must still 
consider cystectomy in these scenarios.  

16.7    Conclusions 

 Thus, for this patient we would recommend TUR 
with complete resection of all visible lesions, 
followed by immediate intravesical treatment 
with mitomycin C and then an induction course 
of mitomycin C (6 weekly instillations) begin-
ning 4 weeks after the initial resection. We would 
then follow this with offi ce surveillance (and ful-
guration of any small recurrences)  beginning at 3 
months post-TUR. As for surveillance of the 
upper tracts, we would not recommend any imag-
ing after the initial upper tract evaluation, as long 
as the grade and stage of the tumors remained the 
same. If the patient responded to the induction 
course of intravesical chemotherapy, we would 
recommend an extended course of intravesical 
therapy (monthly instillations for up to 3 years). 
If unable to obtain a durable response (> 3 
months), we would then give a different intraves-
ical agent—in this case BCG. If that were to fail 
and the patient was unwilling or unable to 
undergo continued resections, we would then 
consider radical cystectomy.     
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      Abbreviations 

      5-ALA    5-Aminolevulinic acid   
  AUA    American Association of Urology   
  BCG    Bacillus Calmette-Guérin   
  CIS    Carcinoma in situ   
  EAU    European Association of Urology   
  EORTC    European Organization for Research 

and Treatment of Cancer   
  FC    Fluorescence cystoscopy   
  HG    High grade   
  MMC    Mitomycin C   
  NMIBC    Non-muscle-invasive bladder cancer   
  SPI    Single postoperative instillation   

17.1           Confi rming the Diagnosis 
and Identifying Prognostic 
Factors 

 The initial diagnosis is puzzling. Some aspects 
suggest a good prognosis; some aspects suggest 
trouble. 

 Age has not been studied frequently as risk fac-
tor for outcome in non-muscle-invasive bladder 
cancer (NMIBC). Two relatively recent studies 
specifi cally looked at outcome after bacillus 
Calmette-Guérin (BCG) instillation therapy and 
examined the impact of age. Joudi et al. found a 
signifi cant difference in response to BCG between 
patients 61–70 years old versus those older than 
80, 61 % versus 39 % cancer-free survival after a 
median follow-up of 24 months ( p  = 0.0002) [ 1 ]. 
On a multivariate analysis, age was an indepen-
dent risk factor for response to BCG. 

 Herr reported on 805 patients treated with 
BCG with multiple or recurrent high-grade 
NMIBC including carcinoma in situ (CIS) [ 2 ]. 
The fi rst response to BCG and 2-year cancer-free 
survival were similar between age groups, but 
after 5 years 27 % of patients older than 70 years 
were cancer-free compared to 37 % younger than 
70 years ( p  = 0.005). A possible explanation for 
this impaired tumor response at older age is that 
BCG requires a competent immune system that 
may be less at an older age. 

 A recent study also found age to be a prognos-
tic factor for recurrence after transurethral resec-
tion of a bladder tumor (TURBT) with BCG but 
also without BCG therapy [ 3 ]. For recurrence, 
age was found to be a continuous variable, with a 
signifi cant worse outcome above the age of 80 
(adjusted hazard ratio of 2.25,  p  < 0.001). The 
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T1 tumor located in the bladder dome and 
without muscle present in the resected 
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same study also reported more signifi cant chance 
for progression, but this was restricted to patients 
treated with BCG and older than 80 years of age 
(adjusted hazard ratio of 2.8,  p  = 0.02). In all, on 
multivariate analyses, age was an independent risk 
factor for recurrence and progression. Shariat et al. 
came to a similar conclusion in a recent review of 
studies published between 1966 and 2009 [ 4 ]. 
They hypothesized, however, that older patients 
face several barriers to receive appropriate treat-
ment, resulting in less and less aggressive treat-
ment and subtherapeutic dosing that obviously 
might be an additional factor for a worse outcome 
[ 4 ]. In summary, the age of 72 in this patient has a 
negative impact on her treatment outcome, 
although this impact would appear to be limited. 

 Gender, on the other hand, is a clear prognos-
tic factor. Especially in invasive bladder cancer, 
women appear to present with higher stage dis-
ease, but even when corrected for initial stage 
and grade, their prognosis appears to be worse [ 5 , 
 6 ]. Noon et al. reported recently on a group of 
more than 3,200 bladder cancer patients, and 
found an increased cancer-specifi c mortality at 5 
years for women as compared to men (32 % vs. 
22 %,  p  < 0.01) in the high-risk NMIBC group, 
which they defi ned as high grade and/or T1 and/
or CIS [ 6 ]. There was no difference in low-risk 
NMIBC. There are potential explanations for 
these differences. Women might be exposed to 
carcinogens differently than men (smoking, 
chemicals). In some countries women might have 
less access to health care. Since women more 
than men are oftentimes accustomed to bladder 
symptoms due to urinary tract infections they 
might seek help later in case of, for example, 
hematuria. Women do not have to strain with 
voiding, so from an anatomical point of view 
they usually have a thinner bladder wall as com-
pared to men, with subsequent earlier muscle 
invasion and metastasis. Finally, hormones 
(estrogens) might play a role in tumor develop-
ment and progression. Apart from a later presen-
tation and worse prognosis, women also seem to 
be undertreated as compared to men with similar 
stage and grade [ 6 ]. 

 Size as criterion would appear to be objective 
and simple: the bigger the tumor the worse the 

prognosis. Indeed several studies have found size 
to be of prognostic value. The European 
Organization for Research and Treatment of 
Cancer (EORTC) published their prognostic 
model for recurrence and progression in 2006 
[ 7 ]. Size was described as <1 cm, between 1 and 
3 cm and >3 cm. In the multivariate model the 
cutoff of 3 cm appeared of prognostic value for 
recurrence (hazard ratio 1.34,  p  < 0.0001) and 
progression (hazard ratio 1.94,  p  < 0.0001). This 
size cut off has since been used in the European 
Association of Urology (EAU) guideline as prog-
nostic factor. The American Association of 
Urology (AUA) guideline discriminates between 
low volume (their index patient 2, a low-risk 
patient) and large volume (their index patient 3, 
intermediate-risk) tumors [ 8 ]. Unfortunately, the 
volume criteria are not further specifi ed. Finally, 
a recent large multicenter retrospective study by 
Gontero et al. looking at prognostic factors in 
>2,500 T1G3 patients, also confi rmed size (cut 
off 3 cm) as an independent prognostic factor for 
recurrence, progression, and even overall sur-
vival [ 9 ]. Gontero et al. used size together with 
age and the presence of CIS to predict tumor 
progression. 

 However, size estimation is not always easy. 
In small tumors usually the size of the resection 
loop is used as comparator, as it is typically done 
in marker lesion studies in NMIBC [ 10 ]. Multiple 
tumors, or, as in this clinical scenario, larger 
tumors might pose a problem. In those cases esti-
mation of size during cystoscopy is diffi cult. 
Measurement with ultrasound or CT scan might 
be an alternative, but the majority of patients pre-
senting with presumably non-invasive tumors 
will not undergo imaging before their TURBT. An 
alternative might be to take the resected tumor 
weight as surrogate for size. This has recently 
been described by Kwon et al. [ 11 ]. For recur-
rence, neither tumor size (cut off 3 cm) nor tumor 
weight (cut off 2 g, measured without the tumor 
base) were signifi cant factors in a multivariate 
analysis. However, for progression of NMIBC, 
weight (hazard ratio 4.0,  p  = 0.018) and grade 
(hazard ratio 2.6,  p  = 0.001) were the two only 
signifi cant prognostic factors in their multivariate 
analysis. In spite of the limitations of weight in 
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case of an incomplete resection or resection of a 
large tumor base, this appears more objective and 
reproducible than size. In summary, the size of 
the described tumor, with the limitations of size 
measurement, suggests a negative impact on the 
disease outcome of the patient in this clinical 
scenario. 

 The major problem in our view is the combi-
nation of low grade and T1. In the fi rst place both 
grading and staging are subject to substantial 
variability [ 12 ]. Several studies addressing 
review pathology have shown that the reproduc-
ibility of grade is between 42 and 70 %, and of 
stage between 60 and 91 % for Ta and 38 and 
77 % for T1. The overall conformity of stage and 
grade ranges between 51 and 62 %, which actu-
ally is not that much better than a fl ip of a coin. 

 What can be the reasons for this disconcor-
dance? Usually a local pathologist and a review-
ing pathologist are looking at different slides that 
might refl ect different parts of the tumor 
(“review” pathology typically is done on “three 
unstained slides”). Furthermore, the reviewing 
pathologist might not be the gold standard, since 
even expert urologic pathologists have a high 
inter- and intra-individual variation. Van Rhijn 
et al. for example, had 173 NMIBC tumor slides 
reviewed twice by four uro-pathologists [ 13 ]. For 
the 2004 and 1973 WHO grading, the agreement 
between the four pathologists was 39–74 and 
39–64 %, respectively. The intra-observer agree-
ment was better and varied from 71 to 88 %. 
Although the 2004 grading system has improved 
reproducibility of grading to a certain extent, the 
reproducibility still is far from 100 %. 

 Another recent study by May et al. confi rmed 
that the 2004 grading system has less inter- 
observer variability, although the 1973 classifi ca-
tion might be better to identify aggressive (grade 
3) tumors. They also confi rmed that even when 
separating indolent from aggressive urothelial 
cancers, striking pathologist-dependent differ-
ences are apparent [ 14 ]. Their explanation was 
that the criteria used to grade are complex and 
subjective, and they highlight the need for more 
objective (molecular) markers, since otherwise 
histo-morphology remains to have signifi cant 
limitations. 

 A second concern with the diagnosis of a low- 
grade T1 bladder cancer is that many doubt 
whether this exists. Examining pathology review 
series in NMIBC, the number of grade 1, T1 
tumors appears to be minimal to zero. In a review, 
for example, of three phase III fl uorescence cys-
toscopy studies, 631 tumors and biopsies were 
reviewed by a local and a review pathologist, 
none of the 11 pT1G1 tumors as judged by a local 
pathologist was confi rmed to be pT1G1 by the 
review pathologist. The review pathologist, in its 
turn, did not reclassify any tumor as pT1G1 [ 12 ]. 
This clinical scenario, however, deals with a low- 
grade T1 tumor, not a grade 1 T1 tumor. Since 
more than half of old grade 2 tumors are now 
classifi ed as low-grade tumors [ 14 ], obviously 
low-grade pT1 tumors will be diagnosed and will 
exist, but its frequency, for example in our prac-
tice, is low. Apart from all these study data, the 
concept of a low-grade tumor that has the ability 
to invade seems contradictory. 

 Proceeding with our 72-year-old female 
patient, the next aspect to consider is the tumor 
location. The prognostic value of location of a 
tumor in the bladder has been addressed, but 
most series do not consider this an important fac-
tor. If there are any locations with worse prognos-
tic importance it might be the bladder neck or the 
lateral and posterior bladder walls [ 15 ]. 

 What could be important for this particular 
location of the bladder tumor is the technical 
aspect of the TURBT. Complete resection of 
tumors in the dome may be more diffi cult, and 
the risk of a bladder perforation seems increased. 
However, larger studies in literature have reported 
that tumor location is not a predisposing factor 
for perforation [ 16 ]. Still, we are not surprised 
that the resection was not deep enough in the 
sense that detrusor muscle was not present. The 
location may contribute to this, and in addition, 
as most urologists will know from daily practice 
the bladder wall thickness is less in females than 
in males. This has been described for young 
healthy adults between 15 and 40 years of age 
[ 17 ]. Also taking into consideration an increasing 
detrusor wall thickness in males with increasing 
age and outfl ow obstruction, the difference in 
bladder wall thickness between men and women 
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at older age is not only signifi cant but also relevant 
for a resection. As a consequence, a bladder wall 
perforation during TURBT is more frequently 
seen in females. Herkommer et al. confi rmed this 
in their study on 1,284 patients undergoing a 
TURBT [ 18 ]. They found 49 bladder perforations, 
which were seen more frequently in females 
(7.2 % vs. 2.6 %,  p  < 0.001) and with increasing 
tumor size/weight (2.4 % when the size was 
<2.5 cm, versus 9.2 % when the tumor was 
>2.5 cm,  p  = 0.003). Perforations were less fre-
quent in obese patients (5.5 % when the BMI was 
<25 vs. 0.6 % when the BMI was >35,  p  = 0.016), 
and this fi nding is also most probably a result of a 
thicker bladder wall in obese patients. The fi nal 
prognostic factor was tumor stage (non-invasive 
vs. invasive). In conclusion, it is not totally sur-
prising that the initial resection in this 72-year-old 
woman was not complete. 

 However, does this automatically mean that 
we should recommend a re-resection? 
Considering the controversial diagnosis of a low- 
grade T1 tumor, we recommend a second opinion 
in regards to pathology evaluation be performed. 
In case the stage is Ta, and the overall diagnosis 
is low-grade Ta, a re-TURBT is not necessary. In 
that case, additional therapy could and should 
have been a single postoperative instillation (SPI) 
with chemotherapy according to guidelines [ 8 , 
 19 ]. We assume that this has not been done in this 
case scenario. The alternative would now be to 
treat this patient with a course of chemotherapy 
or even BCG. Although this is done, especially in 
the US [ 20 ], this would seem to be overtreatment. 
We would advise, instead counseled observation 
with surveillance cystoscopy after 3 months. 

 If, however, the reviewed pathology is read as 
a high-grade Ta tumor, re-TURBT can be consid-
ered. The European guideline indeed advocates 
re-TURBT in all high-grade tumors, whereas the 
American guideline currently advises re-TURBT 
in patients with lamina propria invasion (pT1) but 
without muscle in the specimen [ 8 ,  19 ]. It is obvi-
ous that a review confi rmation of any T1 tumor 
without detrusor muscle necessitates a re- 
TURBT. Although there is no consensus about 
strategy and timing of a re-TURBT, most authors 
recommend an interval of 2–6 weeks after the 

initial TURBT, and the re-TURBT should include 
resection of the primary tumor site [ 19 ]. 

 Are there any means of improving the yield of 
this re-TURBT? The combination of re-TURBT 
with random biopsies has been reported in sev-
eral studies. In an EORTC analysis, the chance of 
fi nding abnormalities with random biopsies in 
patients with low-risk tumors was 4.4 % (1.5 % 
for CIS) and with intermediate- and high-risk 
tumors  was 11.6 % (3.5 % for CIS) [ 21 ]. This 
study and other studies came to the conclusion 
that random biopsies of normal looking mucosa 
do not impact on the prognosis or treatment of 
the patient [ 21 ,  22 ]. Based on these studies the 
European guideline indeed states that in patients 
with papillary non-muscle-invasive bladder 
tumors, mapping or random biopsies are not rou-
tinely recommended [ 19 ]. In the American 
guideline this is not explicitly discussed [ 8 ]. 

 A second way to improve the accuracy of stag-
ing may be the use of one of the different methods 
to improve cystoscopic evaluation during 
TURBT. It is well recognized that the use of fl uo-
rescence cystoscopy (FC) helps to improve the 
detection of bladder tumors, a more complete 
resection of those tumors and a subsequent lower 
short- and long-term recurrence rate [ 23 ]. 
However, this is during initial resection of tumors. 
The value of FC on subsequent resections, espe-
cially after bladder manipulation like intravesical 
BCG of a recent TURBT, is less well documented. 
Infl ammatory reactive changes in the bladder 
(e.g. infection, tissue repair) also cause photosen-
sitizers to accumulate in these regions that in turn 
produce false-positive fl uorescence. A recent 
expert panel meeting recognized this limitation, 
but still considered that the better tumor identifi -
cation and subsequent better diagnosis and treat-
ment outweighed the (minimally) increased 
false-positive rate [ 24 ]. More specifi cally the 
interval after BCG has been studied. Draga et al. 
reported on 552 procedures and 1,874 biopsies 
from the bladder with 5- aminolevulinic acid 
(5-ALA) after BCG or mitomycin C (MMC) [ 25 ]. 
As expected, infl ammation (OR 1.53), leukocytu-
ria (OR 1.84), and false-positive FC (OR 1.49) 
were more common after intravesical BCG. They 
advised to wait 3 months after BCG, at which 
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time point the bladder situation has returned to 
normal. Of note, intavesical MMC had no effect 
on the performance of FC. Our personal experi-
ence suggests that the period of an increased FP 
rate after a resection seems shorter than after BCG 
intravesical therapy, thus suggesting that a period 
of around 6 weeks, our normal period to wait for 
a re-TURBT, might be a good tradeoff between a 
potentially higher false-positive rate with FC, the 
added value of FC, and a not too long period for a 
re-TURBT.  

17.2    Additional Therapy 

 As mentioned above, in case of a low-grade soli-
tary Ta tumor after pathology review, we would 
not do a re-TURBT and observe this patient. 
Ideally she would have received a SPI. A course 
of additional intravesical chemotherapy or BCG 
would seem overtreatment to us, and a cystos-
copy in 3 months would be planned. For further 
decision making the outcome of this 3 months 
cystoscopy is important, since a recurrence at 3 
months implies a higher risk of future recur-
rences and obviously a new resection and addi-
tional intravesical therapy is warranted. 

 All other results of the review pathology auto-
matically results in at least a T1 tumor and/or a 
high-grade tumor. This implies a high-risk situa-
tion, and one might consider this a case for BCG 
treatment anyway. 

 However, a re-TURBT would certainly be 
helpful to identify residual tumor, to ensure the 
resection is complete, to identify associated CIS, 
and/or even to detect muscle invasive disease. In 
our institution, the re-TURBT would be per-
formed approximately 6 weeks after the initial 
operation. We would also use FC to have optimal 
information about the bladder situation, since 
this was not used initially, in spite of a higher 
chance of a false-positive biopsy result. The 
“worst” pathology result of the initial TURBT 
and the re-TURBT should be used to decide the 
therapy choice. For example, if the pathology 
review of the initial sample reveals a high-grade 
(HG) T1 tumor, and the re-resection comes out 
negative including a negative deep biopsy con-

taining detrusor muscle, therapy should be based 
on the diagnosis of a pT1HG bladder tumor. 

 In the scenario of identifi ed and resected resid-
ual tumor, but no CIS or invasive disease on addi-
tional pathology, the fi nal classifi cation remains a 
high-risk NMIBC in this patient. In such a case, 
both the European and American guidelines advise 
induction and maintenance BCG [ 8 ,  19 ]. The most 
recent EORTC study has demonstrated that in 
high-risk patients full-dose BCG given for a period 
of 3 years produces the best cancer outcomes [ 26 ]. 
Results with lower BCG doses or shorter treat-
ment regimens are worse, although only the 1 year 
schedule with 1/3 dose regimen resulted in a sig-
nifi cantly lower recurrence-free survival after 5 
years of 54.5 % as compared to 64.2 % with 3 
years and full-dose BCG. Side-effect profi le in all 
arms was similar. This last observation is surpris-
ing. In our experience dose reduction from full 
dose to 1/3 dose certainly decreases side effects in 
some patients. Therefore, this would be our fi rst 
step in patients with side effects that potentially 
limit optimal intravesical BCG treatment. 

 In the second scenario, confi rming high-risk 
papillary non-muscle-invasive disease, but with 
associated CIS, the prognosis becomes worse. 
Clearly, this is the highest risk category in 
NMIBC, as is also recognized and classifi ed for 
the fi rst time in the latest 2013 EAU guideline 
[ 27 ]. As this 2013 EAU guideline recommends, 
in these patients cystectomy should be consid-
ered. Considering here additional negative risk 
factors as described above, namely gender and 
tumor size, we would indeed certainly discuss 
radical treatment with this patient. As is reported 
recently, delay of adequate therapy and tumor 
progression means a signifi cant worsening of the 
prognosis, with a 3-year cancer-specifi c mortality 
after progression of 65 % [ 28 ]. In case the deci-
sion would be to stay conservative initially, BCG 
induction and maintenance therapy as described 
in the previous scenario is the treatment of choice, 
but follow-up should be very strict. 

 In the last scenario, muscle invasive disease, 
obviously further staging should be done and 
cystectomy should be advised as is clearly rec-
ommended in both the European and American 
guidelines [ 8 ,  19 ]. 
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 In summary, this clinical scenario of a 72-year- 
old woman with a 3 cm low-grade T1 bladder 
tumor located in the dome, in which the resection 
revealed no detrusor muscle, is an interesting 
one. We would certainly advise review of the 
pathology result, since a low-grade T1 tumor sel-
dom occurs. If the review of the pathology reveals 
a low-grade Ta tumor, we would advise further 
follow-up and not an immediate course of che-
motherapy or BCG. However, if a T1 and/or a 
high-grade tumor is found, a re-resection is man-
datory, which we would do with fl uorescence 
cystoscopy. The result of the re-resection, 
together with the other negative prognostic fac-
tors (gender and tumor size) will dictate further 
therapy that ranges from induction and planned 
maintenance BCG to radical cystectomy.     
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18.1            Introduction 

 Bladder cancer is the fourth most commonly 
diagnosed cancer in the United States (US), with 
an estimated 72,570 new cases and 15,210 deaths 
in 2013 [ 1 ]. Roughly 70–80 % of patients will 
fi rst present with non-muscle invasive bladder 
cancer (NMIBC), and undergo local removal, or 
transurethral resection of bladder tumor (TURBT) 
as initial therapy. TURBT can be curative, how-
ever tumors recur up to 70 % of the time, and can 
progress in up to 40 % of patients, necessitating 
radical treatment [ 2 ]. Intravesical therapy serves 
as an adjunct to TURBT, providing local therapy 
while minimizing systemic toxicity, ultimately 
reducing disease recurrence and progression 
rates. Chemotherapy and immunotherapy are the 
two primary forms of intravesical therapy, and 

each has its own risks and benefi ts. The European 
Association of Urology (EAU) and American 
Urological Association (AUA) guidelines for 
NMIBC treatment are similar (Table  18.1 ), yet 
they do not provide specifi c details of agents, 
dosage, and schedules, as existing evidence 
regarding effi cacy is variable. In this review, gen-
eral principles, current agents, indications for 
use, and future directions will be discussed.

18.2        General Principles 
of Intravesical Therapy 

    The bladder has unique properties that lend itself 
to local drug administration. First, access to the 
bladder is easily obtained via the urethra. In addi-
tion, the urothelium serves as a barrier between 
the urine and the bloodstream, minimizing sys-
temic absorption and potential toxicity. The uro-
thelial umbrella cells are an essential component 
of this barrier, as they maintain their tight junc-
tions while the bladder fi lls and empties. The 
overlying hydrophilic glycosaminoglycan (GAG) 
layer and plaques also serve as an additional level 
of protection [ 3 ]. While these unique characteris-
tics make the bladder ideal for local therapy, 
ensuring drug delivery at therapeutic levels is 
more complex. 

 Factors inherent to medications that infl uence 
absorption into the urothelium include p K a, 
molecular weight, and lipophilicity. The urothelial 
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lipid bilayer prevents diffusion of ionized mole-
cules, while protein channels of ~10 Å allow for 
transport of smaller molecules. Thus, the ioniza-
tion constant (p K a), partition coeffi cient (mea-
sure of lipophilicity), and molecular size are 
important characteristics of potential intravesical 
drugs (Table  18.2 ).

   Mishina and colleagues established that intra-
vesical drugs should (1) have a log  P  (partition 
coeffi cient) between −0.4 and −1.2 or −7.5 and 
−8.0, 2) have a molecular weight >200 kDa, and 
(3) be highly non-ionized at a pH of 6–7 [ 4 ]. This 
maximizes uptake into the urothelium, while 
avoiding systemic absorption. Additionally, they 
concluded that mitomycin c (MMC) was the best 
medication available at that time, based upon the 
above criteria, but was still not the optimal anti-
cancer drug. 

 Patient characteristics also impact intravesical 
drug delivery, including urine volume and hydra-
tion status, urine pH, and the integrity of the 

bladder wall [ 5 ]. Au and colleagues have devel-
oped models assessing multiple parameters to 
maximize drug delivery, and have shown that 
optimizing MMC delivery yields improvement in 
recurrence-free survival versus conventional 
administration [ 6 ]. Current approaches to 
improving drug delivery include altering mem-
brane permeability with hyperthermia, electric 
current, or chemical enhancement, designing 
drug formulations that enhance urothelial uptake, 
such as liposomes or nanoparticles, and utilizing 
gene therapy to target molecular pathways. Each 
of these will be discussed in further detail in the 
context of the respective therapeutic agents. 

 While intravesical therapy is ideal for provid-
ing local treatment, it is not without adverse 
effects. Typical local toxicity includes dysuria, 
hematuria, and cystitis, but is usually well- 
tolerated and treatable. Systemic absorption is 
rare, but can cause signifi cant toxicity such as 
myelosuppression [ 7 ]. General principles to min-

   Table 18.1    AUA and EAU Guidelines on intravesical therapy [ 9 ,  10 ]   

 Risk category  AUA guidelines (2010)  EAU guidelines (2012) 

 Low  • TURBT 
 • One immediate postoperative 

chemotherapy instillation 

 • TURBT 
 • One immediate postoperative chemotherapy 

instillation 
 Intermediate  • TURBT 

 • Induction BCG or MMC 
 • Maintenance BCG or MMC 

 • TURBT 
 • One immediate postoperative chemotherapy 

instillation PLUS: 
 – Chemotherapy, or 
 – BCG for minimum of 1 year 

 High  • TURBT 
 • Induction BCG + maintenance, or 
 • Cystectomy 

 • TURBT 
 • One immediate postoperative chemotherapy 

instillation PLUS: 
 – Chemotherapy, or 
 – BCG for minimum of 1 year, or 

 • Cystectomy 

   Table 18.2    Bladder properties affecting intravesical drug absorption   

 Property of urothelium  Parameters for intravesical drugs 

 Ionization Constant (pKa)  • Ionized molecules cannot pass through lipid 
bilayer or protein channels 

 • Drugs should be highly 
ionized at pH of 6–7 

 Molecular Weight (MW)  • Protein channels are ~10 Å which is 
comparable to MW of 200 

 • Drugs should have a molecular 
weight >200 kDa 

 Partition Coeffi cient ( p )  • Urothelium has higher water content than 
typical cell membrane 

 • Drugs should have log  P  from: 
 • −0.4 to −1.2 or 
 • −7.5 to −8.0 
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imize local and systemic toxicity are as follows: 
avoid treatment in the setting of an active urinary 
tract infection (UTI), gross hematuria, and trau-
matic catheterization. It is also imperative that 
the urothelium is intact, and thus one should 
allow for adequate healing after TUR, typically 
2–4 weeks. Other patient factors that may delay 
wound healing include prior pelvic radiotherapy, 
diabetes mellitus, poor nutritional status, and ste-
roid use. Specifi c contraindications and adverse 
effects will be discussed as applicable with each 
individual agent.  

18.3    Chemotherapy 

18.3.1    Postoperative Instillation 

 Intravesical administration of chemotherapy was 
fi rst reported in 1955 [ 8 ] and despite consistent 
use since then, the ideal drugs and optimal condi-
tions for effi cacy are still under active investiga-
tion. Current AUA and EAU guidelines 
recommend administration of some form of 
intravesical therapy for low-, intermediate-, and 
high-risk NMIBC. Immediate postoperative 
instillation of intravesical chemotherapy has been 
shown to reduce tumor recurrence with a variety 
of agents, and is now routinely recommended by 
the EAU for all cases of NMIBC, and by the 
AUA for suspected low-risk disease [ 9 ,  10 ]. The 
proposed mechanism is that the chemotherapeu-
tic agent destroys any residual tumor or circulat-
ing tumor cells released after TURBT, thereby 
preventing tumor cell implantation and reducing 
tumor recurrence. However, this theoretical 
mechanism of action has not been proven in any 
defi nitive matter. In a comprehensive meta- 
analysis which included 1,476 patients [ 11 ], 
Sylvester et al. found that a single instillation of 
postoperative intravesical chemotherapy reduced 
tumor recurrence from 48.4 % (TURBT alone) to 
36.7 % (TURBT + chemotherapy) at a median 
follow-up of 3.4 years ( p  < 0.0001). The majority 
of included patients had a single tumor on pri-
mary presentation, making it less applicable to 
those with multiple, recurrent tumors, though the 
subset analysis of patients with multiple tumors 

did show a trend toward reduction in recurrence, 
from 81.5 % (TURBT) to 65.2 % (TURBT + che-
motherapy),  p  = 0.06. The analyzed trials used 
various agents, including thiotepa, epirubicin, 
MMC, and pirarubicin. Thiotepa was found to be 
inferior to the other three agents, while the latter 
three were found to be equivalent. 

 While immediate postoperative intravesical 
chemotherapy instillation is recommended, it is, 
in reality, given infrequently. A SEER-Medicare 
analysis found a perioperative MMC instillation 
rate of <6 % prior to 2011 [ 12 ], despite level 1 
evidence supporting its role in decreasing recur-
rence rates. The primary contraindication to giv-
ing postoperative intravesical therapy is suspected 
bladder perforation. Unfortunately, single post-
operative instillation of chemotherapy has not 
been shown to impact progression or survival. 
But side effects are generally transient in the 
absence of perforation, and the subsequent reduc-
tion in recurrence prevents future TURBTs and 
associated anesthesia and hospitalization costs, 
making it a recommended standard of care for 
patients with urothelial cancer.  

18.3.2     Adjuvant/Maintenance 
Treatment 

 After transurethral biopsy results become avail-
able, the decision of whether or not to give adju-
vant intravesical treatment arises. Current AUA 
and EAU guidelines recommend no further adju-
vant therapy for those with low-risk disease, but 
advocate for intravesical bacillus Calmette- Guerin 
(BCG) or chemotherapy for those with intermedi-
ate-risk disease, while those at high risk for pro-
gression should also receive induction BCG with 
maintenance therapy. Recommendations for adju-
vant chemotherapy stem from several trials show-
ing a signifi cant reduction in recurrence compared 
with TURBT alone, though progression and sur-
vival are not affected, similar to single postoperative 
instillations [ 13 ]. Several different chemotherapy 
agents have been utilized in the adjuvant setting 
and with maintenance, and many have been com-
pared to BCG. Unfortunately, these studies often 
include heterogeneous patient populations, dosing 
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amounts and schedules, complicating interpreta-
tion. For the intermediate-risk group, no agent is 
currently recommended highly over another, as 
each has various potential risks and benefi ts, while 
BCG is superior for high-risk patients. Relevant 
evidence for each agent will be shown below 
(Table  18.3 ).

18.3.3       Mitomycin C 

 Mitomycin C (MMC) is the most widely studied 
and commonly used intravesical chemotherapy, 
with roles in the perioperative, adjuvant, and 
BCG failure settings. It is an alkylating agent 
which causes DNA cross-linking, strand break-
age, and ultimately inhibition of synthesis. A ran-
domized Medical Research Council (MRC) study 
compared TURBT with postoperative MMC to 
TURBT alone, administering 40 mg in 40 ml 
water for a dwell time of 1 h, within 24 h of 
TURBT. At a median follow-up of 7 years, MMC 
reduced recurrence by 34 % ( p  = 0.010) across all 
risk groups, though progression and survival 

were not affected [ 14 ]. Further studies support 
early postoperative administration, as MMC 
given on the same day as TURBT reduced recur-
rence by a HR 2.2 (1.49–3.25,  p  < 0.001), com-
pared with waiting for ≥1 day after TURBT [ 15 ]. 
Immediate postoperative MMC typically has 
minimal toxicity, though if perforation is sus-
pected, administration is contraindicated. 
Delayed healing of TURBT sites may also occur 
even after a single dose and this can lead to pro-
longed mitomycin-induced dystrophic calcifi ca-
tions. However, in most cases of NMIBC, 
immediate postoperative MMC is indicated as it 
is safe and reduces recurrence rates. 

 For adjuvant therapy, 20–60 mg of MMC is 
typically given for a course of 4–8 weeks. 
Randomized trials utilizing varying doses (20–
60 mg), schedules (weekly to monthly), and 
duration of therapy (≤3 years) have yielded a 
wide range of recurrence rates (17–68 %), mak-
ing it diffi cult to establish the ideal dosage and 
schedule for adjuvant MMC therapy [ 16 ]. With 
regards to effi cacy, in one meta-analysis, chemo-
therapy reduced recurrence rates 21–82 % more 

   Table 18.3    Properties of intravesical agents   

 Agent  Mechanism of action  Molecular weight (kDa)  Dose 

 Mitomycin C  Alkylating agent—cross-links DNA, 
inhibits DNA synthesis 

 334  20–60 mg 

 Thiotepa  Alkylating agent—cross-links DNA, 
inhibits DNA synthesis 

 189  30–60 mg 

 Doxorubicin  Anthracyclines—inhibit nucleic acid 
synthesis and topoisomerase II 

 579  20–50 mg 
 Epirubicin 
 Valrubicin  Semisynthetic anthracycline—inhibits 

nucleic acid synthesis and topoisomerase II 
 720  800 mg 

 Gemcitabine  Nucleoside analog—inhibits DNA synthesis  299  2,000 mg 
 Docetaxel  Microtubule stabilizer—inhibits mitosis and 

induces apoptosis 
 808  75 mg 

 Paclitaxel  Microtubule stabilizer—inhibits mitosis and 
induces apoptosis 

 854  500–600 mg 

 Apaziquone  Synthetic pro-drug of MMC (alkylating 
agent) 

 288  4 mg 

 BCG  Stimulates immune response via TH1 
pathway 

 N/A  40–120 mg 
(depends on strain) 

 Interferon-α2b  Stimulates immune response via TH1 
pathway 

 N/A  50 million units 

 Mycobacterial cell 
wall-DNA complex 
(MCC) 

 Mycobacterial cell wall stimulates immune 
response without live vaccine 

 N/A  8 mg 
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than BCG, when stratifi ed for studies that treated 
chemotherapy-naïve patients [ 17 ]. However, 
when including previously treated patients, there 
was no signifi cant difference in recurrence. 
Further meta-analyses addressing progression 
rates found no signifi cant difference between 
BCG and chemotherapy/MMC overall [ 18 ]. 
However, in studies adding BCG maintenance, 
progression rates were decreased compared to 
adjuvant MMC (OR = 0.66, 95 % CI 0.47–0.94; 
 p  = 0.02), suggesting superiority of BCG [ 19 ]. A 
recent report of 10-year results from a random-
ized study comparing BCG to MMC (both with 
maintenance therapy) found no difference in pro-
gression or overall survival, contradicting prior 
meta-analyses [ 20 ]. 

 While BCG with maintenance may be superior 
to MMC in reducing recurrence and progression 
rates, MMC is still a reasonable adjuvant treatment 
option in intermediate-risk disease, as it has an 
improved side effect profi le in certain studies. One 
meta-analysis showed cystitis rates of 54 % (BCG) 
vs. 39 % (MMC),  p  < 0.001, though discontinua-
tion rates due to toxicity were not signifi cantly dif-
ferent [ 21 ]. In addition, MMC (MW 334 kDa) does 
not carry the risk of systemic toxicity that BCG 
does. There are, however, potential complications 
of adjuvant MMC therapy including irritative void-
ing symptoms, bladder contraction, contact derma-
titis, and dystrophic calcifi cation at prior TURBT 
sites. These can occur commonly but are not life-
threatening, but can be serious. 

 Given MMC’s ability to reduce recurrence in 
the perioperative and adjuvant setting, efforts 
have been geared toward maximizing its effi cacy. 
Au and colleagues illustrated that administering 
40 mg MMC in 20 ml water (rather than 40 ml), 
restricting fl uids, and alkalinizing urine with 
sodium bicarbonate provided the lowest recur-
rence rates in a randomized trial [ 6 ]. Another 
optimization strategy is that of thermochemo-
therapy (TCT) technology, which utilizes local 
microwave current to improve drug penetration, 
while also providing a direct cytotoxic effect. A 
recent meta-analysis determined that use of TCT- 
MMC in the adjuvant setting reduced the recur-
rence rate by 59 % versus standard MMC [ 22 ], 
while a trial of 83 patients showed a 10-year 
disease- free survival rate of 53 % (TCT-MMC) 

versus 15 % (MMC),  p  < 0.001 [ 23 ]. Common 
adverse events of TCT therapy include bladder 
spasms (22 %) and bladder pain (18 %), lower 
urinary tract symptoms (LUTS) (26 %), and 
hematuria (6 %). A unique side effect is that of a 
posterior wall thermal reaction, a discolored area 
seen on cystoscopy with surrounding hyperemia, 
presumably from contact with the catheter device 
which provides the microwave current. 

 Electromotive drug administration (EMDA) 
provides electric current, thereby enhancing uro-
thelial membrane permeability and drug transport. 
In a randomized trial, this technique resulted in 
decreased recurrence rates compared to MMC 
alone, and similar to those of BCG [ 24 ]. EMDA 
MMC has also been studied in the preoperative set-
ting, given 30 min prior to TURBT, and showed 
signifi cantly increased time to recurrence 
(52 months) compared to immediate postoperative 
instillation (16 months) and TUR alone (12 months, 
log-rank  p  < 0.0001) [ 25 ]. BCG + EMDA-MMC 
sequential therapy has also shown superiority over 
BCG alone, with improved recurrence (42 % vs. 
58 %,  p  = 0.001), progression (9 % vs. 22 %, 
 p  = 0.005), and cancer- specifi c death rates (6 % vs. 
16 %,  p  = 0.01) [ 26 ]. Toxicity was similar across all 
three groups (21–26 % of patients reporting local 
side effects). Both TCT and EMDA assistance 
have shown promising results, and should be evalu-
ated further to determine the optimal timing, dos-
age, and ideal patient populations. In addition, 
further investigation is needed to determine their 
effects on progression or survival.  

18.3.4    Thiotepa 

 Use of intravesical thiotepa was fi rst reported in 
1961, but is not commonly used currently due to 
its  toxicity profi le and low effi cacy. It is an alkyl-
ating agent which has been used to treat different 
malignancies, but a randomized trial by the MRC 
showed no improvement in recurrence with one 
perioperative dose or maintenance therapy, as 
compared to TURBT alone [ 27 ]. In addition, 
thiotepa has a low molecular weight (189 kDa), 
allowing for systemic absorption, and unacceptable 
rates of toxicity such as myelosuppression, making 
it virtually obsolete in the current era [ 2 ]. 
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18.3.5     Anthracyclines: Doxorubicin, 
Epirubicin, Valrubicin 

 Anthracyclines are a class of chemotherapeutic 
agents commonly used throughout oncology. 
They serve as intercalating agents, thereby block-
ing DNA and RNA synthesis, and as inhibitors of 
topoisomerase II, preventing transcription and 
DNA repair mechanisms. Doxorubicin, epirubi-
cin, pirarubicin, and valrubicin have all been 
used intravesically with minimal systemic side 
effects, given their high MW (579–724 kDa). 
When compared to BCG, doxorubicin and epiru-
bicin display higher rates of recurrence in most 
trials [ 16 ]. Long-term follow-up of EORTC 
30911, comparing epirubicin, BCG, and BCG 
plus isoniazid for intermediate- and high-risk 
patients, showed that any BCG therapy decreased 
recurrence, distant metastases, and cancer-spe-
cifi c death rates, though not progression [ 28 ]. As 
a result, anthracyclines are not frequently used in 
the adjuvant setting. 

 Evidence is strongest for immediate postopera-
tive instillation of anthracyclines over TURBT 
alone. Administration of 80 mg epirubicin in 50 ml 
saline within 24 h after TURBT reduced recurrence 
from 77 % (TURBT alone) to 62 % (TURBT + epi-
rubicin),  p  = 0.016, in a multicenter randomized 
study, though the effect was greater in patients with 
primary, low-risk tumors [ 29 ]. Valrubicin is 
approved by the US Food and Drug Administration 
(FDA) for use in BCG refractory carcinoma in situ 
(CIS), with reported complete response rates of 
~20 % in short-term follow-up [ 30 ]. However, val-
rubicin has not been extensively studied for CIS 
prior to BCG failure and is not frequently used in 
this population. Side effects of anthracyclines are 
predominantly local, including chemical cystitis 
and irritative voiding symptoms which respond to 
local symptomatic treatment.   

18.3.6    Gemcitabine 

 Gemcitabine is used systemically for metastatic 
or invasive urothelial cancer, and has garnered 
much interest in the intravesical setting. It functions 
as a nucleoside analog, and halts DNA synthesis, 

inducing cell death. Additionally, it inhibits 
ribonucleotide reductase, preventing both DNA 
synthesis and repair, inducing apoptosis [ 31 ]. 
Between its MW of 299 kDa and its lipid solubil-
ity, gemcitabine is an ideal intravesical agent, and 
has shown promise in the adjuvant setting [ 2 ]. A 
randomized trial assessed its role in the immedi-
ate postoperative setting, comparing gemcitabine 
to placebo instillation, but yielded no difference 
in recurrence, and was terminated early [ 32 ]. 
Several studies have compared gemcitabine to 
MMC in the adjuvant setting, and favored gem-
citabine, displaying trends toward reduced recur-
rence and progression (though not reaching 
statistical signifi cance), with signifi cantly 
reduced toxicity profi les (39 % vs. 72 %) [ 33 , 
 34 ]. However, most of these studies enrolled BCG 
failure patients, making them less applicable to the 
average intermediate-risk patient. In another study 
with a similar population, gemcitabine was found 
to be superior to BCG with fewer recurrences 
(53 % vs. 88 %,  p  = 0.002), and both treatments 
were well-tolerated [ 35 ]. Results of the phase 2 
SWOG S0353 trial were recently reported, show-
ing an initial response rate of 47 %, and a 2-year 
response rate of 21 %, with maintenance therapy 
[ 36 ]. Again, this population was heavily pre-
treated, and thus its applicability in the setting of 
primary intermediate- and high- risk tumors is not 
yet known. However, gemcitabine is well-toler-
ated at a dose of 2,000 mg in 50–100 ml saline, 
and is a promising alternative to MMC, in inter-
mediate-risk tumors and after BCG failure.  

18.3.7    Taxanes 

 Taxanes serve as microtubule stabilizers, thereby 
preventing cell division, causing M-phase cell 
cycle arrest. Intravesical docetaxel (808 kDa) was 
fi rst studied in a BCG refractory population, 
yielding a 22 % complete response rate without 
maintenance at 4-year follow-up, with 44 % of 
patients experiencing grade 1–2 toxicity [ 37 ]. 
Paclitaxel (854 kDa) has also been used in the 
BCG refractory setting, in enhanced drug formu-
lations of paclitaxel-hyaluronic acid (HA) and 
 nab- paclitaxel (nanoparticle albumin-bound). 
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The HA formulation increases solubility, and in a 
phase 1 trial of 16 patients with BCG-refractory 
CIS, 60 % experienced a short-term complete 
response, with 44 % (7/16) experiencing adverse 
events [ 38 ]. A phase 2 study is currently enrolling 
patients with G1–G2 Ta lesions.  Nab -  paclitaxel 
allows for higher drug concentrations, which was 
a disadvantage of docetaxel, as the maximum 
deliverable dose was never reached. Phase 1 stud-
ies illustrated drug safety, with no grade 2 or 
higher toxicities reported, at a maximum deliver-
able dose of 500 mg  nab- paclitaxel in 100 mg NS 
[ 39 ]. While taxanes have been used mostly in the 
BCG refractory setting, enhancing drug delivery 
seems to be effective and well-tolerated, and fur-
ther studies are warranted.  

18.3.8    Apaziquone 

 Apaziquone is a synthetic pro-drug of MMC, and 
preclinical studies showed that much lower con-
centrations were required for similar cytotoxic 
effect. A phase 2 study enrolling 53 patients was 
recently published, with 51 patients completing 
the 6-week course of 4 mg in 40 ml water. 
Overall, 92 % of patients reported at least one 
adverse event, and at 18 months, 45 % of patients 
displayed recurrence [ 40 ]. While apaziquone car-
ries theoretical advantages, including a lower 
MW (288 kDa) than MMC (334 kDa) for 
improved penetration, and lower doses to mini-
mize toxicity, further studies are needed to deter-
mine its role in the treatment of NMIBC. Although 
unpublished, two phase 3 trials comparing apazi-
quone with placebo revealed no theoretical 
advantage to immediate post-TUR instillation of 
the medication using a primary endpoint of tumor 
recurrence rate at 2 years.  

18.3.9    Future Therapies 

 Given that intravesical therapy is effective, but 
imperfect, other strategies are currently under 
investigation. Combination therapy has been uti-
lized, including gemcitabine and MMC [ 41 ], and 
MMC, doxorubicin, and cisplatin [ 42 ], with the 

rationale that each agent has different cell cycle 
targets, and in combination they may yield 
greater effi cacy, similar to systemic chemother-
apy. The former study protocol entailed 1 g of 
gemcitabine in 50 ml of water for 90 min, fol-
lowed by 40 mg of MMC in 20 ml water for 
90 min. Initial 6 weeks of induction therapy were 
followed by monthly maintenance for 12 months, 
in a largely pretreated population. Overall, 14/47 
(30 %) of patients were recurrence-free at a 
median follow-up of 26 months. Four patients did 
not complete induction therapy secondary to 
adverse effects. 

 CG0070 is an oncolytic adenovirus that utilizes 
knowledge of urothelial cancer molecular path-
ways. The adenovirus replicates preferentially in 
cells with defective retinoblastoma gene path-
ways, targeting cancerous cells. It also encodes 
granulocyte macrophage-colony stimulating fac-
tor (GM-CSF), inducing cytotoxicity, and has been 
shown to be safe in a recent phase 1 trial, with a 
phase 2 trial pending [ 43 ]. Oportuzumab monatox 
employs recombinant fusion technology, linking 
anti-EpCAM antibody to Pseudomonas exotoxin 
A. This allows for preferential binding to urothelial 
cancer cells, inducing apoptosis via the exotoxin 
[ 44 ]. Liposomes are another drug delivery mecha-
nism, which capitalize on the inner aqueous core 
and outer phospholipid layer to improve the solu-
bility of hydrophobic drugs [ 45 ]. They have been 
used to enhance interferon delivery in a human 
urothelial carcinoma cell line, as well as in animal 
models for interstitial cystitis treatment [ 3 ]. Other 
methods under investigation include the use of 
magnetic nanoparticles, mucoadhesive carriers, 
and polymeric hydrogels. While many of these 
platforms have yet to be assessed in clinical trials, 
they have shown promising results in animal mod-
els and warrant further examination.   

18.4    Immunotherapy 

18.4.1    History 

  Mycobacterium bovis  was fi rst discovered in the 
nineteenth century as the cause of bovine tuber-
culosis. Initial efforts to create a human vaccine 
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with  M. bovis  were unsuccessful, as it proved too 
virulent. However in the early 1900s, French sci-
entists Albert Calmette and Camille Guérin were 
able to generate an avirulent strain that became 
known as bacillus of Calmette and Guérin (BCG). 
BCG has subsequently been used as an anti- 
tuberculosis vaccine, largely outside of the 
United States. Its role in oncology arose from an 
observation that patients with tuberculosis had a 
lower incidence of cancer than those who died of 
other causes [ 46 ]. Further research demonstrated 
that in animal models, BCG mediated an indirect 
infl ammatory response, inducing tumor necrosis 
and regression, as well as preventing and eradi-
cating metastases [ 47 ,  48 ]. Successful reports of 
intralesional BCG treatment for human malig-
nant melanoma [ 49 ] engendered signifi cant inter-
est in its applicability throughout oncology. 

 The fi rst intravesical application of BCG for 
bladder cancer was reported in 1976 by Morales 
and colleagues [ 50 ]. Ten patients were given 6 
weekly intravesical treatments of 120 mg BCG in 
50 ml saline, along with intradermal BCG. With 
encouraging results, subsequent randomized con-
trolled trials were conducted, with BCG yielding 
a signifi cant reduction in recurrence, compared 
with TUR alone [ 51 ]. In 1990, the FDA approved 
intravesical BCG as a primary treatment for 
patients with CIS, and as prophylaxis for recur-
rent papillary tumors, and it remains a corner-
stone of treatment for NMIBC.  

18.4.2    Mechanism of Action 

 Upon intravesical instillation, BCG fi rst binds 
fi bronectin, a glycoprotein which mediates cell 
adhesion. Subsequent internalization of BCG 
into benign and malignant urothelial cells occurs, 
initiating a cascade of infl ammatory responses. 
Major histocompatibility complex II (MHC II)-
mediated BCG antigen presentation stimulates 
CD4+ T cells, inducing a T helper type 1 (T H 1) 
response. An increase in urinary cytokines such 
as interferon-γ, interleukin (IL)-2, IL-12, and 
tumor necrosis factor (TNF)-α is seen as early as 
week 1 of treatment [ 52 ], demonstrating activa-
tion of the T H 1 pathway. This activation promotes 
cell-mediated antitumor activity, conferred by 

CD8+ T cells, natural killer (NK) cells, and mac-
rophages [ 53 ]. Indeed, patients with higher levels 
of T H 1-related cytokines have shown improved 
clinical response to BCG, while those with 
increased T H 2 cytokines, such as IL-10, often fail 
BCG treatment [ 54 ]. Promoting the T H 1 response 
and inhibiting the T H 2 pathway are areas of active 
research towards optimizing immunotherapy.  

18.4.3    Administration 

 After determining that intradermal BCG was 
unnecessary [ 55 ,  56 ], BCG is now routinely 
administered intravesically only. Treatment typi-
cally begins 2–4 weeks after tumor resection to 
allow for bladder re-epithelialization. Several 
strains exist in different strengths, but the ulti-
mate aim is to achieve a dose of roughly 10 8  to 
10 9  colony-forming units (CFU). To achieve this, 
the following amounts of vaccine are reconsti-
tuted in 50 ml of saline: Sanofi -Pasteur 81 mg, 
Tice 50 mg, Tokyo 40 mg, RIVM 120 mg [ 57 ]. 
Urine culture and urinalysis should be obtained 
prior to administration to ensure absence of active 
UTI or signifi cant hematuria. After atraumatic 
sterile catheterization, reconstituted BCG is 
delivered via catheter for a dwell time of 1–2 h. 
Patients should minimize fl uid intake in the hours 
prior to instillation to avoid dilution of BCG or 
the need to void prior to completing the dwell 
time. Some urologists suggest that patients rotate 
every 15 min to ensure even contact between 
BCG and the urothelium, however there is no lit-
erature to support or refute this anecdotal prac-
tice [ 57 ]. Contraindications to administration 
include active urinary tract infection, traumatic 
catheterization, complete incontinence, gross 
hematuria, recent TURBT (<2 weeks), and a his-
tory of BCG sepsis.  

18.4.4    Side Effects and Management 

 Common side effects of BCG therapy include irri-
tative voiding symptoms and low-grade fevers 
(<38.5 °C). These typically are self-limited, and 
resolve within 48 h of treatment [ 57 ]. Symptomatic 
treatment can be employed as the treating physi-
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cian sees fi t, typically with anti- spasmodics and 
anti-pyretics (Fig.  18.1 ). In a recent EORTC-GU 
Cancer Group randomized controlled trial assess-
ing duration of maintenance and dose reduction, 
only 7.8 % of all patients discontinued therapy 
secondary to side effects [ 58 ], a rate much lower 
than in previous maintenance trials [ 59 ]. While 
rates of discontinuation and local toxicity were 
acceptable at ~10–15 %, the feared complication 
is that of systemic absorption of BCG, leading to 
BCG sepsis, which requires anti-tuberculous ther-
apy and close observation.

   Another complication which requires anti- 
tuberculous therapy is that of solid organ involve-
ment, e.g. prostate, epididymis, liver, kidney 
[ 60 ]. Some trials support the role of short-term 
fl uoroquinolone administration prior to BCG to 
reduce the incidence of moderate to severe side 
effects [ 61 ,  62 ]. However, there are currently no 
specifi c recommendations or guidelines for peri- 
BCG antibiotic administration at this time.  

18.4.5    Indications for BCG 

 The EAU and AUA both recommend BCG with 
maintenance as treatment for high-risk urothelial 
carcinoma of the bladder (e.g. high-grade tumors, 

CIS, T1). This stems from evidence that it signifi -
cantly reduces rates of recurrence compared to 
TURBT alone [ 51 ]. When comparing BCG to 
intravesical chemotherapy, recurrence rates are 
lower with BCG, particularly with the addition of 
BCG maintenance [ 63 ]. BCG is also superior in 
reducing rates of progression, making it the rec-
ommended agent for high-risk disease, if 
 tolerated by the patient [ 60 ,  64 ,  65 ]. 

 For patients with intermediate-risk disease, 
the overall risk of recurrence is ~50 %, but risk of 
progression is only ~10 %, compared to 25–50 % 
for patients with high-risk disease [ 28 ]. Thus, 
toxicity must be considered when choosing 
BCG. The EAU recommends BCG + ≥1 year of 
maintenance or intravesical chemotherapy for 
intermediate-risk disease, while the AUA recom-
mends induction BCG or MMC with the option 
of maintenance therapy. Long-term results of an 
EORTC phase 3 study evaluating BCG vs. epiru-
bicin showed signifi cant benefi t of BCG to the 
intermediate-risk group, including a reduction in 
recurrence (HR 0.59,  p  < 0.001), progression or 
distant metastases (HR 0.42,  p  = 0.027), and 
death due to bladder cancer (HR 0.35,  p  = 0.02) 
[ 28 ]. Thus, for patients with intermediate-risk 
disease, BCG is the most effective treatment, but 
the risk of adverse effects must be weighed 

Signs &
Symptoms

- Mild to moderate irritative
  voiding symtoms
- Mild hematuria
- Fever < 38.5�C

- Severe irritative voiding
  symptoms
- Severe hematuria
- Or symptoms > 48 hours

Allergic reactions
- Joint pain
- Rash
- Hemodynamic instability

Systemic Infection/Solid
Organ Involvement
- Persistent fever > 38.5

Assessment
- Urine culture - Urine culture

- Chest x-ray
- Liver function tests

- Urine and blood cultures
- Chest x-ray
- Liver function tests

- Urine and blood cultures
- Chest x-ray
- Liver function tests

Management

- Anticholinergics
- Antispasmodics
- Analgesics
- NSAIDs

- Treat culture rsults
- Consult physician familiar
  with mycobacterial
  infections regarding
  antimicrobial use

- Antipyretics
- NSAIDs
- Antimicrobials (isoniazid
  + rifampin) for 3-6 months

- Treat symptoms
- Isoniazid, rifampin,
  ethambutol for 3-6 months

+/- prednisone if severe

Grade 1 toxicity Grade 2 toxicity

BCG Administration

Grade 3 toxicity

  Fig. 18.1    Algorithm for management of BCG toxicity       
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against benefi ts. There is no role for BCG in 
patients with low-risk bladder cancer due to the 
low risk of recurrence and progression.  

18.4.6    Maintenance 

 The effi cacy of maintenance was fi rst illustrated 
in SWOG 8507, in which maintenance therapy 
reduced time to recurrence and worsening of dis-
ease, though only 16 % of the original mainte-
nance group completed the full 3-year schedule 
[ 59 ]. Subsequent meta-analyses have confi rmed 
the utility of maintenance in reducing recurrence 
and progression [ 64 ], though the need for 36 
months of maintenance and strength of BCG 
administered during maintenance remains under 
investigation. Dose reduction has been utilized to 
try to reduce toxicity while maintaining effi cacy. 
One-third dose BCG has been shown to be as 
effective as full-dose BCG in reducing progres-
sion with less toxicity [ 66 ]. A recent EORTC trial 
addressing one-third dose vs. full-dose and 1 year 
vs. 3 years maintenance determined that full-dose 
BCG did not confer increased toxicity over one- 
third dose [ 58 ]. Additionally, high-risk patients 
displayed decreased recurrence rates with 3 years 
vs. 1 year of full-dose maintenance, but survival 
and progression were not affected. Initial induc-
tion therapy was also dose-reduced for the respec-
tive groups, making applicability somewhat 
complicated, as dose reduction is conventionally 
applied to maintenance therapy only. Though the 
ideal schedule has not been established, it seems 
that reducing the dose to one- third strength main-
tains effi cacy and may reduce toxicity. The benefi t 
of extending maintenance past 1 year is not 
entirely clear, especially when considering cost 
and side effects, but maintenance of at least 1 year 
is indeed useful and thus recommended for inter-
mediate- and high-risk disease.  

18.4.7     Optimization and Patient 
Factors 

 While there is no reliable way to predict a 
patient’s response to BCG, there are several fac-
tors that are known to impact recurrence rates. 

Advanced age has been found to correlate with 
increased recurrence rates in several studies. A 
Spanish Urological Club for Oncological 
Treatment (CUETO) meta-analysis found that 
age >70 years conferred greater risk of recur-
rence and progression on univariate analysis, 
compared with age ≤60 and 61–70. However, 
this signifi cance disappeared on multivariate 
analysis ( p  = 0.052) [ 67 ]. Herr reported on 805 
patients who received BCG for NMIBC, and 
found that recurrence-free survival was 16 
months in the group >70 years versus 20 months 
in those <70 years ( p  = 0.005) [ 68 ]. Progression 
rates were not signifi cantly different in this 
cohort. Joudi et al. analyzed results of a BCG- 
interferon multicenter trial, and found that 
patients >80 years had a recurrence-free survival 
rate of 39 % compared with 61 % for patients 
61–70 years old ( p  = 0.0002) [ 69 ]. Age continued 
to be a signifi cant factor on multivariate analysis 
in both of these studies. The drivers of this obser-
vation are not entirely clear, but the hypothesis is 
that elderly patients tend to have depressed 
immune systems, preventing a robust T H 1 
response, thereby decreasing effi cacy. Whether 
elderly patients would benefi t from a different 
dosing schedule or adjunctive therapies is not yet 
known. 

 Another factor that has been investigated is 
the role of high-dose vitamin supplements. 
Previous reports indicated that megadose vitamin 
therapy during BCG treatment reduced the 5-year 
risk of recurrence from 91 to 41 % ( p  = 0.0014), 
when compared with recommended daily allow-
ance (RDA) vitamins [ 55 ]. However, a larger ran-
domized controlled trial enrolling 670 patients 
showed no change in recurrence rates between 
groups receiving megadose (Oncovite) or RDA 
vitamins [ 70 ]. Given these data, there are cur-
rently no AUA or EAU recommendations regard-
ing high-dose vitamin use during BCG therapy. 

 Patient immune status may also play a role in 
predicting or monitoring BCG effi cacy. 
Conversion of purifi ed protein derivative (PPD) 
from negative to positive has been correlated 
with decreased recurrence in prior studies [ 71 ], 
while others have shown no association. 
Luftenegger and colleagues did fi nd, however, 
that patients with a positive PPD prior to BCG 
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treatment were more likely to develop fevers with 
BCG treatment. Furthermore, development of 
fevers >37.5 °C correlated with a lower recur-
rence rate of 30 %, compared with 48 % in 
patients who did not develop fevers ( p  = 0.039). 
Fevers may refl ect a more robust immune 
response, particularly in those with prior expo-
sure, resulting in a greater cytotoxic effect. 
However, other reports have examined the rela-
tionship between prior  M. tuberculosis  infection 
and BCG effi cacy and found no correlation. 
Presence of leukocyturia has also been associated 
with decreased recurrence though it is not entirely 
clear why [ 72 ]. 

 BCG has conventionally been contraindicated 
for immunosuppressed patients, as they are less 
likely to mount an effective immune response. 
However, Herr and Dalbagni recently reported on 
a series of 45 immunosuppressed patients with 
high-risk NMIBC who underwent induction 
BCG without maintenance, but with the option of 
repeat induction upon recurrence [ 73 ]. The 
cohort consisted of those on anti-rejection medi-
cations for transplants ( n  = 12), undergoing che-
motherapy for other neoplasms ( n  = 23), and on 
high-dose prednisone for autoimmune diseases 
( n  = 10). Overall, 91 % (41/45) of patients had a 
complete response at 6 months, but median 
recurrence-free and progression-free survival 
rates were signifi cantly lower in the transplant 
group than those in the chemotherapy and auto-
immune disease groups. Seventy-fi ve percent of 
patients experienced local toxicity, but there were 
no reports of bacterial or BCG sepsis. While fur-
ther studies are needed to determine the long- 
term effi cacy of BCG in immunosuppressed 
patients, this experience illustrates that it is a rea-
sonable and safe alternative, particularly in a 
patient population that is less likely to be fi t for 
surgery. 

 Overall, BCG is the most effective intravesical 
therapy for reducing recurrence and progression 
rates, particularly with the addition of mainte-
nance therapy. Optimal dosing and maintenance 
schedules are still being determined, further com-
plicated by the fact that individual patient and 
tumor characteristics affect overall effi cacy. A 
recent study described a calibrated mathematical 
model that takes into account existing data 

regarding BCG mechanism, the immune system, 
urothelial carcinoma, and the bladder mucosa. It 
proposed models of modifi ed BCG regimens 
aimed at maximizing effi cacy while minimizing 
side effects, including extended dwell times and 
longer intervals between treatments [ 74 ]. Such 
types of analyses may be more effective than 
undertaking new clinical trials with slight adjust-
ments in therapy, as these can be time- consuming, 
expensive, and often require a signifi cant number 
of patients to yield defi nitive results.  

18.4.8    Other Immunotherapies 

 Mycobacterial cell wall-DNA complex (MCC) 
was developed as an alternative to BCG, capital-
izing on the antitumor properties while obviating 
the risk of systemic BCG exposure. It has shown 
a response rate of 46 % at 26 weeks and 29 % at 
18 months (at a dose of 8 mg) in a cohort of 55 
patients, 85 % of whom had prior intravesical 
therapy [ 75 ]. Adverse events occurred in 33 % of 
the patients, with one patient discontinuing 
 treatment. Interpretation of these results are com-
plicated, as half of the patients are prior BCG 
failures, and MCC may be most effective in the 
BCG-naïve population, but this has yet to be 
determined. No systemic toxicity of BCG sepsis 
has been reported with MCC, which may be its 
major advantage. A phase 3 trial comparing 
MCC to mitomycin C has been recently sus-
pended by the manufacturer for undisclosed 
reasons. 

 Interferons (IFN) have been investigated as 
another intravesical agent, as the IFN-α class 
stimulates the T H 1 and NK cell response as BCG 
does. IFN-α2b has shown effi cacy as a single 
agent in the short term, however recurrence rates 
are similar to placebo with longer follow-up [ 76 , 
 77 ]. The combination of BCG-IFN is more effec-
tive than single-agent IFN, but is comparable to 
BCG alone, as shown in the only randomized 
trial comparing the two [ 70 ]. Patients with BCG 
failure may benefi t from combined therapy, as it 
produced a disease-free rate of 45 % at a median 
follow-up of 24 months in a phase 2 trial of 467 
patients, with 6.7 % discontinuation rate due to 
intolerance [ 78 ,  79 ]. 
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 Alternative means of delivering immunother-
apy are under investigation as well, including an 
ongoing phase 2 trial of rAd-IFN/Syn3 
(Instiladrin), which utilizes a recombinant adeno-
virus gene delivery system to induce sustained 
levels of IFN expression [ 80 ]. IL-2 levels have 
been shown to be predictive of response to BCG, 
and intravesical administration of IL-2 has shown 
some effi cacy [ 53 ]. IL-12 also works in the T H 1 
pathway, but did not yield promising results in a 
small in vivo study, despite displaying effi cacy in 
murine models. Another investigational approach 
is the inhibition of IL-10, a T H 2 pathway cyto-
kine, which does not induce an antitumor effect. 
While BCG remains the cornerstone of immuno-
therapy, hopefully these alternative modulators 
of the immune response will optimize the effi -
cacy of BCG while reducing the toxicity.   

18.5    Conclusion 

 Intravesical therapy is an essential tool in the 
urologist’s management of NMIBC, ranging 
from a single perioperative dose of chemotherapy 
to prolonged courses of intravesical immunother-
apy followed by salvage agents. Immediate post-
operative chemotherapy should be given to the 
majority of patients in the absence of contraindi-
cations as the benefi t of reducing recurrence out-
weighs the low morbidity. For intermediate-risk 
patients, both adjuvant chemotherapy and BCG 
are reasonable options, with BCG plus mainte-
nance likely providing the greatest reduction in 
recurrence and progression risk. However, the 
potential side effects of BCG are not insignifi -
cant, and one must determine if the patient is a 
suitable candidate. In high-risk disease, BCG is 
the most effective intravesical treatment, and 
requires maintenance therapy for maximum 
long-term effi cacy. However, recurrence and pro-
gression rates are signifi cant, and thus cystec-
tomy should always be considered in the setting 
of BCG failure. Using new targeted therapy, opti-
mizing drug delivery and predicting patient 
response are areas of research which could sig-
nifi cantly improve the ability of intravesical ther-
apy to reduce the high recurrence and progression 

rates of NMIBC, with the aim of ultimately 
reducing the signifi cant morbidity and mortality 
of bladder cancer.     
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      Abbreviations 

   BCG    Bacillus Calmette-Guerin   
  CIS    Carcinoma in situ   
  EORTC    European Organization for Research 

and Treatment of Cancer   
  FDA    Food and Drug Administration   
  FISH    Fluorescence in situ hybridization   
  HAL    Hexaminolevulinate   
  NMIBC    Non-muscle Invasive Bladder Cancer   
  PDD    Photodynamic diagnosis   
  SWOG    Southwest Oncology Group   
  TUR    Transurethral resection   

       The majority of bladder tumors present as non- 
muscle invasive disease (NIMBC), with recur-
rence in approximately 70 % and progression in 
up to 20 % of patients [ 1 ,  2 ]. To mitigate this fate 
and reduce the nuisance and cost of recurrence, 
intravesical immunotherapy with bacillus 
Calmette-Guerin (BCG) is indicated for patients 
with higher-risk disease. Many present similarly 
to case described above, with high-grade tumors 
and concomitant carcinoma in situ (CIS), and 
immunotherapy with BCG is the most effective 

intravesical treatment proven to decrease both 
progression and recurrence based on evidence 
from high-quality meta-analyses and randomized 
controlled trials [ 3 – 5 ]. 

 The benefi cial effect of BCG is greatest in those 
with intermediate- and high-grade disease, as 
those with only low-grade, low-volume, Ta tumors 
(approximately 50 % of cases) have a less than 
5 % probability for progression [ 3 ]. In the above 
case, based on the presence of CIS, high- grade dis-
ease, and more than one tumor, one could assume 
that this patient would be at least at intermediate 
risk and BCG would be benefi cial. However, pre-
dicting the possibility of recurrence and progres-
sion prior to intravesical treatment may be further 
refi ned using a risk calculator such as the one cre-
ated by the European Organization for Research 
and Treatment of Cancer (EORTC) (  http://www.
eortc.be/tools/bladdercalculator/    ) [ 6 ]. Assuming 
the tumor is less than 3 cm, our patient above has 
an intermediate probability of recurrence (38 % at 
1 year, 62 % at 5 years), and a high risk of progres-
sion (17 % at 1 year, 45 % at 5 years). Alternatively, 
Fernandez-Gomez et al. developed a risk stratifi -
cation nomogram for patients treated with BCG 
therapy [ 7 ]. Using this calculator, at 5 years our 
patient has a 36 % probability of recurrence and a 
34 % chance of progression after BCG therapy. 

 Current evidence suggests that intravesical 
BCG should be administered according to the 
protocol described in the Southwest Oncology 
Group trial 8507 (SWOG) [ 8 ]. Induction consists 
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of 6 weekly treatments of BCG, followed by 
maintenance consisting of 3 weekly treatments at 
3 and 6 months and then every 6 months for a 
total of up to 36 months. Using this regimen, it is 
possible for >70 % of patients who have an initial 
response to remain tumor free for more than 5 
years and disease progression can be signifi cantly 
reduced by 37 % in the setting of papillary or CIS 
lesions [ 4 ,  8 ]. As the risk for recurrence and pro-
gression is lifelong in these patients, induction is 
clearly not enough to produce prolonged immune 
stimulation [ 9 ,  10 ]. The optimal duration or 
schedule for maintenance treatment is not clear 
and has been debated. Recent data from a 
European randomized control trial reinforced the 
need for 3 years of maintenance BCG in high- 
risk patients (which we defi ne as high-grade, T1 
disease, or CIS) as recurrence was signifi cantly 
decreased (hazard ratio 1.61; 95 % CI, 1.13–2.30; 
 p  = 0.009) [ 11 ]. For those with intermediate dis-
ease (recurrent Ta disease), 1 year of treatment 
may be enough, as there was no difference in 
recurrence or progression compared to 3 years of 
treatment. We prefer 3 years of maintenance 
BCG for all patients who undergo induction 
regardless of assessed risk, unless side effects are 
truly intolerable. 

 Prior to beginning 6-week induction course of 
BCG it is mandatory to ensure both the absence 
of invasive disease and a “clean slate” or com-
plete resection. A routine re-staging transurethral 
resection should be strongly considered in 
patients with high-grade tumors and is necessary 
in patients with T1 tumors, even if muscle is 
present at the time of initial resection [ 12 ,  13 ]. 
Residual disease can be found in 51–78 % of 
patients, with upstaging of 15 % of patients who 
had initial Ta disease [ 14 ]. Furthermore, in 
patients with high-risk NIMBC (high grade Ta/
T1 tumors with concomitant CIS, such as our 
patient above), those who underwent a second 
transurethral resection (TUR) prior to BCG had a 
recurrence rate of 45 % compared to 80 % in 
those who had BCG after initial TUR after 12 
months of follow-up [ 13 ]. Multivariate analysis 
confi rmed that a single TUR prior before BCG 
was a signifi cant independent factor of subse-
quent tumor recurrence and progression. 

 Photodynamic diagnosis (PDD) is a recent 
technologic advance that can improve tumor 
identifi cation and ensure complete tumor resec-
tion either at initial resection or a re-staging pro-
cedure. Intravesical Hexaminolevulinate HCl 
(HAL) or Cysview (Photocure US, Princeton, 
NJ, USA) is administered prior to cystoscopy and 
drives the accumulation of protoporphyrin IX 
which preferentially occurs in malignant cell and 
fl uoresces red under a blue light. [ 15 ] A recent 
meta-analysis pooling the results of multiple 
studies evaluating the addition of PDD to white 
light cystoscopy showed a signifi cant increase in 
detection of Ta, T1, and CIS tumors and an 
approximately 11 % reduction in recurrence [ 16 ]. 
In 27 %, CIS was only detected by PDD 
( p  < 0.001). Currently, Cysview is approved by 
the Food and Drug Administration (FDA) for 
one-time use only in patients with known or sus-
pected NMIBC. Additionally, approval was 
granted with only the Karl Storz D-Light C PDD 
system, which includes a rigid cystoscope neces-
sitating an operating room procedure. PDD 
should be strongly considered in these patients, 
especially at re-staging procedures prior to induc-
tion with BCG, and possibly in the context of a 
clinical trial randomizing patients to white versus 
blue light cystoscopy to determine whether 
improved debulking by fl uorescent cystoscopy 
will improve the response to intravesical BCG. 

 After 6-week induction course, standard pro-
tocol is to perform an offi ce white light cystos-
copy with cytology at 3 months to evaluate for 
response. One of four possible situations could 
be encountered. The fi rst possibility is the pres-
ence of overt, visible tumor. Assuming a com-
plete, thorough resection with reliable staging, 
this is a poor prognostic factor if a patient is truly 
refractory (representing approximately 40 % of 
failures). Subsequent treatment is determined 
after repeat risk assessment based on pathology 
from a repeat TUR performed in the operating 
room. Options include re-induction with BCG, 
continuation of intravesical maintenance therapy, 
or early radical cystectomy (within the fi rst 24 
months after diagnosis which can improve sur-
vival in 20 %) and will be discussed in subse-
quent chapters [ 17 ]. 
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 After intravesical treatment, it is sometimes 
diffi cult to discern if CIS (characterized by an 
erythematous, fl at lesion) is still present, due to 
the infl amed appearance of the bladder mucosae. 
Cytology can be helpful in this second situation, 
where visual inspection with cystoscopy is con-
sidered negative or non-diagnostic. Cytology 
detects high-grade cancer cells shed in the urine 
and is highly specifi c with reported rates up to 
96 % [ 18 ,  19 ]. For patients with a negative sur-
veillance cystoscopy and positive cytology, cys-
toscopy performed in the operating room with 
bladder mapping (random biopsies of the bladder 
with TUR of the prostatic urethra at 5 and 7 
o’clock) in men and evaluation of the upper tracts 
should be strongly considered. However, the true 
utility of a positive cytology at this time point is 
somewhat controversial. The detection rate of 
bladder mapping is modest with sensitivity and 
specifi city for CIS in the bladder or the prostatic 
urethra of 51 and 83 % or 46 and 89 %, respec-
tively [ 20 ]. PDD may provide additional 
 information above and beyond random bladder 
mapping in surveillance of CIS after treatment 
with BCG, however further studies need to be 
conducted to support this indication [ 21 ]. 
Additionally, there is a possibility that complete 
response of CIS to BCG has not yet occurred at 3 
months. In the SWOG trial, Lamm et al. reported 
that in patients receiving only induction BCG 
there was an increase in complete response from 
58 % at 3 months to 68 % at 6 months [ 8 ]. Also, 
64 % of patients with residual CIS at 3 months 
resolved at 6 months after the fi rst cycle of main-
tenance therapy (started after the 3 months sur-
veillance cystoscopy). Therefore, if positive 
cytology with no visible tumor would not alter 
the decision to continue with BCG, its utility at 
the 3-month surveillance visit could be consid-
ered questionable. However, we still recommend 
cytology at this time point as it increases the 
detection rate for recurrent tumor over cystos-
copy alone from 52 to 60 %, and can help iden-
tify possible sites of occult or missed disease, 
despite increased cost [ 22 ]. 

 Fluorescence in situ hybridization (FISH) 
analysis is known to detect bladder cancer recur-
rence at the molecular level before a lesion is 

seen on cystoscopy, even in the setting of intra-
vesical immunotherapy [ 23 ,  24 ]. UroVysion 
(Abbot/Vysis, Downers Grove, IL) is a com-
mercially available FISH system that detects 
aneuploidy in chromosomes 3, 7, and 17, and a 
loss of 9p21 locus in tumor cells shed in the 
urine. Compared to other urinary markers 
(BTA-STAT, NMP-22, or ImmunoCyt) studied 
in the surveillance setting, FISH has the great-
est utility and accuracy. The sensitivity and 
specifi city of this marker are 77 % (73–81 %) 
and 98 % (96–100 %), respectively depending 
on the clinical situation it is applied to. As with 
cytology, the increased detection rate (around 
72 %) comes with increased costs, mainly due 
to invasive and expensive evaluation of false 
positives [ 22 ]. Unlike cytology which is poor 
predictor of therapy failure, FISH may be 
prognostic and predict patient response to BCG 
[ 25 – 28 ]. A recent prospective study by Kamat 
et al. demonstrated that patients who had a pos-
itive FISH result at 3 months after starting 
BCG had a higher risk of future tumor recur-
rence (58.3 % vs. 15.3 %,  p  < 0.001) and pro-
gression (25 % vs. 6.8 %,  p  = 0.013), even if 
there was no clinical evidence of recurrence of 
progression at that time. Based on these fi nd-
ings, FISH may be a useful prognostic marker 
and assist in patient counseling at the 3 months 
surveillance visit in all patients undergoing 
treatment with intravesical BCG, especially in 
those with positive cytology. 

 A third and more problematic possibility is a 
negative cystoscopy with atypical or indetermi-
nate cytology, which happens often, especially 
after intravesical treatment [ 29 ,  30 ]. One option 
is observation and continuation with maintenance 
BCG, which leaves the possibility of missed can-
cer (intra- or extravesical). Alternatively, biopsy 
in the operating room with the associated costs 
and risk of surgery could be performed in every 
patient. FISH can be used in this setting to deter-
mine the need for further evaluation and was 
recently found to be a cost-effective strategy [ 31 , 
 32 ]. Our standard practice in this situation is to 
continue with maintenance BCG therapy and 
scheduled surveillance with repeat offi ce cystos-
copy and cytology in 3 months. 
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 Lastly, if a patient had a negative surveillance 
evaluation, with a normal cystoscopy and nega-
tive cytology, maintenance BCG should be 
administered as planned. 

 In conclusion, the initial management for 
patients with intermediate- to high-risk NIMBC 
consists of meticulous staging, complete resec-
tion, comprehensive BCG, and timely surveil-
lance. The use of adjunctive tools such as PDD 
and urinary markers (FISH) can further help 
risk- stratify and treat those most likely to fail 
treatment.    
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20.1            Introduction 

 Urothelial carcinoma of the bladder (UCB) remains 
a signifi cant health problem, accounting for more 
than 15,000 deaths annually [ 1 ]. Approximately 
75 % of UCB patients will present with non-mus-
cle-invasive bladder cancer (NMIBC), which 
includes stages Ta, T1, or carcinoma in situ (CIS). 
However, 50–70 % of those patients will eventu-
ally recur and approximately 10–20 % will prog-
ress to muscle-invasive disease [ 2 ]. 

 Intravesical therapy has been increasingly uti-
lized to help reduce the risks of recurrence and 
progression. The use of bacillus Calmette-Guerin 
(BCG) was fi rst described in 1976, and has since 
become the primary fi rst-line treatment for 
NMIBC [ 3 ]. Several large meta-analyses of ran-
domized controlled trials have confi rmed that the 
addition of BCG after transurethral resection 
(TUR) signifi cantly improves recurrence rates 
compared to TUR alone [ 4 – 8 ], however up to 

50 % of patients will develop recurrence within 5 
years of induction therapy with BCG [ 9 ]. 

 The management of patients who develop 
recurrence after BCG therapy has continued to 
evolve. The 2013 guidelines by the European 
Association of Urology [ 10 ] defi ned the different 
categories of unsuccessful treatment with intra-
vesical BCG. The presence of a muscle-invasive 
bladder cancer (MIBC) on follow-up was defi ned 
as BCG failure. BCG-refractory disease was 
defi ned as: (1) the presence of a high-grade (HG) 
NMIBC present 3 months after BCG treatment; 
(2) the presence of CIS at both 3 and 6 months 
post-BCG treatment; or (3) the appearance of HG 
tumor during BCG therapy. The recurrence of 
HG tumor after completion of BCG therapy 
despite initial response can be defi ned as BCG 
relapsing. BCG intolerance indicates those who 
experienced severe side effects from BCG that 
prevented further instillation before completing 
induction. 

20.1.1     Rationale for Additional BCG 
After Recurrence 

    Although RC may offer the best oncologic out-
comes in patients who recur and/or progress after 
BCG treatment, the potential benefi ts of RC must 
be weighed against the risk and impact on quality 
of life. Certain patients may be unable to tolerate 
RC because of coexisting medical conditions, or 
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would refuse defi nitive therapy in favor of a less 
invasive alternative with decreased treatment-
related morbidities. For BCG failure, namely 
MIBC after BCG treatment, RC is the gold stan-
dard [ 10 ]. 

 BCG-refractory patients can be considered a 
high-risk group and strongly considered for 
RC. In patients who have HG NMIBC recurrence 
within 3 months of BCG treatment, there is an 
associated progression rate of 82 % compared to 
a rate of 25 % for those who were not BCG 
refractory [ 11 ,  12 ]. A second and third course of 
BCG can give response rates of 30–50 % and 
10–18 %, respectively [ 13 – 16 ]. However, among 
patients who developed recurrence after two 
treatments of BCG, up to 80 % of the patients 
will progress and develop MIBC or metastatic 
disease [ 16 ]. 

 In patients who have CIS present at 3 months, 
an additional course of BCG can achieve a com-
plete response in greater than 50 % of patients 
[ 17 ]. However, patients with CIS who recur after 
BCG have a 50 % disease progression rate with 
higher rates of disease-specifi c mortality [ 16 ,  18 ].  

20.1.2    Side Effects 

 Intravesical BCG can produce moderate to severe 
local and systemic side effects. In the Southwest 
Oncology Group (SWOG) trial on maintenance 
BCG, only 16 % of the patients were able to com-
plete all of the instillations of the 3-year mainte-
nance trial [ 19 ]. The European Organization for 
Research and Treatment of Cancer (EORTC) trial 
30911 similarly found that only 29 % of the 
patients were able to tolerate the full 3-year main-
tenance instillations of BCG [ 20 ]. In another large 
trial of 1,300 patients, EORTC 30962 found that 
there was no correlation between duration of BCG 
treatment and the number of instillations with the 
number or severity of the side effects [ 21 ]. Side 
effects requiring stoppage of treatment were expe-
rienced within the fi rst year on the maintenance 
schedule for both the EORTC 30911 and 30962, 
indicating that the side effect profi le is not likely 
dependent on the number of instillations.   

20.2    Options for BCG Failures 

20.2.1    BCG and Interferon 

20.2.1.1    Indications 
 Interferons are glycoproteins that are produced in 
response to antigenic stimuli, and have been 
implicated in multiple antitumor activities includ-
ing the inhibition of nucleotide synthesis, stimu-
lation of cytokine release, enhanced natural killer 
cell activity, inhibition of angiogenesis, and 
upregulation of tumor antigens [ 22 ]. Interferon as 
a solitary agent is more expensive and less effec-
tive than BCG in preventing recurrence, eradicat-
ing residual disease, and treating CIS. As a single 
agent, the long-term effi cacy rates of interferon 
for treating CIS is less than 15 % [ 23 ], with recur-
rence rates of 16–60 % that are generally higher 
to those of BCG alone [ 24 ,  25 ]. Several trials 
combining BCG and interferon suggest that the 
combination of BCG and interferon can decrease 
the potential dosage of BCG and reduce its side 
effects while maintaining similar effi cacy rates, 
especially in those who had recurrence after BCG 
treatment (Table  20.1 ).

20.2.1.2       Side Effects 
 Interferon is well tolerated with few systemic 
symptoms that are often well-tolerated. The most 
common symptoms are fl u-like symptoms 
(~20 %), and cystitis rates are usually <5 %.  

20.2.1.3    Results 
 A recently published randomized controlled trial 
[ 28 ] of interferon with epirubicin compared to 
BCG for treatment after resection of HG T1 UCB 
found a signifi cantly lower 5-year recurrence- 
free survival rate for those treated with the com-
bined interferon/epirubicin compared to BCG 
(38 % vs. 59 %, respectively). 

 The progression-free survival rates (78 % vs. 
77 %, respectively) and cancer-specifi c survival 
rates (90 % vs. 92 %, respectively) were not sig-
nifi cantly different between the two arms of the 
trial. The treatment failure rate in each arm was 
75 % (complete response rate—75 % in each 
study arm). 

T.M. Downs et al.
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 More recently, interferon has been studied as a 
combination treatment with BCG, especially in 
patients who developed recurrence after BCG 
therapy. In a large multicenter phase II trial, 467 
patients who had recurrence on BCG were then 
treated with a 6-week induction course of low- 
dose BCG plus 50 million units of interferon with 
three similar treatments at 3, 9, and 15 months 
after induction. At a median follow-up of 2 years, 
45 % remained tumor free for those treated with 
BCG/interferon in the salvage setting, compared 
to a rate of 60 % in the BCG-naïve group; only 
8 % of the patients experienced progression in 
each group [ 29 ,  31 ]. In a subset analysis, having 
two or more BCG failures, higher stage disease 
and shorter time to recurrence were indepen-
dently predictive of a poor response to BCG/
interferon [ 32 ]. These trials indicate that BCG/
interferon can be used effectively in the salvage 
setting, with potentially decreased toxicity asso-
ciated with the lower BCG doses used. When 
interpreting the results of all trials that seek to 
look at BCG-refractory disease, however, one 
must know how the defi nition of BCG failure 
was designed. For example, in those individuals 
that have persistent CIS 3 months after complet-
ing an induction course of BCG, by simply wait-
ing an additional 3 months with no further 
therapy, approximately 20 % of patients will con-
vert to a negative bladder biopsy [ 33 ]. As a result, 
in all trials that evaluate BCG-refractory thera-
pies, it is important to understand their defi nition 
of BCG failure, as most trials will have a built-in 
20 % response rate before the trial even begins. 
The optimal time to evaluate BCG failure is at 6 
months. In addition, it is unclear if BCG alone in 
continued maintenance dosing is as effective as 
BCG + interferon.  

20.2.1.4    Costs 
 Each treatment of interferon ranges from US$670 
to US$1,340, while BCG costs around $150 per 
vial. The data from the trials and the difference in 
costs indicate that interferon is not more cost- 
effective and should not be used as a fi rst-line 
agent.   

20.2.2    Valrubicin 

20.2.2.1    Indications 
 Valrubicin is a semisynthetic analog of doxorubi-
cin, and is currently the only FDA-approved 
intravesical chemotherapeutic agent for the treat-
ment of BCG-refractory carcinoma in-situ (CIS) 
in patients who are not candidates for RC. Its 
structure is modifi ed from doxorubicin to allow 
rapid intracellular uptake with decreased cardio-
toxicity. The mechanisms of action of valrubicin 
are to inhibit nucleoside incorporation into the 
nucleic acids, causing cell cycle arrest, and the 
inhibition of topoisomerase II that stops DNA 
synthesis.  

20.2.2.2    Side Effects 
 Valrubicin is very well tolerated with low side- 
effects. The majority of adverse events are related 
to lower urinary tract symptoms with minimal 
systemic absorption.  

20.2.2.3    Results 
 In a multi-institutional, nonrandomized open- 
label trial, 90 patients were enrolled who devel-
oped recurrence after BCG for CIS, and received 
6 weekly instillations of 800 mg of valrubicin 
[ 34 ]. Nineteen (21 %) of the patients demon-
strated a complete response initially, but only 
8 % (7/90) remained disease-free at a follow-up 
of 2.5 years [ 34 ]. Recurrence occurred in 79 
patients, and 44 eventually underwent RC, with 
15 % having ≥pT3 disease on surgical pathol-
ogy. In a complementary phase II/III trial of 80 
patients with BCG-refractory disease that 
received valrubicin [ 35 ], the complete response 
rate was 18 %, with recurrence free survival 
rates of 10 % and 4 % at 1 and 2 years, 
respectively.  

20.2.2.4    Costs 
 Each treatment of valrubicin is approximately 
$6,000 per treatment [ 36 ]. Future studies will be 
necessary to validate utility and cost- effectiveness 
of valrubicin and similar intravesical therapeutic 
agents.   

T.M. Downs et al.
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20.2.3    Mitomycin C 

20.2.3.1    Indications 
 Mitomycin C (MMC) is an alkylating agent that 
prevents DNA synthesis. The 2007 American 
Urologic Association guidelines support the use 
of a single instillation of MMC in the immediate 
postoperative period to reduce the risk of recur-
rence in patients with NMIBC (Table  20.2 ). 
However it has also been used as a weekly instil-
lation for 6–8 weeks at dose ranges from 20 to 
60 mg and in various maintenance schedules.

20.2.3.2       Side Effects 
 MMC is well tolerated, with the most common 
side effects including contact dermatitis (ranging 
from 8 to 19 %) and LUTS. In a small population 
of patients, a signifi cant cystitis can occur that 
results in severe hematuria, dysuria, and bladder 
infl ammation.  

20.2.3.3    Results 
 In a meta-analysis comparing MMC with TUR 
compared to TUR alone [ 40 ], MMC provided a 
relative risk reduction of 38 % in tumor recur-
rence. In another meta-analysis comparing nine 

clinical trials of BCG compared to MMC, with a 
median overall follow-up time of 26 months [ 8 ], 
the tumor progression rates were 7.67 % for those 
who received BCG compared to 9.44 % for 
MMC. Overall, there were no signifi cant differ-
ences in the tumor progression rates between those 
who received BCG compared to MMC. However, 
only those who received maintenance BCG had 
34 % decreased odds of developing tumor pro-
gression compared to MMC ( p  = 0.02). 

 The evidence for using MMC in BCG- 
refractory NMIBC is limited. In a randomized 
trial of 261 patients with NMIBC comparing 
BCG and MMC [ 38 ], only 19 % (4/21) of those 
who received MMC after failing BCG were 
disease- free at 3 years. In a randomized phase III 
trial of gemcitabine compared to MMC for 
patients with recurrent NMIBC (83.5 % of whom 
were BCG-refractory), the recurrence rate was 
61 % for those who received MMC. 

 Long-term maintenance MMC may also 
improve recurrence rates. In a large randomized 
trial [ 39 ], 495 patients were treated with either 
short-term BCG or MMC (6-week instillations) 
or long-term MMC (6 weekly MMC treatments 
followed by monthly treatments for 3 years). 

   Table 20.2    Select large trials of mitomycin C   

 Reference 
 Patient 
population   N   Treatment  Follow-up  Outcome  Comment 

 Lamm et al. 
[ 37 ] 

 HG NMIBC  469  Maintenance 
BCG vs. 
Maintenance 
MMC 

 30 months  Recurrence 34.6 % 
vs. 46.7 % 
 Median time to 
recurrence 44 
months vs. 22 
months 

 Maintenance BCG 
superior to MMC in 
prevention of 
recurrence, but no 
difference in survival 

 Malmstrom 
et al. [ 38 ] 

 HG NMIBC  261  Maintenance 
BCG vs. MMC 

 64 months  Disease free: 47 % 
vs. 34 % 
 No difference in 
progression or 
overall survival 

 BCG more effective in 
recurrence prophylaxis, 
but no difference for 
survival or progression 

 Friedrich et al. 
[ 39 ] 

 NMIBC  495  BCG × 6 weeks 
vs. MMC × 6 
weeks vs. 
MMC × 3 years 

 2.9 years  Recurrence 25.1 % 
vs. 25.7 % vs. 
10.4 %. 
 3-yr RFS: 65.5 % 
vs. 68.6 % vs. 
86.1 % 

 Long-term MMC 
reduces the risk of 
recurrence without 
enhanced toxicity 
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Patients who underwent long-term MMC had 
higher recurrence-free survival rates (86.1 %) 
than short-term BCG or MMC (68.6 % and 
65.5 %, respectively) without any increases in 
adverse events.  

20.2.3.4    Costs 
 Each administration of immediate intravesical 
mitomycin C at the completion of a TURBT cost 
$246 per single dose of mitomycin C (MMC). 
Lee et al. estimated that routine utilization of 
postoperative chemotherapy would have pre-
vented cancer recurrence in 46,000 patients 
annually, thereby leading to $3,847 of cost 
 savings per patient [ 41 ].   

20.2.4    Gemcitabine 

20.2.4.1    Indications 
 Gemcitabine is an antimetabolite that is cytotoxic 
and blocks DNA synthesis and causes apoptosis. 
Gemcitabine has been used to treat advanced 
bladder cancer with effective results and a rela-
tively safe adverse effect profi le. Multiple ran-
domized clinical trials have been published 
utilizing intravesical gemcitabine for NMIBC 
(Table  20.3 ).

20.2.4.2       Side Effects 
 Intravesical gemcitabine is generally well toler-
ated with trial dropout rates generally <10 %, 
however severe dysuria and a low rate of grade 3 
adverse events were noted in two phase II trials 
[ 42 ,  43 ].  

20.2.4.3    Results 
 As a fi rst-line agent for NMIBC, one trial com-
pared intravesical gemcitabine (6 weekly instilla-
tions of 2,000 mg) to BCG (6 weekly instillations) 
[ 45 ], and found higher recurrence rates for gem-
citabine compared to BCG (53.1 % vs. 28.1 %, 
respectively), with a mean recurrence-free sur-
vival of 25.6 months for gemcitabine compared 
to 39.4 months for BCG. However, this trial only 
enrolled 64 patients at a single center. Three other 
trials focused on the use of intravesical gem-
citabine for patients with recurrence after BCG 
therapy. In a randomized phase III trial [ 44 ] com-
paring intravesical gemcitabine to MMC for 
patients who developed recurrence after prior 
therapy, intravesical gemcitabine had higher 
disease- free rates (72 %) than MMC (61 %), and 
lower progression rates (40 % vs. 45.5 %, respec-
tively). In another trial, Di Lorenzo et al. [ 46 ] 
randomized 92 patients who developed NMIBC 
recurrence after BCG therapy to receive 6 weeks 

   Table 20.3    Select large trials of gemcitabine   

 Reference 
 Patient 
population   N   Treatment  Follow-up  Outcome  Comment 

 Addeo et al. 
[ 44 ] 

 Recurrent 
NMIBC after 
BCG 

 120  Gemcitabine vs. 
MMC 

 36 months  Recurrence: 
28 % vs. 39 % 
 Progression 11 % 
vs. 18 % 
 Adverse events 
39 % vs. 72 % 

 Gemcitabine has more 
favorable effi cacy and 
toxicity profi le than MMC 

 Porena et al. 
[ 45 ] 

 NMIBC   64  Gemcitabine vs. 
BCG 

 44 months  Recurrence 
53.1 % vs. 
28.1 % 
 RFS 25.6 months 
vs. 39.4 months 
 No difference in 
toxicity 

 Gemcitabine inferior to 
BCG in preventing 
recurrence; but possible 
alternative for those who 
are BCG intolerant 

 Di Lorenzo 
et al. [ 46 ] 

 Recurrent 
NMIBC after 
BCG 

  92  Gemcitabine vs. 
BCG 

 Recurrence 
52.5 % vs. 
87.5 % 
 RFS 3.9 months 
vs. 3.2 months 

 Gemcitabine decreases 
recurrence rates in 
BCG-refractory patients, 
but no difference in RFS or 
progression 
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of gemcitabine (with additional 3 weekly treat-
ments at 3, 6, and 12 months) or BCG (at the 
same schedule). In this study, treatment with 
gemcitabine was associated with lower recur-
rence rates (52.5 % vs. 87.5 %), lower progres-
sion rates (33 % vs. 37.5 %), and longer 
recurrence-free survival rates (3.9 months vs. 
3.2 months) than compared to another round of 
BCG. These fi ndings were confi rmed by a phase 
II single arm SWOG trial [ 42 ] of intravesical 
gemcitabine for patients who had recurrence 
after two prior courses of BCG, which found 
disease-free rates of 47 %, 28 %, and 21 % at 3 
months, 1 year, and 2 years, respectively. A com-
bination of intravesical therapies may help 
improve recurrence and progression rates in 
BCG-refractory patients. A retrospective review 
[ 47 ] of 47 patients who received 6 weeks of intra-
vesical gemcitabine followed by an instillation of 
MMC found a complete response rate of 68 %, 
with 1- and 2-year recurrence-free survival rates 
of 48 % and 38 %, respectively. Thirty percent of 
the patients remained free of recurrence with a 
median time to follow-up of 26 months.  

20.2.4.4    Costs 
 Although promising, these fi ndings need to be 
substantiated with a prospective randomized 
trial. Intravesical gemcitabine appears to be safe 
and effective in BCG-refractory disease as a 
second- line agent, but has yet to show any effec-
tiveness as a fi rst-line agent in NMIBC. In addi-
tion, gemcitabine is one of the more expensive 
intravesical agents, with costs ranging from 
US$540 to US$1,080 per dose.   

20.2.5    Intravesical Docetaxel 

 Docetaxel is a microtubule depolymerization 
inhibitor that has been effective for a wide variety 
of malignancies. The initial phase I clinical trials 
of intravesical docetaxel for BCG-refractory 
NMIBC found a 56 % complete response rate 
after a 6 weekly instillation course with minimal 
side effects. In the largest series of intravesical 
docetaxel use in patients with BCG-refractory 
NMIBC, 59 % had a complete response initially, 

with 1- and 3-year recurrence-free survival rates 
of 40 % and 25 %, respectively. Intravesical 
docetaxel is well-tolerated, with no grade 3 or 4 
toxicities reported in the studies.   

20.3    Novel Therapies 

20.3.1     nab -Paclitaxel 

 Many of the novel agents in development aim to 
improve delivery of the target drug to tumor cells. 
Nanoparticle albumin-bound paclitaxel ( nab - 
paclitaxel ) is a novel agent in the taxane family 
that is added to albumin to improve solubility and 
intracellular transport, two characteristics that 
are essential for successful intravesical agents. In 
phase III trials for breast cancer,  nab -paclitaxel 
was shown to have better effi cacy and safety pro-
fi le compared to standard paclitaxel in systemic 
breast cancer therapy [ 48 ]. A phase I trial using 
intravesical  nab -paclitaxel was performed with 
18 patients who had recurrent NMIBC after prior 
intravesical therapy (including MMC and/or 
BCG), and were given 6 weekly instillations of 
 nab -paclitaxel on a dose escalation scheme. Of 
the 18 patients, 28 % (5/18) had a complete initial 
response 12 weeks after therapy, with no patients 
reporting grade 2 or higher local toxicities. The 
phase II trial of intravesical  nab -paclitaxel is 
ongoing with larger cohorts and follow-up time, 
and will provide more information on the effi -
cacy of this novel agent for recurrent NMIBC.  

20.3.2    Improved Immunotherapy 

 Oportuzumab monatox (VB4-845) is a recombi-
nant fusion protein with a humanized anti- 
epithelial cell adhesion molecule antibody linked 
to Psuedomonas exotoxin A. When the drug is 
internalized by the tumor cell, the exotoxin is 
released and causes apoptosis. In a phase II trial 
[ 49 ], 46 patients who were refractory to BCG 
were given oportuzumab monatox. Overall the 
complete response rates at 3 and 12 months were 
40 % and 15.6 %, respectively. The treatment 
was well tolerated with the majority of the 
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adverse events being mild to moderate in severity 
in local bladder symptoms. 

 Another novel delivery system uses gene 
 therapy and recombinant adenovirus to transduce 
urothelium to improve delivery of interferon and 
maintain high levels of interferon. In a phase I 
trial [ 50 ] in 17 BCG-refractory patients, recombi-
nant adenovirus-mediated interferon was com-
bined with a novel excipient, SCH 209702, to 
improve transduction. There was no dose- limiting 
toxicity noted, and no grade 3 or higher adverse 
events. High and prolonged interferon levels 
were noted in the urine, and 43 % had a complete 
response at 3 months and 14.3 % were disease 
free at more than 2 years follow up.  

20.3.3    Device-Assisted Therapy 

 Three main device-assisted therapy techniques 
are under investigation in the treatment of recur-
rent or refractory-BCG NMIBC: thermochemo-
therapy, electromotive drug administration, and 
photodynamic therapy. 

 Using a special catheter with internal thermo-
couples, the Synergo ®  system heats the bladder 
wall to about 41–44 °C during the instillation of 
agents such as MMC, while simultaneously cool-
ing the urethra to prevent damage. The heated 
environment can improve cellular membrane per-
meability and therefore penetration of MMC, and 
can increase the cytotoxicity of MMC itself [ 51 ]. 
In an early retrospective series of 52 patients 
comparing MMC with chemohyperthermia 
(C-HT) to MMC alone, the complete response 
rate was found to be 66 % in the C-HT group 
compared to 22 % in MMC alone [ 52 ]. This 
improvement in response to MMC with C-HT 
was confi rmed in multiple subsequent studies. In 
a meta-analysis of 22 studies on C-HT, the over-
all risk ratio of those treated with C-HT com-
pared to MMC alone was 41 %, indicating a 
recurrence risk reduction of 59 % with C-HT [ 53 , 
 54 ]. This response appears durable, as the esti-
mated 10-year disease-free survival rate for 
C-HT patients was 52.8 % compared to 14.6 % 
for MMC alone [ 54 ]. At a median follow-up of 
90 months, recurrence rates were 40 % for C-HT 

patients and 80 % for those receiving MMC alone 
[ 54 ]. This improvement in effi cacy with C-HT 
can also be seen in patients with recurrent/refrac-
tory NMIBC. In two prospective trials of patients 
with recurrence after BCG, 1- and 2-year disease- 
free survival rates were 77–85 % and 56–59 %, 
respectively, after receiving C-HT [ 55 ,  56 ]. 

 Electromotive drug administration (EMDA) 
creates an electrical gradient across the bladder 
wall to temporarily enhance cell permeability to 
intravesical agents such as MMC. In a prospec-
tive trial of 108 patients with NMIBC comparing 
MMC alone, MMC with EMDA, and BCG alone, 
a complete response at 6 months was seen in 
31 %, 58 %, and 64 %, respectively [ 57 ]. A large 
multicenter prospective randomized trial com-
pared three treatment arms in patients without 
prior intravesical therapy for NMIBC: TUR 
alone, TUR with MMC, and EDMA with MMC 
[ 58 ]. Compared to TUR alone or MMC, those 
who received EDMA with MMC had lower 
recurrence rates (64 % and 59 % compared to 
38 %, respectively), and signifi cantly higher 
disease- free intervals (12 and 16 months com-
pared to 52 months, respectively). Although no 
trials have been performed with EDMA on 
patients who developed recurrence after BCG or 
prior intravesical therapy, these results appear 
durable and are promising for future utilization. 

 Photodynamic therapy (PDT) utilizes photo-
sensitizers that can be activated by specifi c wave-
lengths of light to cause cell death by the creation 
of free radicals that targets the microvasculature 
and drives an acute infl ammatory response. The 
fi rst generations of photosensitizers had severe 
adverse effects. Photofrin ®  was extremely effec-
tive resulting in high tumor-free rates, but caused 
prolonged skin photosensitivity [ 59 ]. Another 
early trial was performed with oral 5-aminolevu-
linic acid (5-ALA), which caused notable adverse 
effects such as hypotension and tachycardia [ 60 ]. 
A single-center study of intravesical 5-ALA [ 61 ] 
found a recurrence-free rate of 51.6 % after a 
median follow-up of 23.7 months, with minimal 
adverse events. The recurrence-free rate in 
patients who had failed prior BCG therapy was 
40 % (4/10). A prospective trial of a next- 
generation photosensitizer, Radachlorin, in 34 
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patients who had recurrence of NMIBC after 
BCG therapy found that the recurrence-free rate 
at 1 and 2 years was 90.9 % and 64.4 %, 
 respectively [ 62 ], with no grade ≥3 adverse 
events reported. Although promising, further ran-
domized prospective trials will be required to 
evaluate the use of PDT in the management of 
NMIBC.   

20.4     Role of Radical Cystectomy 
in BCG-Refractory Disease 

 In non-muscle-invasive bladder cancer (NMIBC) 
approximately 70 % of patients present as pTa, 
20 % as pT1, and 10 % with carcinoma in situ 
(CIS) lesions. Recurrence is the main problem (in 
≤80 % of patients) for pTa NMIBC patients, 
whereas progression (in ≤45 % of patients) is the 
main threat in pT1 and CIS NMIBC [ 63 ]. 
Management of intermediate- and high-risk blad-
der cancer patients remains one of the most dif-
fi cult problems in urologic practice. Because 
these tumors are potentially lethal, early identifi -
cation of patients suited for BCG treatment or 
radical cystectomy is essential [ 64 ]. 

 The same principles apply when giving BCG 
for recurrent disease as it does when considering 
BCG for treatment of the primary non-muscle- 
invasive bladder tumor. The choice between fur-
ther chemotherapy or additional BCG 
immunotherapy depends on the risk that needs to 
be reduced; recurrence or progression. For exam-
ple, in a multifocal low-grade papillary tumor 
(pTa) the 5-year risk of disease progression, 
based on the EORTC risk calculator [ 65 ] is very 
low (5–8 %), so the goal of BCG therapy in this 
clinical scenario is to reduce or delay disease 
recurrence. On the other hand, in a patient diag-
nosed with her fi rst bladder tumor being a pT1G3 
single tumor which is 5 cm in size, the estimated 
5-year risk of disease progression, based on the 
EORTC risk calculator [ 65 ] is 17 %, so the goal 
of BCG therapy for such a patient is to reduce or 
prevent disease progression. 

 A logical and very challenging question in 
intermediate- and high-risk NMIBC patients 
whose tumors recur after treatment with intra-

vesical BCG therapy is: “When is radical cystec-
tomy indicated?” The European Association of 
Urology (EAU) published an update in 2013 
[ 10 ], which highlights the NMIBC patients with 
the highest risk of disease progression. These are 
patients with the following characteristics [ 65 –
 67 ]: (a) multiple and/or large (>3 cm) T1, (HG/
G3) tumors, (b) T1, (HG/G3) tumors with con-
current CIS, (c) recurrent T1, (HG/G3) tumors, 
(d) T1, G3 and CIS in prostatic urethra, and (e) 
micropapillary variant of urothelial carcinoma. In 
these cases, discussing immediate radical cystec-
tomy and conservative treatment with BCG 
instillation is recommended by the EAU. Delay 
of radical cystectomy in such cases might lead to 
decreased disease-specifi c survival (Level 3 evi-
dence) [ 68 ]. 

 To understand these recommendations, we 
need to review the prognostic factors for disease 
progression, understand the rationale for radical 
cystectomy in NMIBC, and analyze the pub-
lished literature to ascertain if it is possible to 
identify patients at high risk of BCG failure who 
would benefi t from immediate radical cystec-
tomy or be limited to a single cycle of intravesi-
cal therapy prior to radical cystectomy.  

20.5     Prognostic Factors 
for Progression 

 Fortunately, progression to muscle-invasive blad-
der cancer (MIBC) is much less frequent than 
recurrence in NMIBC. Sylvester et al. [ 65 ], in an 
attempt to individualize prediction of progres-
sion, calculated the probability of disease pro-
gression using data from 2,596 patients who 
participated in seven European Organisation for 
Research and Treatment of Cancer (EORTC) tri-
als. The weight score was based on six variables 
(Table  20.4 ) and the EAU adopted this system in 
its guidelines and defi ned patients at low, inter-
mediate and high risk for disease progression 
[ 10 ,  65 ]. Five-year probabilities of disease pro-
gression range from <1 to 45 % depending on the 
risk score (Table  20.5 ) [ 65 ]. Multiplicity and 
tumor size are stronger predictors of recurrence 
[ 65 ], while the most important variables for 
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prediction of progression are CIS, grade 3 and 
stage T1. The main limitation of the EORTC risk 
tables is that most patients were treated by “old” 
 intravesical regimens and guidelines [ 63 ].

    The improvements in repeat/second-look 
TURBT, single chemotherapeutic instillation 
after TUR, and increased use of induction and 
maintenance BCG therapy were not mainstays of 
clinical care in the clinical trials used to construct 
the EORTC risk tables. Fernando-Gomez et al. 

[ 69 ] reported the data on prognostic factors from 
four Club Urologico Espanol de Tratamiento 
Oncologico (CUETO) trials, in which 1,062 
patients received 5–6 months of BCG. Recurrence 
at fi rst cystoscopy, stage, grade and prior tumor 
were each prognostic factors for progression in 
the multivariate analysis. Concomitant CIS was 
only signifi cant in the univariate analysis [ 69 ]. 
Patients in the CUETO study included a higher 
percentage of high-risk patients than in the 
EORTC study and the administration of BCG in 
the CUETO study was more effi cacious in treat-
ing CIS [ 65 ,  69 ]. A similar limitation exists in 
both the EORTC and CUETO studies. The per-
centage of CIS and G3 was low in both studies 
(i.e. 4 % and 10 % [ 65 ] and 7.5 % and 25 % [ 69 ], 
respectively). A separate analysis of high-risk 
patients was not reported in CUETO [ 69 ], but a 
separate analysis of 194 patients with T1G3 in 
the EORTC study [ 65 ] reported that the presence 
of CIS conferred a poor prognosis, with a 1- and 
5-year progression probabilities of 29 % and 
74 % respectively. 

20.5.1     Substaging of T1 
Non-muscle- Invasive 
Bladder Cancer 

 The varied prognosis of T1 NMIBC underscores 
the heterogeneous nature of this disease as the 
clinical outcomes vary from patient to patient. A 
critical challenge involves our ability to accu-
rately stage pT1 tumors. Bol et al. [ 70 ] found an 
80 % agreement, amongst three expert patholo-
gists, when he asked them to reevaluate 130 Ta 
and T1 tumors. Thirty-fi ve of the original 63 T1 
tumors (35/63–56 %) were downstaged to pTa 
and 8/63 (13 %) were upstaged to muscle- 
invasive bladder cancer by the reviewers. Thus 
only 31 % of the original T1 tumors were reclas-
sifi ed similar to the original pT1 stage [ 70 ]. 
Several studies have demonstrated that substag-
ing of T1 NMIBC (pT1a/pT1b/pT1c) is an 
important predictor of progression [ 71 – 75 ]. Two 
studies specifi cally addressed T1 substaging in 
patients treated with BCG therapy.    Kondylis et al. 
[ 76 ] found no difference in progression for 

         Table 20.4    Weighting used to calculate recurrence and 
progression scores [ 65 ]   

 Factor  Recurrence  Progression 

  Number of tumors  
 Single  0  0 
 2–7  3  3 
 >8  6  3 
  Tumor diameter  
 <3 cm  0  0 
 >3 cm  3  3 
  Prior recurrence  
 Primary  0  0 
 <1 recurrence/year  2  2 
 >1 recurrence/year  4  2 
  Stage category  
 Ta  0  0 
 T1  1  4 
  Concomitant CIS  
 Yes  0  0 
 No  1  6 
  Grade  ( WHO 1973 ) 
 G1  0  0 
 G2  1  0 
 G3  2  5 
 Total score  0–17  0–23 

    Table 20.5    Probability of progression according to total 
score [ 10 ,  65 ]   

 Probability of progression 

 Progression risk 
group 

 1 year % 
(95 % CI) 

 5 years % 
(95 % CI) 

  Progression score  
 0  0.2 (0–0.7)  0.8 (0–1.7)  Low risk 
 2–6  1 (0.4–1.6)  6 (5–8)  Intermediate risk 
 7–13  5 (4–7)  17 (14–20)  High risk 
 14–23  17 (10–24)  45 (35–55)  High risk 

   CI  confi dence interval  
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substage, and Orsola et al. [ 75 ] found a signifi -
cant difference in progression-free survival (PFS) 
for T1a compared to T1b + T1c. One of the limi-
tations, with pT1 substaging is that the muscula-
ris mucosae and vascular plexus is not able to be 
identifi ed in up to 35 % of cases [ 71 – 75 ]. Cheng 
et al. [ 77 ] explored alternative approaches to sub-
staging, and measured depth of invasion by 
micrometer. In 100 % of the cases ( N  = 83 TUR 
specimens) depth of invasion could be measured. 
Five-year PFS was 93 % for patients with 
<1.5 mm invasion compared to 67 % for patients 
with >1.5 mm subepithelial invasion. Additionally, 
Van der Aa et al. [ 78 ] defi ned microinvasive pT1 
as a single spot of invasion seen only within one 
high-power fi eld (under the microscope) and 
classifi ed pT1 cases not meeting these two crite-
ria as extensive invasive pT1. He could repro-
duce his system in 43/53 (81 %) of the tumors. 
While these data support pathologic substaging, 
the optimal system has yet to be determined and 
substaging is not routinely applied in routine 
pathologic assessment. 

 While a variety of molecular markers have 
been investigated to provide a better assessment 
of NMIBC prognosis [ 79 – 82 ], to date the value 
of such markers over conventional clinicopatho-
logic variables is not clear.   

20.6     Rationale for Cystectomy 
in NMIBC 

 Unfortunately, treatment options are limited for 
patients with recurrence after BCG therapy. 
Patients with BCG-refractory NMIBC have a 
50 % chance of disease progression and should 
be considered for cystectomy [ 16 ]. Historically, 
the response rates to repeat BCG courses decrease 
signifi cantly and each additional course is accom-
panied by a 7 % increase in the risk of progres-
sion [ 16 ]. 

 Up to one-third of patients with high-grade T1 
urothelial carcinoma initially treated with BCG 
die of bladder cancer [ 83 ,  84 ]. Nieder et al. [ 85 ] 
reported a 19 % death rate from bladder cancer, 
in patients who underwent radical cystectomy 
after failing BCG for high-grade Ta or T1 bladder 

cancer. Herr and colleagues [ 86 ] reported 15-year 
clinical outcomes for patients with high-grade T1 
showing that 52 % of patients progressed to mus-
cle invasion and 31 % died of their disease. In the 
same year, Cookson et al. [ 83 ] reported 15-year 
results in 84 patients with high-risk NMIBC 
treated with TUR ± BCG. Disease progression 
occurred in 53 % of patients, 36 % underwent 
cystectomy and 34 % died of bladder cancer. 
Soloway et al. [ 87 ] retrospectively reviewed their 
institutional database to compare the pathologic 
stage after radical cystectomy in patients who 
received BCG across two different time periods. 
Patients who underwent radical cystectomy 
between 1992 and 2002 (group 1) were compared 
to those who had radical cystectomy between 
2003 and 2007 (group 2). A total of 168 of 445 
(38 %) patients received BCG prior to radical 
cystectomy and 152 patients were in the fi nal 
analysis (group 1— N  = 77; group 2— N  = 75). No 
signifi cant difference in the fi nal pathologic stage 
was noted between the two groups. In group 1 
patients, fi nal pathologic stage was 43 %, 26 % 
and 11 %, respectively, for muscle-invasive dis-
ease, extravesical disease and lymph node metas-
tasis. In group 2 patients, fi nal pathologic stage 
was 52 %, 32 % and 16 %, respectively, for 
muscle- invasive disease, extravesical disease and 
lymph node metastasis. There was no statistically 
signifi cant difference between the groups for 
fi nal pathologic stage ( p  = 0.5), and no difference 
was seen in a 5-year disease-specifi c survival 
( p  = 0.2). 

 Herr and Sogani [ 88 ] published one of the ear-
lier studies to analyze disease-specifi c survival in 
patients who underwent early radical cystectomy 
versus delayed cystectomy in patients with high- 
risk superfi cial bladder cancer. Out of 307 
patients with high-risk NMIBC treated with 
TURBT and BCG therapy, 90 (29 %) underwent 
radical cystectomy for recurrent tumor during a 
follow-up of 15–20 years. Of the 90 patients, 44 
(49 %) survived a median of 96 months. Thirty- 
fi ve out of 90 patients (39 %) recurred with 
NMIBC and 55/90 (61 %) recurred with muscle- 
invasive disease. In the group of patients who 
recurred with NMIBC, 92 % and 56 % survived 
who underwent radical cystectomy less than 2 years 
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after initial BCG therapy compared to >2 years 
after BCG therapy. In the group of patients who 
recurred with MIBC, 41 % and 18 % survived 
when radical cystectomy was performed within 
and after 2 years of receiving BCG therapy. In the 
early and delayed groups, the median time to cys-
tectomy was 11 months (range 3–23 months) and 
55 months (range 25–228) respectively. 

 Lerner et al. [ 89 ] performed a secondary data 
analysis of a large prospective data set from the 
SWOG 8507 randomized trial of maintenance 
BCG to better understand patterns of recurrence 
and the impact of timing of recurrences on sur-
vival. A total of 501 patients were evaluated who 
were treated with induction BCG therapy and 
then were randomized to maintenance BCG or 
observation. Recurrence patterns were defi ned as 
early (<12 months) or late (>12 months) follow-
ing randomization. Disease worsening events 
were defi ned as events that included diagnosis of 
T2 or greater, cystectomy, systemic chemother-
apy, radiation therapy or other therapy indicative 
of abandonment of strategies for treatment of 
superfi cial disease. Two-hundred and fi fty-one 
patients had disease recurrence (251/501 = 50 %) 
and 229 (46 %) died. Fifty-nine percent of the 
patients who died had recurrence following ran-
domization. Early recurrence occurred in 117 
(47 %) and late recurrence in 134 (53 %) patients 
respectively. The hazard ratio for death for 
patients who had early recurrence was 2.53 (95 % 
CI: 1.66–3.86;  p  < 0.001) compared with those 
who did not progress or relapse, whereas late 
recurrence was associated with a hazard ratio of 
2.31 (95 % CI: 1.44–3.70;  p  < 0.001). Early recur-
rence was not associated with a higher risk of 
death relative to late recurrence ( p  = 0.69). There 
was no signifi cant difference in progression to T2 
or greater between early and late recurrence 
(38/117—32 % vs. 34/134—25 %;  p  = 0.21). 
Cystectomy was infrequently performed in this 
cohort of patients; 56/251 (22 %) who had recur-
rence underwent radical cystectomy. Although 
disease recurrence was associated with a higher 
risk of death, the timing of the recurrence (early 
vs. late) was not associated with a higher risk of 
death. Interestingly, the early recurrence group 
was more likely to have T2 or greater disease 

(32 % vs. 25 %) with the median time from ran-
domization to radical cystectomy being 20 
months for patients with progression to muscle- 
invasive cancer. The 5-year survival probability 
for T2 or greater was 56 % from randomization 
and 44 % from time of radical cystectomy. For 
Tis or T1 the 5-year survival probability was 
95 % at randomization and 54 % from the time of 
radical cystectomy. While the 5-year postopera-
tive survival probability was lower than contem-
porary published series, these fi ndings in this 
study are very similar to the fi ndings reported by 
Herr et al. [ 88 ] For example, the 5-year survival 
after cystectomy was very similar for recurrent 
NMIBC after BCG therapy (56 % delayed RC 
group Herr study, 54 % Lerner study). The 
median time to radical cystectomy for the 
NMIBC group in the Herr study is 55 months 
compared to 42 months for the Lerner study [ 89 ]. 
In patients who recurred following BCG with 
MIBC, the 5-year survival for the early cystec-
tomy group in the Herr study is 41 % (median 
time—11 months; range 3–23 months) and in the 
Lerner study 44 %, with the median time to cys-
tectomy 20 months. Both studies highlight the 
impact of delaying radical cystectomy on disease- 
specifi c survival and how crucial or imperative it 
is to be selective and cautious in recommending 
bladder-sparing strategies in this high-risk group 
of bladder cancer patients. 

 Although cystectomy with urinary diversion is 
the treatment most likely to prevent disease pro-
gression, this procedure is associated with con-
siderable short- and long-term morbidity and it 
may not be a feasible option for patients with sig-
nifi cant comorbidities [ 90 ,  91 ].  

20.7     Identifying Patients at High 
Risk of BCG Failure 

 Currently, there are no prognostic variables capa-
ble of accurately predicting, on an individual 
patient level, response to BCG therapy. The clini-
copathologic variables associated with an 
increased risk of BCG failure include female 
gender [ 69 ], older age [ 92 ], multifocality [ 69 ], 
recurrent tumors [ 69 ], concurrent CIS (especially 
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in the prostatic urethra) [ 67 ], lymphovascular 
invasion [ 93 ], detectable disease at 3-month sur-
veillance cystoscopy [ 94 ], depth (and multifocal-
ity) of lamina propria invasion [ 95 ], timing of 
failure (i.e. early vs late) [ 96 ], and two or more 
prior courses of BCG therapy [ 32 ]. 

 The goal in these high-risk patients is to iden-
tify prognostic factors for the patients who will 
benefi t from immediate radical cystectomy or 
limited intravesical therapy (single cycle of intra-
vesical therapy). Masood et al. [ 97 ] reported their 
prognostic factors in 21 pT1G3 patients treated 
with early cystectomy. Multifocal disease and 
CIS were associated with upstaging to MIBC, 
while absence of these variables was associated 
with pT0 at radical cystectomy [ 97 ]. Denzinger 
et al. [ 98 ] in a cohort of 132 T1G3 patients treated 
with BCG found that the combination of CIS, 
size and multifocal disease was predictive for 
cancer-related death [ 98 ]. Solsona et al. [ 94 ] 
reported the results on 191 high-risk NMIBC 
patients treated with intravesical therapy (BCG in 
75 cases). In a multivariate model, prognostic 
factors associated with disease progression were: 
the presence of tumor at 3-month cystoscopy, T1, 
CIS, G3 or prostate mucosa involvement. The 
authors advocated for early cystectomy in these 
clinical scenarios [ 94 ]. Griffi ths et al. [ 99 ] 
reported the outcome of primary carcinoma in 
situ (CIS) and CIS associated with Ta or T1 tran-
sitional cell carcinoma of the bladder treated with 
BCG. In this cohort of 135 patients, all under-
went a standard course of six BCG instillations 
(no maintenance BCG). Patients were divided 
into group 1 ( N  = 23) primary CIS only, group 2 
( N  = 37) primary CIS and Ta, and group 3 ( N  = 75) 
primary CIS and T1. The overall progression 
rates at 5 years were 20 %, 18 % and 49 %, 
respectively, for groups 1, 2 and 3. Cancer- 
specifi c survival rates were 83 %, 86 % and 59 %, 
respectively, for groups 1, 2 and 3. Patients in 
group 3 (CIS and T1) treated with BCG had dis-
ease progression signifi cantly early than patients 
in groups 1 and 2 (log-rank test:  p  = 0.013). While 
a complete response to BCG in group 3 (CIS and 
T1) signifi cantly delayed time to progression 
(Cox regression  p  = 0.001), it did not reduce death 
from transitional cell carcinoma. The authors 

concluded that while a single course of BCG was 
remarkably effective for primary CIS and CIS 
associated with Ta transitional cell carcinoma, it 
is suboptimal in patients with primary CIS asso-
ciated with T1 transitional cell carcinoma. 

20.7.1     The EORTC Risk Group 
Stratifi cation Tables 
and Patients at High Risk 
of BCG Failure 

 For the majority of intermediate- and high-risk 
patients, it is reasonable for patients to receive 
adjuvant BCG therapy following TURBT. As 
outlined in other aspects of this chapter, close 
surveillance is critical because a narrow time 
window exists for cystectomy to be performed 
for high risk or T1G3 NMIBC patients when 
BCG fails [ 94 ,  98 – 102 ]. Denzinger et al. [ 101 ] 
offered early cystectomy to 105 patients with 
pT1G3 disease using several of the prognostic 
factors in the EORTC tables that are used to risk 
stratify patients. Study patients with two or three 
additional risk factors (size > 3 cm, multifocality, 
and CIS) were offered early cystectomy. Fifty- 
four (51 %) of patients opted for early cystec-
tomy while 49 % deferred cystectomy [ 101 ]. 
Early cystectomy was associated with a signifi -
cantly better 10-year cancer-specifi c survival rate 
compared to deferred cystectomy—78 % versus 
51 % ( p  < 0.01) in this nonrandomized compari-
son [ 101 ]. The results of the group successfully 
managed with BCG were not reported. 

 The EORTC recurrence and progression 
tables (see Tables  20.4  and  20.5 ) potentially 
offer the clinician a rationale way to guide which 
patients should receive adjuvant BCG therapy 
patients (0 or 1 cycle) or immediate cystectomy. 
Similar to other published studies [ 94 ,  98 ,  99 ] 
the prognostic factors with the highest risk of 
disease progression are multifocal disease (3 
points for progression; Table  20.4 ), clinical T1 
(4 points for progression; Table  20.4 ), tumor size 
(3 points for progression; Table  20.4 ), concomi-
tant CIS (6 points for progression; Table  20.4 ), 
and high grade (5 points for progression; 
Table  20.4 ). For newly diagnosed patients (primary 
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tumor), a  progression score of ≥13 could be use-
ful to help identify the highest-risk patients for 
BCG failure or patients in whom early cystec-
tomy should be considered (Table  20.6 ). For 
example, the patient with a single tumor <3 cm 

T1G3 and concomitant CIS (T1—4 points, Grade 
3—5 points, CIS—6 points) would have a total pro-
gression risk score of 15 (1-year probability of 
 progression of 17 % and 5-year probability of pro-
gression of 45 %). In the newly diagnosed patient 

   Table 20.6       EORTC risk tables: progression score in TaG3 and T1G3 patients   

 Primary tumor—Ta G3  Primary tumor—T1 G3 

 Clinical scenarios  Progression score points  Clinical scenario  Progression score points 

 TaG3 < 3 cm  0 + 5  T1G3 < 3 cm  4 + 5 
 Single  0  Single  0 
 No CIS  0  No CIS  0 

 Total score = 5  Total score = 9 
 TaG3  0 + 5  T1G3  4 + 5 
 <3 cm  0  <3 cm  0 
 Multifocal  3  Multifocal  3 
 No CIS  0  No CIS  0 

 Total score = 8  Total score = 12 
 TaG3  0 + 5  T1G3  4 + 5 
 >3 cm  3  > 3 cm  3 
 Single  0  Single  0 
 No CIS  0  No CIS  0 

 Total score = 8  Total score = 12 
 TaG3  0 + 5   T1G3   4 + 5 
 >3 cm  3   >3 cm   3 
 Multifocal  3   Multifocal   3 
 No CIS  0   No CIS   0 

 Total score = 11   Total score = 15  
 TaG3  0 + 5   T1G3   4 + 5 
 <3 cm  0   <3 cm   0 
 Single  0   Single   0 
 (+) CIS  6   (+) CIS   6 

 Total score = 11   Total score = 15  
  TaG3   0 + 5   T1G3   4 + 5 
  <3 cm   0   <3 cm   0 
  Multifocal   3   Multifocal   3 
  (+) CIS   6   (+) CIS   6 

  Total score = 14    Total score = 18  
  TaG3   0 + 5   T1G3   4 + 5 
  >3 cm   3   >3 cm   3 
  Single   0   Single   0 
  (+) CIS   6   (+) CIS   6 

  Total score = 14    Total score = 18  
  TaG3   0 + 5   T1G3   4 + 5 
  > 3 cm   3   > 3 cm   3 
  Multifocal   3   Multifocal   3 
  (+) CIS   6   (+) CIS   6 

  Total score = 17    Total score = 21  

  Bold represents clinical scenarios with total progression scores ≥13 (highest risk patients)  
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with stage TaG3 and associated CIS, the patient 
would also need to have multiple tumors or a tumor 
>3 cm in order to have a progression risk score ≥13. 
The prognostic factors in the EORTC recurrence 
and progression tables using the total progression 
score might be a reasonable approach in the man-
agement of this high-risk NMIBC patient group.

20.8        Conclusion 

 The management of patients who develop recur-
rence after BCG therapy has continued to evolve. 
Improved defi nitions of BCG failure, and a better 
understanding of prognostic factors associated 
with disease progression provide valuable knowl-
edge to both patients and urologists. While radi-
cal cystectomy offers the best oncologic outcomes 
in patients who recur and/or progress after BCG 
treatment, several intravesical therapies and 
novel treatments exist for appropriately selected 
BCG failure patients and for patients unfi t for 
radical cystectomy. Advancements in molecular 
medicine may afford the promise of improved 
patient outcomes in these high-risk non-muscle- 
invasive bladder cancer patients.     
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21.1            How Much BCG Do You Give? 

    The original BCG induction therapy regimen was 
devised by Morales et al. in 1976 [ 1 ]. This regi-
men consisted of full-dose BCG administered 
intravesically once a week for 6 weeks together 
with a percutaneous dose. 

 Six years later, Brosman et al. reported their 
positive results with the same BCG schedule 
without the percutaneous dose and that scheme 
has become the standard of care treatment [ 2 ]. 

 Although the optimal dose of BCG is unknown 
most clinical studies and meta-analyses have uti-
lized the same schedule and this remains the stan-
dard of care. The question of how long BCG 
should be administered has been debated and is 
still controversial. Numerous randomized trials 
and subsequent meta-analyses have concluded 
that maintenance BCG therapy is superior to 
induction BCG alone for the prevention of recur-
rence and progression of NMIBC [ 3 – 9 ]. However, 
the defi nition of maintenance is controversial and 
the BCG maintenance schedule administered 
varies between institutions. Some centers use the 

induction course followed by one instillation per 
month for 6 months, others use three instillations 
every 3 months for 1 year. 

 The current optimal maintenance schedule is 
based on the SWOG regimen used in the pro-
spective, randomized study 8507 comparing    
maintenance versus no maintenance in interme-
diate- and high-risk patients with or without 
CIS. The induction course was followed by three 
instillations of BCG at month 3, 6, 12, 18, 24, 30, 
and 36. The results showed a signifi cant improve-
ment in the median recurrence-free survival that 
varied from 35.7 to 76.8 months in the standard 
and maintenance group, respectively [ 3 ]. 

 The SWOG BCG maintenance schedule, 
although still empirical, has become the standard. 
Lamm et al. [ 10 ] reviewed the role of mainte-
nance in intermediate- and high-risk disease. 

 In the EORTC trial 30911 comparing BCG 
versus BCG plus INH vs Epirubicin at a median 
follow-up of 9.2 years, time to fi rst recurrence, 
time to distant metastases, and overall and 
disease- specifi c survival were all signifi cantly 
prolonged in the BCG maintenance arms com-
pared to epirubicin [ 9 ]. 

 Further to the above two trials, a series of 
meta-analyses demonstrate the superiority of 
maintenance BCG in the reduction of recurrence 
and progression [ 10 ]. A large EORTC meta- 
analysis involving 4,683 patients showed BCG to 
be superior to other options (TURBT alone, 
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TURBT with chemo, TURBT with other immu-
notherapy), and that maintenance was required 
for best outcome. In those trials that gave mainte-
nance, progression was reduced [ 4 ]. 

 Another EORTC meta-analysis including 700 
patients with CIS compared BCG with other che-
motherapy agents. A complete response was 
noted in 68.1 % of BCG patients versus 51.5 % of 
patients on chemotherapy [ 6 ]. 

 This supports the use of BCG over chemother-
apeutic alternatives, but leaves the regimen to be 
further explored. The maintenance regimen is 
recommended by AUA and IBCG guidelines 
while the EAU guidelines recommend BCG 
maintenance for at least 1 year [ 11 ].  

21.2    What Dose to Give? 

 Since BCG produces signifi cant side effects 
reducing the dose maintaining the same effi cacy 
is a desirable goal. This question was answered 
by a large prospective randomized study from 
EORTC [ 12 ] including 1,355 patients with Ta-T1 
intermediate and high risk tumors. The aim of 
this study was to examine whether 1/3 dose BCG 
was not inferior to full dose, and if 1 year mainte-
nance was not inferior to 3 years, and if 1/3 
strength for 1 year reduced toxicity. The fi nal 
results of the study were published in early 2013. 
In 1,355 patients, with median follow-up of 7 
years, there were no signifi cant decreases in tox-
icity between 1/3 and FD, while 1/3 dose was 
found to be suboptimal. 

 After stratifying patients by risk group they 
showed that intermediate-risk patients receiving 
full-dose BCG for 1 year achieved equivalent 
results to patients receiving 3 years of treatment. 
In high-risk patients, 3 years of maintenance was 
associated with reduction in recurrence, but not 
progression or death. 1/3 dose in high-risk 
patients did not result in reduced recurrence. 
Finally, reducing the dose of BCG to 1/3 no 
reduction in toxicity was found. 

 In conclusion, the actual BCG schedule for 
patients with CIS should be: 1 vial (full dose) of 
BCG once weekly commencing 15–21 days after 
TUR followed by three instillations at month 3, 

6, 12, 18, 24, 30, and 36 according to the SWOG 
schedule. 

 The 79-year-old patient presented with a per-
sistent CIS after 6 months of BCG therapy. This 
scenario suggests two other important questions:
    1.    Does BCG maintain the same effi cacy in the 

elderly as in young patients?   
   2.    How can we defi ne BCG failure?      

21.3     The Role of BCG 
in the Elderly 

 Age-related changes that may impact on BCG 
functionality include deregulated immune and 
infl ammatory responses. 

 Declining T-cell function is the most signifi -
cant and best-characterized feature of immune- 
senescence [ 13 ,  14 ]. In a retrospective study of 
805 patients with multiple of recurrent high- 
grade Ta or T1 tumors and/or CIS, Herr found 
that age did not impact on initial response to 
BCG therapy [ 15 ]. However, patients aged 70–79 
years were 10 % less likely to sustain the response 
and remain free of tumor recurrence during a 
5-year period (27 % vs. 37 %). 

 Joudi reported that patients older than 80 had 
a poor response to BCG + Interferon with a 22 % 
lower absolute disease-free rate for patients ≥80 
years treated with BCG + Interferon, compared 
to patients 60–70 years of age [ 16 ]. There may 
also be a higher risk of BCG-related complica-
tions in patients older than 80 years as reported 
by Heiner [ 17 ].  

21.4     When Do You Say That BCG Is 
Not Working? How Can 
We Defi ne BCG Failure? 

 BCG failure is a heterogeneous term that encom-
passes a number of clinical scenarios. There are 
currently three published concepts to categorize a 
disease that appears during or following BCG 
instillations. The EAU defi nes BCG failure in 
these cases [ 18 ]:
    1.    Muscle-invasive bladder tumor  is detected 

during follow-up.   
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   2.    High-grade NMIBC is present after 3–6 months.   
   3.    Any worsening of disease occurring during 

BCG treatment, higher number of recurrences, 
higher T stage, higher grade, appearance of 
CIS despite an initial response.    
  The international bladder group (IBCG) tried 

to emphasize the importance of distinguishing 
recurrence from treatment failure. Recurrence 
refers to reappearance of disease, any grade, T 
category, or CIS after completion of therapy. 
Failure is any recurrence or progression that 
occurs during intravesical therapy [ 19 ]. 

 There are four subgroup categories of BCG 
failure [ 20 ,  21 ]:
    1.    BCG intolerance: recurrent disease in an 

intolerant BCG patient and/or side effects.   
   2.    BCG resistance: recurrence or persistence of 

lesser stage or grade after initial course which 
resolves with further BCG instillations.   

   3.    BCG relapse: recurrence after initial 
resolution.   

   4.    BCG refractory: non-improving or worsening 
disease despite BCG.    

21.5      Predicting BCG Failure 

 There are no variables that can accurately predict 
response to BCG therapy, on an individual patient 
basis. Some clinico-pathological features can 
help urologists in predicting the risk of failure: 
female sex, older age, multifocality, recurrent 
tumors, associated CIS, lymphovascular inva-
sion, recurrent disease cysto at 3 months   , depth 
of lamina propria invasion, timing of failure 
(e.g. early vs. late) and two or more previous 
courses of BCG.  

21.6     What Is Your Next Agent 
of Choice in Case of BCG 
Failure? 

 Treatment options for BCG failure. 
 Once a patient is deemed to have failed BCG 

there are two possible options:
    1.    Surgery, radical cystectomy.   
   2.    Conservative treatment.     

 It is not uncommon for a uro-oncologic sur-
geon to be faced with a patient who after failing 
BCG therapy is not willing or not fi t for RC. 

 The attitude of this author is to clearly explain 
to the patient and eventually relatives that any 
treatment other than RC must be considered 
oncologically inferior. Once a patient has decided 
to pursue a conservative approach, many options 
can be offered.  

21.7    Interferon-alfa-BCG 

 Interferon-alfa (INF-alfa) is a cytokine produced 
by the immune system in response to insults such 
as tumor cell growth. It has been utilized in con-
junction with BCG in patients with high-risk 
NMIBC who failed BCG therapy. 

 A US multicenter phase II study, involving 
1,007 patients compared the effects of INF-alfa 
(50 millions) plus reduced dose BCG in BCG fail-
ure patients to a cohort of BCG naïve patients who 
received the same INF-alfa dose but with a stan-
dard-dose BCG protocol. The response rate in the 
group of patients who failed BCG was 45 % com-
pared to 59 % in the BCG naïve group [ 16 ]. 

 In conclusion, INF-alfa/BCG can be a reason-
able option for patients who failed previous BCG 
therapy even if further studies have to confi rm the 
results.  

21.8    Gemcitabine 

 Gemcitabine is a nucleoside analog that causes 
defective DNA replication, leading to apoptosis of 
tumor cells. To date, some phase I and II studies in 
patients who failed BCG have been published. 
Although    the number of patients treated in this set-
ting is modest ( N  = 243) some responses have been 
reported. Gemcitabine was administered intravesi-
cally at the dose of 2,000 mg a week for 6 weeks 
and then monthly in some protocols. The response 
rate varied from 40 to 70 % according to interme-
diate- or low-risk tumor characteristics [ 22 ]. In 
conclusion, intravesical gemcitabine is an alterna-
tive therapy for BCG- failure patients even if the 
reported follow-up is short (1–2 years).  
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21.9    Thermochemotherapy 

 Hyperthermia used in combination with intravesi-
cal MMC is defi ned as thermochemotherapy (TC). 
Synergo System is the name of the technology 
delivering hyperthermia. Inducing temperatures of 
approximately 42 °C in the bladder wall signifi -
cantly improves the absorption of sequentially 
administered intravesical MMC compared to 
MMC alone. The role of Synergo in the treatment 
of BCG-failure patients has been studied by differ-
ent authors. The schedule used was one instillation 
of MMC with Synergo a week for 6–8 weeks. The 
response rate varied from 50 to 56 % after 2 years 
with a progression rate of 8 % [ 22 ]. A bladder 
preservation rate of 87.6 % was reported in a 
recent systematic review allowing the authors to 
speculate that thermochemotherapy could become 
the standard of care in BCG- failure patients [ 23 ].  

21.10    Aggressive Treatment 

 Radical cystectomy has been defi ned by different 
guidelines as the standard therapy for high-risk 
patients who failed BCG [ 11 ].  

21.11     Is Your Choice of Proceeding 
with Cystectomy Infl uenced 
by How the Patient’s Bladder 
Appears Cystoscopically? 

 The choice to proceed with cystectomy relies on 
the usual constellation of diagnostic tools avail-
able to the clinician. History, cystoscopy, and his-
tology are going to be the key factors in making 
this complex clinical decision. A patient’s 
response to previous treatment and knowledge of 
his/her disease will also strongly infl uence man-
agement   . Bladder capacity should be evaluated 
during cystoscopy. A small bladder causing 
intense patient dysuria and pollachiuria deter-
mines a poor quality of life and sometimes is a 
very important feature affecting the decision- 
making process of further treatment. In these 
cases radical cystectomy should be seriously 
evaluated and discussed with our patients. 

 The cystoscopic appearance in our index 
patient “a 79-year-old who has persistent CIS 
despite induction and maintenance BCG for 6 
months” may in fact be normal. However, this 
would not impact on our treatment decision, as 
he is known to have had a poor response to BCG, 
and has persistent CIS. White light cystoscopy 
may not be the most effective technique of diag-
nosing disease. In an attempt to improve the diag-
nostic yield of cystoscopy, additional techniques 
may be employed. A 2010 systematic review of 
photodynamic diagnosis showed this to be a 
superior technique when compared to white light 
cystoscopy. Twenty percent more tumor-positive 
patients were detected with PDD in all patients 
with non-invasive bladder tumors, and 39 % in 
patients when only CIS was analyzed. 

 Residual tumor was found less often, and 
recurrence-free survival was better at 12 and 24 
months [ 18 ]. That said, it must be noted that PDD 
can cause a high number of false positives in 
patients who have received prior BCG. 

 Further, the appearance of the bladder may be 
misleading. Erythema, particularly in the setting 
of negative cytology may merely refl ect post- 
BCG changes, rather than recurrent or persistent 
disease. 

 In summary, the appearance of the bladder 
may be misleading. It must be interpreted with 
caution, and an appreciation of the known his-
tory, response to treatment, cytology, and histol-
ogy acquired at cystoscopy. While evidence of a 
tumor is self-evident, a normal appearing blad-
der, or an erythematous area requires further con-
sideration, and cannot be accepted at face value. 
Finally, bladder capacity should be also evaluated 
and considered in the decision-making process.     
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         Bacillus Calmette-Guérin (BCG) immunother-
apy very commonly produces symptoms of uri-
nary frequency and dysuria that typically occur 
after the second or third instillation. These symp-
toms are so common that they are expected and 
generally not treated, but can herald severe, life- 
threatening, even fatal reactions. How can we 
reduce the risk of severe reactions? Can we iden-
tify those patients at risk for severe toxicity? How 
should mild, moderate, and severe toxicity be 
treated? Importantly, patients with recurrent 
high-grade urothelial carcinoma are at risk for 
disease progression and death. Can the benefi ts 
of BCG be provided safely to these high-risk 
bladder tumor patients who appear to be BCG 
intolerant? 

 The benefi t of BCG is immunologic in nature 
[ 1 ] and the side effects can be both immunologic 
and infectious [ 2 ]. Unfortunately, the immuno-
logic nature of BCG is often forgotten when 
treating patients and designing protocols. The 
concept that “more is better,” which may gener-
ally apply to chemotherapy, can reduce the anti-
tumor effect of BCG and has been shown to 
promote tumor growth and death in the animal 
model [ 3 ], while at the same time increasing the 
risk of severe toxicity. Classic immunology lec-
tures given to fi rst-year medical students teach 
that the second set reaction to an antigen is 
heightened and accelerated. Despite this com-
mon knowledge, as illustrated in the sample case, 
a second 6-week course of BCG (a time schedule 
commonly and appropriately seen with intravesi-
cal chemotherapy) is often used for patients with 
tumor recurrence after the initial course of 
BCG. This practice is based on small, uncon-
trolled historical series. The only randomized 
evaluation of repeat 6-week BCG immunother-
apy failed to show any signifi cant reduction of 
malignancy compared with induction alone [ 4 ]. 
In this scenario, the index patient should simply 
have his BCG stopped after his third instillation. 
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One cannot say, of course, that a second 6-week 
course of BCG should never be given. The immune 
stimulation and protection from bladder cancer 
recurrence, like the protection from tuberculosis, 
wanes with time and may be completely lost a 
decade after immunization [ 5 ]. A patient who has 
had no BCG for many years or a patient with an 
impaired immune response may benefi t from a 
second full 6 weeks of BCG, but it is very unlikely 
that patients who develop strong symptomatic 
local adverse events benefi t by continuing beyond 
the third instillation. DeBoer et al. documented 
that benefi cial urinary cytokines induced by BCG 
peak after the sixth instillation during the fi rst 
course, but with a second course they peak after 
the third instillation and are actually suppressed by 
the fourth, fi fth and sixth instillation [ 6 ]. 

 The correlation between benefi t of BCG and 
side effects is not clear or reliable. It is reassuring 
to see patients exhibit mild frequency, dysuria, 
malaise, or fatigue as presumed evidence of an 
immune response. Fever has been reported to cor-
relate with a reduction in the risk of recurrence. 
But many patients have no symptoms from BCG 
and remain free of tumor recurrence. Increasing 
side effects, on the other hand, do commonly pre-
cede a severe BCG reaction. What should be done 
in the face of increasing local symptoms of fre-
quency and dysuria, which are often associated 
with malaise? First, diligence to continue intra-
vesical treatment on schedule should be ignored. 
While 6 weekly instillations are thought to be opti-
mal for induction of BCG immunity in most 
patients, the standard induction is an arbitrary 
schedule that does not necessarily fi t everyone. If 
the side effects are tolerable (not increasing and 
not requiring medication), simply postponing 
treatment until all symptoms have resolved is the 
most appropriate approach. In some cases, the 
cause of the symptoms may be unclear, and the 
tumor risk remains high. If treatment is deemed 
necessary in the face of continuing symptoms, 
patients should be warned of the risks. In this case, 
one can consider BCG dose reduction and admin-
istration of ofl oxacin or ciprofl oxacin at 6 and 18 h 
after instillation. The number of viable colony 
forming units (CFU) in BCG is highly variable, 
ranging from 2 to 19 × 10 8  CFU per vial of 
TheraCys or from 2 to 8 × 10 8  CFU per vial of 

Tice. Therefore to be effective, dose reduction of 
BCG must be aggressive. While the benefi t of 
dose reduction is arguable and not universally 
found, experience with using the recommended 
logarithmic reduction to 1/3, 1/10, 1/30 and 
1/100th dose now for decades has shown that most 
symptoms can be managed with no observable 
reduction in effi cacy. In an effort to reduce BCG 
side effects, French investigators compared stan-
dard dose BCG with that plus ofl oxacin 200 mil-
ligrams (mg) at 6 h post instillation and the 
following morning. They reported a signifi cant 
reduction in local side effects with no reduction in 
effi cacy [ 7 ]. Either dose reduction or prophylactic 
antibiotics can be given. Liberal use of BCG dose 
reduction to prevent escalating side effects is a rec-
ommended practice with the possible addition of 
fl uoroquinolone antibiotic. A recent patient is a 
good example. He had received his fi fth instilla-
tion elsewhere and had a fever to 102 °F with 
chills. Upon his sixth instillation, the patient was 
asymptomatic and started on 500 mg of ciprofl ox-
acin immediately and the following morning, and 
should he develop a recurrent fever, a prescription 
was given for ciprofl oxacin 500 mg twice daily 
and isoniazid 300 mg daily for 3 months. He again 
developed fever and chills, took his medicine as 
instructed, and avoided what could have been a 
life- threatening reaction. 

 Urologists who prescribe BCG should be 
familiar with the side effects and know how to 
best prevent and treat complications. We cannot 
expect every emergency room physician to know 
how to treat serious BCG reactions. While we 
would hope that infectious disease specialists 
would be well informed, experience has shown 
that the treatment of serious BCG reactions is 
suffi ciently controversial, complicated and eso-
teric that even they must often review published 
recommendations. 

22.1     Prevention of BCG Side 
Effects 

 All side effects cannot be prevented, and even 
with the best efforts, some serious side effects 
will occur but the majority of signifi cant untow-
ard reactions can be prevented. Experience in 
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cooperative clinical trials has shown an impres-
sive drop in side effects in more recent studies, 
now that urologists are more familiar with the 
treatment. Patients should be instructed to expect 
mild urinary frequency and dysuria beginning 
after the second or third instillation. These symp-
toms should last only a few days and should not 
be disabling. Mild malaise, fatigue, and “fl u-like” 
symptoms similar to those following a vaccina-
tion are seen less frequently, likely a consequence 
of immune stimulation and not generally of con-
cern. Patients destined to have worrisome side 
effects will often have increasing symptoms with 
successive instillations, and the progression of 
symptoms can generally be managed with dose 
reduction. Mild symptoms that are not increasing 
do not require treatment or dose adjustment. 
While fever has been associated with an improved 
response to BCG, experience has shown that mild 
fever or sensation of a chill are an indication to 
reduce the dose of BCG to 1/3 or less, with con-
sideration into the addition of a fl uoroquinolone 
6 and 18 h after instillation. All side effects attrib-
uted to BCG should resolve, when possible, 
before additional BCG is given. 

 Isoniazid prophylaxis did not reduce the side 
effects of BCG in a large EORTC study [ 8 ], but 
giving ofl oxacin 200 mg 6 and 18 h after the fi rst 
urination post BCG instillation was studied in a 
double-blind multicenter trial in France. In 115 
randomized patients, ofl oxacin treatment reduced 
the incidence of class 2 and 3 adverse events by 

22 % ( p  < 0.019) and improved compliance with 
full BCG treatment from 66 to 81 % [ 7 ]. This 
benefi t was seen without a reduction in tumor 
recurrence.  

22.2     Treatment of Moderate BCG 
Side Effects 

 When BCG dose reduction and fl uoroquinolone 
antibiotic prophylaxis fail to prevent signifi cant 
side effects of BCG treatment, antitubercular anti-
biotics are needed. Mycobacteria such as BCG 
( M. bovis ) grow slowly, typically respond slowly 
to antibiotics, and have a strong propensity to 
develop antibiotic resistance. The typical patient is 
one with persistent severe frequency, urgency and 
dysuria, characteristic of BCG cystitis. Less fre-
quently, symptoms such as prolonged malaise, 
loss of appetite, night sweats and low- grade fever 
may occur, suggesting a systemic infection. As 
illustrated in Table  22.1 , sites of infection, in addi-
tion to the bladder, may include the prostate (with 
prostatic-specifi c antigen [PSA] elevation and 
induration similar to that seen with prostate can-
cer), the epididymis (where prompt triple antibi-
otic therapy can prevent the need for surgical 
management), bone or joints (where the reaction is 
often immunologic, but can be prolonged by latent 
BCG infection), and when vesicoureteral refl ux is 
present, renal parenchyma [ 9 ]. BCG can also 
induce ureteral obstruction as a result of cystitis or 

   Table 22.1    Complications of BCG therapy in 2,589 patients according to strain [ 9 ]   

 Side effect  Total 
 Armand 
frappier  Tice  Connaught  Pasteur  RIVM 

 Fever  75 (2.9 %)  3.8 %  4.7 %  4.7 %  0.6 %  2.1 % 
 G. Prost  23 (0.9 %)  1.8 %  1 %  0.2 %  0.6 %  0 
 Pneum/hep  18 (0.7 %)  0.4 %  0.8 %  0.6 %  1.2 %  0.8 % 
 Arthralgia  12 (0.6 %)  0.7 %  0.1 %  0.6 %  1.8 %  0 
 Hematuria  24 (1.0 %)  0.3 %  0.6 %  2.4 %  1 %  0.4 % 
 Rash  8 (0.3 %)  0.4 %  0  0.9 %  0  0 
 Ureteral obstruction  8 (0.3 %)  0.6 %  0.4 %  0.2 %  0  0 
 Epididymitis  10 (0.4 %)  0.4 %  0  0.2 %  1.2 %  0.8 % 
 Bladder contracture  6 (0.2 %)  0  0.3 %  0.2 %  0.6 %  0 
 Renal abscess  2 (0.1 %)  0  0  0.4 %  0  0 
 Sepsis  10 (0.4 %)  0.1 %  0.4 %  0.9 %  0.2 %  0 
 Cytopenia  2 (0.1 %)  0  0.3 %  0  0  0 
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ureteritis, the latter seen most commonly in 
patients with carcinoma in situ.

   When treating these conditions, both the doc-
tor and the patient must have patience. A com-
mon mistake is to give a 10-day course of 
antibiotics and then stop prematurely. Cystectomy 
inappropriately has also been recommended for 
patients with cancer-free bladders who have con-
tinued symptoms after inadequate courses of 
antibiotics. Using a two-drug combination of a 
fl uoroquinolone such as ofl oxacin (200–400 mg 
every 12 h), ciprofl oxacin (500 mg every 12 h), or 
levofl oxacin (500 mg every 24 h) plus isoniazid 
300 mg daily is generally suffi cient for milder 
reactions treated early. For more intense or pro-
longed symptoms, a three-drug combination is 
needed, adding rifampin 600 mg daily and/or eth-
ambutol 1,200 mg daily. With ethambutol, 
monthly eye examinations are recommended to 
prevent ocular side effects such as optic neuritis 
which can be seen in about 6 % of patients [ 10 ]. 
Treatment is recommended for 3–6 months and 
symptoms may not even begin to improve for 
months after initiation of appropriate antibiotic 
therapy. The response to fl uoroquinolones often 
occurs more promptly than the response to other 
types of antibiotics but should not be given for 
signifi cant BCG infection as a single antibiotic. If 
bladder symptoms are unresponsive and intoler-
able, prednisone (30–60 mg daily, with a very 
gradual taper) may be used, but prednisone 
should not be given without appropriate antibi-
otic coverage due to the risk of increasing infec-
tion. If symptoms of frequency and dysuria are 
not treated effectively, bladder contracture may 
occur. Prevention of bladder contracture with 
long-term antibiotics is preferred, but if that is 
not effective, some patients will respond to blad-
der hydrodistension under anesthesia.  

22.3     Treatment of Severe BCG 
Reactions 

 Patients with high fever and chills following 
BCG instillation are presumed to have BCG sep-
sis. They require prompt hospital admission and 
treatment for urosepsis and BCG reaction with 

broad spectrum antibiotic coverage including tri-
ple antitubercular antibiotics. Even with appro-
priate antibiotic treatment, hypotension followed 
by multisystem organ failure can occur. In these 
patients, treatment of the infection is essential but 
not suffi cient, because a major component of the 
reaction is an overwhelming immune response. 
While the use of steroids in sepsis has been con-
troversial [ 11 ], steroid administration to suppress 
this immune hypersensitivity response (methyl-
prednisolone 60–100 mg or more IV daily) can 
be life-saving. It is important to taper steroids 
gradually to avoid recurrence of severe symp-
toms, and antibiotics must be continued even 
when the response to steroids is dramatic. 
Administration of steroids in the animal model of 
BCG sepsis signifi cantly improves survival, but 
administration of steroids without concomitant 
antibiotics actually decreases survival [ 2 ]. 

 Generally patients with severe BCG reactions 
should not receive BCG in the future, and fortu-
nately the response to BCG is long term, so many 
of these patients will not require further treat-
ment. But what about those who remain at high 
risk for progression of bladder cancer? What 
about those whose reaction to BCG was severe, 
but not abnormal? Primates injected with 1 g of 
BCG intravenously uniformly survive the infec-
tion, but a second intravenous injection in pri-
mates (like a second intraperitoneal BCG 
injection in rodents) is universally fatal. Sepsis 
resulting from a traumatic catheterization in a 
patient previously immunized to BCG is an 
expected response. These patients and those 
intolerant of BCG, who would benefi t from the 
protection of BCG, may in the future be able to 
safely receive the benefi t of immunotherapy.  

22.4     Treatment of BCG Intolerant 
Patients 

 There are treatment options other than BCG, but 
comorbidity and advanced age make cystectomy 
prohibitively dangerous for many patients. 
Radiation therapy is demonstrated by random-
ized clinical trial to be ineffective in reducing the 
mortality of lamina propria invasive disease [ 12 ] 

D.L. Lamm and N.M. Gandhi



275

and intravesical chemotherapy alone has not 
reduced disease progression or mortality. BCG 
clearly reduces recurrence, progression, metasta-
sis, disease-specifi c survival and overall mortality, 
but only when the 3-week maintenance schedule is 
used. To provide the benefi t of immunotherapy in 
patients who are unable to tolerate BCG despite 
dose reduction and prophylactic antibiotics, the 
use of heat-killed BCG immunotherapy can be 
administered. Initiation of optimal antitumor 
immune response requires the use of living BCG 
organisms. The dose of BCG is, in fact, based on 
the number of live bacteria as estimated by the 
colony forming units. However, in vitro animal 
and clinical studies have suggested that in BCG-
immunized subjects, effective antitumor immune 
response can be recalled using non-viable BCG 
[ 13 – 15 ]. Since 2005, heat-killed BCG (sterilized 
in autoclave at 375 °F for 45 min) has been utilized 
in an experienced practice for 49 BCG intolerant 
patients. Twenty- nine consecutive patients treated 
with this heat- killed BCG preparation have been 
followed for 2 or more years. Comparing these 
patients with 30 age, sex and tumor grade-matched 
BCG tolerant patients treated with live TheraCys 
BCG, no signifi cant difference in BCG tolerance 
or effi cacy was found. BCG side effects were 
greatly reduced ( p  < 0.001) and no severe toxicity 
was seen with heat-killed BCG [ 16 ].  

22.5    Summary 

 BCG immunotherapy is very representative of 
the art and science of medicine. With education 
of patients and urologists, the incidence of side 
effects and withdrawal of treatment has markedly 
decreased. Patients are less anxious when they 
are taught to expect some increased frequency 
and mild discomfort with treatment, and side 
effects can be markedly reduced by logarithmic 
dose reduction and the use of fl uoroquinolone 
antibiotics after instillation. Despite best efforts 
to reduce the risk, serious and even life- 
threatening side effects can occur. BCG is sensi-
tive to appropriate antibiotics, and early treatment 
with effective combination antitubercular antibi-
otics resolves BCG infection. Techniques for 

continuing the remarkable and highly signifi cant 
benefi t of 3-week maintenance BCG immuno-
therapy for intolerant patients using heat-killed 
organisms are being developed.     
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23.1               Introduction 

 In the treatment of non-muscle invasive bladder 
cancer (NMIBC), there are a number of different 
guidelines available to the clinician and the pub-
lic to assist in the decision-making process. 
Included in these are the guidelines published by 
the American Urological Association (AUA), the 
European Association of Urology (EAU), the 
International Consultation on Urological Disease 
(ICUD), and National Comprehensive Cancer 
Network (NCCN) [ 1 – 7 ]. The purpose of the 
guidelines is to promote evidence-based decision- 
making, highlighting the clinical scenarios where 
good evidence regarding appropriate treatment 
already exists and providing direction for the sce-
narios where evidence is lacking. 

 Despite informing the same malignant process 
(i.e. NMIBC) and having comparable access to the 
available literature, the guidelines are not entirely 
interchangeable. For any one aspect in the treat-
ment of NMIBC, the recommended next step may 
be different depending on the guideline referenced. 
There are a number of reasons for this, including 
the evidence available at the time of publication, the 
composition of the guideline panel, and the meth-
odology used to interpret the available literature. 

 It is this last reason that may be the most 
salient. The methodologies used by the different 
guideline panels explain at least in part the differ-
ences in recommendations. As it pertains to the 
creation of the AUA, EAU, ICUD, and NCCN 
guidelines, each were authored by a panel of 
highly regarded experts in NMIBC. The fi rst step 
by each panel was a literature search for the avail-
able evidence, followed by data extraction and 
analyses. Each panel then assigned a level of evi-
dence to the manuscripts considered for inclu-
sion, with priority being given to articles of the 
highest level per the Oxford Centre for Evidence- 
based Medicine Levels of Evidence [ 8 ]. 
Differences arise in the databases queried, the 
timeframe of the search, the method of data 
extraction and analysis, and the categorization of 
recommendations (see Table  23.1 ).

   The methodology utilized by the most recent 
AUA guidelines appears the most rigorous. 
Articles relevant to NMIBC and published 
between January 1998 and December 2005 were 
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identifi ed by four separate MEDLINE searches 
over the course of 18 months. Data were extracted 
from the articles to outcomes tables. Using the 
confi dence profi le method (where appropriate), 
three separate meta-analysis of the data were per-
formed by the panel: (1) meta-analysis of the 
comparable randomized controlled trials, (2) 
meta-analysis of the individual arms of the ran-
domized controlled trials, and (3) meta-analysis 
of the individual arms from all studies regardless 
of study design. Outcomes of interest included 
recurrence and progression. The fi nal AUA 
guidelines on NMIBC were based on the results 
of the meta-analyses and, in some cases, the 
panel authors’ opinions. Recommendations are 
assigned grades and separated into three levels 
based on how strongly the panel felt the recom-
mendation should be followed, i.e. what the panel 
termed the “fl exibility of the recommendation.” 
The three levels are termed standard, recommen-
dation, or option, each level having less of an evi-
dence base and therefore more fl exibility in 
application (see Table  23.2 ).

   Similar to the AUA panels’ approach, the 
EAU, ICUD, and NCCN guideline panels each 
performed literature searches using standard 
online data libraries, subsequently assigning lev-
els of evidence to the data from the publications 
of good merit. Rather than generating indepen-
dent meta-analyses, the data from the publica-
tions were combined with the clinical experience 
and knowledge of the panel members to deter-
mine recommendations. For the EAU and ICUD, 
recommendations were graded alphabetically, 

the grade of the recommendation correlating with 
the level of evidence supporting it (see 
Table  23.2 ). As such, grade “A” recommenda-
tions were generally based on the highest level of 
evidence, grade “C” on the lowest level. The 
EAU guidelines graded recommendations A 
through C whereas the ICUD included a “D” 
grade when “no recommendation” was possible. 
The NCCN categorized recommendations 
numerically based on the level of evidence and 
degree of consensus amongst the panel members 
(see Table  23.2 ). Category 1 recommendations 
had high-level evidence and uniform consensus, 
Category 2a lower-level evidence with uniform 
consensus, Category 2b lower-level evidence 
with consensus (not uniform), and Category 3 
recommendations had any level of evidence with 
no consensus amongst panel members. 

 The trade-off for approaching creation of 
guideline recommendations without the same 
methodological rigor as the AUA panel is the 
ability of the EAU, ICUD, and NCCN guidelines 
to take into account the more recent literature. 
The most recent AUA guidelines were published 
in 2007, the most current article included in their 
analyses published in 2005. In contrast, the EAU, 
ICUD, and NCCN guidelines each have been 
updated as of 2012 or later, each including publi-
cations as recent as 2012. In addition, there is a 
difference in scope. The AUA panel mostly limits 
their recommendations to those scenarios with 
enough data for meta-analyses to be performed, 
and as such, is relatively narrow in scope. In turn, 
the EAU, ICUD, and NCCN address many more 

   Table 23.1    Guideline panels’ composition, evidence acquisition, and synthesis   

 AUA  EAU  ICUD  NCCN 

 Publication year  2007  2013  2012  2013 
 Panel members  8  11  18  25 
 Database(s)  Medline  Medline 

 Web of Science 
 Embase 

 Medline 
 5 year major 
conference abstract 
review 

 – 

 Database search (yrs)  1998–2005  2010–2012  –  – 
 Methodology  Meta-analyses of 

extracted data 
 Prioritized by 
Oxford evidence 
level 

 Prioritized by 
Oxford evidence 
level 

 Prioritized by 
Oxford evidence 
level 

 Categorization of 
recommendations 

 Standard, recommendation, 
or option 

 Grade A–C  Grade A–D  Category 1–3 
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scenarios, albeit with the caveat that these recom-
mendations are mainly based on expert opinion 
as opposed to high levels of evidence. 

 Regardless of the similarities and differences 
between the guidelines, each panel explicitly 
notes the dichotomy between best evidence and 
best outcome. While the guidelines strive to 
assimilate and disseminate the best evidence, 
they are not intended to replace the value of 
clinical expertise as it pertains to the individual 
patient. This should be kept in mind as we 
explore the following six clinical scenarios, 
vignettes that have been thematic throughout 
the NMIBC chapters preceding. The reader will 
note that while the clinical prompt includes the 
patient’s age, the panels’ recommendations are 
not age-adjusted, inherently relying on clini-
cians to integrate whether minor or major inter-
ventions are appropriate given the patient’s age, 
medical co- morbidities, and treatment prefer-
ences (among others). 

 An additional consideration in the following 
vignettes is the format of the panels’ recommen-
dations. The AUA panel relies on individual case 
examples, and as such, the precision of the rec-
ommendation is dependent on the similarity 
between the vignette and one of the AUA panel’s 
case examples. The EAU and ICUD guidelines 
are formatted as reviews, the reader responsible 
for synthesizing the relevant recommendations. 
The NCCN guidelines are presented as fl ow dia-
grams, i.e. decision trees that diverge at various 
diagnostic and therapeutic moments. As such, 
individuals with seemingly very different clinical 
courses may end up in the same group, and there-
fore with the same recommendation. 

 Finally, an additional notable inclusion in the 
EAU recommendations are risk tables from the 
European Organization for Research and 
Treatment of Cancer (EORTC) Genito-Urinary 
Cancer Group that allows for individualization of 
the likelihood of recurrence and progression [ 9 ]. 

          Table 23.2    Panels’ categorization of recommendations defi nitions   

 Panel  Categorization  Defi nition 

 AUA  Standard 

 Recommendation 

 Option 

 Health outcomes of the alternative interventions are suffi ciently well known to 
permit meaningful decisions and virtual unanimity about which intervention is 
preferred. 
 Health outcomes of the alternative intervention are suffi ciently well known to 
permit meaningful decisions and appreciable but not unanimous majority agrees on 
which intervention is preferred. 
 Health outcomes of the interventions are not suffi ciently well known to permit 
meaningful decisions or preferences are unknown or equivocal. 

 EAU  Grade A 

 Grade B 
 Grade C 

 Based on clinical studies of good quality and consistency that addressed the 
specifi c recommendations, including at least one randomized trial. 
 Based on well-conducted clinical studies, but without randomized clinical trials. 
 Recommendation made despite the absence of directly applicable clinical studies 
of good quality. 

 ICUD  Grade A 

 Grade B 

 Grade C 

 Grade D 

 Usually depends on consistent level 1 evidence and often means that the 
recommendation is effectively mandatory and placed within a clinical care 
pathway. 
 Usually depends on consistent level 2 and or 3 studies, or “majority evidence” 
from RCT’s. 
 Usually depends on level 4 studies or “majority evidence” from level 2/3 studies or 
expert opinion. 
 “No recommendation possible;” evidence is inadequate or confl icting and when 
expert opinion is delivered without a formal analytical process. 

 NCCN  Category 1 
 Category 2a 
 Category 2b 
 Category 3 

 Based on high-level evidence, uniform consensus intervention is appropriate. 
 Based on lower-level evidence, uniform consensus intervention is appropriate. 
 Based on lower-level evidence, consensus that the intervention is appropriate. 
 Based on any level of evidence, major NCCN disagreement intervention is 
appropriate. 
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The scoring system used to determine risk in these 
tables is based on independent predictors of recur-
rence and progression based on the number of 
tumors, tumor size, tumor grade, tumor depth of 
invasion, prior recurrence, and presence of concur-
rent carcinoma in situ (CIS). The EAU recom-
mends clinicians use these tables to help stratify the 
patient into high, intermediate, or low risk (Grade 
B). Where appropriate, we have included these cal-
culations in our interpretation of the EAU’s recom-
mendation for any one clinical vignette.  

23.2    Clinical Vignettes 

23.2.1     45-Year-Old Healthy Man 
with His First Large, High-
Grade Ta Cancer 

 A synopsis of the panels’ recommendations for 
an incident, large, HGTa tumor can be seen in 
Table  23.3 .

23.2.1.1      AUA Guideline 
 This tumor is considered to be high risk in terms 
of recurrence (along with high grade T1 and 
CIS). Whereas the guidelines recommend that 
HG T1 lesions without muscularis in the speci-
men warrant a repeat resection (standard), in the 
case of HG Ta the guideline states “repeat resec-

tion may be appropriate.” Subsequent to trans-
urethral resection of the bladder tumor (TURBT), 
induction bacillus Calmette-Guerin (BCG) fol-
lowed by maintenance BCG is suggested (recom-
mendation), with maintenance consisting of three 
consecutive weeks of full-dose BCG at 3, 6, 12, 
18, 24, 30, and 36 months if tolerated by the 
patient. The AUA guidelines do not make any 
specifi c recommendations regarding the compo-
nents or timing of surveillance follow-up. The 
AUA panel recommends immediate, single-dose, 
postoperative intravesical chemotherapy to 
decrease recurrence for all non-muscle invasive 
tumors, the recommendation not specifi c either to 
grade or depth of invasion.  

23.2.1.2    EAU Guideline 
 The EAU recommends re-resection for this tumor 
(Grade A). This is regardless of whether the 
TURBT was complete or incomplete and whether 
there was muscle in the original pathology speci-
men. This recommendation is due to the fact that 
the EAU recommended re-resection in all patients 
with a grade 3 (i.e. high-grade) tumors not involv-
ing the muscularis (Grade A), regardless of lamina 
propria involvement. Re-resection is recom-
mended to be within 2–6 weeks (Grade C). 

 Per the EORTC risk tables, the EAU would 
estimate this man’s likelihood of recurrence and 
progression to be 38 % and 5 % at 1 year, 62 % 

   Table 23.3    Recommendations for incident large, high-grade Ta tumor   

 AUA  EAU  ICUD  NCCN 

 Re-staging TURBT 
 Incomplete resection  NR a   Yes (A)  Yes (A)  Yes (2a) 
 No muscle in specimen  NR a   Yes (A)  NR  Yes (2a) 
 Intravesical therapy 
 Agent  BCG (R)  BCG (A)  BCG (A)  BCG or MMC (2a) b  
 Duration, if response  I + M (R)  1–3 years (A)  NR  NR 
 Timing of surveillance 
 Cystoscopy and urine 
cytology 

 NR  q3mo. for 2 yrs, then q6mo. 
for 3 yrs, then yearly (C) 

 q3mo. for 2 yrs, q4mo. 
for 1 yr, q6mo. for 2 yrs, 
then annually (NG) 

 q3-6mo. for 
2 yrs. (2a) 

 Upper tract studies  NR  Yearly CT-IVU or IVU (C)  Periodic imaging by US, 
IVU, or CT (NG) 

 q1–2 years (2a) 

  BCG = bacillus Calmette-Guerin, I = induction, M = maintenance, NG = no specifi c grade, NR = no specifi c recommendation 
 Strength of recommendation indicated in () if applicable; refer to Table  23.2  for details 
  a AUA guidelines states “repeat resection may be appropriate” 
  b NCCN favors BCG over MMC in this setting and includes observation as an option  
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and 17 % at 5 years, respectively. He would be 
considered high risk, thus the recommendation 
for full-dose intravesical BCG for 1–3 years 
after re-resection (Grade A). The EAU only rec-
ommends a single postoperative dose of intra-
vesical chemotherapy in patients with low- or 
intermediate- risk tumors (Grade A). 

 As it pertains to follow-up, the EAU assigns a 
Grade A recommendation to the follow-up being 
based on regular cystoscopy. For this patient, he 
would have cystoscopy and urine cytology every 
3 months for the fi rst 2 years, then every 6 months 
for three more years, then yearly (Grade C). In 
addition, yearly intravenous urogram (IVU) or 
CT-IVU is recommended (Grade C).  

23.2.1.3    ICUD Guideline 
 Repeat resection is recommended if there is a 
question of completeness of the original TURBT 
(Grade A). Regarding an immediate, postopera-
tive intravesical instillation of chemotherapy, the 
ICUD considers this to be an option, but not man-
datory (Grade A). Intravesical BCG should fol-
low TURBT (Grade A), the dose and duration not 
specifi ed. The ICUD states that the likelihood of 
recurrence can be lowered with maintenance 
BCG, however the impact of BCG on progres-
sion “remains unclear.” No specifi c recommen-
dations are made regarding the timing of 
surveillance cystoscopy, urine studies, or imag-
ing in high-grade Ta. The panel notes that follow-
 up schedules for HG Ta resemble those for 
CIS. Recommendations for CIS include cystos-
copy and cytology every 3 months for 2 years, 
every 4 months in the third year, every 6 months 
in the fourth and fi fth years, and once per year 
thereafter. Imaging by ultrasound, IVU, or CT is 
recommended “periodically.”  

23.2.1.4    NCCN Guideline 
 The panel recommends complete TURBT, with 
repeat resection if the resection is incomplete or if 
there is no muscularis propria in the specimen 
(Category 2a). This should be followed with 
induction mitomycin C (MMC) or BCG, the panel 
recommending BCG over MMC based on the 
available literature (Category 2a). Observation is 
also listed as an option. The NCCN only recom-
mends a single, postoperative dose of intravesical 

chemotherapy for LG Ta lesions and does not 
make any specifi c recommendations on mainte-
nance intravesical therapy for incident HGTa. 

 Surveillance cystoscopy and urine cytology is 
recommended every 3–6 months for the fi rst 
2 years, then at increasing intervals “as appropri-
ate” thereafter (Category 2a). Upper tract imag-
ing is recommended every 1–2 years, the modality 
of imaging not specifi ed (Category 2a). The panel 
considers use of urine molecular tests in follow-
 up a Category 2b recommendation.   

23.2.2    Consensus 

 For the incident high-grade Ta tumor, the major-
ity of the panels recommend re-resection if the 
original TURBT is incomplete, with the EAU 
and NCCN specifi cally advising re-resection if 
muscle is not present in the specimen. All panels 
favor at least an induction course of BCG. As it 
pertains to an immediate, single dose of intraves-
ical chemotherapy postoperatively, none of the 
panels would specifi cally recommend it for this 
tumor. The AUA panel recommends it for all 
non-muscle invasive tumors, without differentia-
tion based on risk. The EAU recommends it for 
low- and intermediate-risk tumors, the ICUD and 
NCCN guidelines for low risk only.  

23.2.3     73-Year-Old Woman 
with Multiple, Recurrent 
High-Grade Ta Tumors That 
Has Received Perioperative 
MMC Chemotherapy and Has 
Signifi cant Lower Urinary 
Tract Symptoms 

 Two factors related to this clinical scenario 
make determination of a guidelines-based treat-
ment decision very diffi cult. One, the patient did 
not receive the consensus guideline recommen-
dation for her incident tumor. As detailed in the 
clinical vignette above, induction BCG is the 
recommended treatment, with only the AUA 
guidelines supporting immediate postoperative 
MMC. Two, the patient’s lower urinary tract 
symptoms after MMC introduce a variable not 
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accounted for in the panels’ recommendations. 
This omission does not imply that the woman’s 
symptoms are irrelevant. Quite the opposite, it 
underscores the panel authors’ admission that 
guidelines do not replace the value of clinical 
expertise, expertise relied upon both to alleviate 
the woman’s symptoms and determine the next 
appropriate steps. 

 A revised clinical vignette that would allow 
for guideline interpretation might read:  

23.2.4     73-Year-Old Woman 
with Multiple, Recurrent 
High-Grade Ta Tumors After 
MMC Chemotherapy 

 The recommendations per panel for this modifi ed 
vignette would be as follows: 

23.2.4.1    AUA Guideline 
 Per the panel, cystectomy should be considered a 
therapeutic alterative (recommendation), and in 
fact would be considered the “preferred treat-
ment.” The recommendation is based on the high 
likelihood of progression and the adverse conse-
quences from an oncologic standpoint of delay-
ing cystectomy. The panel considers further 
intravesical therapy an option, more so if it is a 
6-week course of BCG in an individual whose 
recurrence can be classifi ed as late. While noting 
the existence of alternative or combination intra-
vesical regimens, the panel considers the data 
insuffi cient to draw any conclusions regarding 
appropriateness in this setting.  

23.2.4.2    EAU Guideline 
 In the event of failed intravesical chemotherapy, 
the EAU recommends BCG instillations (no 
grade given to recommendation). This recom-
mendation is based on the study by Malmstrom 
et al. [ 10 ], the panel noting “prior intravesical 
therapy has no impact of the effect of BCG.” The 
guideline recommends holding BCG if patients 
have symptoms consistent with a UTI. In the 
event a patient has lower urinary tract symptoms 
secondary to BCG, the panel references the rec-
ommendations of the International Bladder 

Cancer Group (IBCG) and the publication by 
Rodriguez et al. for management [ 11 ,  12 ].  

23.2.4.3    ICUD Guideline 
 The panel does not specifi cally address intravesi-
cal chemotherapy failures for HG Ta NMIBC. This 
is largely due to the fact that the panel considers 
intravesical BCG the standard in those with HG Ta 
(Grade A). The panel does note that “treatment 
and follow-up strategies generally resemble the 
strategies for CIS.” In this context, if the patient’s 
local symptomatology allowed for BCG, this 
would be the recommendation.  

23.2.4.4    NCCN Guideline 
 The panel recommends that recurrence in this 
setting should be managed either with either cys-
tectomy or an induction course of a different 
intravesical agent (in this case BCG given prior 
MMC) (grade 2a). The panel recommends with-
holding BCG if there are persistent severe local 
symptoms due to BCG.   

23.2.5    Consensus 

 For recurrent, high-grade, multi-focal Ta tumor 
despite perioperative MMC, the guidelines would 
favor intravesical BCG. Extrapolating from the 
guideline text, failure of perioperative or induction 
intravesical chemotherapy does not affect the effi -
cacy of subsequent BCG. The woman’s local symp-
tomatology post-MMC introduces a caveat outside 
the scope of the guidelines. And such, the initial man-
agement of these symptoms and subsequent treat-
ment decisions require the clinician’s expertise.  

23.2.6     68-Year-Old Man with Rapidly 
Recurring Multiple, Low-
Grade, Papillary Ta Tumors 
Despite Perioperative 
Mitomycin and One Induction 
Course of BCG 

 A synopsis of the panels’ recommendations for 
multiple, low-grade Ta tumors after MMC and 
induction BCG can be seen in Table  23.4 .
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23.2.6.1      AUA Guideline 
 For patients with recurrent low-grade Ta tumors, 
induction intravesical BCG or MMC is the next 
step (recommendation). The panels’ meta- analyses 
found that TURBT + BCG induction decreases 
recurrences by 24 % (95 % CI: 3, 47) and 
TURBT + MMC induction decreased recurrences 
by 3 % (95 % CI: −10, 16) relative to TURBT 
alone. Due to the overlap in confi dence intervals, 
the AUA states that the data “do not permit the 
conclusion” that induction BCG is superior to 
induction MMC in this setting. As such, induction 
MMC would likely be the next step for this man. 
The panel would also recommend maintenance 
therapy (option), as the meta- analyses found that 
TURBT + MMC maintenance decreased recur-
rence by 18 % (95 % CI: 6, 30) relative to TURBT 
alone. The panel does not discuss radical cystec-
tomy in the setting of low- grade Ta disease.  

23.2.6.2    EAU Guideline 
 Risk stratifi cation of this patient would place him at 
intermediate or high risk of recurrence and pro-
gression, depending on the size of the tumors. If the 
patient had multiple, recurrent and “large (3 cm)” 
G1G2 Ta tumors, then by EAU defi nition the 
patient would be high risk. If not meeting the size 
criterion, the patient would be intermediate risk. 
Per the EAU risk tables and calculator, this patient 
would have between 38 and 61 % probability of 
recurrence at 1 year and between 62 and 78 % 
at 5 years. From the standpoint of progression, the 

patient would have a 1 and 6 % probability of 
progression at 1 and 5 years unless the tumor diam-
eter was greater than or equal to 3 cm. In this set-
ting, the patient would have a 5 and 17 % probability 
of progression at 1 and 5 years. 

 For treatment, the EAU recommends adjuvant 
intravesical chemotherapy instillations, repeat 
induction BCG, or radical cystectomy (Grade C). 
Intravesical chemotherapy or BCG would be appro-
priate if tumor size was less than 3 cm (i.e. interme-
diate risk), BCG if the tumor size was ≥3 cm. If 
intravesical chemotherapy was chosen, the provider 
is specifi cally encouraged to  optimize the pH of the 
instillation and preserve the concentration by the 
limiting patient fl uid intake (Grade B). Both MMC 
and epirubicin are mentioned as options. In order to 
optimize the effectiveness of intravesical chemo-
therapy, the panel suggests that the length of the 
instillation should be 1–2 h (Grade C). Additionally, 
the panel suggests that continued utilization of 
intravesical chemotherapy should not exceed 1 year 
(Grade C) as the available data does not demon-
strate effi cacy beyond this point. If intravesical 
BCG is chosen, the duration would be 1 year in the 
case of an intermediate risk tumor or 1–3 years if a 
high-risk tumor. Unlike recurrent of high-grade 
tumors, recurrent low-grade tumors after induction 
BCG does not render the patient the “highest- risk of 
the high-risk tumors,” BCG-refractory, or a BCG 
failure. As such, the EAU recommendations favor 
continuing intravesical treatments over cystectomy 
(Grade C).  

   Table 23.4    Recommendations for rapidly recurring multiple, low-grade, papillary Ta tumors after perioperative MMC 
and induction BCG   

 AUA  EAU  ICUD  NCCN 

 Continued Intravesical Rx 
  Agent 
  Duration, if response 

 Yes (R) 
 MMC or BCG 
 I + M (O) 

 Yes (C) 
 BCG or chemoRx a  
 1–3 years (C) a  

 Yes (A) 
 BCG 
 NR 

 Yes (2a) 
 chemoRx b  
 1–2 years (O) b  

 Cystectomy  NR  Yes (C) a   NR  Yes (2a) 

  BCG = bacillus Calmette-Guerin, I = induction, M = maintenance, MMC = mitomycin C, NR = no specifi c recommendation 
 Strength of recommendation indicated in () if applicable; refer to Table  23.2  for details 
  a If tumor ≥3 cm, BCG recommended by EAU for 1–3 years (Grade C). If tumor <3 cm, BCG, intravesical MMC, or 
intravesical epirubicin are options for 1 year EAU mentions intravesical MMC and epirubicin as options in this setting. 
Regardless of tumor size, continued intravesical therapy is favored option to cystectomy 
  b NCCN recommends a “change” in intravesical agents, and recommends adjuvant intravesical chemotherapy to prevent 
recurrent low-grade Ta. The optimal length of therapy is undetermined  
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23.2.6.3    ICUD Guideline 
 The ICUD panel notes that in the case of incident 
HG Ta, BCG is usually overtreatment given the 
low risk of tumor progression and is not appro-
priate therapy (Grade B). However, the panel 
also notes that BCG is a superior “rescue ther-
apy” compared to MMC for patients who have 
failed intravesical chemotherapy and should be 
used in this setting (Grade B). Given the details 
of the clinical vignette, this patient would be cat-
egorized as BCG resistant (persistence at 
3 months after induction BCG) by the ICUD 
panel. Options for treatment include repeat BCG, 
salvage intravesical chemotherapy, intravesical 
interferon (either alone or in combination with 
low-dose BCG), and thermo-chemotherapy. Of 
these, the panel considers repeat TURBT and 
BCG the best option (Grade A), with the remain-
ing options considered Grade C.  

23.2.6.4    NCCN Guideline 
 For post-perioperative MMC plus induction 
BCG disease, the NCCN guidelines do not spe-
cifi cally alter the algorithm based on grade of 
recurrence. The panel’s recommendation is a 
change in intravesical agent or proceeding with 
cystectomy (category 2a). If induction intravesi-
cal chemotherapy was pursued, maintenance 
intravesical chemotherapy in the event of a com-
plete response is considered optional. The guide-
lines do specifi cally state that in the event of 
recurrence or persistence, no more than two con-
secutive induction cycles of an intravesical ther-
apy agent should be given (category 2a).   

23.2.7    Consensus 

 For recurrent, multi-focal, low-grade tumors 
despite MMC and induction BCG, the guidelines 
would favor bladder preservation with continued 
intravesical treatments. Notably, the next agent 
would vary depending on the guideline refer-
enced, and in the case of the EAU recommenda-
tions, the size of the tumor. Adherence to the 
AUA and NCCN guidelines would result in the 
patient receiving MMC (induction ± mainte-
nance). The ICUD guidelines favors repeat 
BCG. From the viewpoint of the EAU panel, 

either intravesical chemotherapy or BCG would 
be appropriate for if the tumor(s) were less than 
3 cm (i.e. intermediate risk), BCG the appropri-
ate choice if the tumor(s) were greater than or 
equal to 3 cm. The EAU, ICUD, and NCCN 
guidelines all include cystectomy as a possible 
option at this point, the NCCN guidelines are the 
most diffi cult to interpret as it pertains to the rela-
tive appropriateness of cystectomy compared to 
additional intravesical therapy.  

23.2.8     72-Year-Old Woman 
with a 3 cm Low-Grade T1 
Bladder Tumor Located 
in the Dome and Without 
Muscle Present 
in the Specimen 

 One important factor in this vignette is not accounted 
for in the panels’ recommendations: tumor location. 
Obtaining muscularis while resecting tumors of the 
bladder dome increases the risk of perforation, par-
ticularly in bladders that have a relatively thin layer 
of muscle (as would likely be the case in this elderly 
woman). This is another example of a clinical 
caveat where the panels’ recommendations must be 
considered in the context of the clinician’s expertise 
as to whether it is technically possible to obtain 
muscle without perforation. 

 A synopsis of the panels’ recommendations 
for an incident, large, LG T1 tumor irrespective 
of tumor location (i.e. assuming re-resection 
would yield muscularis without resulting in blad-
der perforation) can be seen in Table  23.5 .

23.2.8.1      AUA Guideline 
 Repeat TURBT (standard) followed by induction 
and maintenance BCG (recommended) would be 
the guideline’s recommendation. Cystectomy 
should be considered in select patients (option), 
with this patient meeting at least two of the fac-
tors listed for an increased risk of progression 
(large tumor size, tumor location in a site poorly 
accessible to complete resection, diffuse disease, 
presence of CIS, infi ltration of lymphatic or vas-
cular spaces, and prostatic urethral involvement). 
Random bladder biopsies are not recommended 
by the AUA.  
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23.2.8.2    EAU Guideline 
 Repeat resection would be recommended (Grade 
A). Assuming a normal appearance of the remain-
der of the bladder, random bladder biopsies are 
not recommended. Given that the tumor is T1, it 
qualifi es as a high-risk tumor and the recommen-
dation would be for full-dose BCG for 1–3 years 
(grade A). Per the EAU risk tables and calculator, 
this patient would have between a 24 % and 46 % 
probability of recurrence at 1 year and 5 years 
respectively. From the standpoint of progression, 
the patient would have a 1 and 6 % probability of 
progression at 1 and 5 years.  

23.2.8.3    ICUD Guideline 
 The ICUD does not distinguish between low- and 
high-grade T1 in terms of their recommended next 
steps. A re-staging TURBT is recommended regard-
less of the presence of muscle in the specimen. The 
authors note that tumor grade, multiplicity, size, 
concomitant CIS, involvement of the prostatic ure-
thra, depth of lamina propia invasion, and early 
recurrence determine prognosis (Grade A). If a 
bladder-sparing approach was pursued, a re-staging 
TURBT should be followed by BCG (Grade B).  

23.2.8.4    NCCN Guideline 
 The NCCN panel would strongly advise repeat 
TURBT (category 2a) followed by BCG (category 
1) independent of the clinician’s sense as to the 
completeness of the original resection. If residual 
disease is present at re-resection, cystectomy is an 
alternative option to BCG, however the panel con-
siders BCG the preferred option as the next best 
step over cystectomy (category 1 vs. category 2a). 

In the event of no residual disease at re-resection, 
MMC is also an option, albeit inferior to BCG 
(category 2a vs. category 1). Maintenance therapy 
would be optional and the NCCN does not recom-
mend random bladder biopsies.   

23.2.9    Consensus 

 For the incident, large, LG T1 tumor the consensus 
of the guidelines is repeat TURBT followed by 
induction intravesical BCG. While the duration of 
the BCG is not specifi ed by all of the guidelines, 
the overall consensus is that maintenance BCG 
merits consideration. Random bladder biopsies are 
not recommended. If in the clinician’s judgment 
muscle cannot be obtained without perforating the 
bladder, one can infer from the guidelines that cys-
tectomy or a bladder- sparing approach would be a 
reasonable alternative.  

23.2.10     79-Year-Old Man Who Has 
Persistent CIS Despite 
Induction and Maintenance 
BCG for 6 Months 

 A synopsis of the panels’ recommendations for 
persistent CIS after 6 months of induction and 
maintenance BCG can be seen in Table  23.6 .

23.2.10.1      AUA Guideline 
 Similar to the recommendation for the 73-year- 
old woman with multiple, recurrent high-grade 
Ta tumors outlined previously, the AUA guidelines 

   Table 23.5    Recommendations for incident large, low- grade T1 tumor without muscle in specimen   

 AUA  EAU  ICUD  NCCN 

 Re-staging TURBT  Yes (S)  Yes (A)  Yes (A)  Yes (2a) 
 Intravesical therapy  Yes (R)  Yes (A)  Yes (B)  Yes (2a) a  
  Agent  BCG (R)  BCG (A)  BCG (B)  BCG (1) or MMC (2a) 
  Duration, if response  I + M (R)  1–3 years (A)  NR  1–2 years (O) 
 Cystectomy  Yes (O)  NR  NR  Yes (2a) 
 Random bladder biopsies  NR  NR  NR  NR 

  BCG = bacillus Calmette-Guerin, I = induction, M = maintenance, MMC = mitomycin C, NR = no 
specifi c recommendation 
 Strength of recommendation indicated in () if applicable; refer to Table  23.2  for details 
  a If residual disease present at resection, NCCN recommends BCG (1) or cystectomy (2a). If no resid-
ual disease at re-resection, recommendation is BCG (1) or MMC (2a)  
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state that cystectomy should be considered a 
therapeutic alterative (recommendation), stat-
ing that it is the “preferred treatment” given 
the patients exposure to BCG. The recommen-
dation is based on the high likelihood of pro-
gression (meta-analyses showed benefi t of 
BCG in terms of recurrence only and not pro-
gression) and the adverse consequences from 
an oncologic standpoint of delaying cystec-
tomy. While noting the existence of alternative 
or combination intravesical regimens, the AUA 
considers the data insuffi cient to draw any 
conclusions.  

23.2.10.2    EAU Guideline 
 Despite the persistence of CIS at 6 months, this 
patient does not meet the criteria of BCG- refractory 
or BCG-failure. In order to meet the criteria of 
BCG-refractory in the setting of CIS without con-
comitant Ta or T1 tumors, CIS would need to have 
been present at 3 and 6 months. The guidelines note 
that in patients with BCG present at 3 months, an 
“additional BCG course can achieve a complete 
response in >50 % of cases.” Referenced is the pub-
lication    by Babjuk et al. [ 2 ]. The options for treat-
ment would be radical cystectomy and repeat 
induction BCG (Grade C). The guidelines also 
mention a “bladder- preserving strategy” as an 
option (Grade C). While this would include a com-
bined chemo- radiation approach, it is doubtful that 
the EAU would specifi cally recommend chemo-
radiation to this patient given the data demonstrat-
ing that radiation is not effective for CIS. The EAU 
does note that bladder-preserving strategies can 
yield responses, however “experience is limited 

other than radical cystectomy” and thus a bladder- 
preserving strategy “must be considered oncologi-
cally inferior at this time.”  

23.2.10.3    ICUD Guideline 
 This patient would be categorized as a BCG fail-
ure, i.e. disease at 6 months following BCG 
induction therapy and maintenance at 3 months. 
In this setting, the ICUD considers cystectomy to 
be the “gold standard” (Grade A). Other treat-
ment options include intravesical chemotherapy, 
particularly valrubicin. However, the ICUD 
includes the caveat that it is approved for those 
who either refuse or are not fi t for cystectomy, 
noting the small number of patients evaluated 
and the low success rates.  

23.2.10.4    NCCN Guideline 
 Options for this patient include a change in intra-
vesical agent or cystectomy (Category 2a). 
Intravesical chemotherapy would likely be valru-
bicin, as the guidelines note that it is approved for 
BCG-refractory CIS.   

23.2.11    Consensus 

 For the persistent CIS after induction and mainte-
nance BCG at 6 months, the strongest recom-
mendations are for the patient to undergo a 
cystectomy. Repeat induction BCG (EAU, Grade 
C) or induction valrubicin (NCCN, Category 2a; 
ICUD) are options, however with the exception 
of the NCCN guidelines, they are considered 
inferior to bladder removal.  

   Table 23.6    Recommendations for persistent CIS after induction and maintenance BCG   

 AUA  EAU  ICUD  NCCN 

 Continued Intravesical Rx  NR  Yes (C)  Yes (NG)  Yes (2a) 
  Agent  BCG (C)  valrubicin  valrubicin 
 Cystectomy  Yes (R)  Yes (C)  Yes (A)  Yes (2a) 

  BCG = bacillus Calmette-Guerin, NR = no specifi c recommendation 
 Strength of recommendation indicated in () if applicable; refer to Table  23.2  for details  
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23.2.12     55-Year-Old Man with CIS 
and High-Grade Ta Tumors 
After Receiving a 6-Week 
Induction Course of BCG 

 A synopsis of the panels’ recommendations for 
HGTa with CIS after 6 weeks of induction BCG 
can be seen in Table  23.7 .

23.2.12.1      AUA Guideline 
 As was the case for the clinical vignette of persis-
tent CIS after 6 months of induction and mainte-
nance BCG, the AUA guidelines state that 
cystectomy should be considered a therapeutic 
alterative (recommendation) and is the “preferred 
treatment” given the patient’s exposure to 
BCG. The guidelines do state that further intra-
vesical therapy may be considered (option), par-
ticularly if the intravesical therapy is a 6-week 
course of BCG in an individual who is disease- 
free for a long enough period of time for the 
recurrence to be classifi ed as “late.” Given that 
this is not a late recurrence, cystectomy would be 
the guideline-based treatment.  

23.2.12.2    EAU Guideline 
 The presence of CIS and a high-grade tumor dur-
ing BCG therapy renders the patient BCG- 
refractory and a BCG-failure. The patient should 
undergo radical cystectomy (Grade B), or, if the 
patient was not a suitable candidate for cystec-
tomy, a bladder-preserving approach should be the 
next step (Grade C). The EAU does not make any 
further recommendations regarding the compo-
nents of the bladder-preserving approach other 
than note that preservation strategies can be cate-
gorized as immunotherapy, chemotherapy, device-
assisted therapy, and combination therapy.  

23.2.12.3    ICUD Guideline 
 The patient would be categorized as BCG- 
resistant, and per the ICUD panel’s recommenda-
tion, repeat TURBT and BCG are the best option 
(Grade A). Of note, the ICUD does not specifi cally 
differentiate how to proceed with post- induction 
BCG based on the pathologic characteristics of the 
recurrence (i.e. low grade vs. high grade, Ta vs. 
T1, concomitant CIS vs. CIS only).  

23.2.12.4    NCCN Guideline 
 Per the NCCN, options for this patient would be 
similar to those for persistent CIS despite induc-
tion and maintenance BCG for 6 months above. 
Options include a change in intravesical agent 
(perhaps to valrubicin, although unclear due to 
the concomitant presence of HGTa) or cystec-
tomy (category 2a). The NCCN recommendation 
would be the same regardless if this were Ta, 
CIS, or Ta with concomitant CIS after BCG.   

23.2.13    Consensus 

 For the patient with HGTa and CIS after 6 weeks 
of induction BCG, there does not appear to be a 
consensus. The AUA and EAU guidelines both 
favor cystectomy (Recommendation and Grade B, 
respectively). The ICUD would recommend 
TURBT and BCG (Grade A), while the NCCN 
would recommend a cystectomy or a change to an 
intravesical chemotherapy agent (Category 2a).   

   Table 23.7    Recommendations for CIS and high-grade 
Ta after induction BCG   

 AUA  EAU  ICUD  NCCN 

 Continued 
Intravesical Rx 
  Agent 

 Yes (O) 
 BCG or 
MMC 
(NG) b  

 NR a   Yes (A) 
 BCG 
(A) 

 Yes (2a) 
 chemoRx c  

 Cystectomy  Yes (R)  Yes 
(B) 

 NR  Yes (2a) 

  BCG = bacillus Calmette-Guerin, I = induction, M = mainte-
nance, MMC = mitomycin C, NR = no specifi c 
recommendation 
 Strength of recommendation indicated in () if applicable; 
refer to Table  23.2  for details 
  a While cystectomy is the “preferred treatment,” the AUA 
considers further intravesical treatment an option particu-
larly if (1) it is repeat induction BCG and (2) a late 
recurrence 
  b The EAU recommends cystectomy. If the patient is not a 
suitable candidate, a bladder preserving approach is an 
option (C) 
  c NCCN recommends a “change” in intravesical agents  
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23.3    Conclusion 

 Comparison of guidelines’ recommendations for 
the clinical scenarios detailed above reveals con-
sensus on a number of decision points in the treat-
ment of NMIBC. For patients with incident, large, 
HGTa or LGT1 tumors, there is consensus regard-
ing the importance of accurate pathologic staging 
and the utility of BCG. Yet other clinical vignettes 
result in very different treatment recommenda-
tions; there was a lack of consensus as to the 
next intravesical agent in the patient with mul-
tiple, LG Ta tumors after MMC and induction 
BCG. Similarly, for the patient with persistent CIS 
after induction and maintenance BCG at 6 months, 
and for the patient with HGTa and CIS after 
6 weeks of induction BCG, there were marked dif-
ferences in the next recommended treatment and 
the strength of the treatment recommendation. 

 The lack of consensus pertaining to some of 
the clinical vignettes underscores the limitations 
of any evidence-based guideline. Inherently, 
establishing the highest levels of evidence for any 
one step in a treatment paradigm requires both a 
critical mass of patients and a controlled environ-
ment in which the treatment can be administered 
and the response assessed. The more detailed the 
clinical scenario (i.e. recurrent, concomitant 
HGTa and CIS shortly after BCG vs. incident 
HGTa), the less likely a guideline panel will have 
the quality and consistency of evidence to make 
defi nitive recommendations. Furthermore, the 
greater number of non-tumor-specifi c consider-
ations that merit integration into the treatment 
decision (i.e. age, comorbidity, patient prefer-
ence, etc.), the less likely a guideline may be to 
dictate the next appropriate step. While the irony 
of this is not lost—the more complex the clinical 
scenario the more likely a clinician may be to 
consult outside sources to inform the appropriate 
next steps—it is not in and of itself surprising. 

 Instead, it speaks to the importance of inter-
preting guideline recommendations as the panels’ 
authors intend; the weight or strength a panel 
ascribes to a treatment recommendation is likely 
as important as the recommendation itself. A 
clinical scenario that garners a standard, Grade 

A, or category 1 recommendation from the guide-
lines is likely based on level 1 evidence. As such, 
deviation should be the exception and not the 
rule. Conversely, recommendations with option, 
Grade C, or category 3 ratings are by defi nition 
based on more limited evidence, and are likely 
scenarios in which there are a number of different 
ways to proceed. 

 Going forward continued synthesis and inter-
pretation of the best levels of evidence will 
likely remain the foundation on which guideline 
creation is based. However, panels need not be 
without guideposts. Guideline statements are 
not unique to urology, and tools are available to 
assess the evidence basis of the guidelines them-
selves. Authors on this subject have noted that 
panels should be more transparent both in their 
methods and disclosure of member bias [ 13 ]. 
Inclusion of patients as stakeholders, and inte-
gration of elements beyond the cancer-specifi c 
(i.e. age, comorbidity, and cost), is not without 
its challenges, but ultimately will be the crite-
rion on which guideline panels themselves are 
judged [ 14 ]. 

 As it pertains to the individual patient, clinical 
scenarios will always exist that are outside the 
scope of even the most detailed guideline. As 
such, the provision of the best care will always be 
reliant on the clinical expertise and judgment of 
the treating physicians.     
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24.1            Background 

 In 1962, Drs. Whitmore and Marshall published 
their series of 230 cases of radical cystectomy for 
bladder cancer. Following their seminal work, the 
morbidity and mortality rate for radical cystec-
tomy was reported to be approximately 35 % and 
20 %, respectively [ 1 ]. Contemporary surgical 
experience with radical cystectomy is associated 
with an approximately 10 % early high-grade 
complication rate and mortality rate as low as 
2.5 % [ 2 ,  3 ]. 

 Open radical cystectomy with pelvic lymph-
adenectomy remains the gold standard for 
patients with clinically localized muscle-invasive 
bladder cancer. Other indications for radical cys-
tectomy include carcinoma in-situ (cis) or high- 

grade tumors refractory to intravesical chemo- or 
immunotherapy, or recurrent multifocal superfi -
cial tumors unable to be managed adequately 
with repeat transurethral resection [ 4 ]. In several 
large series, the overall recurrence-free survival 
at 5 years for patients undergoing cystectomy 
approaches 70 %, ranging from 50 to 60 % for 
lymph-node positive stage 3 or 4 tumors to 89 % 
for stage 2 tumors [ 2 ,  5 ]. With the advent of lapa-
roscopic/robotic technology, cystectomy can also 
be performed using minimally invasive surgical 
approaches. Robotic-assisted radical cystectomy 
(RARC) has been shown in retrospective and 
small prospective trials to be non-inferior to open 
radical cystectomy [ 6 – 10 ]. Ongoing multi- 
institutional randomized prospective trials are 
evaluating whether safety, oncologic control, 
clinical outcomes, and cost effi cacy are compa-
rable between the two techniques [ 11 ,  12 ].  

24.2    Preoperative Considerations 

24.2.1    Staging 

 After the diagnosis of bladder cancer has been 
established, patients should undergo complete 
staging to evaluate for nodal spread and metasta-
ses (Fig.  24.1 ). Relevant laboratory tests include 
serum liver function tests and alkaline phospha-
tase to screen for liver and bone metastases. 
Guidelines vary on using chest X-ray versus 
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computed tomography (CT) for staging evalua-
tion of the chest, but all agree that evaluation for 
lung metastases is indicated. CT of the abdomen 
and pelvis should always be obtained to deter-
mine whether extravesical extension or lymph-
adenopathy is present. Positron emission 
tomography (PET) CT or magnetic resonance 
imaging (MRI) may also be useful for bladder 
cancer staging, particularly in instances of non-
muscle- invasive disease [ 13 ,  14 ]. Lastly, serum 
creatinine and calculated glomerular fi ltration 
rate (GFR) can provide important information 
regarding eligibility for certain chemotherapeutic 
regimens and diversions, as well as being impor-
tant to obtain baseline values against which to 
compare long-term renal function post-diversion.

24.2.2        Neoadjuvant Treatment 
Considerations 

 Preoperative radiation therapy has not been 
shown to afford surgical candidates any survival 
benefi t, and has not been routinely used since 
1979 [ 15 ]. However, in instances of extensive 
comorbidity and poor performance status, endo-

scopic resection with chemoradiation may be 
offered for muscle-invasive disease. 

 The indications for neoadjuvant chemother-
apy are discussed in greater detail in “Chapter 30: 
Management of bladder cancer, role of chemo-
therapy and controversies surrounding its appli-
cation” and/or “Chapter 35: Clinical scenario: The 
role of perioperative chemotherapy.” Evidence 
favors a signifi cant though modest survival ben-
efi t from neoadjuvant chemotherapy followed by 
radical cystectomy compared to radical cystec-
tomy alone, but the optimal regimen, dosing, and 
schedule remains to be determined [ 16 – 19 ]. 
Neoadjuvant cisplatin-based  chemotherapy com-
bined with external beam radiation may also 
be useful when considering a bladder- sparing 
approach for disease management [ 20 ,  21 ]. In care-
fully selected patients, partial cystectomy has 
been shown to provide equivalent oncologic out-
comes compared to radical cystectomy [ 22 – 25 ]. 
These patients generally have a solitary lesion 
located in a suitable location such as the dome of 
the bladder that can be excised with negative 
margins, adequate bladder capacity, and no evi-
dence of carcinoma in situ on random bladder 
biopsies.  

Suspected urothelial
carcinoma

H&P 
Cytology

Office cystoscopy

CBC
Chem 7

LFTs
Upper tract imaging (CT IVP,

Renal ultrasound with
Retrograde pyelograms,

Ureteroscopy, or MRI urogram)
TURBT

Muscle invasive

Abdomen/Pelvis CT or MRI
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Bone scan if Alk Phos
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  Fig. 24.1    Evaluation and 
staging for bladder cancer       
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24.2.3    Type of Diversion 

 Following the decision to proceed with radical 
cystectomy, one of the foremost considerations 
for the patient is the type of diversion: ileal con-
duit, orthotopic bladder substitution/neobladder, 
or continent cutaneous reservoir. To date, there 
are no randomized controlled trials comparing 
the various types of diversions, and each has its 
unique sets of characteristics. A careful assess-
ment of a patient’s current quality of life and pri-
orities should be weighed. Surgeons should 
accurately and honestly discuss their respective 
risks and benefi ts with the patient, including pre-
operative and intraoperative patient and tumor- 
related factors that would preclude one form of 
diversion or another (Table  24.1 ).

   For instance, a preoperative glomerular fi ltra-
tion rate <35 mL/min is generally accepted as a 
contraindication to continent diversion due to pro-
longed contact of urine with bowel [ 26 ]. 
Gastrointestinal conditions, such as Crohn’s dis-
ease or preexisting short gut syndrome, can be 
relative contraindications for continent diversion 
given the longer length of bowel necessary. Men 
with untreated urethral strictures should not 
undergo neobladder reconstruction. Tumor 
extending into the distal prostatic urethra or ante-
rior vagina in females, often diagnosed intra- 
operatively, would also possibly rule out an 
orthotopic bladder substitution. Patients who pre-
fer to know defi nitively what type of diversion 
they will be receiving can be offered preoperative 
transurethral biopsies of the bladder neck, prostate 
in men, and urethra, as this can help determine 
need for urethrectomy and potential suitability of 

neobladder reconstruction. However, it is impor-
tant to keep in mind that the fi nal decision regard-
ing feasibility of an orthotopic bladder substitution 
is made intraoperatively after frozen section anal-
ysis of the distal resection margin. Prior pelvic 
radiation, once thought to be a contraindication to 
orthotopic bladder substitution, should not preclude 
patients from pursuing this option, but patients 
should be informed that most series report a higher 
rate of complications in this setting [ 27 ,  28 ]. 

 We recommend that all patients undergoing 
cystectomy meet with an enterostomal specialist 
to undergo further counseling regarding pros and 
cons of each type of diversion, as well as receiving 
education on postoperative management of spe-
cifi c diversions. All patients who desire continent 
cutaneous diversion must be able to maintain and 
perform a consistent schedule of catheterization. 
Patients undergoing neobladder reconstruction 
should also be counseled that they may require 
intermittent catheterization. An optimal stoma site 
from both a patient and technical perspective is 
marked before surgery even for patients who choose 
neobladders, as oncologic fi ndings during surgery 
may dictate the ultimate form of diversion [ 29 ].  

24.2.4    Preparation for Surgery 

 The day before surgery, patients are traditionally 
asked to undergo a mechanical bowel preparation 
using agents such as oral magnesium citrate or 
polyethylene glycol, with the goal of having clear 
stools by that evening to decrease bacterial load 
and expunge solid fecal contents. It should be 
noted however that over the last decade, an 

   Table 24.1    Contraindications for various forms of urinary diversion   

 Contraindications  Neobladder  Continent cutaneous pouch  Ileal conduit 

 Absolute  Creatinine clearance <35 mL/min 
 Severe hepatic dysfunction 
 TCC in urethral stump 
 Severe urethral stricture 

 Creatinine clearance <35 mL/min 
 Severe hepatic dysfunction 

 Short gut (use colon 
or stomach instead) 

 Relative  Unable/unwilling to 
self-catheterize 
 Unwilling to follow up regularly 
 Compromised intestinal function 
 Inadequate external sphincter 

 Unable/unwilling to self-
catheterize 
 Unwilling to follow up regularly 
 Compromised intestinal function 
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increasing body of literature suggests that mechan-
ical bowel preparation prior to colorectal and/or 
intestinal resections may not provide any signifi -
cant advantage in perioperative outcomes, and 
may possibly increase the risk of anastomotic 
leakage, intra-abdominal abscesses and ileus [ 30 ]. 
Patients are also advised to take only a clear liquid 
diet starting the day before surgery. Patients are 
instructed to be strictly nil per os (NPO) after mid-
night, with the exception of routine morning medi-
cations. Maintaining hydration is paramount, and 
patients in whom volume status may be hard to 
manage at home can be pre- admitted to the hospi-
tal the day before surgery for IV hydration and 
closer monitoring of fl uid balance. A type and 
cross-match is performed with 2 units of packed 
red blood cells available if needed. Alternate 
arrangements and contingencies should be made 
for patients who refuse potential transfusions in 
accordance with their religious or cultural beliefs. 
In addition to sequential compression devices, all 
patients are given subcutaneous heparin immedi-
ately prior to surgery for prophylaxis against 
thromboembolic events.   

24.3     Surgical Technique 
and Anatomy 

 The patient is brought to the operating room and 
placed supine on the operating table. General 
anesthesia is induced, an arterial line is inserted, 
and a nasogastric tube is also placed to help 
decompress the bowel. The patient is positioned 
with the iliac crest over the break in the operating 
table such that fl exion of the table allows for 
hyperextension of the abdomen. The arms may 
be tucked bilaterally or left abducted in as ana-
tomical a position as possible. All pressure points 
are adequately padded with egg crate foam or gel 
pads. Reverse Trendelenburg positioning may 
also be used to help keep the bowel cephalad and 
out of the working fi eld. The surgeon should take 
note of the previously marked stoma site, as a 
vigorous prep may sometimes wash off the mark-
ing. The patient is prepped from the nipples to the 
midthigh, including the genital region, and 
draped in sterile fashion. A Foley catheter is then 
placed sterilely to decompress the bladder. 

 A vertical midline incision is made from the 
pubic symphysis, curving at the umbilicus con-
tralateral to the potential stoma site (and even 
further laterally if an umbilical catheterizable 
stoma is planned), extending at least 4 cm cepha-
lad. The anterior rectus sheath is identifi ed deep 
to Camper’s and Scarpa’s fascia, and incised in 
the midline. The decussation of fi bers in the mid-
line is identifi ed, and the bellies of the rectus 
muscles are retracted laterally, obviating the need 
for any division of muscle. The posterior rectus 
fascia is incised, and the peritoneum entered 
sharply at the superior portion of the incision. 
This peritoneal window is carefully enlarged 
until one hand can be placed in the peritoneal 
cavity to help protect the bowel contents and 
assess for any adhesions. Next, the urachus is 
identifi ed and its origin at the umbilicus is cir-
cumscribed. Identifi cation of the lateral umbilical 
ligaments, through which the inferior epigastric 
vessels run, will help defi ne the far lateral bound-
aries of the urachal dissection. A large Babcock 
or Kelly clamp is placed on this cephalad end for 
retraction, and the entire urachal remnant is dis-
sected free to be removed en bloc with the cys-
tectomy specimen (Fig.  24.2 ).

  Fig. 24.2    Dissection of the urachus. Adapted from 
Weizer AZ, Lee CT. “16: Radical Cystectomy in Women.” 
From Glenn’s Urologic Surgery. Eds Graham SD, Keane 
TE. 7th ed. Lippincott Williams & Wilkins: Philadelphia, 
2010; and Stein JP, Skinner DG. Surgical Atlas Radical 
Cystectomy. BJUI. 2004; 97: 197–221       
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   The entire abdomen is systematically 
inspected to assess for any visceral metastases. 
Lysis of adhesions is performed if necessary. In 
patients undergoing cutaneous catheterizable 
diversions, inspection of the right colon, terminal 
ileum, and appendix can be made at this time. 
Similarly, in patients with a prior history of bowel 
resection, assessment can be made of prior anas-
tomoses and the adequacy of bowel. At this time, 
a self-retaining Bookwalter retractor may be 
placed, and right-angle body wall retractors used 
to help with exposure. 

 The avascular white line of Toldt is identifi ed 
and incised sharply beginning from the cecum 
and working cephalad, thereby allowing the 
ascending colon to be refl ected medially. Near 
the hepatic fl exure, care is taken to identify the 
duodenum while mobilizing the mesentery of the 
small bowel away from it. Similarly, the sigmoid 
and descending colon are refl ected medially by 
dividing the white line of Toldt up toward the 
splenic fl exure. At this point, a wide space should 
exist underneath the sigmoid and above the 
sacrum and iliac vessels, extending as far cepha-
lad as the inferior mesentery artery, through 
which the left ureter will later be passed 
(Fig.  24.3 ). The small bowel and right colon are 

then packed toward the epigastrum with moist 
laparotomy pads and malleable blade retractors.

   Next, the ureters are identifi ed at the level of 
their crossing over the iliac vessels. The ureters 
are each encircled with a vessel loop, and each is 
dissected free down toward the ureterovesical 
junction and cephalad as much as possible. Care 
is taken to preserve the periadventitial tissue and 
maintain a healthy vascular supply. As distally as 
possible, two metal clips are placed to prevent 
any possible tumor spillage, and the ureter is 
ligated in between. A cuff of the stay-side ureter 
distal to the clip may be excised and sent to 
pathology as a frozen section to assess for tumor 
or carcinoma in situ at the margin. If transitional 
cell carcinoma (TCC) or carcinoma in situ (cis) is 
found at the margin, additional cuffs of ureteral 
tissue are typically sent until a negative margin is 
achieved. It is worth noting, however, that the 
role of sequential ureteral resection for decreas-
ing recurrence is debatable, especially when a 
pan-urothelial fi eld defect theory is considered 
[ 31 ]. A recent meta-analysis estimates the rate 
of ureteral upper tract TCC in the setting of high 
grade muscle-invasive lower tract TCC to be 
between 0.75 % and 8 % [ 31 ,  32 ]. A clip is gener-
ally left on the ureter until the time of ureteroen-
teric anastomosis in order to allow for temporary 
passive dilation. In men, the gonadal vessels 
should be left intact, but in a female patient, the 
infundibulopelvic ligaments, through which the 
ovarian vessels run, are ligated at the level of 
the pelvic inlet. The vas deferens in men and round 
ligament in women are also clipped and divided.  

24.4    Male Cystectomy 

 The lateral pedicle of the bladder is developed, 
using countertraction    provided by a clamp on the 
urachal remnant to expose the ipsilateral pedicle. 
The lateral vascular pedicles can be divided using 
titanium clips, a stapling device with vascular 
loads, or the Ligasure device. The bladder is then 
retracted toward the pubis and the rectovesical 
pouch incised, thereby gaining access to 
Denonvillier’s fascia and allowing for mobiliza-
tion of the specimen off the rectum via blunt dis-
section (Fig.  24.4 ). The bladder, seminal vesicles, 

  Fig. 24.3    Creation of mesenteric window for left ureter. 
Adapted from Stein JP, Skinner DG. Surgical Atlas 
Radical Cystectomy. BJUI. 2004; 97: 197–221       
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and prostate are elevated away from the rectum 
as far distally as the urogenital diaphragm. The 
posterior pedicles are ligated using titanium clips 
or Ligasure. The space of Retzius is developed, 
and the endopelvic fascia is incised sharply to fur-
ther expose the prostate (Fig.  24.5 ). A retropubic 
approach is used to excise the prostate en bloc 
with the cystectomy specimen. The dorsal venous 
complex can be ligated with an endovascular sta-
pler or oversewn as necessary to achieve hemo-
stasis. The urethra is sharply divided. If the patient 
is undergoing orthotopic substitution, leaving as 

much functional urethral length as oncologically 
permitted will improve continence [ 33 ]. The cys-
toprostatectomy specimen is removed en bloc and 
sent for pathologic analysis. A margin of the ure-
thral stump should be excised and sent to pathol-
ogy to verify absence of tumor. The pelvis is then 
carefully inspected for any evidence of rectal 
injury and bleeding.

24.5        Female Cystectomy 

 Anterior exenteration in a female patient pro-
ceeds in a similar fashion. The lateral pedicles of 
the bladder are defi ned and ligated. The incision 
at the pouch of Douglas enables the uterus to be 
swept anteriorly and the posterior vaginal wall to 
be separated from the rectum (Fig.  24.6 ). 
Posterior pedicles are divided with clips or the 
Ligasure device. The endopelvic fascia is incised 
near the posterior urethra. The bladder and uterus 
are mobilized anteriorly, and the urethra and 
vagina are divided. Again, a urethral cuff should 
be sent for frozen section to ensure a negative 
margin. As with a male cystectomy, preservation 
of the posterior hypogastric vessels and auto-
nomic nerve fi bers is believed to improve conti-
nence. Recent literature suggests that leaving the 
anterior vaginal wall and preservation of an intact 
vagina also has favorable implications for main-
tenance of the urethrovaginal sphincter mecha-
nism without increasing positive margin rates 
[ 34 ,  35 ]. The vaginal cuff should be oversewn 
with absorbable sutures, providing a watertight 
closure (Fig.  24.7 ). Some surgeons may prefer to 
mobilize a pedicled omental fl ap to cover the 
vaginal stump suture line to decrease the possi-
bility of neobladder fi stulization. Some data sug-
gest that an omental fl ap may also help support 
the neobladder and prevent posterior prolapse 
and urethro-pouch angulation [ 36 ].

    Tumor involvement of the bladder neck was 
once thought to be an absolute contraindication 
to orthotopic neobladder due to the assumption 
that the bladder neck provided continence in 
females, as well as concern for urethral recur-
rence. However, neuroanatomical studies dem-
onstrated that the rhabdosphincter, located in the 
distal two-thirds of the urethra, and preservation 

  Fig. 24.4    Accessing Denonvillier’s fascia and blunt dis-
section of the specimen from rectum. Adapted from 
Ghonheim MA. “15: Radical Cystectomy in Men.” from 
Glenn’s Urologic Surgery. Eds Graham SD, Keane TE. 
7th ed. Lippincott Williams & Wilkins: Philadelphia, 
2010; and Stein JP, Skinner DG. Surgical Atlas Radical 
Cystectomy. BJUI. 2004; 97: 197–221       
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  Fig. 24.5    Incising the endopelvic fascia. Adapted from Touijer K, Guillonneau B, Scardino P, Slawin K. Atlas of 
Clinical Urology, Volume 3, Chapter 12. LLC: Philadelphia, 2005       

  Fig. 24.6    Incising the pouch of Douglas. 
Adapted from Stein JP, Skinner DG. Surgical 
Atlas Radical Cystectomy. BJUI. 2004; 97: 
197–221       
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of its innervation were key to continence, and not 
the bladder neck [ 37 ]. Bladder neck involvement 
does however portend a higher risk of urethral 
recurrence [ 38 ].  

24.6    Lymph Node Dissection 

 While controversy exists with regard to the ana-
tomic limits of lymphadenectomy, evidence from 
multiple studies shows that thoroughness of the 
pelvic lymphadenectomy is associated with 
improved outcomes and survival vis-a-vis proper 
staging, but may also provide therapeutic benefi t 
[ 39 – 43 ]. In contrast to colorectal cancer, in which 
consensus guidelines dictate a minimum yield of 
12 lymph nodes, no such thresholds exist for 
bladder cancer [ 44 ]. A series of 322 patients by 
Herr et al. and a large series of Surveillance, 
Epidemiology, and End Results (SEER) registry 
patients suggested that at least ten lymph nodes 
should be evaluated to have prognostic signifi -
cance [ 39 ,  45 ]. Stein and Skinner put forth the 
concept of lymph node density as a prognostic 
indicator, fi nding a 10-year recurrence-free sur-
vival of 43 % versus 17 % in patients with lymph 
node densities of 20 % or less and greater than 
20 %, respectively [ 46 ]. 

 The boundaries of the standard pelvic lymph 
node dissection are the bifurcation of the common 
iliac artery superiorly, the circumfl ex iliac vein 
inferiorly including the node of Cloquet, the geni-
tofemoral nerve laterally, and the hypogastric ves-
sels posteriorly. An extended lymph node dissection 
begins from the inferior mesenteric artery and pro-
ceeds caudad as with the standard template. 
Meticulous care should be taken to clip stay side 
lymphatic channels to prevent leak and lymphocele 
formation. Lymph node packets may be sent off 
separately as common iliac, external iliac, hypo-
gastric, obturator, and presacral/presciatic packets, 
as studies have shown that individual packets are 
associated with increased node yield [ 47 ,  48 ]. An 
extended dissection would include left para-aortic, 
interaortocaval, and right paracaval packets up to 
the inferior mesenteric artery (Fig.  24.8 ) [ 47 ]. 
Further discussion may be found in Chapter 31: 
The role of pelvic lymphadenectomy at the time of 
radical cystectomy for bladder cancer.

  Fig. 24.7    Oversewing the vaginal stump       
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  Fig. 24.8    Extent of standard and extended pelvic lymph 
node dissection (up to the inferior mesenteric artery)       
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24.7       Diversion 

 Following bilateral pelvic lymphadenectomy, the 
remainder of the operation is spent creating the 
urinary diversion. 

24.7.1    Ileal Conduit 

 The previously created window underneath the 
sigmoid mesentery is located, and the left ureter is 
passed through toward the right side of the patient. 
The bowel is unpacked, and a 15-cm segment of 
terminal ileum, located at least 15 cm proximal to 
the ileocecal valve, is isolated and inspected to 
ensure the bowel appears well- vascularized and 
healthy. The mesentery of the isolated segment is 
inspected to fi nd an appropriate spot in which divi-
sion would provide a viable vascular arcade to the 
conduit segment. The mesentery is divided with 
the Ligasure device up to the border with the 
bowel. Two bowel clamps are placed on either end 
of the conduit segment to control spillage of bowel 
contents, and the bowel is divided using a GIA™ 
stapling device. Bowel continuity is then restored 
using the GIA™ stapler and TA™-60 stapling 
device to perform a side-to-side functional end-to-
end anastomosis. It is our preference to reinforce 
the stapled anastomosis using non-absorbable 
sutures in an interrupted Lembert fashion. 
Mesenteric defects are also reapproximated to 
decrease the chance of an internal hernia. 

 The clipped ends of each ureter are trimmed 
and spatulated. A Bricker or Wallace technique is 
then used to create the ureteroenteric anastomosis 
at a site on the proximal end of the conduit, ten-
sion-free and without kinking of the ureter. The 
conduit should maintain an antegrade peristaltic 
direction toward the skin. Ureteral stents, using 
small caliber feeding tubes or single-J stents, are 
inserted retrograde just prior to complete closure 
of the ureteroenteric anastomoses to help facilitate 
healing. The ureteroenteric anastomoses may be 
tested by backfi lling the ileal conduit with warm 
saline and inspecting for any leakage. 

 The conduit is then brought up to the abdomi-
nal wall at the site of previous marking. A fascial 
defect is created large enough to accommodate 
two fi ngers, but not too large so as to predispose 

to parastomal herniation. The staple line on the 
skin end of the conduit is excised sharply, and 
any creeping mesentery is trimmed back slightly 
to decrease tension. The stoma is matured by fi x-
ing the mucosa to the abdominal wall fascia in 
each quadrant, with additional absorbable inter-
rupted tacking sutures from bowel mucosa to 
skin edge.  

24.7.2    Neobladder 

 We have most commonly performed the Studer 
orthotopic neobladder [ 49 ]. The previously cre-
ated window under the sigmoid mesentery is 
located, and the left ureter passed through this 
toward the right side of the patient. The bowel is 
unpacked, and a 60-cm segment of terminal 
ileum, located at least 15 cm proximal to the ileo-
cecal valve, is isolated and inspected to ensure 
the bowel appears well-vascularized and healthy. 
The mesentery of the isolated segment is ana-
lyzed to fi nd an appropriate spot in which divi-
sion would provide a viable vascular arcade to 
the conduit segment. The mesentery and bowel 
are divided, and bowel continuity is then restored 
using the GIA™ stapler and TA™-60 stapling 
device to perform a side-to-side functional end-
to- end anastomosis. Mesenteric defects are also 
reapproximated to decrease the chance of an 
internal hernia. 

 The bowel is reconfi gured into a U-shape with 
a 20 cm afferent limb. The antimesenteric border 
of the segment is incised for approximately 
40 cm from its distal end. The clipped ends of 
each ureter are trimmed and spatulated. A Bricker 
or Wallace technique is then used to create the 
end-to-side non-tunneled/Nesbit ureteroenteric 
anastomosis at a site on the afferent limb, tension- 
free and without kinking of the ureter. Ureteral 
stents are inserted retrograde just prior to com-
plete closure of the ureteroenteric anastomoses to 
help facilitate healing. Distal periureteral tissue 
can be lightly tacked to the afferent limb and used 
to cover the anastomosis as well. 

 The opposite edges of the detubularized bowel 
are sewn together in either a single or double 
layer, creating a spherical pouch via four cross- 
folded segments. Just before completing the 
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globularization, the most dependent portion of 
the pouch is determined and a through-and- 
through hole cut out for the urethro-enteric 
 anastomosis. The pouch should reach the urethral 
stump in a tension-free manner. Additional length 
can be obtained by incising the mesentery and 
peritoneal surface, taking care not to injure the 
mesenteric vessels supplying the pouch. 

 After verifying that there is no tumor at the 
urethral margin frozen section, at least six absorb-
able sutures are placed from the pouch neoure-
thra to the membranous urethra at 1, 3, 5, 7, 9, 
and 11 o’clock, to approximate the seromuscular 
layer of the pouch to the urethra. A large urethral 
catheter is inserted across the urethro-enteric 
anastomosis, and the ureteral stents are internal-
ized and fi xed to this catheter. The remainder of 
the orthotopic pouch is then closed. The six pre-
viously placed sutures are tied down. The reser-
voir is backfi lled through the catheter to test for 
any leakage and to fl ush out any clots.  

24.7.3     Continent Cutaneous 
Reservoir 

 Continent cutaneous diversions are much less 
common than orthotopic neobladders, and tend to 
be performed when urethrectomy precludes the 
possibility of neobladder but patients wish to 
avoid a stoma with external appliance. Some 
patients who are concerned about body image but 
do not want to run the risk of incontinence or 
have preexisting sphincteric insuffi ciency may 
also choose continent cutaneous diversion. 

 The Indiana pouch takes advantage of the 
intrinsic ileocecal valve and buttresses it to pro-
vide the continence mechanism. The ascending 
colon is mobilized along the white line of Toldt, 
and the adjacent terminal ileum approximately 
10 cm long is isolated. The cecum is opened 
along the antimesenteric border and is augmented 
with an ileal segment to create the reservoir [ 50 ]. 
As with orthotopic substitutions, detubulariza-
tion of the bowel is key to creating a compliant 
low-pressure reservoir that will protect the upper 
tracts. While the cecum is open, the ileocecal 
junction is imbricated. 

 Due to the inherent outlet obstruction pro-
vided by the continence mechanism, higher res-
ervoir pressures are seen in continent cutaneous 
diversions compared to continent orthotopic 
diversions. For this reason, as well as coloniza-
tion of the reservoir with bacteria, authors have 
advocated for antirefl uxing ureteroenteric anasto-
moses using the Le Duc, Leadbetter, or Goodwin 
techniques [ 51 – 53 ]. Regardless of type of tech-
nique, the ureteroenteric anastomosis should 
remain tension-free and without angulation. 
Again, the left ureter is passed under the previ-
ously created window in the sigmoid mesentery, 
and bilateral uretero-tenial anastomoses are per-
formed. Single J stents or feeding tubes should be 
used to stent the ureters, exteriorizing the distal 
ends either through a separate stab incision or 
attached to the irrigating catheter. 

 The pouch is closed in a Heineke-Mikulicz 
fashion to avoid bolus contractions. A stapler is 
used to taper the ileal segment that will serve as 
the catheterizable stoma. Similar to Mitrofanoff 
appendicovesicostomies, use of the appendix for 
continent cutaneous diversions has been described, 
especially as it carries a very high continence rate. 
However, rates of stenosis are much higher and 
reoperation rates can exceed 30 % [ 54 ,  55 ]. The 
stoma is then tunneled toward the umbilicus or 
right lower quadrant and matured. A Foley cathe-
ter is placed as a suprapubic tube into the pouch to 
help divert urine and allow for irrigation.  

24.7.4    Closure 

 The pelvis is copiously irrigated with warm saline, 
and carefully inspected to ensure hemostasis. A 
Jackson-Pratt drain in the pelvis is recommended 
regardless of the type of diversion. The abdomen 
is then closed in multiple layers: rectus fascia, 
Camper’s and Scarpa’s fascia, and skin.   

24.8    Postoperative Management 

 Our practice has been to remove the nasogastric 
tube prior to extubation of the patient, as both 
prospective and observational studies suggest 
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decreased rates of ileus with early removal [ 56 ]. 
Evidence regarding the utility of gut promotility 
agents such as metoclopramide has been mar-
ginal, although the recently approved peripheral 
mu-opioid receptor antagonist almivopan has 
been shown decrease narcotic-induced postoper-
ative ileus with reasonable cost effi cacy [ 56 ,  57 ]. 
Some authors have advocated for placement of a 
gastrostomy tube during surgery as a means to 
circumvent the possibility of uncomfortable 
nasogastric tubes while providing a way of 
decompressing the stomach should the patient 
develop an ileus [ 58 ]. However, given that most 
series report rates of ileus in the 15–20 % range, 
our practice has not been to prophylactically 
place gastrostomies [ 35 ,  59 ,  60 ]. Patients may 
initiate limited oral liquid intake as early as the 
fi rst postoperative day and are expected to ambu-
late as well. Other routine prophylactic measures 
such as sequential compression devices while in 
bed, subcutaneous Heparin, and regular incentive 
spirometry are ordered. Postoperative antibiotics 
such as a second-generation cephalosporin may 
also be given for 24 h following surgery. 

 For patients with an orthotopic or continent 
cutaneous constructions, the Foley catheter may 
be irrigated as early as the evening of surgery to 
minimize the risk of mucus plugging. Patients are 
maintained on thrice daily pouch irrigations 
while in the hospital, and are generally dis-
charged on at least once daily irrigations. The 
ureteral catheters are typically removed between 
7 and 14 days after surgery. It has not been our 
custom to evaluate for anastomotic leakage with 
a pouchogram prior to removing the Foley cath-
eter, but if there is copious output from the 
Jackson-Pratt drain, a fl uid creatinine level may 
be analyzed. The Jackson-Pratt drain is removed 
when there is low output and/or no urine leak. 

 Patients are generally seen in follow-up every 
6 months for the fi rst 2 years, and annually there-
after, with routine serum chemistries, urine cytol-
ogy, and CT scan of the chest, abdomen, and 
pelvis to evaluate for local or upper tract recur-
rence, or metastasis. Patients with neobladders 
and continent cutaneous diversions additionally 
should have a serum vitamin B12 level checked 
annually given the larger bowel resection required 

for the reservoir. High-risk patients (pathologic 
stage T3-4, positive nodes) should be considered 
for adjuvant chemotherapy if no neoadjuvant 
treatment was administered.  

24.9    Complications 

 Radical cystectomy with urinary diversion is a 
major operation with signifi cant morbidity. 
Complications, while generally minor, occur in 
approximately 60 % of patients within the fi rst 
90 days [ 59 ,  61 ]. It is important to keep in mind 
that complications may also occur decades after 
the initial surgery, and thus cystectomy patients 
require long-term follow-up not only from a 
purely oncologic point of view. 

24.9.1    Short Term 

 All patients regardless of type of diversion are at 
risk for metabolic acidosis, though the risk is high-
est for those with continent diversions due to the 
increased surface area of bowel and longer contact 
time with urine. Symptoms may be fairly nonspe-
cifi c: fatigue, nausea, anorexia, possible vomiting, 
and overall failure to thrive. A serum chemistry 
panel will reveal a hypochloremic hyperkalemic 
metabolic acidosis if ileum has been used. 
Treatment involves replacing bicarbonate. Patients 
with severe base defi cits may need admission for 
fl uids and IV sodium bicarbonate. 

 Patients with orthotopic neobladders often 
have incontinence after their Foley catheter is 
removed, and patients should be counseled pre-
operatively to expect this. It is important to have 
patients cycle their pouch by progressively 
increasing the time interval between urination in 
order to achieve full bladder capacity. Daytime 
continence recovers fi rst, followed by nighttime 
incontinence [ 62 ]. Approximately 90 % of 
patients have daytime continence and 80 % have 
nighttime continence by 18 months [ 33 ,  63 ]. 
Bothersome nocturnal incontinence can be miti-
gated by timed voiding with the help of an alarm 
clock. Pelvic fl oor exercises, preservation of the 
rhabdosphincter, and nerve-sparing all infl uence 
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time to recovery of continence [ 64 ]. Older 
patients generally have inferior continence [ 33 ]. 
Patients with intractable stress urinary inconti-
nence may benefi t from urethral bulking agents, 
slings, or artifi cial sphincter devices [ 65 – 67 ]. 

 On the other hand, acute retention from mucus 
plugging may also occur, especially due to the 
relatively larger surface area of bowel used in 
orthotopic urinary diversion. It can be helpful to 
check a post-void residual at early follow-up vis-
its to ensure adequate emptying, and to institute 
clean intermittent catheterization and pouch irri-
gations on an as needed basis. Retention and sta-
sis also predispose to infection and calculus 
formation.  

24.9.2    Long Term 

 Long-term complications can include obstruction 
at any level with subsequent renal impairment. 
Indeed, obstruction is the leading cause of long- 
term renal deterioration regardless of type of 
diversion [ 68 ]. Obstruction can also lead to recur-
rent bouts of pyelonephritis in the setting of 
infection. Ureteroenteric anastomotic strictures 
may require revision, either with open surgical 
resection of the stricture and neo-ureteroileal 
anastomosis, or through endoscopic methods 
such as balloon dilation and endoureterotomy 
[ 69 ]. A study of 85 ureteroileal strictures found 
that length of stricture was associated with out-
come, and that strictures >1 cm had better suc-
cess with open revision [ 70 ]. Late de novo 
urethral strictures or outlet obstruction can often 
be managed endoscopically. Stomal stenosis in 
the case of an ileal conduit or continent cutane-
ous diversion generally requires open revision. 

 Upper tract deterioration may also occur due 
to refl ux of urine. It was initially believed that 
antirefl ux valves were necessary to preserve renal 
function, particularly in the case of orthotopic 
reconstruction. However, a properly formed 
spherical reservoir is compliant and thus allows 
for low-pressure voiding. Any straining is equally 
transmitted to both the reservoir and upper tracts. 
Additionally, the isoperistaltic afferent limb 
serves to diffuse some of the pressure. A prospec-

tive randomized study, though with limited fol-
low- up, indeed found higher stricture rates and 
worse renal impairment with antirefl ux mecha-
nisms in orthotopic bladder substitution [ 71 ]. 
However for continent cutaneous reservoirs, the 
outlet which provides continence also enables 
high pouch pressures. As such, the benefi t of 
antirefl uxing ureteric anastomoses must be 
weighed against higher rates of anastomotic 
strictures in continent cutaneous diversions [ 72 ]. 

 Urinary retention can also be a late effect in 
orthotopic substitutions, seen even in the absence 
of identifi able outlet obstruction or dysfunctional 
voiding, and even in instances in which patients 
initially had excellent urinary function. For as yet 
unclear reasons, retention is more common in 
female patients and with an incidence of up to 
50 % at 5 years [ 63 ]. Fixation of the neobladder, 
and supporting the posterior pelvis via omental 
fl aps, sacrocolpopexy, or anchoring the vaginal 
apex to the round ligaments have been described to 
improve outcomes, but results are not conclusive 
[ 36 ,  73 ]. Retention is typically treated with inter-
mittent catheterization, though reduction pouch-
plasty and fi xation have also been described [ 36 ].  

24.9.3    Pouch-Vaginal Fistula 

 Despite even omental interposition fl aps, fi stulas 
between the neobladder and vaginal stump may 
occur in 1–10 % of female cystectomy cases [ 74 , 
 75 ]. Depending on the location of the fi stula, 
many of these may be repaired transvaginally 
with use of a Martius fl ap [ 76 ].  

24.9.4    Urethral Recurrence 

 Several series have demonstrated an overall ure-
thral recurrence rate of between 1.5 and 6 %, 
occurring even more than a decade after surgery 
[ 63 ]. In a series by Stein et al., prostatic involve-
ment and continent cutaneous diversion were sig-
nifi cant predictors for recurrence [ 77 ]. Tumor 
involvement of the bladder neck was once 
thought to be an absolute contraindication to 
orthotopic neobladder due to concern for urethral 
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recurrence as well as the assumption that the 
bladder neck provided continence in females. 
However, neuroanatomical studies demonstrated 
that the rhabdosphincter, located in the distal 
two-thirds of the urethra, and preservation of its 
innervation were critical for preservation of con-
tinence [ 37 ]. Bladder neck involvement does 
however portend a higher risk of urethral recur-
rence [ 38 ].   

24.10    Conclusions 

 Open radical cystectomy remains the gold stan-
dard for surgical management of muscle-invasive 
bladder cancer. Ongoing prospective randomized 
controlled trials comparing the safety and effi -
cacy of open versus robotic cystectomy will help 
defi ne the relevance of surgical technique to clin-
ical outcomes. More studies, with standardized 
reporting of complications and validated instru-
ments for assessing health-related quality of life 
will be necessary to help defi ne the ideal popula-
tions for the various forms of urinary diversion. 
Improved diagnostics and imaging will allow for 
more accurate preoperative staging and maxi-
mum effi cacy of radical cystectomy in the treat-
ment and cure of bladder cancer.     
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25.1            Introduction 

 The gold standard of treatment of muscle invasive 
bladder cancer is open radical cystectomy (ORC) 
and urinary diversion. While the procedure has 
well-established outcomes, it is associated with sig-
nifi cant patient morbidity and mortality [ 1 ]. 
Laparoscopic surgery has been incorporated into 
various major urologic procedures such as nephrec-
tomy and prostatectomy to decrease morbidity. 
However, the acceptance and implementation of 
laparoscopic techniques has been slower when it 
comes to radical cystectomy. The fi rst laparoscopic 
simple cystectomy was reported in 1992 by Parra 
et al. describing the removal of a bladder for benign 

disease [ 2 ]. Since that publication, reports of laparo-
scopic radical cystectomy for malignant disease has 
followed but widespread acceptance within the 
urology community has been minimal. With the 
introduction of the daVinci™ surgical system 
(Intuitive Surgical, Sunnyvale, CA), the prevalence 
of robot-assisted radical cystectomies (RARC) has 
begun to rise over the past decade. In 2003, Menon 
et al. published the fi rst RARC series [ 3 ]. Following 
that publication, we began to see small series of 
RARC with various factors analyzed such as opera-
tive outcomes, cystectomy in the female, and 
lymphadenectomy [ 4 – 7 ]. It was not until several 
years later that we began to see larger series 
reported. Within this chapter, we will describe the 
step-by-step approach to robot- assisted radical cys-
tectomy and extracorporeal urinary diversion and 
briefl y review the published clinical, pathologic, 
and oncologic outcomes of the procedure.  

25.2    Indications 

 The indications for RARC are the same as those 
for ORC. There are no absolute preoperative con-
traindications specifi c to patients being consid-
ered for RARC. There are two intraoperative 
situations that are absolute contraindications to 
proceeding with RARC. The fi rst situation is 
hypotension or compromised ventilation with 
positioning and abdominal insuffl ation. This may 
be encountered in the morbidly obese patient. 
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The second is CO 2  retention with insuffl ation that 
may manifest as unmanageable acidosis. Relative 
contraindications include abnormal anatomy, 
morbid obesity, prior radiation, and prior abdom-
inal or pelvic surgery. Finally, as mentioned else-
where throughout this book, urothelial carcinoma 
is a lethal disease requiring careful attention to 
surgical technique and if there is any concern that 
oncologic principles will be compromised a 
robot-assisted approach should not be used.  

25.3     Patient and Preoperative 
Preparation 

 Patients being considered for RARC should 
undergo complete staging. Patients should be 
considered for neoadjuvant chemotherapy espe-
cially if there is suspicion of extravesical disease. 
For most patients, the authors currently do not 
use any form of mechanical or antibiotic bowel 
preparation unless there is a history of prior radi-
ation, history of extensive prior abdominal sur-
gery, or other similar extenuating circumstances. 
The patients should have nothing by mouth after 
midnight the day before surgery. All patients 
should be marked prior to surgery for the poten-
tial urostomy site. All patients should be edu-
cated preoperatively regarding care and 
maintenance of a urostomy, continent cutaneous 
diversion, or neobladder based on choice of 
 urinary diversion. 

25.3.1     Anesthesia and Patient 
Positioning 

 RARC is performed under general endotracheal 
anesthesia. Broad-spectrum antibiotics are 
administered within 1 h of surgical incision. 
Sequential compression devices are placed on the 
lower extremities and preoperative subcutaneous 
chemical prophylaxis for deep venous thrombo-
sis is recommended. A nasogastric or orogastric 
tube is placed for decompression of the stomach. 
An arterial line may be inserted in order to moni-
tor blood pressure and blood gases for the poten-
tial development of acidosis and hypercapnia. 

A Foley catheter is placed after the patient is 
prepped and positioned. 

 The patient is placed in low lithotomy position 
with arms tucked to the side. Care must be taken 
to assure the patient’s hands and elbows are ade-
quately padded as they often lie between the 
patient’s thigh and attachment of the stirrup. 
Alternatively, a split leg orthopedic bed can be 
used to avoid stir-ups. The patient will be placed 
in extreme/maximal trendelenburg during the 
case and consideration should be made to testing 
this prior to prepping and draping the patient. A 
chest strap may be used, however, patients rarely 
move on the bed with the arms tucked and the 
legs in low lithotomy position. Shoulder har-
nesses are not needed and should be avoided due 
to impingement complications.  

25.3.2     Positioning of Operating 
Room Equipment 
and Personnel 

 A daVinci™ three- or four-arm system may be 
used (a four-arm unit is preferred as it allowed for 
better retraction during dissection). The robotic 
cart is docked between the patient’s legs with the 
robotic instruments directed into the patient’s 
pelvis, similar to the standard docking for a 
robotic prostatectomy. The primary assistant 
operates from the patient’s right side and the 
fourth robotic arm is positioned on patient’s left 
side. If a three-arm system is being used, then a 
second assistant should be used on the left side in 
order to assist with retraction. The control tower 
is placed just left of the patient’s left leg. Adjacent 
to the control tower is the instrument table. This 
leaves ample room for the scrub nurse and a sec-
ond assisted, if needed, on the left side of the 
patient. A viewing monitor is located on top of 
the control tower and additional monitors should 
be strategically placed for the assistant(s). This 
arrangement can easily be altered to accommo-
date a left side assistant. This is purely surgeon 
preference and a left side assistant may be advan-
tageous if an intracorporeal urinary diversion is 
being performed. The surgeon console may be 
placed according to surgeon preference.   
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25.4    Technique 

 The technique of RARC can be generally divided 
into three parts:
 –    Extended Lymphadenectomy  
 –   Radical Cystectomy  
 –   Creation of the Urinary Diversion    

 Herein we will describe the step-by-step 
approach to the three parts of RARC. The authors 
currently perform RARC in the order they are 
listed above. However, some experienced groups 
will choose to perform the cystectomy portion of 
the procedure prior to the lymphadenectomy. 
Both techniques are felt to be equivalent. We feel 
that the benefi t of performing the lymphadenec-
tomy fi rst is that it “sets up” the cystectomy. By 
skeletonizing the pelvic vasculature during the 
pelvic lymph node dissection (PLND), the pedi-
cles to the bladder are exposed and in many cases 
ligated during the PLND and makes the cystec-
tomy easier as well as allowing early identifi ca-
tion of the obturator nerves. Nevertheless, it is 
ultimately up to the surgeon as long as standard 
oncologic principles are adhered to during the 
procedure. 

 There are a few procedural caveats and 
nuances when performing RARC in a female 
patient versus a male patient. For example, tim-
ing of the anterior vaginal dissection as well as 
management of the vaginal cuff makes the steps 
of the procedure slightly different. On the other 
hand, the remainder of the principles such as 
lymphadenectomy and ureteral dissection are no 
different. We will describe the general approach 
to RARC and make specifi c mention when appro-
priate about steps in the female patient. 

25.4.1     Port Placement 
and Instruments 

 The ports are arranged in an “inverted-V” fash-
ion (Fig.  25.1 ). Access and establishment of the 
pneumoperitoneum can be performed per sur-
geon preference. The camera port is placed in the 
midline cephalad to the umbilicus. If an extended 
lymphadenectomy is planned then placement of 
the camera port at least 3–4 cm to the cephalad    

will allow adequate proximal dissection on the 
great vessels. The two 8 mm robotic ports (right 
and left arms) are placed 10–11 cm lateral to mid-
line just above the level of the umbilicus. Two 
assistant ports on the right (or left) are placed and 
the third working arm (the “fourth arm”) port is 
placed lateral to the ipsilateral robotic port and on 
the opposite side of the assistant ports. If an intra-
corporeal diversion is planned, the assistant 
should be placed on the left side with the third 
robotic arm on the right side of the patient. We 
recommend using a 12 and 15 mm assistant ports. 
The 15 mm port will make extraction of lymph 
nodes easier as well as allow passage of a 15 mm 
specimen retrieval bag to be used for the bladder 
and prostate and the 12 mm port should be placed 
directly cephalad to the ipsilateral working arm 
which will allow direct access to the bladder ped-
icles with an endovascular stapler. It can be dif-
fi cult to suffi ciently articulate a stapler to divide 
the pedicles from the lateral assistant port. A list 

Robotic ports
     12 mm
       8 mm

Assistant ports
     12/15 mm
       5/12 mm

  Fig. 25.1    Port placement for RARC with a right-sided 
assistant       
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of common robotic and laparoscopic instruments 
used during RARC can be found in Table  25.1 .

25.4.2         Development of the Right 
Paravesical Space 
and Division of the Right 
Ureter 

 A 30° down lens can be used at the outset of the 
procedure. This allows for better visualization of 
the pelvis and retroperitoneum during the lymph-
adenectomy. With the right medial umbilical lig-
ament identifi ed, the peritoneum lateral to the 
ligament and medial to the right iliac vessels 
should be incised. Blunt dissection is employed 
to expose the endopelvic fascia. In male patients, 
dividing the vas deferens allows the bladder to be 
retracted medially and facilitates exposure of the 
pelvic vasculature. In female patients, ligation 
and division of the infundibulopelvic ligament as 
well as incision of the broad ligament and round 
ligament allows for access to the paravesical 
space. The identifi cation of the obliterated umbil-
ical artery and division of the vas deferens or 

round ligament are critical in avoiding inadver-
tent entry into the bladder or injury to the pelvic 
vasculature. 

 The right ureter is identifi ed crossing over the 
iliac vessels after incision of the overlying perito-
neum. The ureter should be dissected free of its 
underlying structures while preserving as much 
periureteral tissue as possible. The distal end can 
be dissected down to its insertion into the blad-
der. The right umbilical artery and/or right supe-
rior vesical artery should be seen just lateral to 
the insertion of the ureter into the bladder and can 
be clipped/ligated to allow for more length on the 
ureter. In female patients, the uterine artery is 
seen at this point and should be controlled and 
divided. 

 The ureter can be clipped distally with a lock-
ing clip. The proximal clip on the ureter should 
have a suture pre-tied to the clip (10–12 in.) so no 
additional “tagging” or marking of the ureter is 
required later in the procedure (Fig.  25.2 ). The 
ureter should be dissected free of its cephalad 
attachments   . This should be done  before  dividing 
the ureter as proximal dissection can be diffi cult 
once the ureter is divided. Attempt should be made 
to preserve any vital blood supply to the ureter 
from the common iliac artery. The ureter can then 
be divided sharply. A margin can be sent for frozen 
section at this point if desired. It should be noted 
that too much or too aggressive dissection proxi-
mal on the ureter can result in devascularization of 
the ureter and may contribute to anastomotic stric-
ture in the postoperative setting.

25.4.3        The Right Pelvic 
Lymphadenectomy 

 At this point the right pelvic lymphadenectomy is 
performed. It is the preference of the authors of 
this chapter to perform the lymphadenectomy at 
this time. In some cases, the lymphadenectomy 
can be deferred until after the cystectomy is per-
formed. The procedure is performed using a 
“split-and-roll” technique. Currently, the proxi-
mal extent of our usual template is the bifurcation 
of the aorta. We recommend starting the dissec-
tion by splitting the lymphatic tissue over the 

   Table 25.1    List of Instruments for RARC   

  Robotic instruments  
 Monopolar scissors 
 Fenestrated bipolar 
 Prograsp™ forceps 
 Large Needle drivers × 2 
 Robotic locking clip applier ( optional ) 
 Maryland bipolar ( optional ) 
 Cadiere forceps ( optional ) 
  Laparoscopic instruments  ( bedside assistant ) 
 Suction/aspirator 
 Needle driver 
 Locking grasper 
 Atraumatic grasper 
 Locking clip applier ( small ,  medium and large ) 
  Suture  
 3-0 polyglactin cut to 20 cm for ureteral and bowel tags 
( pre - tie the suture to the locking clips to be used on the 
ureters ) 
 0 polyglactin cut to 15 cm for ligation of the DVC 
 2-0 and 3-0 polyglactin cut to 20 cm for oversewing 
edges of the DVC and any bleeding sites from the 
neurovascular bundles and pedicles 
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entire extent of the right common iliac artery 
(Fig.  25.3a ). The tissue is then dissected in a 
medial direction exposing the left common iliac 
vein and anterior surface of the sacrum 
(Fig.  25.3b ). The authors fi nd it benefi cial to 
expose the left common iliac artery at this time 
(Fig.  25.3c ). This allows for the right common 
iliac node packet to be easily ligated and divided 
at the bifurcation of the aorta and also starts to 
“set up” the left pelvic lymph node dissection by 
exposing known anatomy as a target for medial 
dissection after the left colon is refl ected. The 
dissection is carried distally and divided at right 
internal iliac artery. After completion of the 
medial dissection, the lymphatic packet is mobi-
lized laterally. The right common iliac vein and 
distal inferior vena cava (IVC) lie directly lateral 
to the right common artery. After the lateral edges 
of these venous structures have been exposed the 
lateral border the dissection at the genitofemoral 
nerve is defi ned (Fig.  25.3d ). At this point the 
packet is divided at the distal extent of the dissec-
tion (bifurcation of common iliac) which will 
allow the packet to be easily isolated with blunt 
cephalad dissection.

   The remainder of the right PLND is completed 
by splitting the lymphatic tissue over the right 
external iliac artery to the level of the circumfl ex 
iliac vein. After completing the external iliac 
lymph node dissection, we strongly recommend 
medial mobilization of the external iliac vessels 

and all associated lymphatic tissue exposing the 
pelvic side wall and origin of the obturator nerve 
(Fig.  25.4a, b ). This maneuver will facilitate the 
removal of the obturator and hypogastric lymph 
nodes as these packets can generally be easily 
pulled from the underside or the external iliac vein 
(Fig.  25.4c ). Additionally, this approach allows 
improved exposure of the internal iliac vein 
(Fig.  25.4d ). The lymph nodes should be secured 
in a 10 mm specimen retrieval bag and can be 
removed in appropriate packets through the 
15 mm port. In order to limit cost and use of too 
many bags, a reusable 10 mm bag can be used for 
all the different lymph node packets. While some 
have reported extracting the nodes with the    blad-
der at the end of the procedure, one runs the risk of 
losing track of the node packets as well as orienta-
tion and identifi cation of the respective packets.

25.4.4        Mobilization of the Sigmoid 
and Left Colon, Left Ureteral 
Dissection, and Left Pelvic 
Lymphadenectomy 

 This is begun by incising the peritoneum lateral 
to the left colon. The left colon and sigmoid colon 
should be released from the left sidewall to allow 
access to the left iliac vessels and left ureter. If 
the ureter is not readily visible it may be adherent 
to the backside of the sigmoid mesentery, this is 

  Fig. 25.2    ( a ) Tagging of ureter with a 15 mm Hem-o-lok clip with pre-placed tie. ( b ) Ureteral manipulation with clip/tie       
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especially common in obese patients. The ureter 
is dissected and tagged in the same manner as the 
right side. The left PNLD is completed at this 
point. The lymphatic tissue is split along the left 
common iliac artery. When splitting proximally 
toward the aortic bifurcation the space created by 
the right-sided PNLD is entered and the majority 
of medial aspect of the left common iliac node 
dissection has been completed. There will usu-
ally be only a small amount of medial lymphatic 
tissue remaining at the distal aspect of the left 
common iliac artery. This will simplify the left 
common iliac dissection. The remainder of the 
left PLND is completed in same manner at the 
right side dissection.  

25.4.5     Transferring the Left Ureter 
Under the Sigmoid Mesentery 

 The left ureter can be transposed behind the sig-
moid mesentery with the help of the right side 
assistant. The right side assistant should gently 
advance a blunt-tipped instrument below the 
mesentery along the anterior surface of the 
aorta. If the robotic “fourth arm” has been 
placed on the right side then it can be passed 
through very easily as well. The tag on the left 
ureter can be grasped and the ureter should easily 
pass through the mesenteric window. We recom-
mend transferring the ureter prior to performing 
the cystectomy.  

  Fig. 25.3    Right common iliac lymph node dissection. ( a ) 
Exposure of right retroperitoneum, the  dashed line  repre-
sents location of the “split” of lymphatic tissue over the right 
common iliac artery (RCIA). ( b ) Medial dissection of lym-
phatic tissue exposes the left common iliac vein (LCIV) and 

sacrum (S). ( c ) By performing a second “split” over the left 
common iliac artery (LCIA) the packet can be divided at the 
bifurcation of the aorta and then dissected distally. ( d ) Lateral 
dissection of the packet demonstrating the edge of the right 
common iliac vein (RCIV) and right psoas muscle       
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25.4.6     Tagging the Distal Ileum 
and Preparing the Tags 

 The ileum should be tagged with a 3-0 absorb-
able suture. This should be left at least 10–12 in. 
in length. An additional short tag can be placed to 
orient the distal and proximal directionality of 
the ileum. The lateral attachments of the cecum 
can be mobilized to facilitate delivery of the 
ileum into the abdominal incision and make iden-
tifi cation of the distal portion of the ileum easier. 
At this point, the suture tags on the ureters should 
be clipped with the suture tag on the ileum with a 
locking clip. The assistant can then grasp all three 
tags with one grasper and allow for easy external-
ization of the tags through the extraction incision. 
This step can also be performed after the ligation 
of the dorsal venous complex (DVC) when per-
forming a male RARC, this will result in one less 
instrument exchange.  

25.4.7     Identifi cation, Ligation, 
and Division of the Superior 
Vesical Arteries 

 The obliterated umbilical and superior vesical 
arteries are clearly seen at the completion of the 
lymphadenectomy and are ligated with locking 
clips or divided with a vascular stapler.  

25.4.8     Development of the Prerectal 
and Posterior Vesical Space 

 The camera lens can be changed to a 0° (degree) 
lens for optimal visualization. The peritoneum 
extending from the posterior bladder to the ante-
rior sigmoid is incised. Using blunt and careful 
cautery dissection, the prerectal space is devel-
oped. One must employ the assistant(s) to retract 
the bladder and its posterior structures anteriorly. 

  Fig. 25.4    Right obturator and hypogastric lymph node 
dissection. ( a ,  b ) Medial mobilization of the right external 
iliac vessels. ( c ) Removal of obturator lymph node packet 

from the underside of the external iliac artery and vein 
(REIA/REIV). ( d ) Dissection of right internal iliac vein 
(RIIV). ( ON  obturator nerve,  GFN  genitofemoral nerve)       
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Alternatively, this can be accomplished by the 
fourth robotic arm. In male patients, Denonvillier’s 
fascia needs to be incised to carry the dissection as 
far caudal as possible. The dissection should be 
carried down to the rectourethralis muscle. If a 
nerve sparing is desired then one should dissect 
anterior to Denonvillier’s fascia and leave it on 
the anterior rectal surface staying close to the 
prostate. 

 In female patients, this dissection is aided 
with a sponge stick in the vagina. The bedside 
assistant or scrub tech can retract the vaginal cuff 
with manipulation of the sponge stick. If anterior 
vaginal wall sparing is planned then the dissec-
tion is carried between the posterior bladder and 
vagina. Much of the distal aspect of this dissec-
tion can be performed transvaginally at the start 
of the procedure before the robot is docked. If en 
bloc resection of the anterior vaginal wall is 
planned then the surgeon incises the vaginal cuff 
on the sponge stick and can then divide the lateral 
vagina and vascular pedicles en bloc with a sta-
pler or an energy device of choice (Fig  25.5a, b ).

25.4.9        Division of the Remaining 
Inferior Vesical Vessels 

 Once the limits of dissection are reached along 
the posterior aspect of the bladder, the lateral 
attachments of the bladder can be divided. For a 

non-nerve sparing procedure, this can be done 
with locking clips or a combination of the bipolar 
instrument and the monopolar instrument of 
choice. An endovascular stapler can be used as 
well but we recommend using locking clips near 
the distal aspect of dissection as it provides a 
more controlled division of the pedicle and will 
help avoid a rectal injury. It should be remem-
bered that the dissection should be carried caudal 
through the endopelvic fascia thereby completely 
mobilizing the bladder from its lateral attach-
ments and the rectum. Often a combination of 
lateral and posterior dissection is used in an alter-
nating fashion to complete the dissection.  

25.4.10     Preservation 
of the Neurovascular 
Bundles 

 In nerve-sparing procedures, the neurovascular 
bundles are encountered as they project off the 
posterior-lateral aspects of the prostate down to 
the anterior surface of the colon. The bundles can 
be mobilized by releasing the lateral fascia ante-
rior to the bundles along the surface of the pros-
tate. This should be done before ligating the 
inferior vesical pedicles in order to visualize them 
completely. This is particularly important in cases 
which energy devices and staplers are employed 
for vascular ligation. This dissection is connected 

  Fig. 25.5    ( a ) Incision of the vaginal cuff onto a sponge stick. ( b ) En bloc division of vagina and vascular pedicle to the 
bladder with an endovascular stapler       
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to the incision anterior to Denonvillier’s fascia 
that has already been performed during cre-
ation of the prerectal space. The inferior vesi-
cal pedicles and prostate pedicles should be 
clipped and divided with cold scissors to avoid 
neurovascular injury. The nerve sparing should 
be carried down to the genitourinary diaphragm 
to prevent injury during the apical and urethral 
dissection.  

25.4.11     Mobilization of the Bladder 
and Completion of the Apical 
Dissection 

 The remaining bladder attachments should only 
be the urachus, anterior attachments, prostate in 
males, and urethra. The medial and median 
umbilical ligaments should be divided as far 
proximally as possible with electrocautery. The 
dissection and peritoneal incision is carried lat-
eral to the medial umbilical ligaments caudal to 
the anterior surface of the bladder. If not already 
done, the endopelvic fascia should be incised 
bilaterally. The apical dissection of the prostate 
or vagina is then completed. At this point the dor-
sal venous complex can be ligated with a suture 
in a fi gure of eight fashion. Although an endovas-
cular stapler can be employed for this step, we 
feel the suture ligation allows for better visual-
ization and identifi cation of the urethra.  

25.4.12     Dissection, Ligation, 
and Division of the Urethra 

 It is very important to dissect out a generous ure-
thral stump. This is important even in cases with-
out a planned neobladder. A generous urethral 
stump allows for easier application of a locking 
clip or suture ligation to prevent tumor spillage 
during division. If the previous posterior dissec-
tion was adequate, there should be minimal pos-
terior tissue other than some minor remnants of 
rectourethralis. The urethral catheter is removed 
by the bedside assistant and a locking clip is 
placed on the urethra by the bedside assistant or 
the robotic clip applier. The urethra is divided 
 distal  to the clip (Fig.  25.6a, b ). A frozen section 
can be taken from the proximal portion of the 
divided urethra if needed.

   Following division of the urethra the speci-
men is placed in a 15 mm specimen retrieval bag 
and retracted into the superior aspect of the abdo-
men. It is very important to ensure that there is 
excellent hemostasis in the pelvis. Often there is 
venous ooze from structures such as the dorsal 
venous complex, urethra, rectourethralis, and 
neurovascular bundles. Dropping the pneumo-
peritoneum to 5 mmHg can help identify poten-
tial bleeding areas. Strategic placement of 
“fi gure-of-eight” sutures or other hemostatic 
maneuvers will prevent postoperative pelvic 
bleeding. This is a key point, as many times this 

  Fig. 25.6    ( a ,  b ) Occlusion of urethra with 15 mm Hem-o-lok clip with subsequent distal division of urethra       
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bleeding would otherwise go unnoticed until the 
diversion is being created and the pneumoperito-
neum has been released. 

 In female patients, the urethra is removed en 
bloc with the bladder in most cases unless a neo-
bladder is planned. The specimen in many cases can 
be removed through the opening of the vagina if the 
anterior wall is not spared. Closure of the vagina 
should be performed in a “clam shell” fashion. One 
must avoid the temptation to roll the vagina into a 
tube otherwise it may be too narrow for functional 
use and in some cases herniation of intraabdominal 
contents can be encountered. The vagina should be 
closed very meticulously with well placed absorb-
able suture. The closure should be checked exter-
nally through the vagina by palpation to ensure 
adequate closure. We also place permanent sutures 
at four points (two on each side) performing a para-
vaginal repair to provide some lateral support. 
While vaginal prolapse is not uncommon after a 
radical cystectomy, paravaginal fi xation can help 
minimize lateral weakness postoperatively.  

25.4.13    Specimen Extraction 

 The entire specimen can be entrapped in a 15 mm 
specimen retrieval bag. It will be extracted through 
a 6–8 cm infraumbilical or periumbilical incision. 
Prior to extraction, the tags on the ureters and the 
ileum should be grasped in a locking grasper by 
the bedside assistant to allow delivery into and 
through the extraction incision. The surgeon must 
avoid the temptation to try to incorporate the supe-
rior camera port into the extraction incision. If the 
incision is too high on the abdomen, the uretero-
ileal anastomosis may be diffi cult and traction of 
the left ureter may be necessary to deliver it into 
the wound. Therefore, we recommend that the 
incision be below the umbilicus.  

25.4.14     Extracorporeal Urinary 
Diversion 

 The steps of performing an ileal conduit or neo-
bladder through the extraction incision are the 
same for a standard ORC. The main caveat is that 

the surgeon avoids traction on the ureters at all 
costs. The surgeon should essentially perform the 
anastomosis at the level of the fascia and cut back 
on any devascularized ureter. In addition, one 
should make the extraction incision as large as is 
needed to perform a meticulous watertight anasto-
mosis while not placing undue tension on the ure-
ters. While tempting, too small of an incision can 
make the diversion diffi cult and the difference 
between a 5 and 10 cm incision is likely negligible 
when it comes to postoperative recovery. 

 Variations of technique for creation of the 
neobladder have been described. In some cases, it 
is easier to simply make the extraction incision 
very low and start at the pubic symphisis. This 
can allow for placement of anastomotic sutures in 
an “open” fashion through the extraction inci-
sion. The authors have found that this is a viable 
option in many patients. Placement of one or 
more of the urethral sutures can be performed 
robotically before extraction of the specimen and 
delivered into the wound for parachuting the neo-
bladder down into the pelvis. 

 If the urethra-neobladder anastomosis is to be 
done robotically then a urethral catheter should 
be passed through the urethra and delivered 
through the extraction incision. The distal portion 
of the catheter can then be inserted into the antic-
ipated urethral anastomotic site and the balloon 
infl ated (Fig.  25.7a ). Anastomotic sutures can be 
pre-placed in the posterior lip of the anticipated 
anastomotic site of the neobladder. The authors 
currently use two separate 2-0 absorbable sutures 
with UR-6 needles tied together and cut at a 
length of 7 in. (Fig.  25.7b ). Gentle traction of the 
urethral catheter will allow for easier placement 
of the neobladder into the pelvis and down to the 
urethral stump. The urinary diversion stents can 
be left in the neobladder for removal cystoscopi-
cally later. Alternatively, one can bring them out 
through the abdominal wall as one would do in 
an open fashion. Another option is to bring the 
stents out the urethra alongside the catheter but 
may result in signifi cant leakage. A fi nal option is 
to tie it to the tip of the catheter but this can pose 
a problem if the catheter is dislodged early.

   The fascia of the extraction incision can be 
closed and the pneumoperitoneum reestablished. 
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During the remaining portion of the operation, 
less extreme trendelenberg should be used to 
decrease tension during suturing of the urethra- 
neobladder anastomosis. The anastomosis is 
completed in a running fashion starting at the 6 
o-clock position. The balloon of the urethral 
catheter should be defl ated during the anastomo-
sis and the catheter moved as needed. Some sur-
geons have described placement of a traction 
suture on the neobladder for downward traction 
by the “fourth arm” during the anastomosis. Once 
completed the anastomosis is checked with irri-
gation. Abdominal drains, suprapubic tubes, and 
port site closures should be performed based on 
surgeon preference.   

25.5    Postoperative Care 

 A nasogastric tube is not routinely left in place. 
The patients are maintained on broad-spectrum 
antibiotics for at least 24 h. Epidural catheters are 
not routinely used. Mechanical and medical pro-
phylaxis of deep venous thrombosis is adminis-
tered. Intravenous morphine and/or ketorolac are 
usually adequate for pain management and can 
be promptly switched to oral narcotics once the 
patient is tolerating a diet. Patients are encour-
aged to sit in a chair the same night of surgery. 
They are ambulated on the fi rst postoperative 

day. Patients have nothing by mouth on postop-
erative day 1, but advance to 8 oz of non- 
carbonated clear liquids every 8 h on postoperative 
day 2, followed by unrestricted non-carbonated 
clear liquids on postoperative day 3, and fi nally a 
regular diet on postoperative day 4. Diet advance-
ment is performed regardless of bowel function, 
and is only held or decreased in the setting of 
emesis or intractable nausea. Most patients do 
not seem to have signifi cant third spacing and 
will rarely require additional fl uid replacement 
other than standard maintenance fl uids. 

 Ureteral stents and abdominal drains should 
be managed according to surgeon preference. 
Currently, the authors remove stents from a uros-
tomy at 7–10 days. Foley catheters are removed 
from neobladders in 14–21 days. If the stents 
were not secured to the Foley during creation of 
the neobladder, then they are removed cystoscop-
ically at the time of Foley removal in the offi ce. 
The decision to perform a cystogram at the time 
of Foley removal is based on surgeon preference 
and is currently our standard practice. 

 The authors have found that some patients may 
have a continued leak of lymphatic fl uid through a 
drain site up following removal. Consequently, a 
urostomy appliance can be placed over the drain 
site to collect the fl uid until the incision heals and 
drainage ceases. We have found this drainage to be 
self-limiting and uniformly resolves spontaneously 

  Fig. 25.7    Creation of extracorporeal neobladder. ( a ) 
Final catheter is placed per urethra and delivered to the 
extraction site to allow placement into the neobladder. ( b ) 

A double-armed suture is pre-placed at the 6 o’clock on 
the bladder neck to simplify a robotic anastomosis       

 

25 Robotic Cystectomy



320

as the lymphatic fl uid is absorbed intraperitone-
ally. If there is any concern of a urine leak, the 
fl uid may be sent for creatinine analysis.  

25.6     Review of Perioperative 
and Postoperative 
Complications 

 The existing literature on perioperative and post-
operative complications of RARC is primarily 
compromised of single-center series. Kauffman 
et al. published their complication data on a 
series of 79 consecutive patients after RARC [ 8 ]. 
While 49 % of patients experienced complica-
tions within 90 days when using a standardized 
reporting system, a majority were minor, with 
infectious complications (41 %) occurring most 
commonly, followed by gastrointestinal (27 %) 
and thromboembolic events (10 %). Another 
series by Treiyer and colleagues evaluated 84 
consecutive RARC patients with overall and 
major 30-day Clavien complication rates of 53 % 
and 12 %, respectively [ 9 ]. Khan and colleagues 
reported outcomes of their fi rst 50 robotic cystec-
tomies [ 10 ]. The Clavien 90-day complication 
rate was 34 %, with major complications occur-
ring in 10 % of this cohort. 

 Hayn et al. studied 156 consecutive patients 
undergoing RARC and reported an overall com-
plication rate of 52 % within 90 days, including a 
33 % major complication and a 21 % readmission 
rate [ 11 ]. The authors classifi ed all complications 
using the Memorial Sloan Kettering Cancer 
Center (MSKCC) system. The most common 
complications reported in Hayn’s series were 
gastrointestinal (31 %), infectious (25 %), and 
genitourinary (13 %). The study is noteworthy in 
that all cystectomies at this institution were per-
formed robotically decreasing selection bias. 
However, limitations of single institution studies 
are well known, and have led to multi- institutional 
analyses, which provide more robust and gener-
alizable data. 

 Kang et al. describes a multi-institutional 
evaluation of complications during and after 
robotic cystectomy in seven participating Korean 
institutions [ 12 ]. Retrospectively analyzing data 

from 104 patients, the authors reported an overall 
complication rate of 27 % using the modifi ed 
Clavien system, with 7.7 % considered major 
complications and 19 % minor complications. 
Intraoperative complications represented 3.8 % 
of the total number of complications, with three 
conversions to open surgery. Two were secondary 
to adhesions with one due to an external iliac vein 
injury. Our own multi-institutional study evalu-
ated a larger sample size of 227 patients spread 
between four institutions [ 13 ]. The overall com-
plication rate was 30 % with 7 % having a major 
complication as defi ned by the Clavien classifi ca-
tion system, with no perioperative deaths. 
Interestingly, younger patients in this series were 
more likely to experience complications. 

 There are several recent reports comparing 
outcomes of robotic and open radical cystecto-
mies. Ng et al. performed a prospective cohort 
study of 187 consecutive patients (104 ORC and 
83 RARC) who underwent radical cystectomy 
[ 14 ]. Thirty-day Clavien complications revealed 
a higher overall rate in the open group at 30 days 
(59 % vs. 41 %,  p  = 0.04), as well as a signifi cant 
increase in major complications (30 % vs. 10 %; 
 p  = 0.007). At 90 days, the overall complication 
rate, while greater in the open cohort, was not 
statistically signifi cantly different. However, 
there did appear to be more major complications 
in the open cohort at 90 days (31 % vs 17 %; 
 p  = 0.03). In a multivariate analysis controlling 
for a variety of comorbidities, RARC remained 
an independent predictor of fewer overall and 
major complications at both 30 and 90 days. The 
types of complications observed were similar to 
those in contemporary open series, including gas-
trointestinal, infectious, and thromboembolic 
events. Although this study was strengthened by 
prospective data collection, a large sample size, 
and procedures performed by a single surgeon, it 
remains limited by its observational methodol-
ogy and lack of randomization. 

 There are now two single-center randomized 
trials comparing ORC and RARC that have pub-
lished. Nix et al. reported results of our prospec-
tive, randomized study, including 20 patients 
undergoing ORC and 21 in the RARC cohort 
[ 15 ]. Although designed as a non-inferiority 
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study comparing lymph node yield, several sec-
ondary endpoints were evaluated, including com-
plication rate. Comparing those undergoing open 
and robotic procedures, no difference in complica-
tion rates was noted (50 % vs. 33 %, respectively; 
 p  = 0.28). In a multivariate analysis controlling for 
age, body mass index, and pathologic stage there 
was a trend toward a lower complication rate in 
the robotic group, but it did not reach statistical 
signifi cance ( p  = 0.0503). Parekh et al. recently 
published results of their single- center prospective 
randomized trial of ORC and RARC. There was 
20 patients in each arm and there was no signifi -
cant difference in positive surgical margin rates, 
lymph node yield, or complication rate (5 % vs. 
5 %, 23 % vs. 11 %, and 25 % vs. 25 %, respec-
tively) [ 16 ]. A multi- institutional, randomized 
study is currently in the recruitment phase, the 
results of which will clarify these questions (the 
RAZOR trial, NCT01157676).  

25.7     Pathologic and Oncologic 
Outcomes of RARC 

 Two important pathologic issues are incidence of 
positive surgical margins (PSM) and an adequate 
pelvic lymph node dissection (PLND). The 
importance of achieving negative surgical mar-
gins during radical cystectomy is critical consid-
ering the fact that patients with positive soft 
tissue margins have increased recurrence rates 
and almost a threefold decrease in survival [ 17 , 
 18 ]. The reported rate of PSM for RARC ranges 
from 0 to 7.6 % [ 8 ,  10 ,  11 ,  19 – 21 ]. Novara et al. 
provided a benchmark from the open radical cys-
tectomy literature in a multi-institutional series 
of over 4,000 patients where the PSM rate was 
6.3 % [ 22 ]. The inclusion of a pelvic lymphade-
nectomy at the time of cystectomy provides both 
prognostic information and potential therapeutic 
benefi t [ 23 ,  24 ]. Furthermore, the number of 
lymph nodes removed has been shown to have 
prognostic signifi cance by several authors and it 
is also well established that an extended template 
will improve lymph node yield [ 23 – 26 ]. The ret-
rospectively reported lymph node yield for PLND 
during RARC range from 17 to 43 [ 10 ,  21 ,  27 –

 29 ]. Nix et al. demonstrated no difference in 
lymph node yield between robotic and open cys-
tectomy in a randomized trial [ 15 ]. In a unique 
study by Davis et al., robotic lymph node dissec-
tions had a yield of 93 % compared to open 
lymphadenectomy when a “second look open 
dissection” was used following the robotic PLND 
[ 28 ]. The take home message is that a meticulous 
pelvic lymphadenectomy should be performed 
and is certainly possible, including extended tem-
plates, if the surgeon is dedicated to this goal. 

 While there are no reports on long-term 
(>5 years) oncologic outcomes, there are several 
reports of short and intermediate-term follow-up 
that have emerged. Pruthi and Wallen reported 
short-term cancer outcomes in 50 patients [ 30 ]. 
They had a mean follow-up 13.2 months and expe-
rienced an overall and disease-specifi c survival of 
90 % and 94 %, respectively. Dasgupta et al. pub-
lished their RARC experience in 20 patients with 
>6 months follow-up [ 31 ]. They reported with a 
median follow-up of 23 months an overall and 
disease-free survival of 95 and 90 %. Martin et al. 
reported outcomes in series of 80 patients with the 
longest mean follow-up to date from Mayo Clinic 
in Arizona [ 32 ]. Fifty- nine patients had >6 months 
follow-up with a mean follow-up of 25 months 
(range 6–49). The overall survival at 12 months, 
24 months, and 36 months was 82 %, 69 %, and 
69 %, respectively, and recurrence-free survival at 
12 months, 24 months, and 36 months was 82 %, 
71 %, and 71 %, respectively. Kauffman et al. 
reported a 2-year disease-free, cancer-specifi c, and 
overall survival of 74 %, 85 %, and 79 %, respec-
tively. [ 33 ] When compared to historical ORC, 
oncologic outcomes for RARC as measured by 
survival are equivalent in the intermediate-term. 
Additional data from Mayo Clinic Arizona and 
University of North Carolina were published for 
node-positive patients having undergone RARC 
[ 34 ]. A total of 275 patients were reviewed with 
focus on 50 patients with lymph node-positive dis-
ease. With a mean follow-up of 42 months the 
oncologic outcomes compared favorably to open 
cohorts reported in the literature. In summary, the 
current literature demonstrates the fact that at 
2–3 years the oncologic outcomes of RARC com-
pare favorably to historical controls.  
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25.8     Recommendations 
for Getting Started 
and Avoidance 
of Complications 

 First, appropriate patient selection cannot be 
overemphasized during the primary stages of 
transition to robotic cystectomy. As an initial 
case, we would recommend beginning with a thin 
male patient and non-bulky tumor. Because of 
several parallels drawn from the maneuvers used 
during robotic prostatectomy, a male patient will 
provide familiarity and comfort during the initial, 
most challenging steps involved in the procedure. 
Furthermore, patient size is often an important 
factor in the level of diffi culty, with some of the 
most challenging robotic cystectomy cases 
occurring in morbidly obese patients. Technical 
issues are often more challenging in obese 
patients, due to the need for appropriate retrac-
tion, which is especially diffi cult during left ure-
teral identifi cation due to the large amount of 
epiploic, mesenteric, and retroperitoneal fat. 

 We recommend avoiding locally advanced 
and large tumors early in your experience. Bulky 
tumors can produce signifi cant challenges with 
anterior retraction of the bladder during the pos-
terior dissection. This particular problem will 
place the surgeon at risk for inadvertent entry 
into the bladder or rectal injury secondary to the 
lack of a posterior working space. 

 There are several intraoperative techniques that 
may help avoid complications. To start with, ure-
teral dissection is an important part of robotic cys-
tectomy. Ureteral strictures represent an extremely 
troubling late complication of urinary diversions, 
and the majority of these can be attributed to isch-
emia of the distal ureter, in some cases resulting 
from poor surgical technique during ureteral mobi-
lization. Care must be taken to avoid tension dur-
ing dissection. During dissection, a robotic arm is 
often employed to elevate the ureter, and due to the 
lack of tactile feedback, excessive tension may be 
unintentionally placed on the ureter. It is therefore 
essential to use visual cues to constantly assess 
this degree of tension. Additionally, it is important 
to leave peri-ureteral tissue surrounding the ureter, 

which can be easily scraped away by aggressive 
manipulation with the robotic instruments. As 
mentioned earlier, a technique which we have 
found effective and effi cient to minimize ureteral 
trauma involves the use of a pre-tied Hem-o-lok 
clip. We place a 15 mm clip with a 20 cm silk tie 
proximal to the site of ureteral transection. Once 
divided, the tie/clip functions as a secure stay for 
all future manipulation without direct handling of 
the ureter (Fig  25.2a, b ). 

 An additional technique we utilize to mini-
mize ureteral ischemia, limitation of proximal 
mobilization to just above the common iliac ves-
sels allows for mobilization of the ureter away 
from the working fi eld during extended pelvic 
lymphadenectomy while maintaining perforating 
vessels to the ureter above the aortic bifurcation. 
Although tempting, additional proximal dissec-
tion is rarely needed to complete the urinary 
diversion, even if done through a limited incision 
during extracorporeal reconstruction. 

 While a small extraction incision is possible, it 
is important to make it large enough to safely 
accommodate construction of the urinary diver-
sion. This allows for creation of the ureteroen-
teric anastomosis without additional ureteral 
tension aggravated by a small incision. We 
believe that the benefi ts of a robotic approach 
will not be undone through limited extension of 
this incision. 

 A rectal injury can be a disastrous complica-
tion resulting in a colostomy, rectal fi stula, and 
even death if unrecognized. When performing 
the posterior dissection in male patients, particu-
lar attention should be paid to careful and thor-
ough mobilization of the rectum to avoid injury 
during division of the vascular pedicles. Our 
preference for division of these pedicles is with 
use of a vascular stapler. The posterior dissection 
usually becomes more diffi cult as one progresses 
distally, and it should be kept in mind that the 
rectum lies in a more anterior location when 
approaching the prostatic apex. We recommend 
allotting adequate time to fully mobilize the dis-
tal aspect of the rectum away from the prostate in 
much the same fashion as one prepares for neuro-
vascular bundle preservation during a robot- 
assisted radical prostatectomy. Once this is 
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accomplished, the surgeon will be left with a nar-
row column of vascular tissue from the superior 
vesical artery to the prostatic apex. This will 
allow safe application of the vascular stapler 
above all rectal tissue as shown in Fig.  25.8a, b . 
When employing the stapler, we recommend the 
larger, more blunt blade be positioned medially 
to avoid inadvertent placement of the sharper, 
thinner blade into the rectum; also helpful is 
upward (anterior) articulation of the stapler away 
from the rectum.

   If the separation of the bladder/prostate and 
rectum is diffi cult, we would then recommend 
proceeding cautiously through isolation of indi-
vidual pedicles as one progresses distally, using 

Hem-o-lok (weck) clips for vascular control 
(Fig.  25.9a, b ). If at any point a bulky tumor 
impedes visualization of the posterior plane, use 
of a 30° upward-facing lens may be warranted, 
which may improve visualization of the under-
side of the bladder.

   The ability to perform an adequate pelvic 
lymph node dissection during RARC has been a 
popular target for opponents of the robotic 
approach. However, this has been refuted by sev-
eral authors [ 15 ,  28 ,  29 ], and we uphold that a 
meticulous dissection of any template can be per-
formed robotically if the surgeon is committed to 
this goal. One of the most challenging aspects of 
the PLND is performing an adequate and safe 

  Fig. 25.8    ( a ) Appearance of right bladder pedicle after thorough mobilization of the rectum. ( b ) Division of bladder 
pedicle with an endovascular stapler       

  Fig. 25.9    ( a ,  b ) Control of the distal bladder pedicle with a Hem-o-lok clip       
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dissection of the lymphatic tissue in the bifurca-
tion of the common iliac vessels. The diffi culty 
of dissection can be decreased by medial mobili-
zation of the external iliac vessels and all associ-
ated lymphatic tissue. This will expose the 
medial aspect of the psoas muscle and the most 
proximal aspect of the obturator nerve while 
releasing all lateral attachments of this nodal 
packet as shown in Fig.  25.4a, b . It will further 
allow the surgeon to return to the medial side of 
the vessels and easily withdraw the entire lymph 
node packet from the bifurcation of the vessels 
(Fig.  25.4c ). Overall, this will not only help 
decrease the risk of a vascular injury to the hypo-
gastric vessels and alleviate the anxiety associ-
ated with dissection in this challenging area but 
also allow excellent access for the hypogastric 
vein dissection (Fig.  25.4d ).  

25.9    Conclusion 

 Robot-assisted radical cystectomy is a feasible 
and reproducible procedure for the management 
of bladder cancer. There have been an increasing 
number of publications reporting outcomes of 
RARC over the past decade. There appears to be 
equivalent pathologic outcomes to the gold stan-
dard ORC and intermediate-term oncologic out-
comes look promising. Fortunately, the results of 
a large multicenter, randomized trial will be 
available in the near future. We are optimistic this 
procedure will continue to become standardized 
and increasingly utilized in the practicing urolo-
gist armamentarium.     
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26.1            Talk to the Patient 

 First of all I would tell him: no hectic actions! 
 Patients diagnosed with cancer often want to 

schedule an operation as soon as possible, even 
the next day. Others may delay surgery while 
they obtain additional opinions, search the 
Internet, and try to decide about treatment. How 
long does the window of opportunity to cure a 
cancer remain open? 

 In patients with muscle invasion at diagnosis, 
a delay in surgery is associated with a more 
advanced pathologic stage, especially when the 
delay is longer than 90 days. Although an appro-
priate time should be given for consideration of 
options and pre-treatment evaluation, undue 
delay may compromise cancer control. Once the 
diagnosis of muscle-invasive disease is made, 
proceeding with radical cystectomy (RC) expedi-
tiously would seem to be in the patient’s best 
interest. Next, I would confi rm the correctness of 
the patient’s decision and tell him, that there is—
as always—good news and bad news.  

26.2     Decision for Immediate 
Radical Cystectomy: 
The Good News and the Bad 
News 

 Good news is that he has selected the best avail-
able treatment. Recently, a Dutch population- 
based study confi rmed the relative survival rate 
after RC to be superior to the relative survival 
after all other treatment modalities [ 1 ]. Bad news 
is that his chances of cure are not 100 %, due to 
unrecognized micro-metastasis at the time of 
surgery. 

 For detailing the chances of cure I would use 
the postoperative nomogram predicting risk of 
recurrence after RC for bladder cancer (BC) of 
the International Bladder Cancer Nomogram 
Consortium [ 2 ], if his fi nal pathologic stage 
proves to be pT2, pNO, G3. 

 Nomograms are predictive tools that are more 
complex than simple risk group models and pro-
vide a tailored assessment of a given patient’s 
risk. An accurate predictive model provides a 
clinical tool that can be used by both patients and 
clinicians in evaluating options after cystectomy. 
A prognostic tool that provides improved indi-
vidual risk assessment compared with conven-
tional risk models will facilitate patient’s decision 
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T2 Bladder Tumor  
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immediate cystectomy without neoadjuvant 
chemotherapy, erectile function 
preservation, and an ileal neobladder       
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making because treatment choice can be infl u-
enced strongly by risk prediction. This may play 
a particularly relevant role in the management of 
BC patients, given the data supporting a possible 
benefi t for perioperative chemotherapy. At pres-
ent, the option of receiving adjuvant chemother-
apy on or off a clinical protocol is a reasonable 
consideration for BC patients at high risk of post-
operative recurrence (P3, P4, or N + tumors). A 
patient faced with a decision to choose adjuvant 
chemotherapy with its potential adverse effects 
will base the choice on an understanding of the 
inherent risk that the tumor has for jeopardizing 
long-term health and survival [ 2 ]. 

 For a pT2, NO, MO, G3 tumor, the nomogram 
has a 60-month progression-free rate prediction 
of 80 %.  

26.3     Understaging: The Patient 
Must Be Informed 

 The reported discordance between staging on trans-
urethral bladder resection and on RC pathology in 
the literature ranges from 20 to 80 %. Correct stag-
ing in BC has direct implications for its manage-
ment. The upstaging from organ- confi ned to 
non-organ-confi ned disease has been reported in up 
to 40 % of cases. Specifi cally, Mitra et al. developed 
a pre-cystectomy decision model to predict patho-
logic upstaging and oncologic outcomes in clinical 
stage T2 BC. The study describes a cross-validated 
decision tree generated using pre-cystectomy vari-
ables aiming to stratify patients with cT2 tumors 
based on the risk of pathologic upstaging and 
adverse oncologic outcomes. This model can be 
potentially employed as a tool for making clinical 
decisions with respect to neoadjuvant chemother-
apy (NACT) in these patients [ 3 ].
•    Age, presence of hydronephrosis, evidence of 

deep muscularis propria invasion and lympho-
vascular invasion on transurethral resection 
specimen, as well as tumor growth pattern and 
count, were signifi cantly associated with 
upstaging.  

•   When these factors were included in a deci-
sion tree model, 70.6 % of patients with 

hydronephrosis experienced upstaging and 
had the worst outcome ( P  < 0.001).  

•   In patients without hydronephrosis, tumor 
growth pattern was a second-tier discriminator 
( P  < 0.001); in patients with non-papillary 
tumors, 71.7 % cases with evidence of deep 
muscularis propria involvement experienced 
upstaging compared to 53.8 % of cases with 
no deep muscle involvement ( P  = 0.012), 
whereas, among patients with combined pap-
illary and non-papillary features, 33 % of 
cases aged ≤65 years were upstaged com-
pared to 47 % of cases aged >65 years 
( P  = 0.036).     

26.4     Decision Against 
Neoadjuvant Chemotherapy: 
Not Every Muscle Invasive 
Bladder Cancer (MIBC) Needs 
Neoadjuvant Chemotherapy 

 The number need to treat (NNT) represents the 
number of patients, on average, that must be 
treated to result in one additional outcome. In this 
scenario, the NNT for the given patient is approx-
imately 9–10, which is rather high and consti-
tutes a strong argument against NACT in his 
case. We have to acknowledge that neoadjuvant 
treatment (chemotherapy, radiation) does not 
benefi t every patient and delays curative treat-
ment for a signifi cant percentage of patients with 
MIBC (40 %). Patients may receive chemother-
apy unnecessarily because a more-complete 
operation may have indicated a greater likelihood 
of surgical cure. It is also unlikely that NACT 
will compensate for a poor operation in which 
signifi cant tumor volume has been left behind in 
the pelvis. 

 An improved risk stratifi cation of clinical 
stage T2 (cT2) patients can potentially identify 
candidates who may derive maximal benefi t from 
this approach. Clinical stage T2 patients, who are 
pathologically upstaged at cystectomy have sig-
nifi cantly worse prognosis than their counterparts 
who are not upstaged. The identifi cation of such 
candidates who may be subsequently upstaged 
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represents a strategy for selecting those patients 
who may benefi t the most from NACT, whereas 
other patients can undergo early RC [ 3 ]. 

 Despite evidence supporting perioperative che-
motherapy, few randomized studies compare neo-
adjuvant and adjuvant chemotherapy for bladder 
cancer [ 4 ]. Consequently, the standard of care 
regarding the timing of chemotherapy for locally 
advanced BC remains controversial. In this study, 
there was no statistically signifi cant difference in 
OS and DSS between patients receiving neoadju-
vant versus adjuvant systemic platinum-based 
chemotherapy for locally advanced BC. In addi-
tion, there was no signifi cant difference between 
neoadjuvant and adjuvant cisplatin- or carbopla-
tin-based chemotherapy. Chemotherapy sequence 
relative to surgery appeared less important than 
whether or not a patient actually received periop-
erative chemotherapy. 

 Level I evidence supports the use of NACT 
for clinical (c) T2-T4aNOMO UCB. A recent 
multi- institutional study reported that only 12 % 
of patients with cT2-T4aNOMO received NACT, 
whereas 22 % received adjuvant systemic che-
motherapy. The exact reasons for these practice 
patterns remain unclear [ 4 ]. 

 In addition, the SWOG study [ 5 ] had a myriad 
of weaknesses that cannot be overlooked. A few 
examples to mention are: (1) A total of 317 
patients were accrued    over an 11-year period 
(1987–1998)! Of these, 307 patients had complete 
records available for review. Thirty-nine patients 
with available records did not have a cystectomy, 
22 had RC aborted because of unresectable tumor 
or positive nodes, and four experienced tumor 
progression while receiving MVAC. Of the 268 
patients who had a RC, nine had surgery per-
formed outside of protocol; (2) 24 patients had no 
node dissection, 98 patients had limited node 
sampling and 146 patients had a standard bilateral 
PLND. The median number of nodes removed 
from all patients was 10. Twenty-four percent of 
the patients had 0–4 nodes removed, 25 % had 
5–9 nodes, 25 % had 10–15 nodes, and 26 % had 
more than 15 nodes removed. The median num-
ber of nodes after none, limited, or standard 
PLND was zero, 7, and 15, respectively. Node 

status was positive for 21 % patients. Of the 242 
patients with status of surgical margins reported, 
25 (10 %) had positive margins. Local recurrence 
occurred in 41 (15 %) of the 268 patients after RC 
and was balanced between treatment arms [ 5 ]; (3) 
Study patients were operated on by 106 different 
surgeons in 109 institutions. Fourteen surgeons 
performed fi ve or more cystectomies on this study 
and two did fewer than fi ve operations. All but 
one of the high-volume surgeons were urologic 
oncologists. Of the 109 institutions represented, 
50 were community hospitals ( n  = 84 patients), 
36 were academic medical centers ( n  = 137 
patients), and 23 were VA/military hospitals 
( n  = 47 patients), of which half had academic affi l-
iations. Of the 268 cystectomies, 115 were per-
formed by urologic oncologists and 153 were 
performed by general urologists; urologic oncolo-
gists were only responsible for 9 % of patients 
who received surgery at VA/military and commu-
nity institutions combined [ 5 ].  

26.5    Impact of Surgical Quality 

 Even more compelling evidence of the impor-
tance of surgical quality was provided by an anal-
ysis of INT-0080 in the United States involving 
multiple institutions and surgeons. Negative sur-
gical margins and ten or more lymph nodes 
removed were associated with better overall sur-
vival independent of patient’s age, pathologic 
stage, nodal status and whether chemotherapy 
was given. These surgical factors also predicted 
pelvic relapse, which is a death knell in most 
patients. Of the patients 15 % had local recurrence 
and all eventually died of disease. Local recur-
rence developed in 68 % of cases with positive 
surgical margins compared to 6 % with negative 
margins, while high vs. low volume urologists 
had a positive margin rate of 4 % vs. 14 % [ 6 ]. 

 This cooperative group trial shows that the 
quality of RC and PLND directly impacts the 
chances of survival, and it is surgeon-dependent. 
Irrespective of the positive result of the Grossman 
study these fl aws make it diffi cult to accept level 
I evidence for NACT.  
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26.6     Capsule or Prostate 
Sparing RC 

 Studies from the last two decades include the 
result from 13 centers worldwide. Many of them 
report a pattern of failure (local versus distant) that 
is highly unusual. Although a local recurrence rate 
of 7 of 252 patients is to be expected in this com-
bined series the distant failure rate of 34 of 252 
patients is at least twice as high as expected for the 
given series of superfi cial or organ- confi ned 
TCC. The observed distant failure rate of sexual-
ity-preserving RC in this potentially lethal disease 
is more than 5 % higher as compared with stan-
dard RC. The precise underlying mechanism of 
this unexpected pattern of failure following sexu-
ality-sparing cystectomy is not fully understood. 
Furthermore, surgeons considering procedures 
that preserve a portion of the prostatic urethra, the 
prostatic capsule, or the entire prostate should rec-
ognize a 6 % risk of signifi cant prostatic cancer in 
any residual tissue, and the potential risk of ure-
thral tumor involvement with TCC. 

 Daytime continence following radical versus 
sexuality-sparing cystectomy is identical. Data 
on night-time continence of sexuality-sparing 
cystectomy are inconclusive. The continuous 
intermittent catheterization rate following 
sexuality- sparing cystectomy, however, seems to 
be higher than after standard cystectomy. 

 The only advantage sexuality-preserving cys-
tectomy has is, indeed, preservation of these func-
tions in a much higher percentage than following 
standard or nerve-sparing cystectomy. This is at 
the cost of “radicality,” however, and results in a 
10–15 % higher oncologic failure rate [ 7 ]. 

 Currently, the role of prostate sparing RC 
(PSRC) in treating bladder cancer remains con-

troversial, and can be considered from both sides 
of a counterbalanced argument. One point of 
view underscores valid concerns regarding occult 
malignancy in the prostate at the time of surgery, 
and the potentially increased risks of local or sys-
temic recurrence that may be associated with this 
procedure. To some extent, PSRC violates one of 
the basic oncologic principles of en bloc excision 
of the organ(s) at risk, and the literature does not 
currently support oncologic equivalence when 
compared with classic RC. The other point of 
view emphasizes the substantial improvements in 
functional outcomes described for PSRC which 
undoubtedly weighs heavily for many patients 
when deciding about appropriate treatment path-
ways. Through earlier acceptance of cystectomy, 
PSRC may indirectly provide a potential onco-
logic benefi t, as well as facilitate minimally inva-
sive approaches, further reducing the morbidity 
of this procedure. 

 Above all, the oncologic effi cacy of this pro-
cedure should be considered controversial, and it 
is considered heresy by some. In addition, there 
are still many important limitations to this litera-
ture [ 8 ].  

26.7     Improved Technique of RC 
with Erectile Function 
Preservation 

 We have described a new technique for nerve- 
sparing RC with preservation of vasa deferentia, 
seminal vesicles, and neurovascular bundles 
(NVB) (Fig.  26.1a–e ).  No prostatic tissue is left 
behind ,  thus eliminating the risk of local recur-
rence from BC as well as de novo prostate cancer .

   The indication for this seminal vesicle sparing 
RC is limited to high-risk NMIBC, MIBC including 

Fig. 26.1 (continued) Urology Supplements 9 (2010) 
428–432. ( d ) The RC is begun as a standard nerve-sparing 
radical prostatectomy, with high release of the neurovas-
cular bundles. Gentle traction is exerted on the balloon 
catheter to extrude the vesical neck. Denonvillier’s fascia 
is opened with a short transverse incision over the ampul-
lae of the vases and the base on the vesicles. After transac-
tion of vesicles and ampullae, an easy cleavage plane is 
developed between the trigone and catheter balloon ante-

riorly and the vesicles posteriorly until the cul-de-sac has 
been reached. Adapted from Richard E. Hautmann, Oliver 
Hautmann, Björn G. Volkmer, Stefan Hautmann. Nerve-
sparing Radical Cystectomy: A New Technique European. 
Urology Supplements 9 (2010) 428–432. ( e ) Posterior 
view of the NVBs, ampullae of the vases, seminal vesicles 
inferiorly and prostate, bladder, and ureters anteriorly. 
Transsection    of the inferior pedicle of the bladder 2 cm 
anterior of the NVB       
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  Fig. 26.1    ( a ) Fibers of the pelvic plexus surround the lat-
eral aspect of the bladder neck, the proximal prostate, and 
the seminal vesicles in a cage-like fashion, whereas rela-
tively few nerve fi bers are found on the purely anterior 
surfaces of these organs. Branches designated as cavern-
ous nerves and destined for the urinary sphincter are 
mainly located posteriorly in the pelvic plexus. Those 
nerves are located posterolateral to the seminal vesicles 
and course very close to their tips. A gentle dissection of 
the seminal vesicles or a seminal vesicle-sparing tech-
nique during RC may reduce the risk of injury to these 

nerves and, in consequence, may improve postoperative 
continence and potency rates. ( b ) Final situation after RC 
has been completed: Seminal vesicles protect > air 
bag < like the NVBs by moving the cleavage plain 2 cm 
anterior of the nerves. ( c ) Standard dissection laterally to 
the prostatic fascia to free the NVBs from the prostate and 
the lateral surface of the seminal vesicles ( dotted line ) car-
ries a high risk to ruin the erectile function by injuring 
these nerves. Adapted from Richard E. Hautmann, Oliver 
Hautmann, Björn G. Volkmer, Stefan Hautmann. Nerve- 
sparing Radical Cystectomy: A New Technique European. 
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stage pT2 and all T3 stages away from the tri-
gone. Using this technique preservation of erec-
tile function can almost be guaranteed (see 
Fig.  26.1a–e ) [ 9 ]. 

 The sympathetic fi bers and lymph tissue over-
lying the bifurcation of the aorta extending to the 
sacral promontory are also preserved. The limits 
of lymph node dissection include the level of the 
ureter as it crosses the common iliac artery proxi-
mally, the genitofemoral nerve laterally, and the 
lymph node of Cloquet and circumfl ex iliac vein 
distally. The external iliac artery and vein are 
skeletonized, and the obturator fossa, pelvic side 
wall, and hypogastric branches are cleared of 
lymph node tissue. 

 RC is begun with an intrafascial prostatec-
tomy, which is done in a retrograde fashion. For 
optimal protection of the NVB and to avoid dam-
age to the autonomic nerves running into the 
membranous urethra, a “high-release” approach 
with incision of the endopelvic and periprostatic 
fascia and bunching of Santorini plexus at the 
level of the prostate and not distal to it is of 
utmost importance. The dorsolateral NVB can be 
separated from the prostatic capsule. The pros-
tatic apex is approached laterally directly along 
the prostatic capsule, and the membranous ure-
thra is delivered sharply out of the donut-shaped 
prostatic apex to avoid nerve damage on the dor-
solateral side of the urethra and to maintain maxi-
mum urethral length. Despite the intrafascial 
approach, Denonvillier’s fascia very often 
remains on the posterior surface of the prostate 
specimen where it is fused with the prostatic cap-
sule in the midline. At the base of the prostate, a 
2–3-cm transverse incision of Denonvillier’s fas-
cia is carried out, and both the vases and the sem-
inal vesicles are transacted. A cleavage plane is 
easily developed anterior to the ampullae/semi-
nal vesicles and dorsal to the trigone. The balloon 
of the transurethral catheter serves a control, 
because it is easily palpated. In this fashion, most 
of the NVB are spared. The ascending cleavage 
plane easily reaches the cul-de-sac, with the infe-
rior bladder pedicles still intact. The remainder of 
the RC can be done in an ascending or descend-
ing fashion. The latter seems to offer better con-
trol of the bundles. The vasa are identifi ed and 

left on the pelvic peritoneum. The peritoneum is 
incised transversely 5 cm anterior to the cul-de- 
sac. Care is taken to enter the plane between pos-
terior bladder wall ventrally and the vases and 
seminal vesicles dorsally. The ureters are traced 
down into the pelvis, where the umbilical and 
superior vesicle arteries are clipped and divided 
as they branch anteriorly off the hypogastric 
artery. The ureters are then divided distally near 
the entrance to the bladder. The vasa deferentia 
are traced to the area of the peritoneal cul-de-sac, 
and the peritoneum is divided. A plane of dissec-
tion is sharply developed between the anterior 
surface of the vasa and the posterior surface of 
the bladder. Identifi cation of the seminal vesicles 
posteriorly marks the appropriate plane of dissec-
tion. The pelvic plexus can be preserved by sec-
tioning the dorsomedial pedicle along its ventral 
aspect, anterolateral to the seminal vesicles and 
then terminating the dissection at the base of the 
prostate. Care should be taken to avoid even mini-
mal trauma to the pelvic plexus through clamping 
pinching of the tissue located on the dorsolateral 
aspect of the seminal vesicles. Because there is no 
need to dissect posterior to these structures, the 
NVB remain untouched [ 9 ].  

26.8    Complications to Consider 

 RC and subsequent urinary diversion has been 
assessed the most diffi cult surgical procedure in 
the fi eld of urology. The surgical morbidity fol-
lowing RC is signifi cant and when strict report-
ing guidelines are used, much higher than 
previously published. Accurate reporting of post-
operative complications is essential for patient 
counseling, combined-modality treatment plan-
ning, clinical trial design, assessment of surgical 
success and for perioperative patient education. 
RC and urinary diversion are two steps of one 
operation, and almost 75 % of all complications 
stem from the diversion. 

 We have recently reported the 90-day morbid-
ity of the ileal neobladder in a large contempo-
rary, homogenous series of patients who 
underwent radical cystectomy at a tertiary aca-
demic referral centre using a standard approach 
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[ 10 ]. Between January 1986 and September 2008 
we performed 1,540 radical cystectomies. Of 
these patients 66 % fi nally received a neobladder. 
All complications within 90 days of surgery were 
defi ned, categorized and classifi ed by an estab-
lished 5 grade and 11 domain modifi cation of the 
original Clavien system. Of 1,013 patients 58 % 
experienced at least one complication within 90 
days of surgery. Infectious complications were 
most common (24 %) followed by genitourinary 
(17 %), gastrointestinal (15 %) and wound- related 
complications (9 %). The 90-day mortality rate 
was 2.3 %. Of the patients 36 % had minor (grade 
1–2) and 22 % had major (grade 3–5) complica-
tions. On univariate analysis the incidence and 
severity of the 90-day complications rate correlate 
highly signifi cantly with age, tumor stage, 
American Society of Anesthesiologists score, and 
preoperative comorbidity [ 10 ]. 

 We also analyzed the long-term complications 
of this series. Only the 923 patients with follow-
 up longer than 90 days (median 72 months, range 
3–267) were included in the analysis. The com-
plication rate was calculated using the Kaplan–
Meier method [ 11 ]. 

 The overall long-term complication rate was 
40.8 % with three neobladder-related deaths. 
Hydronephrosis, incisional hernia, ileus or small 
bowel obstruction and feverish urinary tract 
infection were observed in 16.9, 6.4, 3.6, and 
5.7 % of patients, respectively, 20 years postop-
eratively. Subneovesical obstruction in 3.1 % of 
cases was due to local tumor recurrence in 1.1 %, 
neovesicourethral anastomotic stricture in 1.2 %, 
and urethral stricture in 0.9 %. Chronic diarrhea 
was noted in nine patients, Vitamin B12 was sub-
stituted in two patients. Episodes of severe meta-
bolic acidosis occurred in 11 patients and 307 of 
923 required long-term bicarbonate substitution. 
Rare complications included cutaneous neoblad-
der fi stulas in two cases, and intestinal neoblad-
der fi stulas, iatrogenic neobladder perforation, 
spontaneous perforation and necrotizing pyocys-
tis in one each. 

 Even in experienced hands the long-term 
complication rate of RC and neobladder forma-
tion are not negligible. Most complications are 

diversion-related, and the challenge of optimum 
care for these elderly patients with comorbidities 
is best mastered at high volume hospitals by high 
volume surgeons [ 11 ].  

26.9    Postoperative Care 

 Critical components for good long-term results 
require not only surgical fi nesse but also patient 
compliance and meticulous postoperative care. 
Immediate postoperative management should 
include the following steps:
•    Subcutaneous heparin prophylaxis into the arm 

instead of the thigh to prevent lymphoceles.  
•   Bladder substitute rinsed every 6 h with aspi-

ration of mucus.  
•   Bowel stimulation with parasympathomimet-

ics from day 2 or 3 and following.  
•   Withdrawal of ureterral stents at day 5–7 after 

resumed bowel activity.  
•   First removal of the suprapubic tube on day 

8–10 (cystogram).  
•   Withdrawal of urethral catheter on day 10–12.    

 Following catheter withdrawal, patients are 
carefully instructed on how to void. Initially, they 
are taught to empty the neobladder in a sitting 
position every 2 h during the day by relaxing the 
pelvic fl oor and increasing the intra-abdominal 
pressure. The following points must be observed:
•    Voiding without residual urine.  
•   Sterile urine.  
•   Alarm clock at night.  
•   Venous blood gas analysis every second day.  
•   Supplement of bicarbonate (2–6) and salt.    

 Additional instructions to patients include: 
Increase fl uid intake; check body weight regu-
larly; increase reservoir capacity by adhering to 
regular voiding intervals: at fi rst, 2 h; thereafter, 
3 h and later, 4 h with the goal capacity of 500 ml. 

 Meticulous long-term follow-up is essential 
regarding metabolism (vitamin B12, electrolytes, 
base excess), continence, volume of voided urine 
(400–500 ml), sterile urine, residual urine (if 
yes—check regular voiding intervals), and blad-
der neck obstruction (if yes—perform incision or 
resection) [ 12 ].  

26 Clinical Scenario: T2 Bladder Tumor



  Fig. 26.2    ( a ) Packed vagina gives ideal exposure to ure-
thra and pelvic support structures. A povidone-iodine pack 
is placed into the vagina and the urethra rides on top of the 
anterior vaginal wall. Without that trick, the urethra falls 
back into the pelvic cavity, and mobilization of the urethra 
results in bleeding and jeopardizes the urethral support. 
( b ) Urethral support-sparing cystectomy in women. 

Incision of endopelvic fascia is parallel to posterior ure-
thra and urethravesical junction. Preparation of the urethra 
requires special attention to surgical detail to avoid dam-
age to the proximal urethra, anterior vaginal wall, and urethral 
support, which could jeopardize the continence mecha-
nism and micturition. ( c ) Transsection of posterior urethra 
after ligation of bladder neck including Foley catheter. 
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26.10     Robotic Versus Open 
Surgical Approach 

 There is increasing interest in laparoscopic and 
robotic cystectomy, with either intra-corporeal or 
extra-corporeal formation of conduit or the ortho-
topic substitute. Whether reports with intermedi-
ate follow-up suggesting equivalent pathologic 
and oncologic outcome will be confi rmed remains 
to be determined. But there are advantages in 
terms of blood loss, transfusion rate, postopera-
tive pain, and return of bowel function. In most 
reported series, cases were highly selected. There 
are a number of reports of intra-corporeal surgery 
for diversion; most surgeons currently prefer an 
extra-corporeal technique because it is faster. 
However, the ureters must be kept long, and there 
is concern about an increased risk of ureteroileal 
stenosis. Technology will probably need to 
improve before intra-corporeal reconstruction 
becomes standard practice [ 13 ]. 

 When stage distribution (organ-confi ned ver-
sus non-organ-confi ned) and survival rates of 
laparoscopic and open RC are cross-checked 
against surrogate markers (LN+, margin+, distant 
failure, local recurrence rate, etc.), it becomes 
evident that the laparoscopic RC and open 
cohorts reported in the literature are not identical. 
To explain the observed discrepancy, there must 
be a selection bias. Data on overall, disease- 
specifi c and recurrence-free survival on laparo-
scopic RC are still immature compared with the 
standard of care that must remain in open RC. To 
prove the non-inferiority of laparoscopic com-
pared with open surgery regarding outcome, mul-
ticenter prospective trails are urgently needed, 
and are currently underway in the U.S. Until 

then, I consider laparoscopic RC as experimental 
surgery [ 14 ]. 

 Supporting this opinion, a randomized trial 
comparing robotic and open cystectomy was pre-
sented as a late-breaking abstract in the plenary 
session of the 2013 AUA. 

 The investigators found no differences in 
complications, oncologic outcomes or LOS 
between the two procedures and, thus, closed the 
study early. The results of the trial call into ques-
tion the usefulness of robotic cystectomy and 
highlight the importance of comparative 
 effectiveness studies before the dissemination of 
new technologies [ 15 ].  

26.11     Differences with a Female 
Patient 

 While indications, contraindications, complica-
tions, postoperative care are the same as in 
female patients, the operative technique of RC 
with sexuality preservation in females is obvi-
ously different. Figure  26.2a–e  presents the 
most important tricks that are helpful to obtain 
good results [ 16 ].

26.12       Conclusion 

 Urothelial carcinoma of the bladder is a highly 
aggressive malignancy that causes signifi cant 
morbidity and mortality. In T2 patients accept-
able cure rates (80 %) may be obtained by imme-
diate cystectomy thus sparing the patient the 
morbidity of neoadjuvant chemotherapy: A semi-
nal vesical sparing cystectomy technique and 

Fig. 26.2 (continued) To guarantee completeness of 
resection of the bladder neck the Foley is under traction 
and is fi lled with 50 cc. Upward traction of specimen 
facilitates dissecting the specimen off the anterior vaginal 
wall while saving the urethral support structures and the 
nerves. ( d ) Uterosacral ligaments on both sides are 
divided. Edges of transverse incision in posterior fornix of 
vagina are held under gentle traction with Allis clamps. 
Posterior bladder wall is dissected off anterior vaginal 

wall down to bladder neck. Autonomic nerve fi bers (infe-
rior    hypogastric plexus), which run laterally to vessels, are 
separated from lateral wall of bladder and vagina. ( e ) 
Final result of a precise modifi ed anterior exenteration 
with maximum preservation of the urethral support struc-
tures. The bottom of this amazingly small defect being the 
anterior vaginal wall. As compared with standard cystec-
tomy, a maximum of urethral and vaginal support struc-
tures including the nerves have been saved       

26 Clinical Scenario: T2 Bladder Tumor
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reconstruction using an ileal neobladder further 
helps to stimulate patient and physician decision 
toward early cystectomy.     
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27.1           Introduction 

 Radical cystectomy with pelvic lymphadenectomy 
and urinary diversion is the standard of care for 
muscle-invasive urothelial bladder cancer [ 1 ,  2 ], 
yet an extremely complex operation associated 
with considerable postoperative morbidity, 
oftentimes directly related to the urinary diver-
sion [ 3 – 5 ]. Robot-assisted radical cystectomy 
is a less invasive technique with radical cystec-
tomy and pelvic lymphadenectomy performed 

via a robot-assisted laparoscopic approach [ 6 ]. 
After completion of the radical cystectomy and 
pelvic lymphadenectomy, urinary diversion is 
then performed by extracorporeal, intracorpo-
real, or hybrid techniques. Reported advantages 
of robotic cystectomy from small, single-institu-
tion series are decreased estimated blood loss, 
lower blood transfusion rates, lessened pain and 
opioid requirements, earlier time to oral intake, 
shorter hospital stay, fewer wound complica-
tions, and faster perioperative and postoperative 
convalescence and recovery [ 7 – 9 ]. Nonetheless, 
robotic cystectomy and urinary diversion are 
still associated with signifi cant complications. 
Johar et al. [ 10 ] described complications in 939 
patients after robotic cystectomy from the 
International Robotic Cystectomy Consortium 
database, with complications analyzed and 
graded according to the Memorial Sloan-
Kettering Cancer Center system. Forty-one and 
Forty-eight percent of patients experienced com-
plications within 30 days and 90 days of surgery, 
respectively. Nearly 20 % of patients had a grade 
3 or higher complication after robotic cystec-
tomy and 90-day mortality was 4.2 %. Yuh and 
colleagues [ 11 ] reported on 196 patients who 
underwent robotic cystectomy, extended pelvic 
lymph node dissection, and urinary diversion 
(continent diversions performed in 68 % of 
cases). Complications within 90 days of surgery 
were defi ned and categorized by the modifi ed 
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Clavien system. Eighty percent of patients 
experienced a complication within 90 days after 
radical cystectomy and urinary diversion; 35 % 
experienced a major complication, with 90-day 
mortality of 4.1 %. Thus, postoperative compli-
cations and morbidity following robotic cystec-
tomy are considerable but generally comparable 
to contemporary open radical cystectomy series, 
and in many cases directly related to the urinary 
diversion component of the surgery. 

 There are myriad urinary diversions with 
nuances regarding intestinal segment utilized 
and various technical considerations, but all 
diversions can be generally categorized as non- 
continent cutaneous diversions, continent cuta-
neous diversions, and continent orthotopic 
diversions [ 12 ]. The ideal urinary diversion 
does not exist but would theoretically match 
functions of the native bladder including low 
pressure fi lling and storage, high compliance, 
intact sensation, continence and voluntary emp-
tying to completion [ 12 – 15 ]. Once a urinary 
diversion is selected, operative technique and 
surgeon experience can lead to improved out-
comes for patients undergoing radical cystec-
tomy and urinary diversion, regardless of open 
or robotic approaches. Optimal outcomes are 
infl uenced by preoperative, intraoperative, and 
postoperative factors but particular surgical 
attention to detail regarding the bowel anasto-
mosis and ureterointestinal anastomoses are 
critical to urinary diversion. Overall, periopera-
tive mortality for radical cystectomy and uri-
nary diversion is higher for patients treated by 
low-volume surgeons in low- volume hospitals 
[ 16 ,  17 ]. The history of urinary diversion is 
complex like the procedure itself, from the fi rst 
recorded radical cystectomy performed in 
1887 in Cologne, Germany by Bardenheuer 
without urinary diversion [ 18 ], through the fi rst 
publication of long-term outcomes of radical 
cystectomy and urinary diversion in 1962 by 
Whitmore [ 19 ] to the most recent complex 
intracorporeal robotic neobladder reconstruc-
tions. In this chapter, we will review contempo-
rary urinary diversion via open and robotic 
approaches.  

27.2    Preoperative Concerns [ 18 ] 

27.2.1     Patient Optimization 
and Education 

 Potentially reversible and/or treatable medical 
conditions should certainly be addressed prior to 
radical cystectomy and urinary diversion. The 
American College of Cardiology/American 
Heart Association Guidelines on Perioperative 
Cardiovascular Evaluation and Care for 
Noncardiac Surgery recommend preoperative 
testing only for select patients, including those 
with signifi cant atrial or ventricular arrhythmias, 
severe valvular disease, unstable coronary syn-
dromes and/or decompensated heart failure [ 20 ]. 
Almost 20 % of patients undergoing radical cys-
tectomy and urinary diversion present with poor 
nutritional status defi ned as preoperative albumin 
<3.5 g/dl, preoperative weight loss >5 % of body 
weight, or body mass index <18.5 kg/m 2 . When 
using this defi nition by Greg and colleagues, nutri-
tional defi ciency was an independent predictor of 
both 90-day perioperative mortality and all-cause 
mortality [ 21 ]. Similarly, Lambert and associates 
reported signifi cantly higher disease- specifi c and 
all-cause mortality, as well as increased complica-
tions in patients undergoing radical cystectomy 
with preoperative hypoalbuminemia compared to 
patients with normal serum albumin [ 22 ]. Early 
studies suggested use of preoperative gastrointes-
tinal hyperalimentation in malnourished patients 
prior to radical cystectomy in efforts to reduce 
complications [ 23 ], but it is unclear whether this 
strategy has any effect on either postoperative 
morbidity or mortality. Furthermore, total paren-
teral hyperalimentation has not proven advanta-
geous for malnourished cystectomy patients either 
pre- or perioperatively [ 18 ]. 

 Structured patient education prior to radical 
cystectomy and urinary diversion is sound med-
ical practice and has potential to decrease mor-
bidity after surgery. Koch et al. implemented a 
collaborative care pathway for patients under-
going radical cystectomy and urinary diversion 
including preoperative instruction for patients 
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and family regarding surgery, plan of care, and 
hospital orientation, with subsequent decrease 
in average hospital stay from 12.7 to 10.3 days 
and concomitant decrease in postoperative 
morbidity [ 24 ]. Preoperative counseling regard-
ing early ambulation, incentive spirometry and 
enterostomal therapy has potential to limit mor-
bidity in the early postoperative period, and fur-
ther development of patient education materials 
describing the procedure, patient preparation 
prior to surgery, description of the expected 
hospital course, and detailed discharge instruc-
tions may also be valuable [ 25 ].  

27.2.2    Bowel Preparation 

 Historically, mechanical bowel preparation prior 
to radical cystectomy and urinary diversion has 
been the standard of care with potential advantages 
of reducing wound complications, enteric anasto-
motic leaks, and intra-abdominal infections [ 18 ]. 
However, more recently, Large and colleagues 
reported use of GoLYTELY ®  mechanical bowel 
preparations in patients undergoing radical cystec-
tomy with an ileal conduit urinary diversion 
did not alter rates of perioperative infectious, 
wound, and bowel complications [ 26 ]. Similarly, 
Hashad and associates randomized 40 consecu-
tive patients undergoing radical cystectomy and 
ileal conduit urinary diversion to a standard 3-day 
mechanical bowel preparation versus overnight 
fasting prior to surgery and found no signifi cant 
differences in complications between the two 
groups [ 27 ]. Thus, mechanical bowel preparation 
is likely unnecessary for small bowel segment 
urinary diversions. However, full mechanical 
bowel preparation should be strongly considered 
for colonic urinary diversions to  minimize stool 
contamination of the wound and operative fi eld.  

27.2.3    Parenteral Antibiotics 

 Postoperative infectious complications following 
radical cystectomy and urinary diversion occur in 
up to 25 % of patients [ 4 ], so perioperative 
administration of prophylactic antimicrobials is a 
standard of care in efforts to prevent surgical site 

infections, despite a paucity of evidence regard-
ing optimal agents and duration of use [ 28 ,  29 ]. 
The American Urological Association (AUA) 
developed a Best Practice Policy Statement on 
Urologic Surgery Antimicrobial Prophylaxis 
with most recent review and update in 2012, 
recommending antimicrobial prophylaxis for 
all patients undergoing open, laparoscopic or 
robotic surgery involving entry into the urinary 
or gastrointestinal tracts, preferably with a 
second- or third-generation cephalosporin [ 30 ]. 
Alternatively, an aminoglycoside plus metronida-
zole or clindamycin can be substituted for 
patients with severe beta-lactam allergies. The 
duration of antimicrobial prophylaxis should be 
≤24 h as prolonged administration can poten-
tially increase risks of antimicrobial resistance 
and  Clostridium diffi cile  colitis [ 18 ].  

27.2.4     Venous Thromboembolism 
(VTE) Prophylaxis 

 Deep venous thrombosis (DVT) is common after 
radical cystectomy with urinary diversions with 
possible devastating consequence of pulmonary 
thromboembolism (PE), which is a major cause 
of mortality in this patient population [ 31 ]. 
Clément and others prospectively evaluated inci-
dence and risk factors for VTE in 583 consecu-
tive patients undergoing urologic cancer surgery 
managed with early ambulation, graduated com-
pression stockings or intermittent pneumatic 
compression, and either low-molecular-weight 
heparin or low-dose unfractionated heparin daily 
for 15 days as VTE prophylaxis [ 32 ]. All patients 
underwent bilateral lower extremity venous 
Doppler ultrasound on postoperative day 7 with 
DVT and PE in 7.4 % and 2.2 % of patients, 
respectively. Radical cystectomy and urinary 
diversion was independently associated with 
VTE on multivariable analysis (OR 3.47, 
 p  = 0.002). Aside from potential mortality from 
PE, long-term morbidity from VTE can signifi -
cantly increase health care costs [ 33 ,  34 ]. 

 In 2009, the AUA published a Best Practice 
Statement for prevention of DVT in patients 
undergoing urologic surgery which was reviewed 
and confi rmed for validity in 2011, recommending 
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intermittent pneumatic compression devices for 
laparoscopic or robotic surgery with either low-
molecular-weight heparin or low-dose unfrac-
tionated heparin reserved only for high- risk 
groups. Both intermittent pneumatic compres-
sion devices and pharmacologic prophylaxis 
should be strongly considered in patients under-
going open urologic surgery [ 35 ]. As patients 
embarking on radical cystectomy and urinary 
diversion are by defi nition high-risk, combination 
VTE prophylaxis (early ambulation, intermittent 
pneumatic compression, and pharmacologic pro-
phylaxis) should be employed as routine. 
Continued anticoagulation with daily low-molec-
ular-weight heparin or aspirin for up to 3 months 
after surgery is worth consideration based on 
risk/benefi t and cost analyses [ 18 ].  

27.2.5     Urinary Diversion 
Considerations 

27.2.5.1     Selection of Bowel 
Segment [ 12 ] 

 Although any segment of bowel can be poten-
tially utilized for urinary diversion, several fac-
tors including renal function, previous abdominal 
surgery and/or bowel resection, history of pelvic 
radiation therapy and type of diversion affect the 
intestinal segment ultimately employed. Each 
segment of bowel has specifi c and potentially 
signifi cant electrolyte abnormalities, as well as 
acid/base disturbances which impact the particu-
lar bowel type used for any given patient. 

   27.2.5.1.1 Stomach 
 Stomach has both advantages and disadvantages 
compared to other bowel segments for urinary 
diversion, including the lowest permeability to 
urinary solutes and decreased risk of bacteriuria 
due to acidifi cation of the urine [ 36 ]. However, 
the stomach acidifi es the urine due to proton and 
chloride secretion with resultant hypochloremic 
metabolic alkalosis and increased risk of the 
hematuria-dysuria syndrome due to excess acid 
production. Stomach should thus be avoided in 
patients with renal insuffi ciency due to impair-
ment of bicarbonate excretion and diffi culties cor-
recting hypochloremic metabolic alkalosis [ 12 ].  

   27.2.5.1.2 Jejunum 
 Jejunum for urinary diversion is very uncommon 
due to signifi cant side effects including severe 
electrolyte imbalances from increased sodium 
and chloride excretion coupled with potassium 
and hydrogen ion reabsorption. Sodium and chlo-
ride loss is also associated with water and volume 
loss, often with severe dehydration as a conse-
quence. Use of jejunum thus leads to hypona-
tremic, hypochloremic, hyperkalemic metabolic 
acidosis and is generally a poor urinary diversion 
choice for patients after radical cystectomy [ 12 ].  

   27.2.5.1.2  Ileum and Colon 
 The ileum and colon are most often utilized for 
urinary diversion as both segments have good 
mesenteric blood supply with straightforward 
mobilization of the segment and minimal acid, 
base, and electrolyte disturbances. Use of either 
ileum or colon is associated with ammonium 
chloride reabsorption and resultant hyperchlore-
mic metabolic acidosis [ 37 ]. The metabolic aci-
dosis can be problematic for patients with renal 
insuffi ciency (serum creatinine >2.0 mg/dl) and 
may cause loss of appetite, lethargy and weight 
loss. Conservative treatments include maintain-
ing adequate hydration and minimizing urinary 
stasis, but some patients require alkalinizing 
medications or chloride transport blockers [ 12 ]. 
Potential complications specifi c to use of ileum 
for urinary diversion include fat and vitamin B12 
malabsorption, as well as diarrhea. Patients with 
urinary diversions utilizing colon segments do 
not usually experience nutritional problems 
unless the ileocecal valve is excluded from bowel 
continuity (such as Indiana Pouch), with subse-
quent increased risk of diarrhea, bacterial coloni-
zation of the ileum, and associated fl uid and 
bicarbonate losses [ 12 ].     

27.3    Radical Cystectomy, PLND 

 Radical cystectomy with bilateral pelvic lymph 
node dissection via open and robotic techniques is 
well-described in this textbook and elsewhere. 
Surgical quality and technique matter in muscle- 
invasive bladder cancer and benchmarks of radical 
cystectomy and pelvic lymph node dissection 

N.D. Smith et al.



341

regardless of approach include soft tissue margin 
status, extent of lymphadenectomy and experi-
ence of the surgeon [ 38 ]. Positive surgical mar-
gins and extent of lymphadenectomy both have 
signifi cant impact on bladder cancer oncologic 
outcomes and higher volume surgeons have both 
lower operative mortality and positive margin rate 
compared to lower volume surgeons [ 38 ]. These 
surgical benchmarks for radical cystectomy are 
critical regardless of open or robotic techniques.  

27.4    Types of Urinary Diversion 

 Urinary diversions are classifi ed into three major 
categories: non-continent cutaneous diversions, 
continent cutaneous diversions, and continent 
orthotopic diversions. 

27.4.1     Non-continent Cutaneous 
Diversions 

 Non-continent cutaneous urinary diversions [ 12 ] 
utilize a short segment of either ileum or colon 
(the conduit) in isoperistaltic orientation, with 
the ureters anastomosed to the proximal end of 
the conduit and the distal end serving as a cutane-
ous stoma for drainage of urine from the intesti-
nal segment to an external collection device 
attached to the skin by adhesive to prevent leak-
age of urine. Non-continent cutaneous urinary 
diversions are the most common with advantages 
of shorter operative times and ease of construc-
tion compared to other urinary diversions, as well 
as decreased risk of postoperative complications. 
Non-continent cutaneous diversions are preferred 
in patients with impaired renal function, inability 
to care for a continent reservoir, locally advanced 
disease, or signifi cant comorbidities to shorten 
operative time and simplify postoperative 
recovery. Pre- and postoperative enterostomal 
therapy helps a patient select the optimal stoma 
site, improve understanding of their urinary 
diversion and more readily adapt to new body 
image. Selection of the stoma site is critical as 
improper positioning can promote urinary leak-
age, skin problems, and decreased quality of life. 

Complications associated with non-continent 
cutaneous diversions include febrile urinary tract 
infection and pyelonephritis, parastomal hernia, 
stomal stenosis or retraction, and long-term dete-
rioration of the upper tracts. Factors potentially 
contributing to upper tract deterioration include 
chronic bacteruria and refl ux nephropathy, sig-
nifi cant metabolic acidosis, stomal stenosis, ure-
terointestinal strictures or even preexisting renal 
dysfunction from obstruction due to locally 
advanced disease [ 12 ]. Although signifi cant care 
goes toward maintenance of the urinary drainage 
device, this appliance can be changed once every 
few to several days, greatly reducing the overall 
burden of care to the patient and family compared 
to other forms of urinary diversion.  

27.4.2    Ileal Conduit (Fig.  27.1 ) 

    The ileal conduit has been the most common uri-
nary diversion since introduction by Bricker in 
1950 [ 39 ]. An ileal conduit is fashioned either 
open or robotically using 15–20 cm of ileum at 
least 15 cm from the ileocecal valve to prevent 
vitamin B12 and bile salt malabsorption. The 
segment for the ileal conduit is taken out of con-
tinuity from the bowel and the two ends of ileum 
are anastomosed back together to re-establish 
small bowel continuity, usually in stapled fash-
ion. The conduit is opened on its distal or stomal 
side and irrigated free of succus material. The 
proximal or “butt” end of the ileal conduit is typi-
cally sutured closed (to avoid stone formation on 
staple line) and the ureters anastomosed in an end 
to side fashion to that end of the conduit segment 
using a refl uxing technique, usually over a feed-
ing tube or single-J ureteral stent. The open distal 
or stomal end of the ileal conduit is brought to the 
skin level through the rectus fascia of the anterior 
abdominal wall and anastomosed, usually as an 
end or “rosebud” stoma [ 40 ,  41 ]. The rosebud tech-
nique can be diffi cult in the markedly obese patient 
due to a combination of a thick abdominal wall and 
tethering of the bowel mesentery. As an alternative 
in this situation, a loop or modifi ed Turnbull stoma 
may be technically easier but is associated with a 
higher rate of parastomal hernia.  

27 Urinary Diversion: Open and Robotic Techniques



342

27.4.3    Colon Conduit 

 A colon conduit is a reasonable alternative for 
patients when the ileum is not a safe or viable 
option for urinary diversion. For instance, 

patients who have had extensive pelvic radiation 
may have radiation damage to small bowel, pre-
cluding ileum as the ideal choice for urinary 
diversion due to increased risk of postoperative 
complications, including bowel anastomotic leak 

  Fig. 27.1    Ileal conduit—a 15–20 cm segment of ileum is 
isolated and oriented in isoperistaltic fashion. Bowel con-
tinuity is re-established utilizing a staples anastomosis. 
The stoma is brought through the anterior abdominal wall 
with eversion    via a “rosebud” ( a ,  b ) or “Turnbull” ( c ,  d ) 

stoma. Adapted from Hemal AK, Abol-Enein H, Tewari A 
et al. Robotic radical cystectomy and urinary diversion in 
the management of bladder cancer. Urol Clin North Am 
2004; 31(4): 719       
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or stricture. In this relatively rare population, the 
transverse colon is generally a radiation-spared 
segment of bowel and provides an excellent alter-
native for urinary diversion. Electrolyte abnor-
malities are similar between ileal and colon 
conduits, but non-refl uxing ureterointestinal 
anastomoses (using taenia) are easier in colonic 
segments [ 12 ]. In summary for non-continent 
cutaneous urinary diversions, ileal and colon 
conduits are comparable segments and provide 
both a safe and reliable method of urinary diver-
sion for patients after radical cystectomy for 
bladder cancer [ 42 ]. Despite safety and effi cacy 
of both ileal and colon conduits, the need for an 
external collection appliance remains an inconve-
nience and may signifi cantly alter body image, 
particularly in younger patients.  

27.4.4     Continent Cutaneous Urinary 
Diversions 

 The second broad category of urinary diversion is 
the continent cutaneous urinary diversion 
 consisting of a larger internal reservoir made 
from various bowel segments with a continent 
stoma at the level of the skin. The basic concepts 
of a continent cutaneous diversion include a detu-
bularized bowel segment to destroy peristaltic 
integrity and maximize volume per surface area 
of intestine [ 40 ], as well as a leak proof stoma 
that requires intermittent catheterization (usually 
every 4–6 h) to effectively drain urine from the 
reservoir. A continent catheterizable diversion 
was fi rst described by Gilchrist in the 1950s [ 43 ], 
but increased interest in continent diversion in 
the early 1980s led to various techniques of fash-
ioning bowel reservoirs for urinary storage. There 
are various techniques for creation of the conti-
nent catheterizable stoma, but all are generally 
based on three main categories of stoma, using 
either the small caliber appendix or a tapered 
length of bowel (Mitrofanoff or Monti tech-
nique), the terminal ileum to exploit the non- 
refl uxing ileocecal valve, or lastly a nipple or fl ap 
valve (Kock or Mainz pouch) [ 44 ]. The catheter-
izable stoma is brought out through either the 
anterior abdominal wall or umbilicus, depending 

on both patient factors (obesity) and/or surgeon 
preference. Despite the advent and increased uti-
lization of continent orthotopic urinary diversion, 
continent cutaneous diversions are an excellent 
alternative for patients who do not want a non- 
continent cutaneous diversion but have absolute 
or relative contraindications for use of the native 
urethra such as previous surgery, radiation to the 
pelvis, or cancer at the bladder neck and/or pros-
tatic urethra [ 12 ]. Although many forms of conti-
nent cutaneous urinary diversion exist, the 
Indiana Pouch is technically the easiest to per-
form and by far the most popular.  

27.4.5    Indiana Pouch (Fig.  27.2 ) 

    The Indiana Pouch was fi rst described by 
Rowland in 1985 [ 45 ], but has been signifi cantly 
modifi ed over time. The most recent iteration 
includes a plicated terminal ileum to the level of 
the ileocecal valve which serves as the continent 
catheterizable stoma and a detubularized right 
colon fashioned into a low-pressure reservoir 
[ 46 ]. Clinical outcomes coupled with relative 
technical ease have made the Indiana Pouch the 
mainstay for continent cutaneous urinary diver-
sion. Bihrle reported 98 % continence with over-
all low re-operative and complication rates in 
long-term follow-up of 150 patients with Indiana 
Pouch urinary diversions [ 47 ]. Blute and col-
leagues described a 15 % re-operative rate, as 
well as a late complication rate of 17 %, includ-
ing stomal stenosis and hernia, pouch calculi, 
incontinence, small bowel obstruction, and renal 
insuffi ciency in a series of 194 women managed 
with Indiana Pouch urinary diversions [ 48 ].  

27.4.6    Koch Pouch 

 The Koch pouch was fi rst described in 1982 and 
employed both the ileocecal valve in creating a 
continent catheterizable stoma, as well as an 
intussuscepted nipple valve for urine continence 
and an anti-refl ux mechanism. The Koch pouch 
has historical signifi cance as it increased interest 
in continent urinary diversions, but has diminished 
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signifi cantly in utilization due to high complication 
and re-operation rates coupled with technical 
challenges of creating the pouch [ 44 ].  

27.4.7     Orthotopic Continent 
Diversions 

 The catheterizable stoma of a continent cutane-
ous urinary diversion was a signifi cant advance 
over the external urinary drainage appliance, 
yet patients still have to perform frequent clean 
intermittent catheterization to empty the uri-
nary reservoir. Like continent cutaneous urinary 

diversions, continent orthotopic diversions have 
a larger, internal reservoir but the continence 
mechanism is derived from the orthotopic loca-
tion of the diversion with utilization of the 
native urethral sphincter. The orthotopic neo-
bladder most closely resembles the native blad-
der, maintaining relatively normal voiding also 
with improved sexuality, body image and global 
sense of well-being [ 49 ]. Since the 1980s, sev-
eral reconstructive techniques and procedures 
have been reported to create various orthotopic 
continent diversions (the most common are dis-
cussed below), yet there is no consensus regard-
ing the best orthotopic diversion.  

  Fig. 27.2    Indiana pouch—( a ) The right colon and 
roughly 10 cm of terminal ileum are isolated and then the 
right colon segment is detubularized along the antimesen-
teric border and folded upon itself in “clamshell” fashion. 
( b ) The continent catheterizable limb is created by taper-
ing the efferent limb using a stapling device. ( c ) The ure-

ters are implanted into the Indiana pouch in either 
refl uxing or non-refl uxing fashion. Adapted from Hemal 
AK, Abol-Enein H, Tewari A et al. Robotic radical cystec-
tomy and urinary diversion in the management of bladder 
cancer. Urol Clin North Am 2004; 31(4): 719       
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27.4.8     Hautmann Neobladder 
and Chimney Modifi cation 
(Fig.  27.3 ) 

    Hautmann (University of Ulm, Germany) fi rst 
described this neobladder [ 50 ], utilizing 
60–80 cm of detubularized ileum oriented in a 
“W” shape and then reconstructed into a spheri-
cal pouch with the ureters reimplanted directly 
into the pouch or into an isoperistaltic chimney 
of tubularized ileum [ 51 ,  52 ]. The chimney 
modifi cation to the Hautmann neobladder simpli-
fi es the ureterointestinal anastomoses with 
laudable goals of decreasing ureterointestinal 
strictures and preventing neobladder-ureteral 
refl ux. Extending the chimney toward the kidneys 

favors a tension-free ureteral anastomosis with 
minimal ureteral ischemia, less mobilization, and 
more proximal resection of the ureters. The chim-
ney also prevents competition of the ureters with 
the bowel mesentery for space near the posterior 
wall of the neobladder, decreases the risk of ure-
teral angulation and obstruction during periods of 
distention of the neobladder, allows for easier 
repair and revision of ureteral strictures, and 
assists with prevention of neobladder-ureteral 
refl ux given the isoperistaltic nature of the chim-
ney segment [ 12 ]. Following reconstruction of 
the neobladder into a low pressure, high compli-
ance reservoir and the ureterointestinal anasto-
moses, the neobladder is then anastomosed to the 
urethra with the native urethral sphincter providing 

  Fig. 27.3    Hautmann neobladder and chimney modifi ca-
tion—( a ) a 40 cm segment of distal ileum is folded into a 
“W” confi guration and the ureters are embedded in 
serosa-lined troughs. Mucosa to mucosa ureterointestinal 
anastomoses are performed over ureteral stents. ( b ) 
Closed neobladder after the ureterointestinal anastomoses 
with urethral catheter inferiorly. ( c ) Chimney modifi ca-

tion with 6–8 cm long ileal segment isolated to serve as 
the antirefl ux “chimney” in addition to the “W” segment 
of ileum. The ureters ( arrowheads ) are anastomosed to the 
chimney segment ( arrow ). Adapted from Hemal AK, 
Abol-Enein H, Tewari A et al. Robotic radical cystectomy 
and urinary diversion in the management of bladder can-
cer. Urol Clin North Am 2004; 31(4): 719       
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the continence mechanism. Voiding with an 
orthotopic neobladder occurs via relaxation of 
the external urinary sphincter, with coordinated 
Valsalva and/or Crede maneuvers. Hautmann 
reported data from the fi rst 290 patients with 
early and late neobladder-related complications 
in 15.4 % and 23.4 % of patients, respectively. 
Early and late re-operation rates were 0.3 % and 
4.4 %, respectively. Over 95 % of patients were 
continent with roughly 4 % requiring clean inter-
mittent catheterization to empty the neobladder 
effectively [ 50 ]. Generally, the need for clean 
intermittent catheterization increases with longer 
follow-up.  

27.4.9    Studer Neobladder (Fig.  27.4 ) 

    Studer (University of Bern, Switzerland) fi rst 
reported this neobladder, utilizing a 60 cm seg-
ment of ileum with the distal 40 cm detubularized 
and oriented into a “U” shape and then recon-
structed into a spherical pouch with the ureters 
reimplanted into the proximal 20 cm of the ileal 
segment which remains as a tubularized, isoperi-
staltic chimney [ 53 ]. Like the Hautmann neoblad-
der chimney modifi cation, the Studer neobladder 
chimney promotes a tension-free ureteral anasto-
mosis with minimal ureteral ischemia, less mobi-
lization, more proximal resection of the ureters, 

  Fig. 27.4    Studer orthotopic neobladder—( a ) An ileal 
segment roughly 60 cm in length is isolated approxi-
mately 20 cm proximal to the ileocecal valve and bowel 
continuity re-established via stapled anastomosis. ( b ) The 
distal 40–45 cm of the isolated ileal segment is opened 
along its antimesenteric border and folded into a “U” con-
fi guration, leaving 15 cm of the proximal ileal segment as 
the anti-refl ux “chimney.” ( c ) The ureters are implanted 
into the chimney and the backwall of the “U” confi gura-
tion is closed with a 2-0 polyglycolic acid or Vicryl run-
ning suture. ( d ) The bottom of the “U” is folded over and 

closed in “clamshell” fashion. ( e ) The most dependent 
portion of the neobladder is selected for the neobladder-
urethral anastomosis, performed with fi ve or six inter-
rupted 2-0 absorbable sutures. ( f ) In addition to a Foley 
catheter, a cystostomy or “suprapubic” tube is placed into 
the neobladder anteriorly prior to fi nal closure of the res-
ervoir to enhance postoperative irrigation of mucus in the 
neobladder. Adapted from Hemal AK, Abol-Enein H, 
Tewari A et al. Robotic radical cystectomy and urinary 
diversion in the management of bladder cancer. Urol Clin 
North Am 2004; 31(4): 719       

 

N.D. Smith et al.



347

allows for easier repair and revision of ureteral 
strictures if necessary, and assists with prevention 
of neobladder-ureteral refl ux given the isoperi-
staltic nature of the long chimney segment [ 12 ]. 
Studer and colleagues described daytime continence 
rates of over 90 % at 1 year and nighttime conti-
nence of approximately 80 % after 2 years, with 
complication rates comparable to other urinary 
diversions including roughly 15 % of patients 
having major complications [ 53 ].  

27.4.10    Sigmoid Pouch (Reddy) 

 Reddy (University of Minnesota, United States) 
fi rst reported the sigmoid pouch [ 54 ], using a 30 cm 
detubularized sigmoid segment oriented into a “U” 
shape and then reconstructed into a spherical pouch 
with the ureters reimplanted directly into the pouch 
utilizing the tenaie of the sigmoid for non-refl uxing 
anastomoses. A sigmoid pouch allows for a sim-
pler urethral anastomosis because of inherent ana-
tomic proximity of the pouch to the urethra but 
tends to have a higher rate of incontinence and 
uninhibited contractions compared to ileal neo-
bladders. Contraindications to use of the sigmoid 
colon for a urinary reservoir include diverticulosis, 
colon polyps, infl ammatory large bowel disease, 
and colon cancer. As such, the colon must be thor-
oughly evaluated by barium enema and/or colonos-
copy prior to use for urinary diversion [ 52 ].   

27.5    Selection of Diversion Type 

 Specifi c selection of urinary diversion type is a 
complicated process impacted by several factors 
such as renal function, bladder cancer stage and 
prognosis, previous surgical and radiation ther-
apy, goals of surgery, overall patient physical and 
mental status, patient and family preferences, as 
well as surgeon training and experience. Patients 
adapt well to all forms of urinary diversion with 
proper selection and planning [ 55 ]. Bladder can-
cer stage and goals of surgery are important fac-
tors in selection of the specifi c urinary diversion. 
The simplest surgical procedure is logically the 

best option when palliation is the primary goal of 
surgery [ 56 ], but any diversion is reasonable 
when cure is the goal and cancer outcome is not 
compromised by selection of diversion type [ 13 ]. 
In women, urethral and/or anterior vaginal wall 
involvement with cancer is a contraindication to 
orthotopic neobladder reconstruction. Further, 
Stein and colleagues found bladder neck involve-
ment with cancer is a signifi cant risk factor for 
concomitant urethral and anterior vaginal wall 
involvement in a large single-institution histo-
pathologic review [ 57 ]. Frozen-section analysis 
of the distal surgical margin is reasonable to 
assess urethral involvement with cancer at the 
time of radical cystectomy and urinary diversion 
and subsequent risk of urethral recurrence [ 58 ]. 
In men, a positive urethral margin at the time of 
cystectomy, as well as prostatic stromal involve-
ment with cancer are contraindications for ortho-
topic neobladder due to the increased risk of 
urethral disease and recurrence [ 59 ]. 

 Most patients appreciate the concept of conti-
nent orthotopic urinary diversion, but there are 
several absolute and relative contraindications. 
Absolute contraindications include malignant 
involvement of the urethra, impaired renal and/or 
hepatic function, inability to perform self- 
catheterization (quadriplegia or severe multiple 
sclerosis), and the inability to understand or com-
ply with patient responsibilities or potential com-
plications of a continent orthotopic urinary 
diversion. Relative contraindications include 
advanced age, previous pelvic radiation, need for 
postoperative chemotherapy, infl ammatory bowel 
disease, impaired functional status, body habitus, 
and a noncancerous but abnormal urethra [ 12 ]. 
Patients must have the physical and mental ability 
to perform self-catheterization with continent uri-
nary diversions, which seems obvious for patients 
with catheterizable stomas, but patients with 
orthotopic neobladders have increased risk of 
requiring long-term intermittent catheterization 
(especially women) and must be agreeable to this 
preoperatively [ 60 ]. Absorption of urinary solutes 
and free water loss occur in any urinary diversion 
with a bowel segment reservoir, and thus renal 
reserve and urine concentrating ability must be 
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able to compensate. As such, the minimum 
creatinine clearance for continent diversion is con-
sidered 40–50 ml/min and patients with a serum 
creatinine greater than 2.0 mg/dl should be further 
evaluated with a more detailed assessment of renal 
function prior to continent urinary diversion 
[ 44 ]. Patients with renal impairment may still be 
candidates for continent diversion with retained 
ability to produce a urinary pH < 5.8 following an 
ammonium chloride load, urinary concentrating 
ability to >600 mOsm/kg in response to water 
restriction, the presence of minimal proteinuria, 
and a glomerular fi ltration rate >35 ml/min [ 12 ]. 

 Advanced patient age (>70 years old) is no lon-
ger considered in and of itself a relative contrain-
dication to continent cutaneous or orthotopic 
urinary diversions, and consideration must be 
given to potential differences between physiologic 
and chronologic age when selecting urinary diver-
sion in the elderly. Data suggest age is not a sig-
nifi cant predictor of continence after orthotopic 
neobladder [ 61 ] but inability to void to completion 
and nighttime incontinence may be increased in 
patients older than 70 years of age. Continent 
orthotopic urinary diversions were initially only 
performed in male patients as it was presumed 
women were at increased risk of urinary inconti-
nence and local tumor recurrence, but interest-
ingly, urinary retention is a greater risk in women 
and cancer involvement of the urethra is rare in 
the absence of bladder neck involvement. The eti-
ology of hypercontinence in women with ortho-
topic neobladders is not well- understood but may 
be due to angulation of the neobladder-urethral 
junction from increased pelvic fl oor descent with 
neobladder fi lling [ 12 ]. Regardless, up to 20–40 % 
of women require clean intermittent catheteriza-
tion with orthotopic neobladders [ 62 ]. Overall, 
female continent orthotopic urinary diversion pro-
vides reasonable long-term functional results 
given appropriate selection criteria. Finally, 
regarding selection of urinary diversion type, the 
selection criteria for continent cutaneous and con-
tinent orthotopic diversions are essentially the 
same, unless urethral abnormalities including 
involvement with cancer are an issue. Under these 
circumstances, a continent cutaneous urinary 
diversion is more appropriate [ 12 ]. 

27.5.1     Comparison of Urinary 
Diversions 

 Despite signifi cant efforts to create and modify 
urinary diversions to resemble the native bladder, 
there is a paucity of data to support benefi ts of 
any specifi c urinary diversion over others. Most 
studies suggest morbidity and mortality rates of 
non-continent and continent urinary diversions 
are similar [ 55 ,  63 – 65 ], with urinary diversion- 
related complications in the majority of patients 
after radical cystectomy [ 66 ]. As such, assess-
ment of quality of life after urinary diversion is 
increasingly important.  

27.5.2    Continence 

 Perhaps the most important factor of urinary 
diversion to patients is the prevention of urinary 
leakage. Non-continent cutaneous diversions can 
leak usually due to improperly positioned stomas 
or poorly fi tting external urinary collection appli-
ances. These risks can be minimized with pre- 
and postoperative enterostomal therapy, as well 
as adherence to sound surgical techniques during 
creation of the stoma. Continent urinary diver-
sions are also associated with episodes of urinary 
leakage. The Indiana Pouch has a low risk of 
incontinence from the stoma, but is associated 
with occasional catheterization diffi culties and a 
15–20 % re-operation rate for all complications 
[ 12 ]. The efferent or catheterizable limb of the 
Indiana pouch should be as short in length as 
technically feasible and a straight shot from the 
skin to the pouch in efforts to avoid kinking and 
redundancy of the limb and minimize risk of 
problems with catheterization. The orthotopic 
neobladder has low rates of urinary leakage with 
daytime continence rates of over 90 %, but noc-
turnal incontinence is more problematic and 
occurs in up to 25 % of patients. The etiology of 
nighttime incontinence is likely multifactorial 
and potentially includes surgical injury to the 
external urinary sphincter, pelvic fl oor relaxation 
during sleep, uninhibited contractions of the neo-
bladder, medications taken at night, decreased 
urethral closing pressure and/or loss of spinal 
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refl exes controlling sphincteric contraction during 
sleep, increased urine output at night associated 
with aging, and increased urine output due to 
reabsorption of hypertonic acidic urine [ 12 ]. The 
majority of patients need to void 2–3 times per 
night to maintain nocturnal continence. Aside 
from risk of incontinence with orthotopic neo-
bladders, approximately 4–10 % of males and up 
to 40 % of female patients develop signifi cant 
urinary retention and require clean intermittent 
catheterization [ 50 ]. Signifi cant mucus produc-
tion from the bowel segment used to create the 
urinary diversion can occasionally cause urethral 
obstruction or impede conduit or pouch empty-
ing. Mucus production decreases over time but 
still the majority of neobladder patients experi-
ences some degree of mucus obstruction and 
occasionally need surgical procedures for mucus- 
related complications [ 67 ]. Mucus-related com-
plications are rare in non-continent cutaneous 
urinary diversions.  

27.5.3    Quality of Life (QOL) 

 It is important the surgeon personalize care for 
the patient undergoing radical cystectomy and 
urinary diversion as the procedure adversely 
affects many aspects of QOL. Myriad factors go 
toward measuring a patient’s post-treatment sat-
isfaction after radical cystectomy and urinary 
diversion with no general consensus on optimal 
methodology to measure QOL. Currently, no 
validated questionnaire specifi cally measures 
QOL in patients with urinary diversion but sev-
eral generic validated questionnaires measure 
QOL after radical cystectomy and urinary diver-
sion, including the general health SF-36 Quality 
of Life Survey and Sickness Impact Profi le (SIP) 
surveys, as well as cancer-specifi c QLQ-C30 and 
Functional Assessment of Cancer Therapy gen-
eral score (FACT-G) surveys [ 68 – 71 ]. Mansson 
and Mansson introduced a bladder cancer- 
specifi c questionnaire, but it remains unclear 
whether this will yield different results compared 
to previous studies with more generic question-
naires [ 72 ]. Since urinary leakage is such a sig-
nifi cant complaint after cystectomy and urinary 

diversion, continent diversions would potentially 
have less impact on a patient’s lifestyle and 
health-related satisfaction [ 73 ]. The literature is 
mixed on QOL after radical cystectomy and non- 
continent versus continent diversions. Several 
studies comparing ileal conduit with orthotopic 
neobladder show no signifi cant differences in 
health-related QOL [ 74 ,  75 ]. Other studies have 
shown signifi cant benefi t in QOL with an ortho-
topic neobladder compared to an ileal conduit. 
Dutta and colleagues reported only a trend toward 
improved QOL scores for patients with ortho-
topic neobladders, but emotional and functional 
well-being were improved with a neobladder 
compared to an ileal conduit [ 76 ]. Hobisch and 
associates described signifi cantly higher QOL for 
patients with orthotopic neobladder compared to 
ileal conduit using the QLQ-C30 questionnaire 
and further reported 97 % of neobladder patients 
would recommend the same urinary diversion to 
other patients, compared to only 36 % of patients 
with an ileal conduit urinary diversion [ 63 ].  

27.5.4    Sexual Function 

 Inherent to cystoprostatectomy in men is the risk 
of erectile dysfunction caused by damage to auto-
nomic nerves from the sacral parasympathetic 
plexus supplying the corpora cavernosa of the 
penis. Although the risk of erectile dysfunction 
has decreased since the description of nerve- 
sparing cystectomy by Schlegel in 1987 [ 77 ], 
sexual dysfunction remains a signifi cant QOL 
issue after radical cystectomy and urinary diver-
sion [ 66 ]. Patients experience diminished sexual 
desire, decreased interaction with one’s partner, 
and less frequent sexual activity, all of which are 
more signifi cant in patients with ileal conduits 
compared to continent cutaneous diversions [ 78 ]. 
Nerve-sparing techniques can preserve sexual 
function in the majority of men and have not been 
associated with greater risk of cancer recurrence 
with proper patient selection [ 79 ]. In patients with 
erectile dysfunction after radical cystectomy and 
urinary diversion, signifi cant improvements in 
sexual function and satisfaction are demonstrated 
in patients who received penile implants [ 66 ]. 
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Anterior pelvic exenteration with urinary diver-
sion in women can cause decreased vaginal vault 
size, scarring and reduced lubrication, all poten-
tially resulting in painful intercourse and loss of 
sexual function [ 12 ].   

27.6    Perioperative Considerations 

27.6.1    Anesthetic Considerations 

 General anesthesia is most commonly used for 
radical cystectomy and urinary diversions, but 
combined general anesthesia and epidural may 
have impact on intraoperative bleeding and post-
operative analgesia [ 80 ]. Regardless of anesthe-
sia type, close intraoperative monitoring of 
cardiac and respiratory status is essential to 
reduce postoperative morbidity in patients under-
going cystectomy and urinary diversion. Cardiac 
optimization during surgery is a critical task for 
the anesthesia team but challenging due to typical 
signifi cant comorbidities, blood loss, fl uid shifts 
and loss of urine output as an indicator of volume 
status. Pillai et al. performed a randomized, pro-
spective, double-blind clinical trial evaluating 
use of esophageal Doppler-guided cardiovascular 
optimization ( n  = 32) vs. standard intraoperative 
management ( n  = 34) in patients undergoing radi-
cal cystectomy and urinary diversion, and found 
patients with esophageal Doppler-guided optimi-
zation had earlier return of fl atus, less nausea/
vomiting, decreased ileus, fewer wound infec-
tions, and higher volume fl uid resuscitation com-
pared to standard management [ 81 ]. Anesthetic 
management can certainly impact recovery and 
morbidity in the cystectomy patient population.  

27.6.2     General Postoperative 
Strategies 

 Despite a paucity of scientifi c evidence, postoper-
ative early ambulation, incentive spirometry and 
aggressive physical therapy may decrease morbid-
ity with minimal risk to the patient. Benefi ts of 
postoperative respiratory exercises on reduction of 
pulmonary complications were observed in 
patients undergoing major abdominal surgery in a 

recent meta-analysis [ 82 ]. Early ambulation and 
physical therapy attempt to minimize the potential 
harmful effects of prolonged immobility including 
ileus, pulmonary complications, DVT/PE, and 
overall weakness/deconditioning [ 83 ]. Fast-track 
rehabilitation programs have also been imple-
mented in efforts to accelerate postoperative 
recovery and reduce morbidity. Saar and col-
leagues implemented fast-track rehabilitation for 
robotic cystectomy and urinary diversion includ-
ing omission of mechanical bowel preparation, 
postoperative antimicrobials and nasogastric 
tubes, as well as early mobilization within a few 
hours of surgery, oral nutrition within 24 h, and 
minimization of narcotics. Fast- track rehabilita-
tion was associated with use of fewer morphine 
equivalents and earlier time to mobilization and 
regular diet [ 84 ], but further studies are clearly 
necessary to determine if fast- track rehabilitation 
can decrease postoperative morbidity.  

27.6.3    Nasogastric Tube 

 Routine postoperative nasogastric tube (NGT) 
decompression after radical cystectomy and uri-
nary diversion is controversial. Historically, an 
NGT was maintained until either low outputs and/
or return of fl atus but this practice has undergone 
scrutiny due to patient discomfort, as well con-
cerns that the NGT may actually be detrimental to 
recovery. Inman and associates discovered return 
of bowel sounds, fl atus and length of hospital stay 
were signifi cantly improved in almost 200 cystec-
tomy patients without an NGT compared to over 
200 with an NGT without signifi cant differences 
in postoperative ileus between groups [ 85 ]. 
Further, early NGT removal with administration 
of intravenous metoclopramide appears to reduce 
postoperative atelectasis and promote early return 
of bowel function in patients after radical cystec-
tomy and urinary diversion [ 86 ].  

27.6.4    Nutrition 

 Postoperative nutrition after radical cystectomy 
and urinary diversion is a signifi cant issue as almost 
20 % of patients have nutritional defi ciencies prior 
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to surgery [ 21 ], with postoperative ileus a major 
compounding factor [ 87 ]. Oral nutrition is pre-
ferred if possible compared to total parenteral 
nutrition (TPN). Roth et al. performed a prospec-
tive clinical trial randomizing 157 consecutive 
radical cystectomy patients to either TPN during 
the fi rst fi ve postoperative days compared to oral 
nutrition alone with a primary outcome of postop-
erative complications, and discovered a signifi -
cantly higher complication rate in the TPN group 
(69 % vs. 49 %,  p  = 0.013), with a threefold higher 
risk of infectious complications in patients receiv-
ing TPN [ 88 ]. Another small study evaluated early 
artifi cial enteral feeding via percutaneous jejunos-
tomy tube placed at the time of cystectomy and 
urinary diversion but demonstrated poor tolerabil-
ity and relatively high complication rates with min-
imal impact on early return of bowel function [ 89 ]. 

 Although chewing gum after radical cystec-
tomy and urinary diversion facilitates slightly 
earlier return of bowel function [ 87 ,  90 ], 
Alvimopan (Entereg ® ) likely has signifi cantly 
greater impact. Alvimopan, a peripherally acting 
μ-opioid receptor antagonist, was approved by 
the United States Food and Drug Administration 
in 2008 to accelerate gastrointestinal recovery 
following partial bowel resection with primary 
bowel anastomosis. Vora and colleagues studied 
the utility of alvimopan in 50 consecutive patients 
that underwent radical cystectomy and urinary 
diversion and found time to fl atus, bowel move-
ments, and regular diet, as well as rate of postop-
erative ileus and length of hospital stay were 
signifi cantly improved with alvimopan ( N  = 23) 
compared to controls ( N  = 27) [ 91 ]. A recent cost- 
analysis evaluated the possible cost-effectiveness 
of alvimopan in cystectomy patients and deter-
mined alvimopan has potential for cost savings 
given the assumptions that postoperative ileus 
occurs in ≥14 % of radical cystectomy patients 
and extends hospital stay ≥3.5 days, as well as 
the assumption alvimopan results in a relative 
risk reduction of ≥44 % for postoperative ileus 
[ 92 ]. A randomized, placebo-controlled, double- 
blind, phase 4 clinical trial evaluating alvimopan 
in patients undergoing radical cystectomy with 
urinary diversion has been completed with 
eagerly anticipated, but as yet unpublished results 
(  www.clinicaltrials.gov     NCT00708201).   

27.7    Open Techniques 

 Techniques for radical cystectomy via open and 
robotic approaches are well-described elsewhere, 
including separate chapters in this textbook. 
Further, certain technical aspects of urinary 
diversion are previously addressed in this chapter 
when discussing the specifi c diversion types. 
Attention will now be given to specifi c and criti-
cally important technical aspects of both open 
and robotic urinary diversions. 

27.7.1    Bowel Anastomosis 

 The bowel anastomosis is a crucial step of uri-
nary diversion as postoperative bowel leak 
results in signifi cant morbidity and even mor-
tality. Gastrointestinal complications occur in 
almost 30 % of patients undergoing radical cys-
tectomy and urinary diversion with roughly 
1 % of patients having an anastomotic bowel 
leak [ 4 ]. Leung and colleagues performed a 
meta-analysis comparing stapled versus hand 
sewn bowel anastamoses showing no statistical 
differences in bowel obstruction, wound infec-
tion, or anastomotic complications, with two of 
the studies showing shorter operative times 
with the stapled anastomosis [ 93 ]. No trials to 
date have reported signifi cantly different bowel 
anastomosis techniques specifi cally for patients 
undergoing radical cystectomy with urinary 
diversion.  

27.7.2     Ureterointestinal 
Anastomoses 

 Proper tissue handling, preservation of peri- 
ureteral adventitia and blood supply, lack of 
thermal energy near the ureters, and overall 
sound surgical technique may help decrease the 
risk of morbidity due to ureterointestinal anasto-
moses [ 18 ]. Regarding ureteral stents, some 
studies show stents to decrease the risk of urine 
leaks and ureteral stricture, whereas other stud-
ies suggest the opposite [ 94 – 96 ]. Mullins and 
associates reported ureteral stents had no effect 
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on postoperative ureterointestinal stricture rates 
but were associated with lower rates of postop-
erative ileus in almost 200 patients after radical 
cystectomy and urinary diversion [ 97 ]. There is 
also uncertainty regarding the impact of running 
versus interrupted ureterointestinal anastomoses 
on the rates of ureteral stricture. Large and col-
leagues identifi ed a stricture rate of 8.5 % in 149 
consecutive patients with interrupted ureteroin-
testinal anastomoses versus 12.7 % in 109 con-
secutive patients with running ureterointestinal 
anastomoses. Postoperative urinary tract infec-
tion and running technique were associated 
with ureterointestinal stricture on multivariate 
analysis [ 98 ].   

27.8    Robotic Techniques 

 Robotic radical cystectomy is generally per-
formed with the patient in modifi ed lithotomy 
position with steep Trendelenberg (Fig.  27.5 ). 
This particular positioning unquestionably facili-
tates the operation but may also be associated 
with complications such as neuropraxia and com-
partment syndrome [ 99 ,  100 ]. For extracorporeal 
urinary diversion, immediate repositioning into 
the supine position after the robotic cystectomy 
and pelvic lymph node dissection can minimize 
risk of these dreaded complications. For robotic 
radical cystectomy with intracorporeal urinary 

  Fig. 27.5    ( a ) Robotic radical cystectomy is performed 
with the patient in modifi ed lithotomy position with steep 
Trendelenberg. ( b ) Port placement for robotic cystectomy is 
similar to robotic prostatectomy except the ports are 3–5 cm 

higher, depending on patient body habitus. Adapted from 
Hemal AK, Abol-Enein H, Tewari A et al. Robotic radical 
cystectomy and urinary diversion in the management of 
bladder cancer. Urol Clin North Am 2004; 31(4): 719       
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diversion, patient positioning is similar to robotic 
prostatectomy except the ports are 3–5 cm higher, 
depending on patient body habitus. The operating 
room table is generally in maximum Trendelenberg 
and ports consist of the camera port, three 8 mm 
robotic ports, two 12 mm assistant ports (one for 
bowel anastomosis), and one 5 mm suction port 
[ 101 ]. Many surgeons incorporate the “technique 
of spaces” into robotic cystectomy including dis-
section of the periureteral space, lateral pelvic 
space, anterior rectal space, and the retropubic 
space [ 102 ]. Regarding urinary diversion, the 
periureteral space is paramount to proper ureteral 
dissection. Dissection of the periureteral space 
starts with incision of the posterior peritoneum 
above the iliac vessels and identifi cation of the 
ureters bilaterally. The robotic fourth arm is use-
ful for this part of the dissection to retract the sig-
moid colon medially [ 101 ]. After ureteral 
identifi cation, the ureters are dissected carefully 
to the level of the bladder with care to avoid 
excessive retraction or devascularization and then 
divided between clips. Frozen section analysis of 
the distal ureter is generally at surgeon discretion. 
Due to the importance of meticulous surgical 
technique during ureteral dissection, some con-
cern exists regarding possible increased uretero-
intestinal stricture rates during robotic cystectomy 
and urinary diversion because of loss of haptic 
feedback. However, Anderson and colleagues 
reported no signifi cant difference in ureterointes-
tinal stricture rates between open and robotic cys-
tectomy, 8.5 % versus 12.6 %, respectively [ 103 ].

27.9        Intracorporeal Urinary 
Diversion 

 Following completion of the robotic radical cys-
tectomy and pelvic lymph node dissection, the 
left ureter is passed beneath the sigmoid mesen-
tery into the right lower quadrant. Attention is 
then turned to the small bowel and the segment 
of ileum is selected for the conduit or neoblad-
der, at least 15 cm proximal to the ileocecal 
valve, as in the open technique. The bowel is 
divided using either the EndoGIA stapler 
(Covidien, Mansfi eld, MA, USA) or 60-mm lap-
aroscopic stapler (Echelon Stapler; Ethicon 

Endo-Surgery Inc., Cincinnati, OH, USA) and 
the ileal segment isolated for the conduit or neo-
bladder. Extreme care must be taken to keep ori-
entation of the small bowel during isolation of 
the conduit, as well as division of the bowel and 
mesentery to preserve blood supply to both the 
urinary diversion and the bowel anastomosis. 
Guru and colleagues initially described the 
“Marionette technique” in 2010 [ 104 ] to assist 
with handling of the ileum and retraction, which 
at times can be diffi cult robotically. Briefl y, after 
isolation of the bowel segment, a Keith needle 
silk suture is passed through the anterior abdom-
inal wall, then through the distal end of the 
selected bowel segment and then back out 
through the same location in the anterior abdomi-
nal wall. The stitch is kept in position with a surgi-
cal instrument but not tied, which allows raising 
and lowering of the ileal segment during creation 
of the ileal conduit (like a puppet on a string), 
hence the “Marionette technique” (Fig.  27.6 ). 
Collins and associates recently reported evolv-
ing techniques of robotic cystectomy, pelvic 
lymph node dissection and totally intracorporeal 
urinary diversion in a large series of patients 
from Karolinska University Hospital, Stockholm, 
Sweden [ 105 ]. Robotic cystectomy and intracor-
poreal urinary diversion was performed in 113 
patients, including 43 with ileal conduit and 70 
with orthotopic neobladder. Median operating 
room time was 292 min with robotic ileal con-
duit urinary diversion but 420 min with robotic 
neobladder [ 105 ]. The authors detail specifi c 
measures and evolved techniques in efforts to 
avoid complications during robotic cystectomy, 
PLND and intracorporeal urinary diversion 
(Table  27.1 ). Hybrid techniques have also been 
described, such as robotic cystectomy and pelvic 
lymph node dissection, followed by extracorpo-
real ureterointestinal anastomoses and creation 
of neobladder, then closing fascia, redocking the 
robot and fi nishing the neobladder- urethral anas-
tomosis robotically [ 6 ]. Robotic urinary diver-
sion generally follows the same surgical 
principles as open urinary diversion [ 106 ], with 
critically important technical aspects of both 
open and robotic urinary diversions including 
the bowel anastomosis and ureterointestinal 
anastomoses, as previously discussed.
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27.10        Conclusions 

 Radical cystectomy, bilateral pelvic lymph node 
dissection and urinary diversion is an extremely 
complex operation with relatively high complica-
tion rates. Many forms of urinary diversion exist 
but certainly the ileal conduit, Indiana pouch, and 
orthotopic neobladder are most commonly utilized. 

Open techniques for urinary diversion are well-
established and robotic urinary diversion gener-
ally follows the same surgical principles. 
Regardless of open versus robotic approach or 
diversion type, meticulous attention to surgical 
detail during the bowel anastomosis and uretero-
intestinal anastomoses is essential in efforts to 
diminish postoperative morbidity.     

  Fig. 27.6    The Marionette technique of robotic intracor-
poreal ileal conduit—( a ) After isolation of the ileal seg-
ment for the conduit, a long silk suture using a Keith 
needle is brought through the anterior abdominal wall, 
passed full-thickness through the marked distal end of the 
ileal conduit segment and then brought back through the 
abdominal wall. The suture is not tied but rather con-
trolled with an instrument to allow for raising and lower-
ing of the conduit like a “puppet on a string” during the 
procedure. ( b ) An Endo-GIA 45-mm stapler is used 
through a right-sided assistant port to divide the bowel on 
both ends of the ileal conduit segment. The marionette is 
raised and lowered as needed for traction. ( c ) The uretero-
intestinal anastomoses are then performed via Bricker 
technique with interrupted 4-0 suture over ureteral stents. 

Again, the marionette is raised and lowered as needed for 
traction to facilitate the anastomoses. ( d ) Stapled bowel 
anastomosis performed fi rst in side-to-side fashion along 
the antimesenteric border. ( e ) Stapled bowel anastomosis 
completed with Endo-GIA stapler in end-fashion. ( f ) 
Creation of the stoma—The previously marked stoma site 
is incised and dissected to the level of the anterior rectus 
fascia. The fascia is open with a cruciate incision and a 
hemostat passed through the muscle into the peritoneum. 
The distal end of the conduit and stents are extracted using 
the marionette suture and the stoma is fashioned via stan-
dard open techniques. Adapted from Hemal AK, Abol-
Enein H, Tewari A et al. Robotic radical cystectomy and 
urinary diversion in the management of bladder cancer. 
Urol Clin North Am 2004; 31(4): 719       
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   Table 27.1    Avoiding complications during robotic radical cystectomy and urinary diversion (Reprinted from European 
Urology, 64, JW Collins et al. Robot-assisted Radical Cystectomy: Description of an Evolved Approach to Radical 
Cystectomy, 655, copyright 2013, with permission from Elsevier.)   

 Stage of operation  Complications to avoid  Evolved Technique 

 Patient selection  Inappropriate case selection 
for RARC 

 Avoid patients with decreased pulmonary compliance 
who cannot tolerate the Trendelenburg position. Avoid 
previous extensive abdominal surgery and patients with 
bulky disease 

 1. Port placement  Trauma to bowel adhesions 
 Leakage from port sites 

 First port placed with Hasson technique. Camera port 
secured with purse string suture to prevent air leakage 
 Maintain adequate periureteral tissue on the mobilized 
ureters 

 2. Dissection of ureters  Ureteric strictures  Good surgical planes; stay anterior to rectal fat 
 3.  Development of anterior 

rectal space 
 Rectal injury  Avoid injury to the obturator nerve by identifying it 

early in the dissection. If transected, it should be 
repaired with tension-free end-to-end anastomosis using 
9.0 Prolene interrupted sutures 

 4.  Development of lateral 
pelvic space 

 Injury to the obturator nerve 
in elderly patients, 
atherosclerotic external iliac 
vessels may be tortuous in 
the pelvis 

 Tortuous vessels should be identifi ed 

 5b(male). Nerve-sparing 
dissection 

 PSM on the prostate  Review imaging prior to operation. Intrafascial 
dissection can be used for T2 prostate tumors 

 5(female). Mobilization of 
bladder and transection of 
urethra 

 Urethrovaginal or 
vesicovaginal fi stula 

 With both organ-sparing and non-organ- sparing 
approaches, to avoid the potential of a vesicovaginal 
fi stula, make sure that the vaginal closure is not aligned 
with the cut urethra when an orthotopic neobladder is 
planned 

 6. Bladder take-down  Injury to the inferior 
epigastric vessels. 
 Bleeding from the DVC 

 Avoid inferior epigastric vessels 
 Increase pneumoperitoneum to 20 mmHg prior to 
dissection. Then, oversew with 3.0 V-Loc or Biosyn 
suture 

 7. PLND  Damage to collapsed walls 
of the iliac and hypogastric 
veins 

 Careful dissection. If veins are damaged, a small cut is 
often controlled with pressure with or without Surgicel. 
Suturing a cut vein may result in a tear and a larger hole 
in the vein 

 8a. Removing the specimen  Ruptured specimen bag  Specimen is removed through an extended camera port 
in men, vagina in women. Make sure the incision is 
large enough. The specimen can be removed under 
direct vision, with the camera placed in a 15-mm hybrid 
port 

 8b.  Formation of the ileal 
conduit 

 Damage to the mesentery of 
the ileal conduit 
 Leakage from uretero-ileal 
anastomoses 

 The camera can be placed through a 15-mm hybrid port 
after removal of the specimen to verify that the 
mesentery is not malrotated and anastomoses are not 
under tension 
 Single J stents, with the end of the stent brought through 
the stoma, prevents temporary occlusion at the level of 
the abdominal wall caused by postoperative edema 
 The ileal stoma should be formed after removal of the 
specimen and decompression of pneumoperitoneum 

  RARC = robot-assisted radical cystectomy; PSM = positive surgical margin; DVC = dorsal vein complex; PLND = pelvic 
lymph node dissection  
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28.1            Introduction 

 The standard of care for transitional-cell carci-
noma of the bladder with invasion to the muscu-
laris propria is radical cystectomy. Sophisticated 
techniques for urinary diversion have been devel-
oped to improve patients’ quality of life. Even the 
construction of a neobladder with continent uri-
nary diversion, however, cannot substitute for the 
patient’s original bladder. Attempts to obtain 
organ preservation are only justifi ed when they 
have a high likelihood of achieving local cure 
with no compromise in survival rates. Adequate 
local control cannot be achieved with TUR, che-
motherapy, or radiotherapy, when used alone. 
Several groups have reported the value of com-
bining all three modalities, with salvage cystec-
tomy being reserved for patients with incomplete 
response or local relapse [ 1 – 3 ].  

28.2     Series of Combined Modality 
Treatment in the United 
States and Europe 

 The centers that pioneered modern bladder preser-
vation therapy included Harvard University in the 
US; the University of Paris in France; and the 
University of Erlangen in Germany [ 4 – 6 ]. In the 
1980s, studies under the auspices of the US National 
Bladder Cancer Group showed that irradiation of 
the bladder tumor could be safely combined with 
cisplatin in patients who were considered not to be 
candidates for cystectomy [ 4 ]. In 1988, Housset 
et al. from Paris began a prospective trial of preop-
erative chemoradiotherapy, using 5-fl uorouracil 
and cisplatin with concomitant radiation therapy, 
followed by cystectomy or additional chemoradio-
therapy. Histopathological examination of the cys-
tectomy specimen revealed complete pathologic 
response in the fi rst 18 patients after induction ther-
apy. Complete responders were considered candi-
dates for bladder preservation and salvage 
cystectomy was restricted to patients with an 
incomplete response after induction therapy. This 
treatment strategy resulted in a 5-year survival of 
63 % [ 5 ]. In 1990, Sauer et al. from Erlangen 
reported the results of a phase II study of cisplatin 
with concomitant radiotherapy after TURBT in 67 
patients with muscle-invasive bladder cancer. 
Complete response was obtained in 75 % of patients 
and 3-year overall survival was 66 % [ 6 ]. Over the 
past 20 years, the concept of organ preservation by 
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conservative surgery and combined radiotherapy 
and chemotherapy has been investigated in several 
prospective series from single centers and coopera-
tive groups, with more than 1,000 patients included 
[ 7 – 29 ]. The actual concepts of bladder preservation 
trimodality therapy from Boston and Erlangen are 
displayed in Figs.  28.1a, b  and  28.2a, b  [ 1 ,  2 ].

    With these concepts, including the updated 
long-term experiences of Boston and Erlangen, 
5-year overall survival rates in the range of 
50–60 % have been reported and about three- 
quarters of the surviving patients maintained 
their own bladder (Table  28.1  and  28.2 ) [ 23 , 
 30 – 32 ].

a

b

Radiochemotherapy induction

max. TUR, if possible

Restaging-TUR

Urology

Radio-oncology

2-4 weeks

1-2 weeks

Complete Response

Residual Tumor
Radiochemotherapy

Consolidation

(Salvage)
Cystectomy

TUR +/-
intravesical
treatment

Superficial
Recurrence

Muscle-
invasive

Recurrence

Follow -up

Cystectomy

RE-TUR

1.Week 2.Week 3.Week

Mono-Chemotherapy: cisplatin Paclitaxel

Combination-Chemotherapy: cisplatin, 5-FU

4.Week 5.Week 6.Week 7.Week 8.Week

Radiotherapy:
22 x 1.8 Gy
14 x 1.8 Gy Consolidation

  Fig. 28.1       ( a ) Massachusetts General Hospital Boston: Schedule of combined modality therapy. ( b ) Radiochemotherapy 
regimen       
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28.3         Optimization 
of the Components 
of the Trimodality Approach 

 As more experience is acquired with organ- 
sparing treatment in bladder cancer, it is clear 
that future directions of clinical and basic 
research will focus on two main topics: (a) the 
optimization of the respective treatment compo-
nents, including optimization of radiation tech-
niques and fractionation schedules as well as 
incorporation of novel cytotoxic and biologic 

agents, and (b) the proper selection of patients 
who will most probably benefi t from the respec-
tive treatment alternatives. 

28.3.1     Radiation Fractionation 
Regimens and Doses 

 With standard fractionation (1.8–2 Gy per frac-
tion) the total radiation dose is typically in the 
range of 45–50 Gy to treat the pelvic lymph 
nodes, and between 55 to 70 Gy to the bladder. 

max. TUR, if possible

Radiochemotherapy

Urology

Radio-oncology

2-4 weeks

4-6 weeks

Restaging-TUR

Residual Tumor
Complete
Response

(Salvage)
Cystectomy

TUR +/-
intravesical
treatment

Superficial
Recurrence

Muscle-
invasive

Recurrence

Follow -up

RE-TUR

1.Week

Radiotherapy:
28 x 1.8 Gy
3-5 x 1.8 Gy Boost

2.Week 3.Week

Mono-Chemotherapy: cisplatin Paclitaxel

Combination-Chemotherapy: cisplatin, 5-FU

4.Week 5.Week 6.Week 10-12.Week

a

b

  Fig. 28.2    ( a ) University Erlangen: schedule of combined modality therapy. ( b ) Radiochemotherapy regimen       
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 At least four retrospective analyses have sug-
gested improved local control with doses greater 
than 55–60 Gy,[ 46 – 49 ] however, others have 
found no evidence to support such a relationship 
[ 50 ,  51 ]. Phase III randomized studies comparing 
different conventionally fractionated dose sched-
ules have never been undertaken. In a recent 
meta-analysis of 15 radiation series with differ-
ent fractionation schedules and total doses (fi ve 
combined with brachytherapy), Pos et al. found 
evidence for an overall dose–response relation-
ship with an increase in local control by a factor 
of 1.44–1.47 for an increment in dose of 10 Gy 
[ 52 ]. This indicates that a dose escalation could 
signifi cantly improve local control. 

 Hyperfractionated regimens, defi ned as the 
delivery of a larger number of smaller fractions 
with no increase in overall treatment time, have 
been examined in an effort to exploit differences 
in the molecular repair capacity of tumor and 
normal tissues. This may allow an increase in 
total dose with no increase in the risk of late com-
plications. Naslund et al. randomized 168 patients 
to receive 1 Gy three times daily to a total dose of 
84 Gy versus 2 Gy once daily to a total dose of 
66 Gy [ 53 ]. Goldobenko et al. reported a four- 
arm randomized study in 177 patients comparing 
conventional radiotherapy (60 Gy in 2 Gy frac-
tions) to three hyperfractionated strategies (60 
and 70 Gy in 1 Gy twice daily, 67.2 Gy in 1.2 Gy 
fractions twice daily) [ 54 ]. Clinical complete 
response and local control were improved in the 
hyperfractionated arms relative to conventional 
fractionation. A meta-analysis based on the 
pooled data of these studies indicated a signifi -
cant improvement in local control and overall 
survival with hyperfractionated treatment and 
higher total doses [ 55 ]. 

 Given the short potential doubling time for 
most transitional cell cancers of the bladder (in the 
range of 5–8 days), accelerated radiation therapy 
(designed to deliver the same total dose in a shorter 
interval relative to conventionally fractionated 
radiotherapy) may overcome radioresistance due 
to tumor cell repopulation. A retrospective analy-
sis by Maciejewsky and Majewski suggested that 
tumor clonogenic repopulation in bladder cancer 
accelerates after a lag period of 5–6 weeks after 

start of treatment and that a dose increment of 
0.36 Gy per day is required to compensate for this 
repopulation [ 56 ]. Horwich et al. recently reported 
the results of a randomized study in 229 patients 
with bladder cancer that either received 60.8 Gy in 
32 fractions over 26 days or 64 Gy in 32 fractions 
over 45 days [ 57 ]. The accelerated schedule, how-
ever, did not improve local control or survival 
rates and was associated with increased acute 
bowel complications. 

 Hypofractionated radiation schedules (with 
larger daily doses in the range of 2.5–6 Gy) have 
also been used to treat bladder cancer patients, 
usually in the palliative setting. There has been 
only one small phase III study reporting on cura-
tive radiotherapy where increased doses per frac-
tion (30 Gy in 3 Gy daily fractions, 4 weeks 
break, than 30 Gy in 1.5 Gy daily fractions) were 
compared with 60 Gy in 1.5 Gy fractions [ 58 ]. 
Survival was inferior (39 vs. 52 %) in the hypo-
fractionated arm. 

 Another way to improve the therapeutic ratio 
is to reduce the volume irradiated with the aim to 
minimize toxicity and simultaneously to escalate 
the total dose to the tumor region. To achieve this 
goal the implementation of new technical devel-
opments like image-guided adaptive radiotherapy 
on the one and optimizing general target volume 
defi nition on the other hand are necessary. 
Actually several groups reported the feasibility to 
integrate the newer techniques into clinical prac-
tice and were able to document that the volume of 
normal tissue irradiated can be signifi cantly 
smaller without reducing the clinical target vol-
ume [ 59 – 61 ]. Furthermore, an interesting pilot 
study by Sondergaard et al. reported a more pre-
cise demarcation of the bladder tumor by inject-
ing lipiodol in the suspected region [ 62 ]. 
Nevertheless it still remains unclear, if pelvic 
lymph nodes have to be treated in all patients, if 
the total dose should always be prescribed for the 
whole bladder, or if partial bladder irradiation is 
a viable option. Two recent studies suggest that 
irradiation of the pelvic lymph nodes or even the 
whole bladder is not associated with a survival 
benefi t. Tunio et al. randomized 230 patients to 
receive whole-pelvis ( n  = 120) or bladder-only 
radiotherapy ( n  = 110). No difference was found 
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for bladder preservation, disease-free survival, 
and overall survival [ 45 ]. An even more restric-
tive volume was irradiated within the bladder 
cancer 2001 trial (BC 2001). The trial had a par-
tial 2-by-2 factorial design. Patients were ran-
domly assigned (in a 1:1 ratio) to undergo 
radiotherapy with or without synchronous che-
motherapy with fl uorouracil and mitomycin C 
and either whole-bladder radiotherapy or 
modifi ed- volume radiotherapy to uninvolved 
bladder. Remarkably, pelvic lymph node relapse 
was documented only in 9 patients (4.9 %) in the 
chemoradiotherapy group and 12 (6.7 %) in the 
radiotherapy group, though detailed data are not 
yet available [ 44 ]. 

 In summary, the available data indicate that 
differences in local control between different 
radiation schedules are more related to the total 
dose than to the fractionation regimens. Reduction 
of overall treatment time and large fraction sizes 
should be avoided, especially when radiotherapy 
is combined with concomitant chemotherapy. 
New treatment techniques, such as image-guided 
and intensity modulated radiotherapy as well as 
interstitial radiotherapy in selected cases (unifo-
cal, small bulk disease) or the use of particle 
therapy, in particular protons, may allow dose 
escalation with the expectation to further improve 
tumor response and long-term local control. This 
has to be supported by further investigations on 
target volume defi nition [ 44 ,  45 ,  59 – 61 ,  63 – 66 ].  

28.3.2     Induction, Concurrent, 
and Adjuvant Chemotherapy 

 The rationale for combining radiation therapy with 
chemotherapy after conservative surgery of the 
bladder tumor is twofold. First, certain cytotoxic 
agents may have the potential of sensitizing tumor 
cells to radiation and to inhibit repopulation during 
radiotherapy, thus increasing local cure rates. 
Second, the high rate of occult metastases neces-
sitates an attempt to eradicate occult metastases 
that have already developed in as many as 50 % of 
muscle-invasive tumors [ 67 ,  68 ]. 

 Until recently, the only prospective, random-
ized comparison of radiotherapy alone versus 

concomitant chemoradiotherapy in bladder can-
cer demonstrated an improved local control rate 
when cisplatin was given in conjunction with 
radiotherapy [ 69 ]. However, this was a small 
study (99 patients) and was not powered to detect 
even a 15 % improvement in survival. Over the 
past decades cisplatin-based chemoradiotherapy 
was the backbone of organ preserving regimen, 
especially in Boston and Erlangen. The intensifi -
cation of the Erlangen concurrent chemotherapy 
protocols over the past 20 years yielded an 
increasing rate of complete response rates with 
61 % for patients treated with radiotherapy alone, 
66 % after chemoradiotherapy (CRT) with carbo-
platin, 82 % after CRT with cisplatin, and 87 % 
after CRT with 5-FU and cisplatin [ 23 ]. This was 
also associated with a signifi cant improvement in 
overall survival. 

 As a landmark study, the above-mentioned BC 
2001 trial confi rmed the superiority of concurrent 
chemoradiotherapy to radiotherapy alone. At 2 
years, rates of locoregional disease-free survival 
were 67 % in the chemoradiotherapy group and 
54 % in the radiotherapy group. Five-year rates 
of overall survival were 48 % in the chemoradio-
therapy group and 35 % in the radiotherapy 
group. Toxicity grade 3 or 4 was slightly more 
common in the chemoradiotherapy group during 
treatment but not during follow-up. In conclusion 
concurrent chemoradiotherapy with 5FU and 
mitomycin-C was effective and tolerated well in 
this elderly, relatively frail group of patients [ 44 ]. 
In our opinion, the most effective agent for con-
current therapy remains cisplatin. Nevertheless, 
5-fl oururacil with mitomycin C, paclitaxel or 
docetaxel alone are valid alternatives for patients 
not able to receive cisplatin. However, the opti-
mal regimen and combination of radiotherapy 
with chemotherapy remains to be established. 

 In the Radiation Therapy Oncology Group 
(RTOG) series, a major effort was undertaken to 
determine the role of induction chemotherapy in 
studies 88-02 and, in a randomized design, in 
89-03 (Table  28.1 ) [ 9 ,  10 ]. In the latter study, 
treating patients with two cycles of induction 
MCV (methotrexate, cisplatin, vinblastine), 
failed to improve complete response, local tumor 
control and survival. Moreover, due to toxicity, 
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only 67 % of patients completed the MCV induc-
tion chemotherapy. As a result, subsequent studies 
employed adjuvant rather than neoadjuvant che-
motherapy. However, in RTOG 97-06, again only 
40 % of patients went on to receive a full three 
cycles of adjuvant MCV chemotherapy [ 13 ]. 

 Newer chemotherapeutic agents, particularly 
gemcitabine and the taxanes, have shown signifi -
cant single agent activity against urothelial tumors 
and both have exhibited higher response rates and 
acceptable toxicity when used in combination 
with cisplatin or even as triplet regimen in meta-
static disease. Moreover, both paclitaxel and gem-
citabine are potent radiation sensitizers. Recent 
phase I/II studies established gemcitabine in com-
bination with radiotherapy as a feasible regimen 
in bladder-sparing treatment. Long-term results, 
meanwhile available, show high rates in terms of 
overall, disease-specifi c and bladder intact sur-
vival [ 37 – 42 ]. Series of concurrent chemoradio-
therapy regimen using platinum and paclitaxel or 
docetaxel, respectively, have also recently been 
published [ 18 ,  70 ,  71 ]. The RTOG started a trial 
using paclitaxel and cisplatin concomitantly with 
twice-daily irradiation followed by either selec-
tive bladder preservation or radical cystectomy 
and four cycles of adjuvant chemotherapy with 
gemcitabine and cisplatin (RTOG 99-06). In 2009 
the results from this trial have been reported: the 
complete response rate after induction therapy 
was 81, 70 % completed all treatment per protocol 
or with minor variation, and the 5-year rate of 
overall survival 56 % [ 33 ]. Recently, the succes-
sor trial, a randomized multicenter phase II trial, 
compared the same regimen of RTOG 99-06 with 
twice-daily radiation plus 5-fl uorouracil-cisplatin 
(RTOG 0233). The 5-year overall survival was 
almost identical in both groups with 71 % for 
patients receiving paclitaxel-cisplatin and 75 % 
for patients with 5-fl uorouracil-cisplatin. No 
major differences in toxicity regarding both 
schedules were found [ 34 ]. 

 Another new component to enhance effi cacy 
of trimodality therapy is of more technical origin. 
The University of Erlangen launched a phase II 
trial to evaluate the safety and effi cacy of adding 
concurrent deep regional hyperthermia to their 
well-established trimodality bladder-preserving 

treatment approach [ 36 ]. The rationale came 
from two recent randomized clinical trials 
reported improved clinical results when adding 
hyperthermia to chemotherapy [ 72 ] or radiother-
apy [ 73 ] for bladder cancer patients, respectively. 
The fi rst one added hyperthermia to intravesical 
mitomycin-C instillation after TUR for interme-
diate- and high-risk superfi cial T1 bladder can-
cer, and demonstrated a signifi cantly reduced 
local failure rate at 2 years (17.1 vs. 57.5 %, 
 p  = 0.0002) [ 72 ]. In the second trial, hyperthermia 
combined with radiotherapy signifi cantly 
increased the complete response rate (73 vs. 
51 %,  p  = 0.01) for muscle-invasive bladder can-
cer, and was associated with a non-signifi cant 
trend toward improved local control rates (42 vs. 
33 %,  p  = n.s.). The Erlangen group reported 
within their quadrimodal approach a complete 
response rate of 96 % (43 of 45 patients). Local 
recurrence-free survival was 85 %, overall sur-
vival was 80 %, disease-specifi c survival was 
88 %, metastasis-free survival was 89 % and thus 
all with a bladder-preserving rate of 96 % at 3 
years [ 36 ]. 

 Modifi cation of tumor hypoxia, either with 
hyperbaric oxygen or hypoxic cell sensitizers, 
during radiotherapy may be another avenue of 
improving radiosensitivity. Hoskin et al. used 
nicotinamide together with carbogen (95 % O 2  
with 5 % CO 2 ) and radical radiotherapy in a 
phase III study for bladder cancer (ARCON- 
study). The primary end point defi ned as local 
control after cystoscopy at 6 months was not sig-
nifi cantly different between radiotherapy with 
carbogen and nicotinamide compared to radio-
therapy alone (81 % vs. 76 %). However, just 
more than half of patients underwent cystoscopy 
at that time. In contrast 3-year estimates of over-
all survival were 59 and 46 % ( p  = 0.04) and 
3-year estimates of recurrence-free survival 54 
and 43 % ( p  = 0.06) in favor of radiotherapy with 
carbogen and nicotinamide [ 74 ]. 

 Future aspects of radiosensitization relate to 
the potential inhibition of oncogene products fre-
quently activated and overexpressed in bladder 
cancer, such as H-ras and c-erbB-1. Treatment of 
mice expressing activated H-ras bladder cancer 
cell line tumors with farnesyltransferase inhibitors 
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(which inhibit the posttranslational modifi cations 
of H-ras) before irradiation signifi cantly decreased 
tumor cell clonogenicity and tumor regrowth [ 75 ]. 
Inhibition of EGF receptor activity with small 
molecule tyrosine kinase inhibitors or antibodies 
against receptors may also markedly increase 
tumor radiosensitization in bladder cancer [ 76 ].  

28.3.3     Patient Selection: Predictive 
and Prognostic Factors 

 Clinical criteria helpful in determining patients 
for bladder preservation include variables such as 
small tumor size (less than 5 cm), early tumor 
stage, a visibly and microscopically complete 
TUR, absence of ureteral obstruction, and no evi-
dence of pelvic lymph node metastases. On mul-
tivariate analysis, the completeness of TUR was 
found to be one of the strongest prognostic fac-
tors for overall survival [ 23 ]. Thus, a TUR as 
thorough as safely possible should always be 
attempted. Patients at greater risk of new tumor 
development after initial complete response are 
those with multifocal disease and extensive asso-
ciated carcinoma in situ at presentation. Anemia 
has also been shown to predict reduced local con-
trol as well as a higher rate of distant metastases 
and death from bladder cancer [ 77 ]. Recently, the 
group at the MGH developed nomograms pre-
dicting the response to bladder preserving treat-
ment. The fi nal nomograms included information 
on clinical T stage, presence of hydronephrosis, 
whether a visibly complete transurethral resec-
tion of bladder tumor was performed, age, sex, 
and tumor grade. With these nomograms indi-
vidualized estimates of complete response, 
disease- specifi c survival, and bladder intact 
disease- specifi c survival became possible [ 78 ]. 

 Translational research to identify molecular 
markers that may better identify a tumor’s true 
malignant potential as well as its response to spe-
cifi c cytotoxic therapies are sorely needed. 
Overall, the fi ndings on molecular markers do 
not yet confi rm that abnormal expression of any 
of these proteins unequivocally predicts tumor 
response—with possibly one exception: higher 
rates of spontaneous apoptosis were signifi cantly 

related to better initial response and better local 
control with bladder preservation in most studies 
(Table  28.3 ) [ 79 – 101 ]. Apoptosis represents a 
biological endpoint regulated by many factors, 
including p53, bcl-2 and bax, pRb, among others. 
It is now becoming increasingly clear that the 
inability to undergo apoptosis due to overexpres-
sion of bcl-2 or overexpression of survivin, a 
member of the inhibitor of apoptosis family, may 
predict local failure after irradiation and chemo-
therapy. The RTOG Genitourinary Translational 
Research Group has recently published results 
from 73 patients treated within the RTOG trials: 
Her-2 expression was signifi cantly associated 
with reduced tumor response, whereas the epi-
dermal growth factor receptor (EGFR) expres-
sion intriguingly predicted for improved overall 
and disease-specifi c survival [ 80 ]. Based on these 
fi ndings, a recently activated RTOG trial (RTOG 
05-24) uses chemoradiation with paclitaxel and 
trastuzumab for Her-2 overexpressing tumors (2+ 
or greater immunohistochemical staining), 
whereas patients with less than 2+ Her-2 staining 
will receive radiotherapy with weekly paclitaxel 
but not trastuzumab.
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29.1            Introduction 

 Radical cystectomy with bilateral pelvic lymph 
node dissection is the standard of care for local-
ized muscle invasive bladder cancer (cT2N0M0) 
or locally advanced bladder cancer (cT3- 
4N0M0). The standard approach includes the 
removal of the bladder, prostate, seminal vesi-
cles, and distal ureters in men although partial or 
total prostate-sparing procedures are being eval-
uated by some investigators. In women, the blad-
der, urethra, adjacent vagina, uterus, and distal 
ureters are removed. Many patients with muscle 
invasive bladder cancer are not candidates for 
cystectomy due to poor performance status and 
medical comorbidities. Radical cystectomy is 

also associated with signifi cant morbidity, risk 
of perioperative mortality, and decreased quality 
of life. 

 The multi-modality bladder preservation 
approach is becoming increasingly popular. 
Patients choosing the bladder preservation ther-
apy undergo maximal transurethral resection of 
the bladder tumor (TURBT) followed by defi ni-
tive chemoradiation therapy. This treatment 
approach offers similar survival outcomes to 
radical cystectomy with 5-year overall survival 
rates ranging from 40 to 60 % [ 1 – 4 ]. In addition, 
approximately two-thirds of patients undergoing 
this approach are alive with a functional bladder 
at 5 years [ 2 ].  

29.2    Patient Work-Up 

 Patients must be carefully selected for bladder 
preservation to ensure the success of the treat-
ment. To select patients for bladder preservation 
therapy, a comprehensive work-up should 
include (1) a detailed history and physical exam 
focusing on symptoms of hematuria, fl ank pain, 
urinary function, and bowel function; (2) routine 
bloodwork with a complete blood count evaluat-
ing for anemia and comprehensive metabolic 
panel with creatinine level for kidney function; 
(3) urinalysis with urine cytology; (4) offi ce cys-
toscopy with biopsy; (5) CT or MR imaging of 
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the abdomen and pelvis to evaluate for hydrone-
phrosis, lesions in the upper urinary tract, extent 
of bladder involvement, lymph node involve-
ment, and distant metastasis; and (6) chest x-ray 
or CT to rule out pulmonary metastasis. Also, an 
exam under anesthesia (EUA) should be per-
formed with a maximally safe transurethral 
resection of the tumor. Bladder mapping with 
random biopsies of the bladder and prostatic ure-
thra should be performed during the EUA to 
evaluate for multifocal disease.  

29.3    Prognostic Factors 

 Positive prognostic factors for patients undergoing 
defi nitive chemoradiation are young age, good per-
formance status, unifocal T2/T3a disease, absence 
of nodal disease, absence of CIS, low grade, small 
tumors with a maximal diameter of 5 cm in greatest 
dimension, normal kidney function with absence of 
hydronephrosis, good urinary function, and visibly 
complete TURBT. Patients with these factors 
should undergo a maximally safe TURBT in order 
to eliminate any gross disease. Bladder biopsies 
and prostatic urethra biopsies should be negative to 
rule out multifocal disease. Any hydronephrosis 
should be relieved with stent or nephrostomy tube 
placement. Adequate renal function is ideal as 
patients often receive platinum-based chemother-
apy. Alternative chemotherapy options for patients 
with poor renal function include 5- fl uorouracil/
mitomycin-C and paclitaxel. 

 An important factor for the success of patients 
undergoing bladder preservation is the complete-
ness of TURBT. Often patients may present to a 
radiation oncologist and medical oncologist after 
incomplete TURBT for consideration bladder 
preservation therapy. If there is any uncertainty 
regarding the completeness of TURBT, a discus-
sion with the urologist performing the initial 
TURBT or a repeat cystoscopy with TURBT is 
indicated. Patients with incomplete TURBT are 
less likely to attain a complete response with 
chemoradiation and have decreased survival 
when compared with patients undergoing com-
plete TURBT as highlighted in a recent study [ 5 ]. 

 Some but not all studies suggest that the pres-
ence of carcinoma in situ (CIS) has been demon-

strated to be a poor prognostic factor for failure of 
chemoradiation therapy. In a study involving 40 
patients, CIS was identifi ed to be the most signifi -
cant factor associated with bladder local control. 
Patients with CIS were at ninefold increased risk of 
bladder recurrence than patients without CIS [ 6 ]. 
Patients with CIS also have lower CR rates suggest-
ing that CIS may be associated with relative resis-
tance to chemoradiation therapy [ 6 ,  7 ]. Although a 
poor prognostic factor for local recurrence, the pres-
ence of CIS should not be an absolute contraindica-
tion for bladder preservation therapy as 
approximately 50–60 % of patients with CIS still 
remain free from bladder recurrence [ 6 ]. 

 Other poor prognostic factors include advanced 
T stage and tumor size >5 cm, which have been 
associated with decreased response rate, decreased 
relapse-free survival, and increased distant metas-
tasis [ 8 ,  9 ]. Several series have demonstrated that 
patients with large T3 and T4 tumors have 
increased local recurrence and distant relapse 
rates compared to patients with T2 and small T3 
tumors [ 9 ,  10 ]. Also, patients with tumors >5 cm 
have nearly a tenfold increased risk of developing 
distant metastases compared to patients with 
tumors less than 5 cm [ 6 ]. 

 Patients with small capacity bladders and poor 
bladder function are less than ideal candidates for 
bladder preservation. Decreased bladder compli-
ance and bladder irritation is a recognized effect 
of radiation therapy. As a result, patients with 
already poor bladder function and small capacity 
may experience further urgency, frequency, 
involuntary detrusor contractions, incontinence, 
and reduction in capacity after radiation treat-
ment making their quality of life miserable. If 
medically fi t, patients with poor bladder function 
should undergo radical cystectomy rather than 
bladder preservation therapy. After cystectomy 
and urinary diversion, these patients report good 
overall quality of life [ 11 ].  

29.4     Evidence Supporting 
Bladder Preservation 

 Bladder preservation therapy was initially 
reserved for patients who were not candidates for 
surgery. The initial studies were performed in an 
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unselected population of patients receiving radio-
therapy alone without chemotherapy. In these 
series [ 9 ,  12 – 15 ], radiation was delivered to a 
total treatment dose of 55–65 Gy in fi ve daily 
treatments per week with a resulting complete 
clinical response rate (cCR) of 40–52 % with 
approximately 41 % of patients free from an 
invasive recurrence. Patients who did not obtain a 
clinical complete response or experienced a local 
recurrence underwent salvage cystectomy [ 16 ]. 

 Several studies were performed to compare the 
results of radical cystectomy with external beam 
radiotherapy. When evaluating these studies, it is 
important to note that the patients undergoing 
cystectomy were more likely to have earlier stage 
and smaller tumors, better performance status, 
and younger age than patients undergoing radia-
tion therapy indicating a selection bias [ 17 – 19 ]. 
Another important point to consider when evalu-
ating these studies is that patients undergoing 
bladder preservation were clinically staged while 
patients undergoing cystectomy were pathologi-
cally staged. Because clinical staging underesti-
mates the stage in 50 % of patients [ 20 ], patients 
undergoing bladder preservation therapy were 
likely to have more advanced stage disease at pre-
sentation than reported. An additional source of 
bias includes the fact that delays in the initiation 
of therapy have been shown to negatively impact 
outcomes. Substantial delays may stem from the 
decision-making for surgical candidacy, the 
patients’ refusal for surgery, the referral process, 
and the simulation and planning process. 

 The Danish National Bladder Cancer Group 
performed a study including 183 patients ran-
domizing them to 40 Gy neoadjuvant radiother-
apy followed by cystectomy or 60 Gy external 
beam radiotherapy alone arm. Patients in the 
radiotherapy alone arm experiencing local recur-
rence underwent salvage cystectomy. Again, no 
signifi cant differences in OS were observed (29 
vs. 23 %), but an increase in pelvic recurrences 
was reported in patients receiving radiotherapy 
alone (35 vs. 7 %) [ 19 ]. This study demonstrates 
the effectiveness of salvage cystectomy for local 
recurrences. 

 Subsequent reports suggested that administra-
tion of concurrent systemic treatment with radia-
tion therapy after maximal TURBT improved 

clinical complete response (CR) rate and local 
control compared with radiotherapy alone. The 
National Cancer Institute of Canada randomized 
patients to radiation therapy alone or radiation 
with concurrent cisplatin. An improvement in 
pelvic failure was observed with chemoradiation 
(40 vs. 59 %). A similar studied was performed 
in 45 centers from the United Kingdom demon-
strating improved bladder and pelvic control 
rates (67 vs. 54 %) with addition of 5-fl uorouracil 
and mitomycin C to radiation compared with 
radiation alone. Thus trimodality treatment with 
maximal TURBT followed by concurrent chemo-
radiation therapy is the standard of care for 
patients with muscle invasive disease undergoing 
bladder preservation therapy. 

 The role of radiation has also been investi-
gated in earlier stage, high-grade T1 bladder can-
cer. Following maximal TURBT, high-grade T1 
bladder cancer has a 69–80 % chance of recur-
rence and a 33–48 % chance of progression to 
muscle invasive disease [ 21 ]. The Medical 
Research Council evaluated the role of radiation 
therapy in 210 patients with pT1 Grade 3 transi-
tional cell bladder cancer after maximal 
TURBT. Patients with unifocal disease and no 
CIS were randomized to observation or 60 Gy 
radiotherapy. Patients with mutifocal disease 
were randomized to intravesical therapy (   mito-
mycin C—MMC) or the Bacille Calmette-Guérin 
(BCG) vaccine or 60 Gy radiotherapy. No statis-
tical differences in 5-year PFS (52 control vs. 
41 % radiotherapy) or OS (61 control vs. 52.5 % 
radiotherapy) were observed. The investigators 
concluded that addition of radiotherapy is not 
better than more conservative treatment of 
 intravesical MMC or BCG. However, a large 
weakness of this trial is the lack of concurrent 
chemotherapy with radiotherapy [ 22 ]. As men-
tioned above, concurrent chemoradiation is more 
effective in eradicating muscle invasive bladder 
cancer than radiation alone. Extending from this, 
a study out of Erlangen, Germany has demon-
strated favorable results with concurrent chemo-
radiation in patients with high-grade T1 tumors 
[ 23 ]. A phase II trial (RTOG 0926) is currently 
evaluating this approach of concurrent chemora-
diation in patients with Grade 2–3, T1 bladder 
cancer.  
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29.5    Radiation Therapy Technique 

 Bladder preservation therapy involves a multidis-
ciplinary approach. The schema for this approach 
is depicted in Fig.  29.1 . As mentioned above, 
patients undergo a rigid cystoscopy in the operat-
ing room followed by maximal TURBT. After 
maximal TURBT, the patients proceed to induc-
tion chemoradiotherapy, usually with cisplatin- 
based chemotherapy. The radiation treatment 
volume encompasses the bladder, prostate, and 
the pelvic lymph nodes to an initial dose of 
40 Gy. The decision on whether to irradiate the 
lymph nodes has not been studied in a random-
ized setting. However, support for irradiation of 
the lymph nodes may be extrapolated from surgi-
cal studies demonstrating that the extent of lymph 
node dissection improves survival rates, even in 
node-negative patients [ 24 ,  25 ]. The improve-
ment in survival may refl ect the presence of 
microscopic lymph node disease and the ability 
to be eradicated to prevent future distant meta-
static disease.

   After 40 Gy, a repeat cystoscopy and biopsy is 
usually performed to evaluate treatment response 
in patients who might be deemed surgical candi-
dates. Incomplete responders proceed with 
 cystectomy. Patients with a complete response 

continue with radiation treatment. The treatment 
volume at this point is reduced to include the 
whole bladder to a total dose of 54 Gy. Then, a 
second cone-down volume is incorporated to 
treat the bladder tumor volume to 64–65 Gy. For 
very elderly patients and others unfi t for salvage 
surgery post chemotherapy, cystoscopy may be 
omitted with the commitment to pursue defi nitive 
chemoradiation. 

 With administration of high dose of radiation 
therapy, there is concern for rectal and bowel tox-
icity. This toxicity is minimized by conformal 
delivery of radiation therapy and accurate, repro-
ducible patient setup. For example, with intensity- 
modulated radiotherapy (IMRT), a high dose of 
radiation can be delivered to the target volume 
while sculpting undesirable dose away from the 
rectum, bowel, and pelvic bones. IMRT utilizes 
inverse computer optimization to create a highly 
conformal dose distribution matching the shape 
of the tumor and target by modulating multiple 
beam intensities. 

 With the tight conformality of IMRT, accu-
racy of patient setup becomes critical. Imprecise 
patient setup and organ motion can negate the 
benefi ts of IMRT and lead to undertreatment of 
the target and unintended dose to normal tissue. 
Signifi cant variations in bladder fi lling and 
motion up to 2.7 cm have been noted [ 26 ,  27 ]. 

TURBT

Induction chemoradiation

Repeat cystoscopy with transurethral biopsy

Complete
Response

Partial
Response

Local Recurrence

Consolidation
Chemoradiation +/- adjuvant

chemotherapy
followed by long-term

cystoscopic surveillance

Radical cystectomy
+/- adjuvant

chemotherapy

  Fig. 29.1    Schema of 
trimodality treatment for 
bladder preservation 
therapy       
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Patient setup has been improved with rigid 
 immobilization techniques and image-guided 
radiotherapy (IGRT). IGRT includes the use of 
three-dimensional imaging with on-board CT 
imaging. With on-board CT imaging, an imager 
rotates around the patient in the treatment posi-
tion to acquire volumetric images which are 
reconstructed three-dimensionally to depict the 
patient’s anatomy. These images can be utilized 
to verify that the bladder is in the same position 
as that at the time of treatment planning to ensure 
adequate treatment delivery. If variations in blad-
der fi lling and motion are noted, treatment deliv-
ery can be adapted. With increased precision in 
patient setup, smaller treatment fi elds with less 
margin for setup error can be utilized, resulting in 
decreased normal tissue irradiation and toxicity. 
An example of an intensity-modulated radiation 
treatment plan delivered by Tomotherapy 
(Madison, Wisconsin), which has on-board CT 
imaging capabilities, is depicted in Fig.  29.2 .

   Target delineation is critical for IMRT. The 
target must be identifi ed with accuracy to ensure 
treatment adequacy while minimizing toxicity. 
However, after maximal TURBT, tumor bed 
delineation on the treatment planning CT is tech-
nically challenging. Recent work at UCSF has 
shown that custom designed gold fi ducials can be 
placed to mark the borders of the tumor bed. The 
urologist can cystoscopically implant gold-seed 
markers directly at the borders of the tumor bed 
at the time of TURBT (Fig.  29.2 ). These markers 

can be readily identifi ed on CT. With the bladder 
map, identifi cation of gold seed marker position, 
and open communication to the urologist, the 
radiation oncologist can accurately defi ne the 
tumor bed volume. 

 These fi ducial markers can also improve the 
accuracy of treatment delivery. For example, 
these markers can be used for gating of radiation 
treatment and/or tracking of tumor and bladder 
movement. With gated radiotherapy based on 
marker position, radiation is delivered only when 
the target (as defi ned by the gold markers) is 
localized within the treatment fi eld. The gold 
markers can also be used for tracking on the 
CyberKnife (Accuray, CA) System. CyberKnife 
allows for real-time organ position and motion 
correction during radiotherapy. Thariat et al. 
demonstrated the feasibility of re-irradiating 
bladder cancer using Cyberknife. The use of gold 
fi ducial markers has been implemented for track-
ing on Cyberknife at UCSF (Fig.  29.3 ) [ 28 ].

29.6       Surveillance 

 Following bladder preservation therapy, close 
follow-up is necessary. Repeat cystoscopy and 
urine cytology are performed every 3 months 
during the fi rst year, every 4 months during the 
second year, every 6 months up to 5 years, then 
annually until year 10. CT of the chest, abdomen, 
and pelvis should be performed every 6 months. 

  Fig. 29.2    Intensity modulated radiation therapy: Shaded 
in  blue  is the volume including the bladder ( yellow ), pros-
tate, and lymph nodes receiving the initial prescription 

dose of 40 Gy. Depicted is a highly conformal dose deliv-
ery matching the target while minimizing the dose to the 
rectum ( brown ), and bowel ( red )       
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The disease-specifi c survival at 5 years is approx-
imately 66 % with approximately 80 % of those 
alive retaining their bladder. Patients that experi-
ence a local recurrence or have persistent disease 
undergo a salvage cystectomy. The importance of 
close surveillance is underscored by the cure rate 
of 45 % following salvage cystectomy with no 
increased morbidity compared with primary cys-
tectomy [ 29 ].  

29.7    Quality of Life 

 A common misconception of bladder preserva-
tion is the notion of a poorly functioning bladder 
after chemoradiation therapy. Several studies 
have demonstrated acceptable toxicity and low 
complication rates with chemoradiaton therapy. 
In one prospective study utilizing patient reported 
urinary quality of life questionnaires, no signifi -
cant differences were observed between patients 
who underwent radiotherapy in comparison to a 
matched control group [ 30 ]. Another study dem-
onstrated that approximately 75 % of patients 
have a functioning urinary bladder with little or 
no distress from the urinary tract [ 31 ]. Zietman 
et al. performed urodynamics study along with 
quality of life questionnaire in patients undergo 
bladder preservation therapy at the Massachusetts 
General Hospital. With adequate long-term fol-
low up of 6.3 years, 78 % patients retained com-
pliant bladders with normal capacity and fl ow 

parameters. 85 % of patients did not experience 
any urgency and 50 % of patients retained normal 
erectile function. A recent study evaluating late 
pelvic toxicity in 157 patients treated on multiple 
RTOG trials for bladder preservation demon-
strated late Grade 3 or greater toxicity in 12 
patients (7 %) with symptoms resolving in all but 
one patient [ 32 ].  

29.8    Conclusion 

 Bladder preservation is a multidisciplinary effort 
that involves experienced urologists, medical 
oncologists, and radiation oncologists. The treat-
ment involves a maximal TURBT followed by 
chemoradiotherapy for bladder preservation is a 
reasonable alternative to cystectomy for treat-
ment of muscle invasive bladder cancer. The 
majority of patients undergoing this approach 
will retain a normally functioning bladder with 
no compromise in survival. Cystectomy can be 
reserved as a salvage option in patients with local 
failure. 

 The above mentioned, 53-year-old gentleman 
with a solitary, 2 cm T2 tumor is a candidate for 
bladder preservation. Although many studies 
were performed in the elderly, his young age and 
high performance status are positive prognostic 
factors. Also patients with excellent urinary func-
tion are likely to maintain satisfactory urinary 
function. This patient should undergo maximal 

  Fig. 29.3    Cyberknife 
treatment: Shaded in  green  
is the target volume. The 
prescription isodose is 
indicated by the  red line . 
The 70 and 50 % isodose 
lines are indicated by the 
 purple  and  yellow lines , 
respectively. Also seen are 
the fi ducial markers used 
for tracking ( yellow 
arrows )       
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TURBT along with random biopsies of the 
 bladder to ensure that he has solitary disease. 
Although diffuse CIS is associated with an 
increased rate of local recurrence, the unifocal 
CIS does not preclude him from undergoing 
bladder preservation therapy. He will have to be 
followed closely with routine surveillance cys-
toscopy and urine cytology along with CT imag-
ing of his chest, abdomen, and pelvis. If local 
recurrence is detected, salvage cystectomy can be 
performed without signifi cantly increased mor-
bidity and detriment in survival.     
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30.1            Introduction 

 Urinary bladder cancer is the fi fth most common 
solid tumor, and urothelial (transitional cell) carci-
noma (UC) is the most common type of bladder 
cancer. Even after surgical resection for localized 
muscle invasive bladder cancer (MIBC), nearly 

half eventually develop metastatic disease [ 1 ,  2 ]. 
UC is sensitive to chemotherapy, and high response 
rates (RR) up to 70 % have been noted to plati-
num-based chemotherapies when used prior to 
cystectomy [ 1 ]. Chemotherapy has been studied in 
the defi nitive setting concurrent with radiation, the 
neoadjuvant setting prior to surgical resection, the 
adjuvant setting post cystectomy and in patients 
with metastatic disease with palliative intent. The 
majority of studies have excluded histologic sub-
types other than UC, and there is little objective 
information on the role of chemotherapy for nonu-
rothelial cancer of the bladder.  

30.2     Neoadjuvant Versus 
Adjuvant Chemotherapy 

 Neoadjuvant chemotherapy (NCT) offers the ear-
liest opportunity to target the distant micrometas-
tases that are responsible for most failures. 
Patients should be in the optimum state of health 
to tolerate chemotherapy in the presurgical set-
ting [ 3 ]. Histopathologic evaluation of the cystec-
tomy specimen offers in vivo chemotherapy 
sensitivity and can offer prognostic informa-
tion—pathologic complete responses are mark-
ers of good prognosis [ 1 ,  4 ]. A good response to 
locoregionally advanced tumors can assist com-
plete surgical resection. 

 However, with neoadjuvant therapy concerns 
remain of delaying defi nitive curative cystectomy 
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and the possibility of disease progression in a 
small subset of patients while on chemotherapy. 
A fraction of patients, e.g., pT2a (superfi cial 
muscle-invasive disease), is overtreated with 
NCT. Conversely, the adjuvant chemotherapy 
(ACT) strategy permits complete pathological 
assessment and risk stratifi cation before offering 
chemotherapy to high-risk patients (with extra-
vesical or node-positive disease).  

30.3     Neoadjuvant 
Chemotherapy (NCT)  

 Initial clinical trials with the single agent cisplatin 
conducted in the 1980s failed to show any sur-
vival benefi t and suggested combination with 
other agents [ 5 – 7 ]. Two large randomized phase 
III trials conducted in Europe studied cisplatin 
with doxorubicin or methotrexate. The Nordic 
Cystectomy Trial 1 randomized a total of 311 
patients with cT1G3, T2-T4NxM0 invasive blad-
der cancer [ 8 ]. In the chemotherapy arm, 151 
patients were treated with two cycles of cisplatin 
and doxorubicin, while 160 patients in the control 
arm received no chemotherapy. Patients in both 
arms received 20 Gy of radiation prior to cystec-
tomy. Treatment with NCT did not attain statisti-
cally signifi cant improvement in overall survival 
(OS), although subset analysis of patients with 
pT3-T4 disease did show 15 % improvement in 
survival in favor of the chemotherapy arm. 

 The Nordic Cystectomy Trial 2 randomized 
317 patients with T2-T4aNxM0 UC to receive 
three cycles of cisplatin with methotrexate or no 
chemotherapy prior to cystectomy [ 9 ]. This trial 
again had a trend toward improved survival for 
the chemotherapy arm, but did not reach statisti-
cal signifi cance. However, a combined analysis 
to the two Nordic trials did reveal improvement 
in 5-year survival from 56 % in the chemotherapy 
arms as compared to 48 % in the control arms 
without chemotherapy,  P  = 0.049 [ 10 ]. 

 In the largest NCT study to date, the 
International Collaborative Trialist study group 
randomized 976 patients with T2 grade 3, T3/4, 
N0, M0 UC to receive three cycles of cisplatin, 
methotrexate and vinblastine (CMV) or no therapy 

prior to defi nitive local therapy [ 11 ]. Local 
therapy ranged from defi nitive radiation therapy 
(43 %) to radical cystectomy with (8 %) or with-
out (53 %) low-dose radiation therapy. An update 
on the results of this trial revealed an improve-
ment in 10-year OS in the chemotherapy group 
(36 % vs. 30 %, HR 0.84;  P  = 0.03). Neoadjuvant 
CMV was similarly effective when followed by 
either radiotherapy or cystectomy as defi nitive 
local therapy, and the reductions in the risk of 
death were 20 and 26 % compared to the radio-
therapy alone and cystectomy alone groups, 
respectively (radiotherapy alone: HR, 0.80; 95 % 
CI, 0.63–1.02;  P  = 0.070; cystectomy alone: HR, 
0.74; 95 % CI, 0.57–0.96;  P  = 0.022). 

 Learning from studies in the metastatic set-
ting, the Southwest Oncology group led a US 
intergroup trial to test MVAC (methotrexate, vin-
blastine, adriamycin, cisplatin) in the neoadju-
vant setting and randomized 311 patients with 
cT2-T4,N0M0 UC to either three cycles of 
MVAC or no chemotherapy prior to radical cys-
tectomy [ 12 ]. Unfortunately, this trial took over 
11 years to accrue 317 patients from 126 institu-
tions. Median OS did improve in the chemother-
apy arm: 77 months as compared to 46 months in 
the control arm without chemotherapy,  P  = 0.06. 
Treatment with MVAC resulted in signifi cantly 
higher rates of pathologic complete remission 
(pCR) as compared to cystectomy alone (38 % 
vs. 15 %;  P  < 0.001) in the control arm subjects. 
Both pCR and < pT2N0 disease following MVAC 
therapy were associated with improved median 
survival (13.6 and 12.5 years, respectively), while 
residual muscle-invasive disease or lymph node- 
positive disease led to poor survival—median 
survival 3.4 and 2.4 years, respectively [ 4 ]. 
Similar improvement in pathologic complete 
responses reported for other major trials corre-
lated with improvement in survival, suggesting 
pCR as a surrogate prognostic marker for 
improved survival [ 4 ,  13 – 16 ]. 

 In a large phase III trial for patients with 
locally advanced or metastatic UC, cisplatin with 
gemcitabine (GC) was much better tolerated and 
revealed effi cacy similar to MVAC [ 17 ,  18 ]. 
Based on this study with improved tolerability, 
GC has emerged as the favored regimen in 
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common practice. However, there have been no 
large studies to assess the effi cacy of GC combi-
nation therapy in the neoadjuvant setting. In 
smaller phase II trials and retrospective studies, 
GC combination therapy has produced patho-
logic complete response rates similar to those of 
MVAC and is widely used [ 19 – 21 ]. 

 The Advanced Bladder Cancer Meta-analysis 
Collaboration reported an individual patient data 
level meta-analysis of clinical trials conducted by 
the Medical Research Council Clinical Trials 
Unit [ 22 ]. This meta-analysis from 11 randomized 
trials, which included 3,005 patients, found a 5 % 
absolute survival benefi t at 5 years (HR = 0.86, 
95 % CI 0.77–0.95;  P  = 0.003) favoring NCT. 
Furthermore, while cisplatin-based chemother-
apy was associated with benefi ts, no particular 
regimen or choice of defi nitive therapy (radical 
cystectomy versus radiation therapy versus the 
combination) was associated with a survival 
advantage. In a recent Cochrane review of neoad-
juvant platinum-based combination chemotherapy 
trials, a similar 14 % relative risk reduction was 
noted in the combination chemotherapy regimen. 

 A signifi cant proportion of patients are deemed 
cisplatin-ineligible owing to impaired renal 
function, advanced age and other comorbidities. 
Although carboplatin is often substituted for 
cisplatin for patients considered unfi t for cispla-
tin, there are fairly limited data supporting the 
use of carboplatin-based regimens. In a 47-patient 
single-arm phase II trial, patients with T2-4N0M0 
bladder cancer were treated with carboplatin, 
methotrexate and vinblastine [ 23 ]. Of the 47 
patients, 38 underwent cystectomy post chemo-
therapy (7 progressed; 1 died; 1 was unfi t for sur-
gery). Twelve patients had pathologic CR (pCR 
26.5 %; 95 % CI, 15–42 %) and six PR (pPR 
13.5 %; 95 % CI, 5–27 %). 

 Aggressive multiple drug regimens with car-
boplatin have recently been studied. SWOG con-
ducted a phase II trial of carboplatin, paclitaxel 
and gemcitabine to study cystoscopic surveil-
lance versus immediate cystectomy post 
NCT. Although 34 patients (cT0 46 %; CI 
34–58 %) had clinical T0 based on post- 
chemotherapy TURBT, ten of these opted for 
immediate cystectomy and six had gross residual 

disease. Since a majority of patients did not 
undergo immediate cystectomy, the actual pT0 
rates are unknown, and clearly cT0 does not pro-
vide a fair estimate of pT0. There was 75 % grade 
3 or more hematologic toxicity and one death 
from infection with neutropenia. Another study 
with the same regimen enrolled 71 patients and 
had unacceptable toxicity with 7 treatment- 
related deaths [ 24 ]. In a similar phase II trial of 
neoadjuvant nab-paclitaxel, carboplatin and 
gemcitabine in patients with locally advanced 
bladder cancer, all of the 29 patients enrolled 
experienced grade 3–4 hematologic toxicities 
and 1 patient died of toxicity [ 25 ]. By intent-to- 
treat analysis, the pT0 rate was 27.6 %.  

30.4     Neoadjuvant Chemotherapy 
and Controversies 

 While neoadjuvant therapy is recommended for 
locally advanced disease, there is a huge dispar-
ity between the clinical and pathologic staging. 
Nearly 66 % of patients with pT2 disease may be 
incorrectly staged, with 42 % upstaged after radi-
cal cystectomy [ 26 ]. Importantly, ≥T2 disease is 
found at RC in 40 % of patients clinically staged 
as having non-muscle invasive disease prior to 
RC. Despite a clear trend toward improved sur-
vival, most clinical trials studying NCT did not 
reach statistical signifi cance, limited by inade-
quate sample size, poor accrual or non-standard 
and possibly less effective regimens. 

 Although GC is one of the most widely uti-
lized regimens in the neoadjuvant setting, there 
are no phase III trials supporting its use, and none 
have compared it to either conventional or dose- 
dense MVAC regimens. Dose-dense MVAC with 
G-CSF support is being investigated to improve 
response rates, abbreviate the duration of NCT 
and improve tolerability. 

 A small fraction of patients eligible for NCT 
receive therapy, often limited by inappropriate 
staging, advanced age, poor renal function or 
comorbidity limiting cisplatin use [ 27 ]. 
Carboplatin substituted for patients deemed to be 
cisplatin ineligible lacks randomized trials sup-
porting improved outcomes with its use. 
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 The Genitourinary Malignancy Group at MD 
Anderson Cancer center conducted a phase III 
trial to assess the impact of timing on response to 
chemotherapy in patients with high-risk resect-
able UC [ 28 ]. In this study, 140 patients were 
randomized to receive two cycles of neoadjuvant 
MVAC and three cycles post cystectomy versus 
fi ve cycles of adjuvant MVAC. NCT was better 
tolerated, and 97 % of patients completed at least 
two cycles of chemotherapy as compared to only 
77 % in the adjuvant therapy arm, while seven 
patients in the ACT arm had positive margins as 
compared to one patient in the neoadjuvant 
group. However, there were six treatment-related 
deaths in each group and no difference in survival 
between the two treatment arms. Moreover, a ret-
rospective study suggests that a third of patients 
are not candidates for ACT following radical 
cystectomy because of postoperative complica-
tions [ 29 ]. These limited data suggest that NCT is 
probably more feasible than ACT (Table  30.1 ).

30.5       Adjuvant Chemotherapy 

 Radical cystectomy with nerve-sparing tech-
niques has a failure rate as high as 50 % [ 31 – 34 ]. 
While 10–20 % of patients will relapse in the pel-
vis after cystectomy, distant relapse is more com-

mon, suggesting a role for ACT [ 32 ,  35 ,  36 ]. ACT 
does not delay defi nitive therapy in patients with 
chemotherapy-resistant tumors and permits 
selection of high-risk patients for chemotherapy 
[ 32 ,  37 ]. Systemic treatment of micrometastasis 
is delayed, and the ability to assess chemosens-
tivity and thereby prognostic information from 
tumor downstaging is lost [ 38 ]. 

 A retrospective study compared 71 patients 
treated with adjuvant cisplatin, adriamycin and 
cytoxan to stage-matched controls [ 39 ]. This 
nonrandomized study suggested improvement in 
disease-free survival and rates of 2-year survival 
(70 % vs. 37 %;  P  = 0.00012) for high-risk 
patients, but no benefi t for patients with low-risk 
disease [ 32 ,  39 ]. Another prospective study 
examined the same chemotherapy regimen in 91 
patients with PT3-T4a or node-positive bladder 
cancer [ 3 ,  40 ]. There was signifi cant improvement 
in median survival in the ACT arm (4.3 years) 
when compared with the observation arm 
(2.4 years;  P  = 0.0062). Both of these studies 
were limited by low statistical power due to the 
small sample size. 

 A large retrospective study analyzed a cohort 
of 3,947 post-cystectomy patients, of whom 932 
had received ACT. ACT was independently asso-
ciated with improved survival (HR 0.83; 
 P  = 0.017), and this benefi t was most pronounced 

   Table 30.1    Phase III trials for NCT in UC   

 Trial 
 No. of 
patients 

 Neoadjuvant 
regimen 

 No. of 
cycles 

 Survival 
benefi t 

 5-year 
OS  OS months 

 % Path 
CR 

 Signifi cance 
for pT0 

 Nordic 
Cystectomy 
Trial 1 [ 8 ] 

 151  Cisplatin, 
doxorubicin 

 2     NO (15 % 
benefi t 
for T3-4a; 
 P  = 0.03) 

 59 %  NR  NR  Yes; combined 
Nordic I and II 

 160  None  NA  51 %  NR  NR 

 Nordic 
Cystectomy 
Trial 2 [ 9 ] 

 155  Cisplatin, 
methotrexate 

 3  No  53 %  NR  26.4  Yes 

 154  None  NA  46 %  NR  11.5 
 SWOG 8710 [ 12 ]  153  MVAC  3  Yes  57 %  77  38  Yes 

 154  None  NA  43 %  46  15 
 BA06 30894 [ 11 ]  491  CMV  3  Yes  49 %  44  32.5  NR 

 485  None  NA  43 %  37  12.3 
 JCOG 0209 [ 30 ]  64  MVAC  2  No  NR  102  34  Yes 

 66  None  0  NR  81  9 

   NA  not applicable;  NR  not reported;  path CR  pathological complete response;  SWOG  Southwest Oncology Group; 
 JCOG  Japanese Clinical Oncology Group  
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for higher risk groups [ 41 ]. A number of other 
trials failed to show a similar survival advantage 
for ACT. A retrospective review of 129 patients 
treated with GC or MVAC in the adjuvant setting 
within a group of 958 patients treated with radi-
cal cystectomy did not suggest any benefi t of 
ACT [ 42 ]. 

 Several large randomized clinical trials have 
closed prematurely owing to poor accrual. A pro-
spective multicenter randomized phase III study 
by the Italian group closed after accruing only 
194 of the planned 610 patients over a nearly 
6-year period [ 43 ]. Ninety-two patients were ran-
domized to the control arm of deferred chemo-
therapy at the time of relapse, and 102 were 
randomized to four cycles of GC-based chemo-
therapy. Only 62 % of patients completed planned 
chemotherapy, suggesting diffi culty in adminis-
tering chemotherapy in the post-surgical setting. 
At a median follow-up of 35 months, there was 
no difference in 5-year OS (53.7 % and 43.4 %, 
 P  = 0.24, HR 1.29, 95 % CI 0.84–1.99) or 5-year 
disease-free survival (42.3 % and 37.2 %, 
 P  = 0.70) in the control and ACT arms. 

 The Spanish Oncology Genitourinary Group 
(SOGUG) compared a triplet chemotherapy 
combination of cisplatin, gemcitabine and pacli-
taxel to observation in high-risk patients with 
pT3-4 and or pN + disease post cystectomy in a 
randomized phase III trial (99/01). The trial was 
closed prematurely because of poor accrual, and 
the results were presented in abstract form at the 
American Society of Clinical Oncology annual 
meeting. The study enrolled 142 of the planned 
340 patients over 7 years (74 patients randomized 
to chemotherapy and 68 to observation). In the 
chemotherapy arm, 76 % of patients completed 
all four cycles of planned chemotherapy, and 
41 % had grade III/IV neutropenia, 8 % had 
febrile neutropenia, and there was one death with 
sepsis. At a median follow-up of 30 months, 
median OS was not reached in the chemotherapy 
arm and was 26 months in the observation arm 
(HR: 0.44;  P  < 0.0009). The 5-year OS was 60 % 
in the chemotherapy arm as compared to 31 % in 
the control group. In an intent-to-treat analysis, 
PFS (HR 0.38;  P  < 0.0001), TTP (HR 0.36; 
 P  < 0.0001) and disease-specifi c survival (HR 

0.37;  P  < 0.0002) all favored the chemotherapy 
treatment arm [ 44 ]. 

 The EORTC conducted a randomized phase III 
trial (protocol 30994) comparing immediate ver-
sus deferred chemotherapy after radical cystec-
tomy in patients with pT3-pT4 and/or N + M0 
transitional cell carcinoma (TCC) of the bladder, 
which closed after accruing 284 of the planned 
660 patients [ 45 ]. Chemotherapy either in the adju-
vant setting or at the time of relapse could include 
one of three approved regimens of MVAC, high-
dose MVAC and GC. CALGB also compared a 
sequential chemotherapy regimen of gemcitabine 
and doxorubicin followed by paclitaxel and cispla-
tin with cisplatin and gemcitabine, which similarly 
closed because of poor accrual [ 46 ]. 

 There are very few randomized clinical trials 
to guide ACT in high-risk patients with bladder 
cancer. The ABC meta-analysis collaboration 
conducted a review and meta-analysis of all 
available randomized clinical trials until 
September 2004 and identifi ed 6 RCTs random-
izing 491 patients to cisplatin-based chemother-
apy [ 47 ]. While there was a 25 % reduction in 
mortality in favor of chemotherapy (95 % CI 
0.60–0.69,  P  = 0.019) and absolute improvement 
in survival of 9 % (95 % CI 1–16 %) at 3 years, 
the study clearly had limited power, and the 
authors admitted insuffi cient evidence to recom-
mend adjuvant chemotherapy routinely.  

30.6     Adjuvant Chemotherapy 
and Controversies 

 Almost all published randomized controlled tri-
als (RCTs) have compared ACT after cystectomy 
with cystectomy alone, have struggled with pre-
mature closures and lack the statistical power to 
make any defi nitive recommendations [ 48 – 56 ]. 
A benefi t of chemotherapy in the setting of meta-
static bladder cancer and in the neoadjuvant 
setting suggests a benefi t for adjuvant therapy, 
contributing to diffi culty in enrolling for ran-
domized trials. Unlike NCT, ACT lacks level 1 
evidence in the form of randomized clinical trials 
and yet it is more widely administered in routine 
practice [ 27 ]. 
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 The EORTC has completed a phase III trial 
(EORTC 30994) comparing ACT post cystectomy 
(one of three regimens: MVAC, dose- escalated 
MVAC, GC) versus intervention at disease recur-
rence in patients with pT3-4 and/or node-positive 
disease. Results are awaited for this and other 
recent randomized studies to provide guidance for 
the use of chemotherapy in this setting. 

 Patients who have > pT2 and or N1 disease at 
cystectomy despite receiving NCT have a very 
high risk of recurrent disease [ 4 ]. These patients 
should be enrolled in clinical trials whenever 
possible as there are no evidence-based recom-
mendations. Non-cross-resistant chemotherapy 
should be considered when patients are eligible 
and are at high risk of recurrent disease.  

30.7     Chemotherapy 
for Metastatic Disease 

30.7.1    First-Line Chemotherapy 

 Locally advanced bladder cancer has a very high 
rate of failure locally and systemically within 2 
years after curative cystectomy with or without 
perioperative chemotherapy [ 12 ,  22 ,  47 ]. In the 
absence of systemic treatment, this disease is 
progressive and universally fatal with only 30 % 
of patients living to 1 year beyond the fi rst year 
despite local therapies including surgery and 
radiation therapy [ 57 ]. Systematic phase II stud-
ies in the late 1970s already established cisplatin, 
methotrexate, vinblastine and adriamycin as 
active agents. Furthermore, two-drug combina-
tions appeared to be more active than single 
agents, suggesting a role for poly-chemotherapy 
regimens with all four of the known active agents. 

 As a logical next step, all of the four active 
agents were studied together (MVAC: metho-
trexate, vinblastine, adriamycin and cisplatin) 
at Memorial Sloan-Kettering Cancer Center 
(MSKCC), and preliminary fi ndings were pub-
lished in 1985 [ 58 ]. In this 25-patient study, sig-
nifi cant clinical response was noted in 17 patients 
with 12 complete clinical remissions. A follow-
 up to this study with additional patients (133 
patients with advanced bladder cancer) continued 

to show a similar impressive clinical response: 
72 % clinical RR and 36 % complete responses 
[ 59 ]. While responses were noted at all of the 
metastatic sites, there was signifi cant toxicity 
with four (3 %) treatment-related deaths. 

 A phase III intergroup study randomized 269 
patients to either single-agent cisplatin or MVAC 
combination in patients with metastatic or locally 
advanced bladder cancer [ 7 ]. The MVAC combi-
nation was clearly demonstrated to be superior to 
single-agent cisplatin in terms of RR (39 % vs. 
12 %), median progression-free survival (PFS) of 
10.0 vs. 4.3 months and median OS of 12.5 vs. 
8.2 months. With long-term follow-up, MVAC 
continued to demonstrate a similar benefi t in sur-
vival ( P  = 0.00015, log-rank test) [ 60 ]. The 
MVAC regimen was associated with signifi cant 
mucositis, myelosuppression and a 3 % treatment- 
related mortality rate similar to the experience 
with MSKCC. 

 A number of subsequent studies compared 
MVAC to other chemotherapy combinations, 
attempted dose intensifi cation to improve effi -
cacy or used prophylactic G-CSF to improve 
safety. A phase I/II study evaluated G-CSF at fi ve 
dose levels (1, 3, 10, 30 and 60 μg/kg/day) in 27 
patients [ 61 ]. A dose-dependent increase in abso-
lute neutrophil count (ANC) was noted at all dose 
levels and was associated with markedly dimin-
ished time with ANC less than 1,000 per microli-
ter, diminished incidence of neutropenic fevers 
and mucositis   , and permitted treatment comple-
tion. Use of G-CSF could permit dose escalation 
as it improved the myelosuppression associated 
with MVAC therapy, but other clinical trials had 
variable results [ 62 – 64 ]. 

 A phase III trial randomized 263 patients with 
advanced bladder cancer to high-dose-intensity 
MVAC (HD-MVAC) administered over 2 weeks 
along with G-CSF to standard MVAC therapy 
[ 65 ]. HD-MVAC was associated with markedly 
improved complete RR (21 % vs. 9 %;  P  = 0.009) 
and PFS ( P  = 0.037; HR = 0.75), but failed to 
show statistically signifi cant improvement in sur-
vival or time to progression. A longer follow-up 
at 7 years suggested improved survival in the 
HD-MVAC arm (24.6 % are alive on the HD-M- 
VAC arm vs. 13.2 % on the M-VAC arm) [ 66 ]. 
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 In a randomized phase III trial, MVAC was 
compared to cisplatin with cyclophosphamide 
and adriamycin (CISCA) [ 67 ]. Compared to 
CISCA, MVAC was associated with increased 
RR (65 % vs. 46 %;  P  < 0.05) and median sur-
vival (48.3 vs. 36.1 weeks). 

Phase I/II studies established activity for 
paclitaxel, docetaxel, gemcitabine and ifosfamide 
either as single agents or in combination with 
platinum in patients with advanced or metastatic. 
Urothelial cancer instead of transitional cell for 
uniformity with previous text carcinoma [ 68 – 72 ]. 
Based on promise in phase II studies for taxanes 
as above, docetaxel with cisplatin was compared 
to MVAC [ 73 ]. All of 220 patients in this study 
received prophylactic G-CSF. MVAC demon-
strated higher effi cacy including RR (54.2 % vs. 
37.4 %;  P  = 0.017), median time to progression 
(9.4 vs. 6.1 months;  P  = 0.003) and median sur-
vival (14.2 vs. 9.3 months;  P  = 0.026). Although 
MVAC was more myelosuppressive than cispla-
tin with taxotere, it was lower than expected with 
MVAC without G-CSF. 

 As a single agent, gemcitabine was very well 
tolerated and revealed RRs up to 23–28 % in vari-
ous phase I and phase II trials with activity even in 
patients previously treated with MVAC [ 72 ,  74 –
 76 ]. Forty-six patients were treated with GC in a 
phase II trial of patients with metastatic bladder 
cancer without previous chemotherapy exposure 
[ 77 ]. GC combination therapy was well tolerated 
and was very promising with a median OS of 
14.3 months, 10 (22 %) CR, 9 (19 %) PR, 41 % 
ORR and stable disease observed in an additional 
18 patients (39 %). Results from this and other 
promising phase II trials led to large phase III trials 
comparing GC with MVAC [ 77 ,  78 ]. Four hundred 
fi ve patients with metastatic bladder cancer and no 
previous therapy were randomized to either GC or 
MVAC every 28 days for a maximum of six cycles 
[ 17 ]. Both the treatment combinations had a simi-
lar median OS (13.8 vs. 14.8 months, HR  1.04   ; 
 P  = 0.75), as well as time to progressive disease 
(7.4 months in both groups, HR  1.05   ) and RR 
(GC, 49 %; MVAC, 46 %). GC had much less 
myelosuppression, resulting in fewer neutropenic 
fevers (2 % vs. 14 %), neutropenic sepsis (1 % vs. 
12 %) and grade 3–4 mucositis (1 % vs. 22 %). GC 

had a favorable safety profi le and similar effi cacy 
at a long-term follow- up, establishing it as a pre-
ferred regimen for patients with newly diagnosed 
metastatic bladder cancer [ 18 ]. 

 Subsequent studies have tried to improve on 
the GC combination with the addition of a third 
active agent. A large intergroup phase III study 
conducted by EORTC randomized 607 patients 
to GC with or without paclitaxel [ 79 ]. The addi-
tion of paclitaxel improved the ORR (55.5 % vs. 
43.6 %), but failed to make a statistically signifi -
cant improvement in survival (15.8 months vs. 
12.7 months; HR = 0.85,  P  = 0.075) and had more 
febrile neutropenia (13.2 % vs. 4.3 %). Thus, this 
trial failed to make a case for the three-drug com-
bination of cisplatin, gemcitabine and paclitaxel. 

 Cisplatin use is often challenging and substi-
tuted by carboplatin in patients with metastatic 
disease owing to inadequate renal function, poor 
performance status, marked neuropathy, ototox-
icity and comorbidities. Indeed, the majority of 
patients with metastatic UC are not receiving 
cisplatin-based chemotherapy as suggested in a 
large retrospective analysis [ 80 ]. Several rela-
tively small trials have assessed carboplatin- 
based regimens in cisplatin-ineligible patients. 
A carboplatin-based regimen was noted to be fea-
sible in patients with inadequate renal function or 
other comorbidities, limiting cisplatin use with 
an overall RR of 45–63 % [ 81 – 86 ]. A phase II/III 
EORTC carboplatin-gemcitabine feasibility study 
in “unfi t” patients with advanced bladder cancer 
determined that carboplatin AUC of 4.5 was 
better tolerated with less severe hematological 
toxicities, and the combination with gemcitabine 
had an overall response of 44 % and was similar 
in effi cacy to the combination of carboplatin with 
methotrexate and vinblastine and appeared less 
toxic [ 81 ]. Based on the promising single activity 
of paclitaxel in bladder cancer and extensive 
experience in cancers of the lung and ovary for 
the combination of carboplatin with paclitaxel, 
this combination was studied in phase II clinical 
trials in patients deemed ineligible for cisplatin 
therapy [ 87 ,  88 ]. In phase I/II trials carboplatin 
with paclitaxel was well tolerated with primarily 
neuropathy as the non-hematologic toxicity and 
an overall RR of approximately 50 %. 
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 A phase II study randomized 57 patients to 
cisplatin or carboplatin with methotrexate, vin-
blastine and epirubicin    treatment. While the 
carboplatin- based regimen was well tolerated with 
lower gastrointestinal, renal, neurologic and oto-
logic toxicities, it appeared less effective with a 
clinical RR of 41 % compared to 71 % in the cis-
platin arm [ 89 ]. Another phase II study compared 
cisplatin or carboplatin with gemcitabine and had 
similar toxicity for both agents, but median sur-
vival was 12.8 months for the cisplatin arm and 
9.8 months for the carboplatin arm [ 90 ]. Standard 
MVAC was compared to carboplatin with pacli-
taxel in a phase III study, which failed to meet its 
accrual goal. For the 85 randomized patients, the 
RR and OS were similar for both arms, although 
numerically favoring the MVAC arm. The MVAC 
arm had predictably higher toxicity as compared 
to carboplatin with paclitaxel [ 91 ]. Phase II trials 
suggest that fractionated weekly GC may be fea-
sible and more active than carboplatin-based regi-
mens in patients with renal dysfunction [ 92 ].  

30.7.2    Second-Line Chemotherapy 

 Multiple single agents such as taxanes [pacli-
taxel, docetaxel, nano-albumin-bound paclitaxel 
(nab-paclitaxel), gemcitabine, pemetrexed, oxali-
platin and irinotecan] have demonstrated limited 
activity in the second-line setting, with RRs of 
0–28 %, median progression-free survival (PFS) 

of 2–4 months and a median OS of 6–9 months as 
listed in Table  30.2  [ 93 – 105 ]. Prognostic factors 
appear similar to those in the fi rst-line setting and 
include performance status, liver metastasis, ane-
mia and time from prior chemotherapy [ 106 , 
 107 ] (Table  30.2 ).

   Taxanes have been studied as maintenance 
after GC or at the time of progression as a single 
agent or a combination. Weekly paclitaxel and 
docetaxel every 3 weeks as a single agent had 
limited activity with RRs of 10 and 13 % in two 
separate phase II trials [ 70 ,  108 ]. An open-label 
phase II study of nab-paclitaxel in the second- 
line setting after progression on or after a 
cisplatin- based regimen within a year in patients 
with metastatic bladder cancer was conducted at 
fi ve centers in Canada [ 104 ]. Nab-paclitaxel was 
well tolerated and led to 1 CR, 12 PRs and 10 
stable diseases from 47 evaluable patients result-
ing in an ORR of 27.7 % (95 % CI 17.3–44.4) 
and disease control rate (CR plus PR plus SD of 
>4 months) of 49 % (95 % CI 36.1–63.9). Median 
PFS of 6 months and OS of 10.8 months were 
noted in this study. Fifteen of 47 patients had not 
received chemotherapy for metastatic disease and 
had progressed on perioperative chemotherapy 
within the preceding year, and patient selection 
bias in phase II trials might possibly contribute to 
this signifi cant activity. 

 Pemetrexed, a multitargeted antifolate agent, 
appeared promising in the Hoosier Oncology 
Group study with a promising RR of 28 % and 

    Table 30.2    Single-agent phase II trials of second-line therapy for metastatic bladder cancer   

 Chemotherapy  Sample size  RR (%)  PFS (months)  OS (months) 

 Weekly paclitaxel [ 108 ]  31  10  2.2  7.2 
 Docetaxe l [ 70 ]  30  13  –  9.0 
 Nab-paclitaxel [ 104 ]  47  27.7  6.0  10.8 
 Pemetrexed [ 109 ]  47  27.7  2.9  9.6 
 Pemetrexed [ 110 ]  12  8  –  – 
 Vinfl unine [ 95 ]  51  18  3.0  6.6 
 Vinfl unine [ 98 ]  151  14.6  2.8  8.2 
 Irinotecan [ 93 ]  40  5  2.1  5.4 
 Ixabepilone [ 111 ]  42  11.9  2.7  8 
 Bortezomib [ 112 ]  25  0  1.4  5.7 
 Oxaliplatin [ 113 ]  18  6  1.5  7 
 Ifosfamide [ 69 ]  56  20  2.4  5.5 
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median OS of 9.6 months [ 109 ]. However, 
another phase II study did not confi rm this activ-
ity and had poor activity, again likely due to 
patient selection bias with differing risk charac-
teristics [ 110 ]. 

 Based on promising results in phase II studies, 
vinfl unine was studied in a randomized phase III 
trial that accrued 370 patients and compared vin-
fl unine plus best supportive care (BSC) to BSC 
alone as second-line therapy [ 98 ,  100 ]. This trial 
permitted patients progressing after frontline 
platinum-containing chemotherapy for meta-
static disease only. While an extension of sur-
vival, the primary endpoint, was not demonstrated 
with vinfl unine compared to placebo by an 
intention- to-treat analysis (6.9 vs. 4.6 months, 
 P  = 0.287), there was a statistical improvement in 
RR (8.6 vs. 0 %) and median PFS (3.0 vs. 
1.5 months). Multivariate Cox analysis adjusting 
for front-line prognostic factors showed a statisti-
cally signifi cant extension of OS with vinfl unine 
( P  = 0.036), reducing the risk of death by 23 %. 
Moreover, in the eligible population ( n  = 357), the 
median OS was signifi cantly longer for vinfl -
unine + BSC compared to BSC (6.9 vs. 
4.3 months,  P  = 0.04). Based on this study, vinfl -
unine has been approved by the European 
Medicine Agency (EMEA). Nevertheless, the 
activity of vinfl unine is modest and appears simi-
lar to the activity of other agents that have been 
evaluated in smaller phase II trials, e.g., taxanes 
and pemetrexed. 

 Tyrosine kinase inhibitors, sunitinib, sorafenib 
and gefi tinib, had poor activity as single agents in 
phase II trials [ 96 ,  114 ,  115 ]. Pazopanib had a 
modest activity in a phase II study with 7 partial 
responses (17.1 %) of 41 patients [ 105 ]. 

 Multiple chemotherapy combinations have 
been studied in phase II trials with RRs higher than 
single agents in the second-line setting. Gemcitabine 
with paclitaxel has been investigated in several 
phase II trials with RRs ranging from 44 to 60 % 
[ 97 ,  116 ,  117 ]. Every-3-week dosing appeared 
more effective as compared to biweekly dosing in a 
small, randomized phase II study [ 117 ]. 

Thirty patients with metastatic bladder cancer 
after progression on GC were treated with MVAC 
in a small phase II study to evaluate the safety 

and effi cacy. Patients with adequate organ func-
tion and performance status were treated with the 
MVAC regimen after confi rmation of disease 
relapse or progression on or after GC [ 118 ]. The 
median treatment-free interval before initiating 
MVAC was 2.5 months (range: 0.5–20.4), and 
patients received a median of three cycles of the 
M-VAC regimen (range: 1–12). In this relatively 
small Korean study, the authors reported that 
MVAC in the second-line setting was well toler-
ated and led to CR in two patients, PR in seven 
patients and stable disease in an additional six 
patients with an overall disease control rate of 
50 %. Re-administration of the same fi rst-line 
chemotherapy regimen is often utilized in the set-
ting of durable response of typically more than a 
year, although there are limited data supporting 
this strategy [ 119 ].   

30.8    Chemoradiation 

 Radiotherapy alone has poor outcomes for defi ni-
tive treatment in patients with MIBC and appears 
inferior to surgery despite the lack of randomized 
clinical trials [ 120 – 122 ]. 

 Subsequent strategies to improve the effec-
tiveness of radiation therapy and permit bladder 
preservation have focused on multimodality 
therapies, which include maximal transurethral 
resection of the bladder tumor, chemotherapy 
administered concurrent to radiation and periop-
eratively as a neoadjuvant or adjuvant to 
chemoradiation. 

 From 1981 to 1986 the National Bladder 
Cancer Group enrolled 70 patients with MIBC, 
unfi t for surgery, to a protocol of chemoradiation 
with cisplatin as a radiation sensitizer and found it 
safe and effective with a very promising 70 % 
complete RR [ 123 ]. From 1985 to 2001, the 
RTOG has enrolled 415 patients in 6 phase I/II 
chemoradiation trials with T2-4A MIBC and fi t 
for cystectomy with a primary objective of maxi-
mizing cure rates and secondary objective of blad-
der preservation [ 124 ]. In the RTOG-0233 
randomized phase 2 trial, 97 patients with T2-4a 
transitional cell carcinoma of the bladder were 
enrolled to receive paclitaxel plus cisplatin or 
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fl uorouracil plus cisplatin with twice-daily radiation 
[ 125 ]. In this trial, cisplatin-based chemoradio-
therapy, combined with either paclitaxel or fl uoro-
uracil, frequently induced complete responses 
with bladder-intact survival and OS, but both regi-
mens were accompanied by adverse effects, and 
only about half of the patients were able to com-
plete the entire regimen including ACT. 

 All of these trials incorporated maximal trans-
urethral resection of the bladder tumor followed 
by chemoradiation therapy with a planned cys-
tectomy in patients who failed to achieve com-
plete response with cystoscopy after 40 Gy of 
radiation therapy. Those with complete response 
at cystoscopy receive additional consolidation 
chemoradiation therapy. These six trials have 
explored perioperative chemotherapy (none, cis-
platin with methotrexate and vinblastine, GC), a 
radiation sensitizer regimen (cisplatin alone or 
combined with 5-FU, paclitaxel) and a radiation 
schedule (single vs. twice daily fractionation). 
Complete RR in these RTOG trials after initial 
therapy has ranged from 59 to 81 % and 5-year 
OS 49–56 %, as detailed in Table  30.3 .

   RTOG 89-03 is the only phase III study from 
the above six trials that evaluated two cycles of 
neoadjuvant CMV before concurrent cisplatin 
with radiation therapy. No improvement in 5-year 
survival was observed in this study, and the trial 
was prematurely closed because of excessive tox-
icities including neutropenia, sepsis and 
treatment- related deaths [ 128 ]. 

 All of the above RTOG trials utilized cisplatin as 
the radiation sensitizer, which is often very diffi cult 
to administer, especially in patients with bladder 

cancer, because of inadequate renal function and 
poor performance status. A phase III clinical trial 
   compared a noncisplatin-based synchronous che-
motherapy regimen of fl uorouracil and mitomycin 
C to radiation therapy alone based on previous 
phase I and II experiences [ 132 ,  133 ]. Radiotherapy 
was delivered at either 55 Gy in 20 fractions over 
a 4-week period or 64-Gy in 32 fractions over 
6.5 weeks. Unlike the RTOG protocols, there was 
no break in radiation therapy for evaluation of 
response to determine continuation consolidation 
treatment versus cystectomy. Locoregional disease- 
free survival at 2 years was signifi cantly better in the 
chemoradiotherapy group compared to the radio-
therapy group (67 % vs. 54 %, HR 0.68,  P  = 0.03). 
Survival at 5 years, although numerically improved 
with chemoradiation, was not statistically signifi -
cant (48 % vs. 35 %, HR 0.82,  P  = 0.16). This study 
offers an alternative chemotherapy regimen for 
patients with renal insuffi ciency or other contraindi-
cations to cisplatin use. 

 There has been no randomized clinical trial 
comparing bladder preservation strategies with 
cystectomy. Cystectomy remains the gold stan-
dard for now with concerns about the effi cacy 
with bladder preservation protocols. The function 
of the preserved bladder is often poor after an 
aggressive multimodality bladder preservation 
strategy, although this is being refuted by a 
single- institution experience, which noted pre-
served bladder function as measured by urody-
namic monitoring in 75 % of patients [ 134 ,  135 ]. 
In this analysis of patients treated on primarily 
RTOG and a few on local protocols, 29 % of 
patients needed cystectomy (17 % immediately 

   Table 30.3    Phase I/II chemoradiation trials conducted by the Radiation Therapy Oncology Group (RTOG)   

 RTOG protocol 
 Perioperative 
chemotherapy  Radiation sensitizer  No. of patients 

 5-year 
survival (%) 

 CR (%) 
post-chemoradiation 

 85-12 [ 126 ]  None  Cisplatin  42  NA  66 
 88-02 [ 127 ]  CMV (NCT)  Cisplatin  91  51  75 
 89-03 [ 128 ]  CMV (NCT) or none  Cisplatin  123  49  59 
 95-06 [ 129 ]  None  Cisplatin, 5-FU  34  NA  67 
 97-06 [ 130 ]  CMV (ACT)  Cisplatin  52  NA  74 
 99-06 [ 131 ]  CG (ACT)  Cisplatin, paclitaxel  80  56  81 

   CMV  Cisplatin, methotrexate and vinblastine;  NCT  neoadjuvant chemotherapy;  ACT  adjuvant chemotherapy;  NA  not 
available  
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after failure to achieve CR and 12 % salvage for 
recurrent disease noted during surveillance). 
Similarly, follow-up of patients from four of the 
RTOG trials revealed only 7 % late pelvic toxic-
ity (5.7 % experiencing genitourinary symptoms 
of urinary urgency/frequency and 1.9 % with gas-
trointestinal toxicity) [ 136 ].  

30.9     Chemoradiation 
and Controversies 

 Chemoradiation has never been compared to 
cystectomy, which remains the gold standard in 
the management of patients with MIBC. 
Chemoradiation is an alternative for patients who 
are unwilling to undergo cystectomy or are medi-
cally unfi t. There is no chemotherapy regimen 
used synchronously with radiation that has been 
established to be superior, and cisplatin as a sin-
gle agent remains the most widely studied. 

 Chemotherapy preceding (neoadjuvant) or 
following (adjuvant) radiation therapy has not 
been adequately studied. Neoadjuvant CMV is 
poorly tolerated and does not show a survival 
benefi t. A benefi t from NCT preceding cystec-
tomy cannot be extrapolated for radiation ther-
apy, and newer combinations need to be tested 
prospectively.  

30.10    Conclusion 

 UC is a chemosensitive malignancy, and cisplatin- 
based combination chemotherapy has been estab-
lished as a standard for metastatic disease and as 
neoadjuvant therapy. However, increments in 
advances are necessary and may be attainable by 
combinations of chemotherapy with biologic 
agents. GC has become the preferred platform for 
such combinations, as exemplifi ed by an ongoing 
phase III Intergroup US trial comparing GC com-
bined with either placebo or bevacizumab. 
Eribulin mesylate is undergoing evaluation in a 
randomized phase II trial in combination with 
GC. Despite the absence of defi nitive trials estab-
lishing the role of ACT, the body of data from 
different trials suggests that ACT is reasonable in 

those with muscle-invasive high- risk, extravesical 
or node-positive disease following radical cys-
tectomy if the performance status and renal 
function allow it. In conjunction with the devel-
opment of chemobiologic combinations, other 
chemotherapeutics are undergoing further devel-
opment, e.g., nab-paclitaxel will be compared 
with docetaxel in the second-line setting. The 
development of predictive biomarkers for the 
effi cacy of chemotherapy needs a special focus 
going forward.     
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      Abbreviations 

   AC    Adjuvant chemotherapy   
  CR    Complete response   
  ECOG    Eastern Cooperative Oncology Group   
  GC    Gemcitabine cisplatin   
  MIBC    Muscle-invasive bladder cancer   
  M-VAC    Methotrexate vinblastine, adriamy-

cin, cisplatin   
  NAC    Neoadjuvant chemotherapy   
  PS    Performance status   
  RC    Radical cystectomy   
  TURBT    Transurethral resection of the bladder   

31.1          Introduction 

31.1.1    Clinical Scenario 

 A 72-year-old male presented with a history of 
intermittent painless gross hematuria. His past 
medical history was signifi cant for benign pros-

tatic hypertrophy and his surgical history was 
unremarkable. He had a 19-year history of tobacco 
smoking and stopped 40 years ago. His Eastern 
Cooperative Oncology Group (ECOG) perfor-
mance status was 0. Initial work-up involved a CT 
scan of the abdomen and pelvis that revealed an 
8 cm intravesical mass extending along the lateral 
aspects of the bladder bilaterally as well as peri-
vesical stranding concerning for extravesical 
tumor extension (Fig.  31.1 ). There was no evi-
dence of hydronephrosis or lymphadenopathy. 
The patient’s laboratory analysis was unremark-
able and his renal function was stable with a 
serum Cr of 0.7 mg/dL. On bimanual exam, the 
bladder and prostate were mobile. A cystoscopy 
and transurethral resection of the bladder 
(TURBT) was performed which revealed a sig-
nifi cant tumor burden involving up to 80 % of his 
bladder. The fi nal pathology demonstrated high-
grade papillary urothelial carcinoma invading 
muscularis propria (clinical stage T2).

31.1.2        Considerations 
for Neoadjuvant 
Chemotherapy 

 The decision to proceed directly to radical cys-
tectomy (RC) versus neoadjuvant chemotherapy 
(NAC) followed by RC is based on multiple fac-
tors. The ICUD-EAU 2012 recommendations on 
bladder cancer support the use of NAC prior to 
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RC with approximately a 5 % overall survival 
advantage as compared to RC alone [ 1 ].    
Furthermore, level I evidence from the Southwest 
Oncology Group 8710 trial (SWOG 8710) 
 supports good pT0 response rates (38 % vs. 15 %, 
 P  < 0.001) and a trend toward longer median sur-
vival (77 vs. 46 months,  P  = 0.06) for patients 
undergoing neoadjuvant chemotherapy with 
M-VAC (methotrexate, vinblastine, adriamycin, 
and cisplatin) plus surgery compared to surgery 
alone (2). Despite the evidence in support of its 
usage, observational data demonstrate that it is 
still only administered to less than one-third of 
patients undergoing RC in the U.S. [ 2 ]. However, 
there are a variety of barriers that exist including 
surgeon bias, patient acceptance as well as a mul-
titude of practical limitations and patient factors 
that may limit this recommendation despite the 
potential for survival advantage. 

 Patient factors are critical in the decision mak-
ing for consideration of NAC. The patient’s perfor-
mance status (PS) should be considered as one of 
the main deciding factors whether or not to pro-
ceed with NAC. Those patients with “fair” to 
“poor” PS will most likely not tolerate NAC. The 
exception to this would be the patient whose poor 
performance status was directly related to their 
cancer symptoms. Reported adverse events with 
cisplatin-based chemotherapy include: hemato-
logic (neutropenia, anemia, thrombocytopenia), 
gastrointestinal (nausea, vomiting, diarrhea), 
nephrotoxicity, neuropathy, and fatigue [ 3 ]. 

Though the majority of these are typically moderate 
(grade 3) adverse events, patients with poor PS 
who experience such toxicity are unlikely to com-
plete treatment and may potentially experience 
undesired surgical delay or ultimately progress to 
the point that they are no longer surgical candi-
dates. In our experience, based on the current clin-
ical scenario, this patient’s excellent PS makes 
him a good candidate for consideration of NAC. 

 Gemcitabine and Cisplatinum (GC) is a che-
motherapeutic regimen that is commonly used at 
our institution in the neoadjuvant setting. While 
there are no randomized controlled trials compar-
ing GC to M-VAC in the neoadjuvant setting, 
there is evidence to support less toxicity and non- 
inferiority with GC as compared to M-VAC [ 4 ]. 
Results from a large randomized phase III study 
of GC versus M-VAC in metastatic bladder cancer 
demonstrated lower rates of neutropenic fever, 
neutropenic sepsis, and toxic deaths with GC [ 4 ]. 
While the majority of data in support of GC non-
inferiority is derived from retrospective series, 
these studies show pT0 rates of 35 % that is com-
parable to MVAC in the neoadjuvant  setting [ 5 ]. 

 Renal impairment is also a relative contraindi-
cation to full dose cisplatin-based chemotherapy. 
In the setting of impaired renal function, dose 
reduction of the cisplatin or alternative regimens 
such as those containing carboplatin have been 
considered in these situations [ 6 ]. However, 
 caution should be exercised in extrapolating the 
results of cisplatin-based trials to the clinical use 

  Fig. 31.1    CT scan 
demonstrating bulky T2 
bladder cancer at the time 
of initial presentation       
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of carboplatin as there are currently no random-
ized trials demonstrating benefi t in the neoadju-
vant setting. A phase II trial of neoadjuvant 
paclitaxel, carboplatin, and gemcitabine demon-
strated a 32 % complete response rate in patients 
undergoing RC [ 7 ]. However, other phase II stud-
ies comparing cisplatin to carboplatin containing 
regimens have demonstrated lower response rates 
and overall survival leading to concerns of infe-
rior effi cacy [ 8 ]. 

 Prior to offering alternative chemotherapy 
regimens in patients with renal impairment who 
are being considered for NAC, attempts should 
be made to optimize renal function with either 
percutaneous nephrostomy or ureteral stenting if 
obstruction is the source of failure. Then, it is 
recommended that the patient be offered NAC 
utilizing a cisplatin-based regimen once renal 
function improves. Otherwise, in a patient with 
muscle-invasive bladder cancer (MIBC) and 
good PS and non-obstructive renal impairment, 
proceeding directly to RC may be appropriate. 

 Nutritional status should also play a role in 
deciding in whom to offer NAC. It has been dem-
onstrated that nutritional defi ciency is a strong 
predictor of 90-day mortality in patients undergo-
ing RC [ 9 ]. In our experience, patients with nutri-
tional defi ciency defi ned as such as these with 
increased risk of mortality from surgery alone are 
unlikely to achieve benefi t from NAC. Their 
inability to tolerate chemotherapy as well as the 
probability of chemotherapy-induced toxicity 
often precludes them from being considered can-
didates for NAC. In this clinical situation, we rec-
ommend they should be nutritionally optimized 
fi rst and then proceed directly to surgery. 

 In considering NAC, there are certain clinical 
factors that predict more advanced pathology and 
subsequent adverse outcomes. These factors 
include a delay in presentation or treatment beyond 
3 months, clinically locally advanced tumors 
(T3b-T4), presence of hydronephrosis and/or sus-
picion of lymphadenopathy on cross- sectional 
imaging. These features suggest more aggressive 
tumors and are therefore best managed by multi-
modal therapy with chemotherapy up-front fol-
lowed by RC. In addition, the presence of 
lymphovascular invasion on the TURBT specimen 

is suggestive of more aggressive disease and infl u-
ences our decision to proceed with NAC. 

 As a part of our NAC protocol, we    recom-
mend obtain repeat imaging with a CT scan of 
the abdomen and pelvis following completion of 
the fi rst 2 cycles. Any evidence of tumor progres-
sion on imaging is a poor prognostic indicator as 
these patients unlikely to achieve any additional 
response, and in most settings we will abort che-
motherapy and proceed directly to surgery. 
Patients who experience a complete response 
(CR–cT0) on TURBT after chemotherapy should 
still be treated with RC. The rationale for surgery 
is that despite evidence of response, there can 
still be signifi cant discordance between clinical 
and pathological stage. Studies have shown that 
despite 57 % of patients achieving a clinical CR 
following neoadjuvant MVAC, only 30 % actu-
ally had a pathological CR [ 10 ]. 

 Given these considerations and caveats, the 
patient in this clinical scenario has an ECOG PS 
of 0, no renal functional impairment and with 
good nutritional status is an optimal candidate for 
cisplatin-based NAC. He therefore underwent 
three cycles of NAC with GC. He tolerated the 
systemic therapy well with only mild fatigue and 
cold sensitivity. His post-chemotherapy CT scan 
demonstrated marked improvement with respect 
to his primary tumor. There was some residual 
thickening of the bladder wall but no perivesical 
stranding, hydronephrosis or evidence to suggest 
extravesical extension (Fig.  31.2 ). He underwent 
RC 4 weeks following his chemotherapy. Final 
pathology was pT2a, N0, Mx with 19 lymph 
nodes available for analysis. He was discharged 
on postoperative day 7 without complications. 
His 30- and 90-day follow-up visits were unre-
markable overall he has been doing well.

31.1.3        When Would We Consider 
Adjuvant Chemotherapy? 

 We typically reserve adjuvant chemotherapy 
(AC) for those patients who have signifi cant 
symptoms related to the primary tumor that 
necessitate urgent cystectomy but who are then 
found to harbor adverse features on fi nal pathology. 
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For example, if a patient presents with gross 
hematuria or severe lower urinary tract symp-
toms they will often not tolerate NAC and can 
potentially be harmed by treatment-related ane-
mia, infection and possibly sepsis. We would 
therefore proceed directly to RC in order to 
relieve their symptoms and treat their disease. 
Following RC, if the pathology demonstrates 
advanced stage (pT3b or T4) or multiple involved 
lymph nodes we will consider offering AC with 
the hope of eradicating residual micrometastatic 
disease. Again, as is the case with NAC, we 
would consider factors such as performance sta-
tus, nutritional status and clinical comorbidities 
such as renal and cardiac function before offering 
AC. It is important to recognize the fact that 
despite being considered for AC based on 
 pathological features, many RC patients do not 
go on to receive therapy based on a planned 
schedule due to the recovery period and postop-
erative morbidity [ 11 ,  12 ]. 

 Patients who are not considered good candi-
dates for AC are those who have poor PS and are 
nutritionally depleted with multiple comorbidi-
ties and no visible residual disease as they are 
unlikely to gain a signifi cant overall survival ben-
efi t from chemotherapy and can potentially be 
harmed by treatment-related toxicity. We typi-
cally recommend surveillance with bi-annual CT 
imaging and offer chemotherapy for any visible 
evidence of systemic disease recurrence in these 
patients. In contrast, relatively healthy patients 

with adverse fi ndings on fi nal pathology despite 
no visible residual disease may derive a survival 
benefi t from adjuvant chemotherapy. A meta- 
analysis of six randomized trials of AC by the 
Advanced Bladder Cancer  collaboration sug-
gested a survival benefi t for patients in the 
 treatment arms [ 13 ]. There was an absolute 
improvement of 9 % in overall survival and of 
12 % in disease-free survival at 3 years in the AC 
group [ 13 ]. However, a notable limitation to 
interpreting these data is the fact that the majority 
of these trials were individually underpowered 
and precluded any defi nitive recommendation in 
support of AC by the authors based on these stud-
ies. Poor trial accrual refl ects the limited practi-
cality of AC in the clinical setting due to the high 
morbidity of RC and urinary diversion. With 
complication rates of up to 64 % reported by 
high-volume centers and 90-day readmission 
rates of 27 % reported by our institution, imple-
menting adjuvant therapy in this patient popula-
tion is challenging [ 14 ,  15 ].  

31.1.4    Surveillance 

 We routinely perform a 6-month CT scan or MRI 
of the abdomen and pelvis with contrast along 
with a chest X-ray in follow-up for patients who 
undergo NAC and RC. We will continue cross- 
sectional imaging every 6 months for 2 years then 
annually thereafter in patients who are pT2, N0. 

  Fig. 31.2    CT scan 
demonstrating clinical 
response following 3 
cycles of Gemcitabine/
Cisplatin (GC) for T2 
bladder cancer in the same 
patient (see Fig.  31.1 )       
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Due to a high risk of recurrence for patients who 
have persistent lymph node involvement follow-
ing NAC and RC, we recommend close surveil-
lance with repeat cross-sectional imaging every 
3–6 months and referral to medical oncology for 
enrollment in a clinical trial. These patients often 
have a poor outcome with low 5-year overall sur-
vival rates.   

31.2    Conclusion 

 Level 1 evidence supports the use of NAC with 
modest survival advantage over RC alone for 
patients with clinically organ-confi ned muscle- 
invasive urothelial cell carcinoma of the bladder. 
In this patient who presented with bulky 
 non- metastatic cT2 bladder cancer, minimal 
symptoms and good PS, based on available evi-
dence we recommend the use of NAC with three 
cycles of GC followed by RC. We reserve adju-
vant chemotherapy for those patients who are 
markedly symptomatic at presentation thereby 
necessitating urgent local control with RC, as 
well as those with adverse pathological features 
(N+, positive margins, advanced pT stage) in 
whom NAC was not administered.     
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32.1            Introduction 

 For patients with muscle-invasive bladder  cancer, 
the critical diagnostic and therapeutic role of 
lymph node dissection (LND) has been demon-
strated repeatedly [ 1 ]. Studies have shown that 
lymph node count is correlated with patient sur-
vival in both lymph node-positive patients and 
node-negative patients [ 2 – 5 ]. Lymph node status 
is a major driver of patient outcome, and plays a 
key role in defi ning adjuvant therapy. Despite the 
widespread acceptance of the importance of 
LND, the extent of lymph node dissection is a 
subject of great controversy [ 6 ]. Additionally, the 
relevance of lymph node count as a metric of the 
completeness of dissection, the defi nition of a 
quality lymph node dissection, and even the 

proper interpretation of the signifi cance of 
 positive nodes are all areas of controversy [ 7 – 9 ]. 
The goal of this chapter is to summarize the key 
current concepts surrounding the performance of 
lymphadenectomy at the time of radical cystec-
tomy (RC) for bladder cancer.  

32.2     Lymph Node Anatomy 
and Distribution of Nodal 
Metastases 

 To date, there are not yet any available data on 
prospective randomized trials directly comparing 
extended LND to standard LND. Additionally, 
standardized anatomic boundaries for classifying 
lymph node location are lacking. In lieu of pro-
spective evidence, investigators have sought to 
determine appropriate dissection templates based 
on a number of mapping techniques—both 
experimental and descriptive. Given the low but 
real risk of LND-associated complications, these 
efforts have sought to maximize effi ciency and 
minimize morbidity of LND [ 10 ,  11 ]. Therefore, 
the aim of these investigations has been to allow 
maximum sensitivity of LND for identifying and 
removing positive nodes, while minimizing the 
potential for morbidity. 

 In an effort to defi ne the appropriate extent of 
LND in muscle-invasive bladder cancer, several 
groups have performed surgical lymph node 
mapping [ 7 ,  12 – 15 ]. By splitting the en bloc dis-
section into specifi c “packets” at the time of 
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LND, the precise frequency of node-positive 
 disease in various zones has been described. 
Leissner et al. [ 12 ] prospectively evaluated 290 
patients undergoing RC with extended LND for 
muscle- invasive bladder cancer. They defi ned the 
inferior mesenteric artery (IMA) as the upper 
limit of dissection, the genitofemoral nerve as the 
lateral border, and the pelvic fl oor as the caudal 
extent. A total of 81 patients (27 %) had positive 
nodes, and the distribution of positive sites 
ranged from 15.4 % in the obturator region to 
4.0 % in the paracaval region. 

 The Leissner study was the fi rst to classify 
nodal location according to the following levels 
that are now frequently utilized for reporting: 
level I (to common iliac bifurcation), level II (to 
aortic bifurcation), and level III (to IMA, includ-
ing paracaval/para-aortic nodes) (Fig.  32.1 ). 
Importantly, only 20 patients (6.9 %) had positive 
nodes at level II alone and no patients had nodal 
metastases only at level III. Thus, while there 
were some patients who had “skip lesions” to 
level II, there were no patients with skip lesions 
directly to level III lymph nodes. However, if 
only a level I dissection was completed in this 
population, 6.8 % of node-positive patients and 
74.1 % of all positive lymph nodes would have 

been missed. Additionally, even in patients with 
unilateral tumors, a signifi cant number of patients 
had positive nodes on the contralateral side. The 
resultant maps support the concept that a bilateral 
LND incorporating level I and level II lymph 
nodes is necessary for a quality dissection.

   Vazina and colleagues [ 14 ] also performed 
mapping studies on 171 patients with either high- 
risk non-muscle-invasive or muscle-invasive 
bladder cancer. There were 13 patients (7.6 %) 
who received neoadjuvant chemotherapy. 
Consistent with other series, lymph node metas-
tases were found in 43 patients (24 %) at the time 
of RC. Dissection limits were defi ned as in the 
Leissner study, and positive nodes were identi-
fi ed in the true pelvis in 22.7 % (level I), common 
iliacs in 8 % (level II), presacral in 5.1 % and at 
or above the aortic bifurcation in 4 % (level III). 
Tumor stage correlated closely with the proximal 
extent of nodal involvement. 

 Finally, in the largest series to date, Dorin 
et al. [ 7 ] retrospectively mapped nodal spread of 
bladder cancer in 674 patients undergoing RC 
and extended LND at either the University of 
Southern California (USC) or Oregon Health 
Sciences University (OHSU). They identifi ed 
similar rates of lymph node metastases (23 %), 

  Fig. 32.1    Three levels of 
pelvic lymphadenectomy 
are described for bladder 
cancer. Standard lymphad-
enectomy typically 
includes level I lymph 
nodes and may extend over 
the common iliac arteries 
to the ureteroiliac junction. 
Extended dissection 
templates include levels I 
and II and may include 
level III nodes. Courtesy of 
Sia Daneshmand, M.D       
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and again tumor and nodal stages were strongly 
correlated (Fig.  32.2 ). Using the same mapping 
scheme as Leissner and colleagues, they found 
that 41 % of node-positive patients had affected 
nodes above the common iliac bifurcation (level 
II or III), and that 18 % of the total positive nodes 
were above the aortic bifurcation in level III. 
Importantly, 7/151 node-positive patients (4.6 %) 
had positive nodes in level II and/or level III but 
not level I. Furthermore, in contrast to other 
series in which no level III skip lesions were 
seen, one patient was identifi ed with nodal metas-
tases only in level III. These authors concluded 
that an extended LND is supported in light of the 
rate of lymph node metastases outside of the ana-
tomic boundaries of a standard LND.

   While mapping studies are able to defi ne the 
likelihood of fi nding positive nodes in large 
groups of patients, they do not help surgeons 
 personalize treatment for a given patient. The pri-
mary tumor pathologic stage is not available at 
the time of RC, and therefore the probability of 
an individual patient harboring nodal metastases 
is very diffi cult to predict in the setting of clini-
cally negative nodes. Additionally, the exact 
basin of nodes most likely to be affected in any 
single individual is unknown. As a result, many 
researchers have investigated whether sentinel 
lymph node dissections in bladder cancer can 

identify the key lymph node or nodal region that 
serves as the initial drainage site for the primary 
tumor [ 16 ]. This concept of identifying a sentinel 
lymph node has been widely applied in mela-
noma, penile, and breast cancer; however, it has 
had only an experimental role in bladder cancer 
to date. Identifying a sentinel node is attractive as 
a way to help individualize the extent of LND as 
well as to identify occult micrometastases in sen-
tinel nodes, thus offering additional prognostic 
information. 

 The fi rst sentinel lymph node studies used 
peri-tumoral blue dye as well as radioactive 
tracer injection in the peri-tumoral region [ 16 , 
 17 ]. In these studies, lymphoscintigraphy was 
performed preoperatively. Sentinel nodes were 
identifi ed intraoperatively by blue dye and intra- 
and postoperatively with a gamma probe. In both 
studies, 85 % of patients were found to have an 
identifi able sentinel node. However, there were 
several technical problems with this process that 
have prevented broader uptake of this concept. 
Preoperative lymphoscintigraphy was compli-
cated by interference from the bladder injection 
sites, and no “blue” sentinel node was seen in 
many patients. Yet, in both studies, the false- 
negative rate was fairly low (0 and 19 %). 

 Newer techniques have sought to overcome 
some of the early technical problems with sentinel 

  Fig. 32.2    Distribution of 
patients with positive 
lymph nodes in each 
location among 151 lymph 
node-positive patients 
reported by Dorin et al. 
(adapted with permission 
from authors) [ 7 ]. The 
number of patients with 
positive lymph nodes at 
each level is shown beside 
the number of patients with 
positive lymph nodes in 
each nodal packet. 
Courtesy of Sia 
Daneshmand, M.D       
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node identifi cation. In a small study of six patients, 
single-photon emission computed tomography 
(SPECT-CT) combined with transurethral peritu-
moral injection was more accurate at identifying 
both positive and negative sentinel nodes than pla-
nar scintigraphy, blue dye, or intraoperative gamma 
detection. Remarkably, using SPECT-CT, all meta-
static sentinel nodes were detected (0 % false-neg-
ative rate). One of the key fi ndings from this study 
was the presence of multiple sentinel nodes, includ-
ing bilateral sentinel nodes, in several of these 
patients. Thus, this study again implies that the 
drainage pattern of the bladder is highly variable, 
and bilateral dissection is required to accurately 
stage and treat patients undergoing RC. 

 Another important report combined the 
SPECT-CT technique with intraoperative gamma 
probe to “map” the lymphatic drainage of the blad-
der [ 18 ]. Rather than looking for the specifi c drain-
age of a given tumor, the authors sought to defi ne 
if different areas of the bladder consistently drain 
via a predictable path. In this study, 60 patients 
underwent injection of technetium Tc 99 m nano-
colloid into six predefi ned non-tumor- bearing 
areas of the bladder. Subsequent extended LND 
was performed, and a mean number of 24 lymph 
nodes draining the bladder were found per patient. 
The authors found a mean of four radioactive 
lymph nodes per injection site, and nodes from 
every one of the six evaluated regions of the blad-
der were seen draining to each area of the LND 
template. These authors found that 92 % of the 
radioactive nodes were located distal to the ure-
tero-iliac junction, in the fi eld of a standard 
LND. Interestingly, 4 % of nodes were found in 
the fossa of Marcille (dorsolateral to external iliac 
vessels), and 26 % were found in the internal iliac 
distribution. Based on this mapping study, the 
authors recommended a thorough LND to include 
all regions up to at least the uretero-iliac junction.  

32.3     Nodal Staging for Bladder 
Cancer 

 Pathologic staging of bladder cancer is done 
based on evaluation of the cystectomy specimen 
and the regional lymph nodes, and the primary 
staging system is the joint International Union 

Against Cancer (UICC) and the American Joint 
Committee on Cancer (AJCC) system. The 2010 
UICC-AJCC staging system (7th edition) is given 
in Table  32.1 , and has been modifi ed from the 
prior 2002 staging system [ 19 ]. In particular, the 
classifi cation of regional lymph node disease in 
the 2010 system has been altered from the previ-
ous version and no longer relies on size of lymph 
node involvement. Patients with N1 disease are 
those with a single positive node in the primary 
drainage regions of the bladder—the hypogastric, 
obturator, internal iliac, external iliac, perivesi-
cal, sacral, and presacral lymph nodes. Patients 
with multiple positive nodes in the primary drain-
age regions are classifi ed as having N2 disease. 

   Table 32.1    TNM staging system for bladder cancer   

 Primary tumor (T) 

 TX  Primary tumor not assessed 
 T0  No evidence of primary tumor 
 Ta  Superfi cial, non-invasive papillary tumor 
 Tis  Carcinoma in situ 
 T1  Tumor invading into lamina propria 
 T2  Tumor invading into muscularis propria 
 pT2a  Tumor invading superfi cial muscularis propria 
 pT2b  Tumor invading deep muscularis propria 
 T3  Tumor invading perivesical fat 
 pT3a  Microscopic exravesical disease 
 pT3b  Gross extravesical disease 
 T4  Invasion into: prostatic stroma, seminal vesicle, 

uterus, vagina, pelvic sidewall, or abdominal wall 
 T4a  Prostatic stromal invasion (men) or uterus/vaginal 

invasion (women) 
 T4b  Invasion into pelvic sidewall or abdominal wall 
 Regional lymph nodes (N) 
 NX  Lymph nodes not assessed 
 N0  No lymph node disease 
 N1  Single positive lymph node in one of the 

following locations: hypogastric, obturator, 
external iliac or presacral regions 

 N2  Multiple positive lymph nodes in the hypogastric, 
obturator, external iliac or presacral regions 

 N3  Common iliac lymph node metastasis 
 Distant metastasis (M) 
 M0  No distant metastasis 
 M1  Distant metastasis 

  Adapted from Compton C, Byrd D, Garcia-Aguilar J, 
et al.: Urinary Bladder, in Compton CC, Byrd DR, Garcia- 
Aguilar J, Kurtzman SH, Olawaiye A and Washington 
MK: AJCC Cancer Staging Atlas ,  Springer New York ,  
2012, pp 575–582  
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The common iliac lymph nodes are considered 
secondary drainage regions in the current staging 
system, and tumors involving these lymph nodes 
are classifi ed as N3. Laterality is not a factor in 
lymph node staging. Patients with disease beyond 
the regional lymph nodes, such as lung, bone, or 
retroperitoneal lymph nodes, are classifi ed as 
stage M1. Patients are considered Nx or Mx if the 
status of their lymph nodes or distant sites has not 
been determined.

32.4        Measures of Lymph Node 
Dissection Quality 

 In light of the controversy regarding the extent of 
LND, there is a need for reproducible metrics 
that can be utilized to evaluate and compare 
 dissection adequacy. Lymph node count during 
pathologic examination is far and away the 
mostly commonly utilized measure, and numer-
ous studies have shown an association between 
higher node counts and improved survival after 
RC [ 3 ,  20 – 25 ]. This association has remained 
even after controlling for pathologic lymph node 
stage. Building upon this, various lymph node 
count cutoffs ranging from 10 to 16 have been 
proposed as minimum standards for lymph node 
dissection adequacy [ 3 ,  20 – 23 ]. While minimum 
node count standards are convenient and easy to 
interpret, it has been demonstrated that there may 
be a linear relationship between node count and 
survival, suggesting that a binary standard may 
not be appropriate or even feasible [ 26 ]. 
Moreover, there may be signifi cant limitations in 
the interpretation of many of these studies due to 
retrospective analysis and confounding by indi-
cation. Specifi cally, LND extent may be impacted 
by patient and/or provider factors that are diffi -
cult to account for even with advanced statistical 
modeling, and these may create a selection 
bias that implies an association between node 
count and survival whether or not one truly 
exists [ 27 ]. 

 Further complicating the utilization of node 
count as a measure of lymphadenectomy quality 
is the signifi cant variability that exists in the 
pathologic quantifi cation of lymph nodes in a 
specimen. The number of nodes counted in a 

specimen has been shown to differ based upon 
pathologic processing measures, the number of 
separate packets each specimen is divided into, 
inter- and intra-pathologist variability in the 
determination of what constitutes a lymph node, 
and biological and anatomical differences 
between patients [ 28 – 30 ]. This discrepancy has 
been demonstrated in a recent study by Dorin and 
colleagues comparing lymph node counts for 
identical dissection templates between USC and 
OHSU, both high-volume institutions for RC [ 7 ]. 
Marked differences in median node counts 
between the two institutions were found (72 ver-
sus 40 nodes) despite equivalent rates of node-
positive disease and survival. Furthermore, 
substantial inter- individual variability exists in 
the number of nodes present in the extended LND 
template. In a human cadaveric study with all 
nodes counted by a single pathologist and utiliz-
ing the same extended template of dissection, 
Davies et al. reported total node counts ranging 
from 10 to 53 nodes [ 30 ]. 

 Due in part to these concerns, other measures 
of LND adequacy have been evaluated. While 
subjective and less practical as an externally 
reviewable quality measure, dissection template 
may be a more natural determination of LND 
extent. This is further illustrated in the Dorin et al. 
study in which identical lymph node dissection 
templates utilized at two different institutions 
resulted in similar outcomes despite markedly dif-
ferent node counts [ 7 ]. By resecting all nodal tis-
sue from within an anatomically defi ned dissection 
template, the inherent variability that exists 
between individuals, surgeons, pathologists, and 
institutions becomes immaterial. 

 Lymph node density, the ratio of positive 
lymph nodes to total resected lymph nodes, has 
been studied as a potentially important outcome 
measure after pelvic lymphadenectomy [ 31 – 34 ]. 
While node density may account for some of the 
pathologic variability in node counting between 
institutions, it may also provide additional prog-
nostic signifi cance when compared to TNM 
nodal staging alone. In a number of large retro-
spective experiences, patients with a node density 
of 20 % or more have been found to have 
decreased survival compared to those with less 
than 20 % positive node density [ 34 – 36 ]. Others, 
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however, have not found lymph node density to 
be more informative than TNM nodal staging 
alone and thus the utility of node density as a 
variable of independent prognostic signifi cance 
remains in question [ 37 ,  38 ].  

32.5     Analysis of Data Comparing 
Dissection Extent 
and Outcomes 

 Despite a substantial burden of evidence linking 
extent of lymphadenectomy with survival, there 
remains a great deal of controversy surrounding 
this assertion. Some of the complexity in inter-
preting the available literature can be attributed to 
varying defi nitions of the anatomical boundaries 
of a standard versus an extended lymphadenec-
tomy. A standard lymphadenectomy for bladder 
cancer is generally considered to include all level 
I nodes up to the common iliac bifurcation or to 
the crossing of the retracted ureter over the iliac 
artery proximally. While generally including all 
level I and II lymph nodes, the proximal extent of 
an “extended” lymphadenectomy has ranged 
from the aortic bifurcation to the inferior mesen-
teric artery. The inclusion of level III lymph 
nodes has sometimes been termed a “super- 
extended” lymphadenectomy. This lack of stan-
dardization of templates has made the comparison 
of studies on LND extent diffi cult. 

 In the absence of prospective randomized con-
trolled trials, a number of studies have attempted 
to retrospectively compare outcomes between 
standard and extended pelvic lymphadenectomy 
templates [ 39 ,  40 ]. In a single-institution study of 
two high-volume surgeons, extended LND at the 
time of RC was associated with signifi cantly 
improved disease-free survival in patients with 
node-positive disease compared to standard LND 
[ 40 ]. The non-randomized selection to perform 
extended pelvic lymphadenectomy was an intra-
operative decision based upon “liver status,” 
according to the published report. Few conclu-
sions regarding the benefi t of extended LND can 
be drawn, however, given the lack of randomiza-
tion, inclusion of patients with non-urothelial 
carcinoma, and presence of built-in study biases. 

Another study evaluated two high-volume 
 centers—one of which routinely performed a 
standard pelvic lymphadenectomy (level I), and 
the other of which performed an extended pelvic 
lymphadenectomy (levels I–II) [ 39 ]. While fi nd-
ings were again impacted by differences in 
patient populations, lack of randomization, and 
methodological limitations, the authors con-
cluded that extended LND resulted in improved 
survival, better local disease control, and more 
accurate nodal staging compared to standard 
lymphadenectomy. However, in a separate study 
evaluating survival and recurrence rates between 
a super-extended (levels I–III) lymphadenectomy 
template at one institution and an extended 
lymphadenectomy template (cephalad extent just 
proximal to the common iliac bifurcation) at 
another institution, no major differences were 
found [ 8 ]. 

 In contrast to these studies comparing LND 
templates, the majority of studies evaluating 
LND extent and outcomes have utilized node 
count as a surrogate measure of dissection extent, 
as discussed earlier [ 3 ,  20 – 25 ]. Taken with the 
few retrospective studies comparing lymph node 
dissection templates, the burden of evidence does 
appear to favor a more extensive pelvic lymphad-
enectomy at the time of RC. Still, important con-
siderations must be taken in the interpretation of 
these data. Beyond the diffi culty in extrapolating 
causality from retrospective case series with sig-
nifi cant selection bias, the question remains as to 
whether or not an extended template lymphade-
nectomy simply improves staging instead of 
 survival [ 41 ]. 

 There is little doubt that an extended LND 
template offers improved pathologic nodal stag-
ing compared to the standard lymph node dissec-
tion template [ 1 ]. When comparing outcomes of 
node-negative or node-positive patients between 
series, however, stage migration may account for 
survival differences seen without changing the 
overall course of the disease. That is, if patients 
with small volume nodal disease are correctly 
staged as pN+ after undergoing extended lymph-
adenectomy, the apparent outcomes of the cohort 
of pN0 patients in the same series will likely be 
improved relative to a cohort of pN0 patients 
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undergoing standard LND. This is due to the 
 misclassifi cation of some small volume pN+ 
patients as pN0 in the standard lymphadenec-
tomy cohort. Similarly, the pN+ patients in the 
standard lymphadenectomy group would appear 
to have worse survival compared to the pN+ 
patients in the extended lymphadenectomy cohort 
even in the absence of an actual change in the 
natural history of the disease. This is a result of 
the inclusion of patients with very small volume 
nodal disease in the extended LND pN+ group. 
This stage migration is often referred to as the 
“Will Rogers” phenomenon and may play a role 
in the survival differences observed between 
LND series. 

 Whether or not extended lymphadenectomy 
and increased nodal yield directly impacts 
 recurrence and survival, perhaps through 
increased cancer cytoreduction, remains an open 
question. Evidence supporting a causal effect on 
the natural history of the disease includes the 
apparent improved local disease control in 
patients who undergo extended LND as well as 
the frequent fi nding of molecular indications of 
micrometastatic disease in patients with histo-
logically negative lymph nodes [ 39 ,  42 ,  43 ]. 
While the relative contributions of improved 
staging and therapeutic benefi t to the improved 
survival reported in the literature with extended 
LND are thus far unclear, the results of two ongo-
ing prospective randomized trials (discussed 
below) should shed substantial light on the role 
of an extended LND in preventing recurrence and 
bladder cancer- specifi c mortality.  

32.6     Additional Areas 
of Controversy 

 Given the increased operative time and potential 
increase in surgical and postoperative morbidity 
of an extended lymphadenectomy, some groups 
have sought a risk-stratifi ed approach to LND 
extent. For example, given the low rate of skip 
lesions, some have advocated the utilization of 
frozen section pathologic analysis of level I nodes 
to guide the decision to proceed to level II and/or 
level III nodes [ 40 ,  44 ,  45 ]. The ability of frozen 

section pathologic analysis to detect lymph node- 
positive disease in bladder cancer has been shown 
to be robust. Ugurlu and colleagues assessed the 
performance of frozen section analysis in several 
nodal regions and found an overall sensitivity of 
81 % and specifi city of 100 % [ 45 ]. Baltaci et al. 
reported similar fi ndings on frozen section analy-
sis of obturator lymph nodes and, importantly, in 
patients with clinically stage ≤T2 disease, there 
were no false-negative frozen section analyses 
[ 44 ]. Thus, the utilization of frozen section anal-
ysis of level I lymph nodes to guide LND extent, 
possibly with the addition of clinical staging 
information, may be one avenue toward a selec-
tive approach to LND. 

 An alternative or perhaps complement to fro-
zen section analysis could be the implementation 
of sentinel lymph node mapping to help deter-
mine LND extent. While further refi nement of 
this technique would be required to improve its 
diagnostic accuracy, coupling this technique with 
frozen section analysis could allow for a more 
individualized approach to extended LND. If the 
potential survival benefi t of extended LND were 
known to be limited to those with pathologic 
node-positive disease, a risk-stratifi ed, targeted 
approach to extended LND would be an attractive 
option. 

 Another key area of controversy surrounds the 
utility of lymphadenectomy in the setting of 
gross lymphadenopathy. Despite the poor prog-
nosis of patients who present with clinically posi-
tive regional lymph node disease, long-term 
survival is possible in a minority of patients. A 
multimodal approach using cisplatin-based com-
bination chemotherapy with subsequent consoli-
dative surgery in those who respond appears to 
offer the best chance of long-term survival in 
these individuals [ 46 ,  47 ]. This is evidenced by 
the fact that in patients who undergo chemother-
apy alone and who have a complete clinical 
response, recurrence often occurs at the original 
site of nodal disease [ 48 ]. Furthermore, in a retro-
spective series, Herr et al. reported on 12 patients 
with advanced or regional node-positive disease 
who underwent chemotherapy and had a com-
plete or partial response but refused consolidative 
surgery [ 46 ]. Only one (8 %) survived 5 years, 
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whereas 10 of 31 patients (32 %) with regional 
nodal disease who had a complete or partial 
response to cisplatin-based combination chemo-
therapy and underwent consolidative surgery sur-
vived 5 years. 

 Long-term survival also appears to be possible 
in patients who present with non-regional nodal 
metastases in the absence of visceral involvement 
by tumor. Chemotherapy followed by consolida-
tive RC, extended pelvic LND, and retroperito-
neal lymphadenectomy demonstrated a 36 % 
4-year disease-specifi c survival in a small series 
of 11 patients with retroperitoneal nodal disease 
and bladder cancer [ 49 ]. Herr et al. reported an 
18 % 5-year disease-specifi c survival in 11 
patients with distant nodal disease who under-
went combination chemotherapy and  consolidative 
surgery [ 46 ]. More recently, Nieuwenhuijzen and 
colleagues demonstrated a 42 % 5-year survival 
rate in patients with biopsy-proven node- positive 
bladder cancer with complete response to combi-
nation chemotherapy who underwent consolida-
tive surgery [ 47 ]. Of the 15 patients with a 
complete clinical response, 4 had microscopic 
residual nodal disease at the time of RC with 
LND, all of which died within 2 years. Of those 
with a partial response to chemotherapy, 5-year 
survival was 19 %. In patients whose nodal dis-
ease does not respond to chemotherapy, prognosis 
is uniformly poor and surgery appears unlikely to 
offer a survival benefi t. 

 Finally, the feasibility and reproducibility of 
an adequate LND using a robotic approach con-
tinues to be an area of debate, as robotic assis-
tance is increasingly being utilized in the 
performance of RC [ 50 ]. While prospective ran-
domized trial data for robotic-assisted radical 
cystectomy are limited and have not yet supported 
any improved outcomes of the minimally inva-
sive approach, existing data do appear to show no 
difference in short-term oncologic outcomes 
[ 51 – 55 ]. Concerns over the extent of LND during 
robotic-assisted radical cystectomy appear to be 
abating, as a number of studies have now shown 
no differences in node counts, complications, or 
anatomic extent of LND [ 56 ]. Additionally, in a 
small series of patients, Davis et al. performed an 
extended bilateral robotic lymphadenectomy 

 followed by an open “second look” lymphade-
nectomy [ 53 ]. With a median operative time of 
117 min during the robotic-assisted extended pel-
vic LND, a median count of 43 nodes was 
achieved with only four median additional nodes 
retrieved during second look open lymphadenec-
tomy. Additional data from two multicenter pro-
spective randomized controlled trials of robotic 
vs. open RC are pending, although whether these 
results can be generalized outside of high-volume 
centers remains to be seen.  

32.7     Coming Soon: Phase III 
Trial Data 

 Currently, there is no level I evidence defi ning the 
proper extent of LND. However, there are two 
ongoing trials investigating the relationship 
between extent of LND and impact on disease 
progression and patient survival. The German 
AUO (Association of Urologic Oncology) study 
randomized patients with clinically localized 
(T2-4) bladder cancer to standard (level I) or 
extended (level I/II/III) LND. No neoadjuvant 
chemotherapy was allowed. The study completed 
accrual in 2010, and is powered for 90 % detec-
tion of a 15 % difference in progression-free sur-
vival [ 57 ]. The Southwest Oncology Group 
(SWOG) Trial S1011 is currently accruing 
patients. This study is powered to detect a 
10–12 % improvement in disease-free survival 
(DFS) in patients undergoing extended 
LND. Patients with clinically localized (T2, T3, 
or T4a) urothelial carcinoma undergoing RC are 
randomized to either a standard (level I) or 
extended (level I/II/III) lymph node dissection. In 
contrast to the German AUO study, neoadjuvant 
chemotherapy is allowed. The study aims to 
accrue 620 patients, and has 85 % power to detect 
a 28 % reduction in the rate of progression or 
death in the extended group compared to the 
standard group. This corresponds to an improve-
ment in 3-year DFS from 55 to 65 % [ 57 ]. 

 The S1011 trial is being completed by experi-
enced urologic oncologic surgeons with high- 
volume cystectomy practices. Laparoscopic and 
robotic approaches are not allowed. Credentialing 
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is strictly monitored with surgeons submitting 
operative reports and photographic correlation of 
LND extent and completeness for several cystec-
tomies prior to enrolling patients as well as for all 
patients on trial. The results of both of these 
phase III trials are eagerly awaited. Hopefully, 
these efforts will help provide level I evidence to 
guide the optimal extent of LND for patients 
undergoing RC.  

32.8    Conclusions 

 Despite intense investigation, there remains tre-
mendous debate regarding the appropriate extent 
of LND at the time of RC for bladder cancer. 
Observational studies have supplied a wealth of 
information; however, data from these studies 
have intrinsic limitations making it challenging 
to separate causality from association in many 
instances. A better understanding of the relation-
ship between LND extent and oncologic out-
comes will come through the two ongoing phase 
III trials. In the meantime, the current data clearly 
support a meticulous dissection that, at mini-
mum, entirely covers the level I anatomic bound-
aries. Exactly where the proximal boundary of 
the dissection should be remains to be deter-
mined. Furthermore, additional research will 
hopefully enable LND extent to be tailored based 
on individual clinical and pathologic parameters, 
facilitating a more personalized approach to this 
vital oncologic procedure.     
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33.1            Clinical Scenario 

 A 63-year-old patient with clinical T2 bladder 
cancer is planned for radical cystectomy. Lymph 
node dissection during surgery reveals unex-
pected grossly positive lymph nodes. At this 
point the urologic surgeon must make decisions 
about continuation of cystectomy as well as the 
extent of lymphadenectomy. The following chap-
ter discusses important issues that arise in this 
diffi cult intraoperative situation.  

33.2     How Frequent Are Positive 
Lymph Nodes at Radical 
Cystectomy? 

 In general, positive lymph nodes at radical cyste-
comy are found in 20–30 % [ 1 – 3 ]. Thereby, 
nodal involvement signifi cantly correlates with 
tumor stage. While patients with a pT2a and 

pT2b disease have positive lymph nodes in 
approximately 14 and 24 % of cases, this rate 
increases up to 42 % in patients with pT3/4 dis-
ease [ 3 ]. One-third of these patients show lymph 
node involvement in ≥5 nodes. While 5-year 
probability of recurrence-free survival is 78 % in 
the absence of nodal involvement, this number 
decreases to 35 % in case of positive lymph 
nodes. Table  33.1  shows the probability of posi-
tive lymph nodes depending on pT-stage [ 1 ]. 
Within the last 10 years, a uniform nomenclature 
has emerged dividing pelvic/paraaortic lymph 
node anatomy into three levels. Level I consists 
of lymph nodes up to the common iliac bifurca-
tion including the internal iliac nodes. Level II 
consists of all lymph nodes above the common 
iliac bifurcation up to the aortic bifurcation. 
Level III consists of all lymph nodes between the 
aortic bifurcation up to the inferior mesenteric 
artery and in some descriptions, above this level 
as well. If a patient has nodal metastases at level 
I, 57 % of the patients also have positive nodes at 
level II and 31 % at level III [ 4 ]. In up to 22 % of 
patients with positive lymph nodes the primary 
landing side is level II–III [ 5 ]. Isolated level III 
metastases are found in up to 6 % [ 6 ]. A lymph 
node template consisting of levels I–III is shown 
in Fig.  33.1 .
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33.3         How Reliable Is Preoperative 
Imaging? 

 In patients planned for radical cystectomy for 
bladder cancer, multi-detector row computerized 
tomography (MDCT) is performed routinely to 
assess local tumor stage and lymph node status. 
However, its value for predicting local tumor 
stage and lymph node status has been questioned 
due to an overall accuracy of only approximately 
50–60 % in routine clinical practice [ 7 ]. MR tech-
niques seem to provide a higher accuracy 

for lymph node staging in the pelvis. Using 
T2-weighted imaging, DW imaging or the 
 combination of both, the accuracy for pelvic 
lymph node staging and prediction of local tumor 
stage is approximately 80 % [ 8 ]. A further 
improvement seems to be the combination of DW 
imaging with superparamagnetic nanoparticles of 
iron oxide, revealing a diagnostic accuracy of 
90 % in detecting lymph node metastases [ 9 ]. 

 However, as long as clinical staging of lymph 
node status still relies on computerized tomogra-
phy in the majority of cases and availability of 
novel imaging techniques is scarce, approxi-
mately 25 % of patients will have lymph node 
metastases that are missed on current preopera-
tive staging [ 10 ,  11 ]. Notably, the majority of 
preoperatively undetected lymph node metasta-
ses with CT imaging are micrometastaes without 
gross enlargement of the involved lymph node(s). 
Therefore, our presented clinical scenario of 
unexpected grossly involved lymph nodes at radi-
cal cystectomy is rather rare.  

33.4     What Is the Extent 
of Lymphadenectomy That 
Should Be Performed in Case 
of Unexpected Grossly 
Lymph Nodes? 

 The association between the extent of lymphade-
nectomy and survival remains confl icting in the 
literature. In general, positive lymph nodes at 
radical cystectomy are associated with a poor 
prognosis [ 1 ,  3 ,  5 ]. However, if <3 lymph nodes 
are positive durable long-term cancer-free sur-
vival is up to 35 % [ 1 ]. Several studies have shown 
that a larger number of removed nodes are associ-
ated with better long-term recurrence-free and 
survival rates, independent of presence or absence 
of lymph node metastases [ 12 – 15 ]. Therefore, a 
minimum number of 15 lymph nodes should be 
removed [ 12 ,  16 ]. However, just focusing on the 
number of lymph nodes removed seems to be 
problematic due to differences in pathological 
processing, individual anatomical variations and 
sampling errors. Using a standardized lymph 

   Table 33.1    Probability of positive lymph nodes depend-
ing on pT-stage [ 1 ]   

 pT-stage  Positive lymph nodes (%) 

 pTa, Cis  2.4 
 pT1  6.7 
 pT2  18.2 
 pT3a  26.3 
 pT3b  45.6 
 pT4a  42.3 

3.4
0 - 17

Level III

Level II

Level I

3.1
0 - 13

2.7
0 - 12

1

4
8

6

5

9

10 12

11

7

2 3 4.0
0 - 20

3.6
0 - 14

4.1
0 - 16

3.6
0 - 12

6.1
0 - 28

2.3
0 - 15

2.5
0 - 13

5.7
0 - 26

3.4
0 - 13

  Fig. 33.1    Example of a lymph node template (level I–III) 
for lymph node dissection in bladder cancer [ 4 ]. Total 
number of lymph nodes removed from each anatomical 
region in 290 patients with extended lymphadenectomy. 
Values are means and minimum to maximum of regional 
lymph node counts       
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node dissection technique based on lymph node 
anatomy levels I–III [ 4 ] and sending in the mate-
rial for processing in separate packets yields 
higher count of lymph nodes than en-block resec-
tion of the same template [ 17 ]. Despite signifi -
cantly different lymph node counts, two 
high- volume centers using the same anatomical 
template demonstrated no differences in positive 
lymph nodes or oncologic outcomes [ 18 ]. While 
standard lymphadenectomy should at least consist 
of level I and II, level III should be included in 
case of positive lymph nodes. The reason there-
fore is that lymph node density is an independent 
prognosticator in those patients [ 3 ,  16 ,  19 ]. 
Depending on the study, less than fi ve positive 
lymph nodes are associated with an improved sur-
vival [ 1 ,  3 ,  16 ]. Concerning our clinical scenario 
presented above, when lymph node metastases 
are grossly positive as confi rmed by frozen sec-
tion, we recommend performing a so-called 
“super-extended” lymph node dissection includ-
ing level III. Even when lymph node metastases 
are per se associated with a worse oncologic out-
come, a lymph node density less than 25 % or 
even 12 % might have a positive impact on sur-
vival [ 3 ,  19 ]. If less than fi ve lymph nodes are 
positive at extended lymphadenectomy (stage I–
II), a curative prognosis is likely in up to one- third 
of the patients [ 1 ].  

33.5     Should Cystectomy 
Be Continued in This 
Situation? 

 Radical cystectomy is typically performed in a 
curative intent for muscle-invasive bladder can-
cer. In the presence of positive lymph nodes, the 
chance to cure the patient with radical surgery 
markedly decreases. However, in up to one-third 
of cases a multimodal approach of cystectomy, 
extended lymphadenectomy and adjuvant che-
motherapy is curative [ 1 ]. Therefore, cystectomy 
should be performed even in the presence of 
grossly positive lymph nodes. Another indication 
for cystectomy in a metastatic state is local tumor 
control. Even if the patient cannot be cured and 

further treatment will be in a palliative setting, 
the risks of recurrent gross hematuria, bladder 
pain, and/or ureteral obstruction with a need of 
palliative upper tract diversion can be obviated. 
Unfortunately, literature regarding these aspects 
does not exist and recommendations are based on 
expert opinion. While cystectomy in the presence 
of grossly positive lymph nodes is feasible and 
reasonable from the oncologic point of view, the 
question might arise if an incontinent rather than 
continent urinary diversion should be favored to 
reduce postoperative complications and acceler-
ate rehabilitation. It is known to be important to 
start adjuvant systemic treatment as quickly as 
possible. However, as shown in the literature 
available on urinary diversion, rates of postopera-
tive complications including strictures, urinary 
leaks and rate of reoperations do not signifi cantly 
differ between both types of diversion [ 20 ]. 
Therefore, if the type of urinary diversion would 
not compromise the extent of pelvic exenteration 
(e.g. orthotopic pouch/neobladder), the urinary 
diversion may be performed as preoperatively 
planned. However, a planned nerve-sparing 
approach for preservation of potency should be 
abandoned in the presence of grossly positive 
lymph nodes since it would interfere with the 
completeness of lymph node dissection. In this 
setting, the oncologic outcome has priority over 
other aspects and a complete lymph node dissec-
tion has to be performed including the presacral, 
deep internal iliac and deep obturator areas, 
which bears a high risk of insuffi cient preserva-
tion of erectile function.  

33.6    Conclusion 

 Approximately one out of fi ve patients undergo-
ing radical cystectomy for bladder cancer will 
present unexpected positive lymph nodes intra-
operatively. One-third of these patients will have 
tumor involvement in >5 nodes. In case of grossly 
positive lymph nodes, a super-extended lymph 
node dissection up to the paraaortal/paracaval 
regions is recommended (stage I–III) to possibly 
improve oncologic outcome. In all other cases, 
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lymph node dissection should be performed at 
least up to the common iliac vessels, preferably 
up to the aortic bifurcation. Cystectomy should 
be performed independently of lymph node 
 condition in patients with invasive bladder cancer 
to reduce local tumor complications. The type of 
urinary diversion should not be altered by lymph 
node positivity unless the diversion would other-
wise negatively infl uence radicality of the proce-
dure (e.g. orthotopic pouch/neobladder). Current 
advances in imaging might help to reduce the rate 
of unexpected grossly positive lymph node posi-
tivity in the future.     
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      Abbreviations 

   RC    Radical cystectomy   
  GFR    Glomerular fi ltration rate   
  BCS    Bladder cancer-specifi c survival   
  PFS    Progression-free survival   
  NCCN    National Comprehensive Cancer Network   
  ICUD    International Consultation on Urologic 

Diseases   
  EAU    European Association of Urology   
  UUT    Upper urinary tract   

34.1          Introduction 

 While the majority of patients with newly diag-
nosed bladder cancer present with non-muscle 
invasive tumors, approximately 20–40 % continue 
to present with or to progress to muscle invasion. 

Radical cystectomy (RC) with pelvic lymph node 
dissection and urinary diversion remains the gold 
standard treatment for patients with muscle-inva-
sive disease, as well as for patients with high-risk 
non-muscle-invasive tumors. However, despite 
defi nitive surgery, disease recurrence has been 
documented in up to half of these patients [ 1 ]. 
Various regimens have been outlined for surveil-
lance of patients following RC, often with dispa-
rate recommendations regarding the intensity of 
follow-up and choice of imaging. Nevertheless, 
postoperative cancer surveillance for the early 
detection of recurrent disease is only useful in as 
much as it may improve patient outcomes. 

 However, continued debate exists as to 
whether routine oncologic follow-up does in fact 
impact patient survival, and as such the value of 
oncologic surveillance has been questioned, par-
ticularly given the high noted costs associated 
with bladder cancer care [ 2 ]. At the same time, 
considering the reconstructive nature of radical 
cystectomy with urinary diversion, surveillance 
after radical cystectomy should also be consid-
ered to evaluate the metabolic abnormalities 
associated with urinary diversion, and to facili-
tate the identifi cation of renal obstruction that 
may result from ureteroenteric anastomotic stric-
ture. Herein, we review data regarding surveil-
lance following radical cystectomy, both with 
regard to oncologic monitoring and for the meta-
bolic consequences of urinary diversion and 
detail existing (and often contrasting) established 
guidelines.  
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34.2     Metastatic Surveillance 
Following Radical 
Cystectomy 

 Recurrence following RC may be broadly catego-
rized in a site-specifi c fashion as urothelial (upper 
tract + urethra), which will be covered in separate 
sections below, and non-urothelial. Non- urothelial 
recurrences include both local pelvic relapse of 
tumor and distant (soft tissue, lymph node, vis-
cera, other) disease. Notably, the rates of metasta-
ses following RC in published series to date have 
been variable, as from both single institutional 
and multi-institutional studies, recurrent disease 
has been described in 21–50 % of patients [ 1 ,  3 –
 6 ]. Understanding the factors associated with dis-
ease recurrence is important for patient counseling, 
clinical trial development, and the establishment 
of guidelines for postoperative surveillance. 

 Not surprisingly, patients’ risk of recurrence 
has been found to be highly correlated with 
pathologic stage at RC [ 1 ,  4 ,  7 ,  8 ]. For example, 
Shariat et al. reported the experience of three 
high-volume RC centers, comprising 888 
patients, and found that the 5-year progression- 
free (PFS) and bladder cancer-specifi c (B-CS) 
survival was 88.8, 75.3, 80.8, 71.6, 44.2, and 
28.4 %, respectively, and 93.9, 87.2, 85.9, 78.9, 
47.7, and 31.0 %, respectively, for pTa, pTis, 
pT1, pT2, pT3, and pT4 tumors [ 4 ]. Meanwhile, 
patients with lymph node positive disease at the 
time of RC had a 3-year PFS and B-CS survival 
of 29.1 and 37.5 %, respectively [ 4 ]. Likewise, 
Madersbacher et al. noted a 5-year recurrence- 
free survival after RC of 73 % among patients 
with ≤pT2 disease, versus 56 % with >pT2 
tumors [ 7 ]. Similarly, Hautmann and colleagues 
reported a stage-specifi c 5-year recurrence-free 
survival of 89.8 % for pTa/pTis/pT1 tumors, 
71.6 % for pT2 disease, 43 % for pT3, and 27.9 % 
with pT4 disease [ 8 ]. 

 In addition to incorporating risk factors for 
disease recurrence, the optimal surveillance strat-
egy after RC should also incorporate an under-
standing of the site predilection and documented 
timing of recurrences. As noted, metastases may 
be characterized as either local (disease recurring 

in the surgical bed or regional pelvic lymph 
nodes) or distant. The most common distant sites 
of recurrence include the lungs, bone, and abdo-
men (including visceral and soft tissue) [ 3 ,  9 ,  10 ]. 
Meanwhile, the rate of isolated pelvic recurrence 
has been suggested to be relatively infrequent, at 
5–10 % [ 11 ]. The risk of pelvic relapse has been 
associated with locally advanced tumor stage at 
RC and the presence of lymph node-positive dis-
ease [ 11 ]. With regard to the timing of tumor 
recurrence after RC, the median time to recur-
rence is approximately 12 months, with most 
recurrences occurring within 2–3 years. 

 Indeed, in a series from Vanderbilt University 
examining patterns of recurrence after RC, only 
3.9 % of recurrences were diagnosed more than 3 
years after surgery [ 3 ]. Similarly, data from the 
Canadian Bladder Cancer Network demonstrated 
that 90 % of patients experiencing a recurrence 
were diagnosed within the fi rst two years after 
RC [ 9 ]. Meanwhile, in a recent multi-institutional 
series of 2,724 patients from various European 
and North American centers, 80.9 and 90.6 % of 
recurrences occurred within 2 and 3 years after 
RC, respectively [ 12 ]. Furthermore, the study 
also documented a correlation between disease- 
free survival at 2 and 3 years and 5-year overall 
survival, suggesting that recurrence status at 2–3 
years after RC could serve as a surrogate measure 
for 5-year overall survival [ 12 ]. 

 Notably, inconsistent recommendations for 
surveillance following RC have been published 
to date (Table  34.1 ). For example, the National 
Comprehensive Cancer Network (NCCN) guide-
lines for follow-up of patients after RC suggest 
“imaging of the chest, abdomen, and pelvis every 
3 to 12 months for 2 years based on risk of recur-
rence and then as clinically indicated” [ 13 ]. 
These guidelines do not, however, detail a pre-
ferred model for risk stratifi cation, nor recom-
mend a specifi c imaging modality. Similarly the 
International Consultation on Urologic Diseases 
(ICUD) guidelines contain only the statement 
that “Surveillance regimens for local, distant, and 
secondary urothelial recurrences after RC should 
be based on risk-adapted strategies” [ 6 ], without 
providing further detail regarding risk stratifi ca-
tion for metastatic surveillance.
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   The European Association of Urology (EAU) 
guidelines propose risk-stratifi ed follow-up for 
metastatic surveillance after RC, although the 
authors acknowledge that these recommenda-
tions are based on level 4 evidence [ 14 ]. 
Specifi cally, yearly cross-sectional imaging of 
the chest, abdomen, and pelvis for 5 years after 
RC is recommended for patients with non-
muscle- invasive disease at RC, starting 12 
months after surgery [ 14 ]. In contrast, for patients 
with pT2 tumors, imaging is recommended to be 
initiated 6 months postoperatively, and to con-
tinue at 6-month intervals for 2 years, and then 
annually for 5 years [ 14 ]. Meanwhile, for patients 
with pT3 or N + disease, surveillance imaging is 
recommended to begin at 3 months after surgery, 
and to be performed then at 6 months postopera-
tively and at 6-month intervals for 3 years, and 
then annually until year 5 after surgery [ 14 ]. 
Despite these recommendations, the authors note 
that “any advice related to follow-up is entirely 
based on expert consensus and level-4 evidence 
data” [ 14 ]. Likewise, Bochner et al. described a 
similar stage-specifi c metastatic surveillance 

schedule. With this regimen, imaging begins at 
3 months after RC and is repeated at 6 months 
[ 11 ]. After that, the surveillance schedule extends 
to every 6 months until 2 years, after which the 
schedule becomes yearly [ 11 ]. After 5 years, 
radiographic follow-up can be reduced to every 
other year [ 11 ]. Interestingly, Umbreit et al. 
describe a model stratifying site-specifi c recur-
rence risk based on patient preoperative factors 
as well as pathologic data [ 15 ]. In this model, 
scores were assigned to variables found to be sig-
nifi cant predictors for recurrence on multivari-
able analysis [ 15 ]. For example, according to this 
model, a patient with a unifocal pT3 bladder 
tumor at cystectomy with negative surgical mar-
gins and with eight negative lymph nodes 
removed would have a 67.9 % 3-year recurrence- 
free survival in the abdomen/pelvis, and a 87.1 % 
3-year thoracic recurrence-free survival [ 15 ]. Of 
note, a patient with the same pathology but with 
15 negative lymph nodes removed at surgery 
would have a 3-year recurrence-free survival of 
78.1 and 92.4 % for the abdomen/pelvis and tho-
racic region, respectively [ 15 ]. Meanwhile, a 
patient with multifocal CIS at cystectomy with 
20 negative lymph nodes removed and with a 
positive ureteral margin would have a 3-year 
recurrence-free survival of 86.4 % in the upper 
tract, 95.2 % in the thoracic region, and 94.4 % in 
bone [ 15 ]. Such tools aim to provide an evidence- 
based framework to guide surveillance following 
RC, and warrant prospective evaluation. 

 Consistent with the lack of uniformity in pub-
lished guidelines for surveillance following RC 
(and perhaps a contributing factor to these dis-
crepancies) are the fi ndings that: (1) the majority 
of recurrences after RC are diagnosed in the set-
ting of symptoms [ 7 ] and (2) confl icting data 
have been reported as to the survival benefi t of 
early (i.e. asymptomatic) detection of recurrent 
disease after RC. Indeed, responses of metastatic 
urothelial carcinoma to chemotherapy are usually 
transient, with a median survival in such patients 
of 12–14 months [ 16 ]. Not surprisingly, then, 
Volkmer et al., in a single-institution study that 
included 1,270 patients who underwent RC with 
20 years of follow-up, determined that overall 
survival was not signifi cantly different among 

      Table 34.1    Guideline recommendations for chest, abdo-
men, and pelvis imaging for metastatic surveillance fol-
lowing radical cystectomy   

 Source  Recommendation 

 NCCN [ 13 ]  Q 3–12 months for 2 years based on risk of 
recurrence, and then as clinically indicated a  

 EAU [ 14 ]  < pT1: Yearly cross-sectional imaging × 5 
years 
 pT2: Q6 months cross-sectional imaging 
for 2 years, then yearly until year 5 after 
surgery 
 > pT3 or N+: Cross-sectional imaging at 3 
and 6 months, then Q6 months until year 3, 
then yearly until year 5 after surgery 

 Bochner 
et al [ 11 ] 

 CT or MRI of the abdomen/pelvis at 3, 6, 
12, 18, and 24 months after surgery, yearly 
until year 5, then every other year b  
 Chest x-ray or chest CT at 3 and 12 months 
after surgery, yearly until year 5, then every 
other year 

   a Guidelines do not recommend risk model or specifi c 
imaging modality 
  b For patients with  < pT2N0M0 disease, imaging of the 
abdomen/pelvis may be omitted at 6 and 12 months, and 
stopped altogether at 24 months after surgery  
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patients who experienced disease recurrence 
when stratifi ed by presentation of recurrent dis-
ease as asymptomatic versus symptomatic [ 17 ]. 

 On the other hand, a separate study by 
Boorjian and colleagues [ 7 ] demonstrated that 
detection of asymptomatic recurrence following 
RC was in fact associated with improved overall 
survival. Specifi cally, 5 and 10-year overall sur-
vival for patients with asymptomatic versus 
symptomatic recurrence were 46 and 26 %, 
respectively, versus 22 and 10 % ( p  < 0.0001) 
[ 10 ]. The potential mechanisms responsible for 
the noted association between detection of 
asymptomatic disease and improved survival 
include improved effi cacy of systemic therapy in 
patients without symptoms, as well as the deliv-
ery of therapy with lower disease burden [ 7 ]. 
Such patients with minimal tumor burden may 
indeed be considered for a multimodal approach 
to therapy, including systemic therapy and surgi-
cal resection [ 18 ,  19 ]. 

 In summary, the best predictors for disease 
relapse after RC remain pathologic tumor stage 
and lymph node status. The majority of 
 recurrences have been documented within the 
fi rst 2–3 years after surgery. While confl icting 
evidence has been reported regarding a benefi t to 
the detection of asymptomatic recurrence, we 
suggest that surveillance imaging following sur-
gery may be considered with a risk-stratifi ed 
regimen tailored in intensity over time.  

34.3     Surveillance of the Upper 
Urinary Tract Following 
Radical Cystectomy 

 Urothelial carcinoma has been considered a 
“fi eld-change” disease, such that the entire uro-
thelium remains at risk in patients with bladder 
cancer. Thus, upper urinary tract (UUT) surveil-
lance represents a relevant component of consid-
eration for follow-up after RC, with UUT 
recurrences noted in 2–9 % of patients after RC 
[ 6 ,  20 – 24 ]. Interestingly, patients have been 
found to remain at prolonged risk for metachro-
nous tumors in the UUT, with a median time 
to diagnosis after RC noted between 24 and 

41 months [ 6 ,  20 – 24 ]. Moreover, one series has 
demonstrated that the risk of UUT recurrence did 
not decrease over time after RC [ 25 ], such that 
the UUT represents the most common site of late 
recurrence following RC [ 26 ]. Risk factors iden-
tifi ed for UUT recurrence include a history of 
carcinoma in situ, recurrent bladder cancer, non-
muscle- invasive bladder cancer, and distal ure-
teral involvement with tumor at RC [ 26 ]. 

 Surveillance of the UUT after RC involves 
both imaging and urine cytology [ 11 ,  26 ]. In the 
setting of a known or suspected UUT lesion, ure-
terorenoscopy with biopsy is then recommended 
to establish histological diagnosis [ 6 ]. Classically, 
upper tract imaging has been in the form of intra-
venous pyelography. More recently, however, CT 
urography has become the standard surveillance 
modality, which allows for monitoring of abdom-
inopelvic adenopathy and visceral metastatic dis-
ease as well as UUT tumor recurrence and the 
development of ureteroenteric anastomotic stric-
turing [ 11 ]. MR urography offers an alternative 
for monitoring after RC in patients who cannot 
receive intravenous contrast. Importantly, retro-
grade pyelography (loopogram) remains an 
option for UUT surveillance in patients who can-
not receive contrast and are ineligible for an MRI. 

 Meanwhile, urine cytology represents a non- 
invasive (and, relative to imaging, lower-cost) 
assay which has been associated with a high 
specifi city albeit relatively low sensitivity for 
urothelial carcinoma. Although the interpretation 
of urine cytology may be obscured following uri-
nary diversion by concurrent intestinal mucosal 
cells as well as mucous [ 27 ], nevertheless cytol-
ogy remains the preferred urine test to date for 
bladder cancer surveillance to detect UUT recur-
rence [ 11 ]. Indeed, one series study found that, 
among patients with positive cytology after radi-
cal cystectomy, 9 % had documented urothelial 
recurrence at the time of positive cytology, and 
57 % ultimately developed radiologic evidence 
of urothelial recurrence, at a median of 2.1 years 
after the positive cytology [ 28 ]. As such, the use 
of cytology may facilitate the identifi cation of 
patients most likely to benefi t from additional 
interrogation of the UUT with radiologic or ure-
teroscopic evaluation. 
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 Importantly, the question again exists as to 
whether early detection of UTT recurrence trans-
lates into improved patient survival, and again 
confl icting evidence has been reported. The rou-
tine use of imaging or cytology after RC has been 
found in one series to improve detection of UUT 
recurrences [ 29 ], while recurrences identifi ed via 
surveillance have also been associated with 
slightly higher survival rates compared to recur-
rences identifi ed secondary to symptoms (i.e. 
gross hematuria, fl ank pain) [ 30 ]. On the other 
hand, up to 80 % of UUT recurrences have been 
found to present symptomatically, and separate 
series have demonstrated no improvement in 
clinicopathologic outcomes or patient survival 
among patients diagnosed with a secondary UUT 
tumor during routine surveillance versus patients 
who presented symptomatically [ 10 ,  15 ,  20 ,  21 ]. 

 Refl ecting this controversy regarding the ben-
efi t to routine UUT follow-up, similar to the 
guidelines for metastatic surveillance above, with 
regard to UUT follow-up after RC, guideline rec-
ommendations (Table  34.2 ) are often confl icting, 
and are notably largely based on expert opinion 
and level-4 evidence [ 26 ]. Notably, the NCCN 
guidelines do not specify a UUT imaging follow-

 up protocol separate from the recommended 
abdomen/pelvis surveillance (Table  34.1 ) [ 13 ]. In 
addition, urine cytology is advised “every 3–6 
months for 2 years and then as clinically indi-
cated” [ 13 ]. Likewise, Bochner and colleagues 
suggest a protocol for periodic cross-sectional 
imaging with CT urography, and recommend 
urine cytology testing at 3, 6, 12, 18, 24 months, 
and then annually through year 5, and then every 
2 years following RC [ 11 ]. Interestingly, the 
EAU guidelines provide a Grade B recommenda-
tion that “specifi c upper urinary tract imaging is 
only indicated in case of clinical symptoms,” but 
outline a regimen for imaging which mirrors the 
metastatic surveillance schedule, and only sug-
gest interval urine cytology as well [ 14 ].

   Meanwhile, the ICUD guidelines suggest 
“risk-adapted” follow-up, with risk factors iden-
tifi ed for UUT recurrence including a positive 
ureteral margin at RC, carcinoma in situ of the 
bladder and ureter, tumor multifocality, the pres-
ence of a urethral tumor, and male gender [ 6 ]. 
While these guidelines suggest that “cytology 
should be considered for monitoring of the upper 
tract after urinary diversion,” the ICUD further 
asserts that “routine upper tract imaging is indi-
cated only in patients who are at high risk or have 
clinical symptoms suspicious for a metachronous 
upper tract recurrence” [ 6 ]. Our practice has been 
to obtain annual urine cytology after cystectomy, 
and to evaluate the upper tract with cross- 
sectional imaging as scheduled for metastatic 
surveillance outlined in the section above.  

34.4     Surveillance of the Urethra 
Following Radical 
Cystectomy 

 Urethrectomy at the time of RC is typically per-
formed in female patients unless orthotopic 
diversion is planned, thus removing in the major-
ity of women the urethra as a potential site for 
subsequent disease recurrence. While urethrec-
tomy at the time of RC had historically been 
advised for men [ 31 ], the added operative mor-
bidity of this procedure, together with the poten-
tial impact on patients’ subsequent sexual 

   Table 34.2    Guideline recommendations for upper tract 
surveillance following radical cystectomy      

 Source  Recommendation 

 NCCN [ 13 ]  No specifi c UUT imaging regimen 
recommended. See Table  34.1  
recommendations for abdomen/pelvis 
surveillance 
 Urine cytology every 3–6 months for 2 
years, and then “as clinically indicated” 

 ICUD [ 6 ]  “Surveillance regimens should be based on 
a risk-adapted strategy a ,” such that “The 
number of risk factors for upper tract 
tumors…predicts the risk of recurrence” 
 However, “…the optimal interval for 
follow-up imaging remains unclear” 

 EAU [ 14 ]  Imaging follows metastatic surveillance 
guidelines (Table  34.1 ) 
 Urine cytology at 3, 6, and 12 months, then 
annually (not specifi ed beyond year 5) 

   a Noted risk factors for upper tract recurrence in these 
guidelines = “(1) positive ureteral margin, (2) carcinoma 
in situ of the bladder and ureter, (3) tumor multifocality, 
(4) urethral tumor, and (5) male gender”  
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function [ 32 – 34 ], and the increased use of ortho-
topic reconstruction, have resulted in urethrec-
tomy currently being relatively infrequently 
performed in men undergoing RC [ 35 ]. 

 The incidence of subsequent urethral recur-
rence in patients undergoing RC has been 
reported between 0 and 18 % [ 31 ,  36 – 41 ], with a 
recent large series demonstrating a recurrence 
rate of 5.6 % [ 42 ]. The biology of metachronous 
urothelial cancer in the remnant urethra has not 
been defi nitively established as representing 
recurrence of disease versus a second primary 
cancer [ 35 ]. Nevertheless, because urethrectomy 
is not routinely performed at the time of RC in 
men, understanding the factors associated with 
urethral recurrence is important to help guide 
postoperative surveillance. 

 Not surprisingly, the presence of tumor at the 
urethral margin of the surgical specimen has been 
found to be highly predictive for urethral recur-
rence [ 41 ], and as such obtaining a negative 
 frozen section urethral margin has been recom-
mended for patients in whom an orthotopic 
reconstruction is planned [ 39 ]. The most consis-
tent risk factor for urethral recurrence following 
RC has been prostatic urethral involvement with 
cancer, with evidence suggesting a correlation 
between the depth of tumor invasion into the 
prostate and the risk of subsequent recurrence 
[ 34 ,  39 ,  40 ,  42 ,  43 ]. Interestingly, confl icting data 
have been reported regarding a potential indepen-
dent association between the type of urinary 
diversion and the risk of urethral recurrence [ 37 , 
 40 ,  42 – 44 ]. That is, several series have reported a 
decreased rate of urethral recurrence among 
patients receiving an orthotopic reconstruction 
versus a cutaneous diversion [ 37 ,  40 ,  42 ,  44 ]. 
Some authors have postulated that the exposure 
of the remaining urothelium to urine confers an 
anticancer effect [ 37 ]; however, others have 
argued that this fi nding can be explained by care-
ful patient selection, with those undergoing neo-
bladder reconstruction having more favorable 
pathologic features [ 43 ]. 

 Urethral wash cytology was proposed for 
monitoring of the urethra following RC by 
Wolinska, and has since represented the mainstay 
of surveillance for the remnant urethra [ 45 ]. 

Cytology can be obtained by voiding in patients 
with an orthotopic reconstruction (although UUT 
recurrence must also be considered in such 
cases). For patients without orthotopic diversion, 
urethral washing may be obtained by advancing a 
14 or 16 French catheter to the proximal (blind) 
end of the urethra, washing with 10–15 ml of nor-
mal saline, and collecting the effl ux for analysis 
[ 46 ]. Patients with a positive urethral cytology, as 
well as those presenting with urethral bleeding/
discharge, pain, or a palpable mass after RC, 
should be evaluated further with urethroscopy. 

 Unfortunately, little consistency again exists 
among the guideline recommendations for surveil-
lance of the urethra following RC (Table  34.3 ). 
That is, Bochner and colleagues recommended a 
surveillance schedule for patients with a cutaneous 
diversion of “urethral washes biannually for the 
fi rst 3 years and annually thereafter in moderate- 
to-high risk patients and annually in low-risk 
patients for a period of 5 years” [ 11 ]. For patients 
with an orthotopic diversion, the same authors rec-
ommend “a voided urine cytology…should be 
performed biannually for the fi rst 5 years and then 

   Table 34.3    Guideline recommendations for obtaining 
urethral cytology following radical cystectomy   

 Source  Recommendation 

 NCCN [ 13 ]  Q 6–12 months “particularly if Tis was 
found within the bladder or prostatic 
urethra” 

 ICUD [ 6 ]  “Routine surveillance…in asymptomatic 
patients has not shown a survival benefi t…
it seems reasonable to tailor surveillance 
according to the patients’ risk profi le a ” 

 EAU [ 14 ]  “Urethral washes and cytology are not 
recommended as standard follow-up” 

 Bochner 
et al [ 11 ] 

 Biannually × 3 years and then annually if 
moderate–high risk b  
 Annually in low risk patients × 5 years 
 Biannually × 5 years and then annually 
after neobladder 

   a Noted risk factors for urethral recurrence in these guide-
lines = “prostatic tumor involvement (either superfi cial or 
invasive) in male patients and bladder-neck involvement 
in female patients” 
  b High risk as specifi ed here = prostatic tumor involvement; 
moderate risk = multiple bladder tumors or evidence of 
carcinoma in situ of the bladder, bladder neck, or trigone; 
low risk = solitary tumor away from the bladder neck or 
trigone  
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annually”. Meanwhile, the most recent NCCN 
guidelines recommend “Urethral wash cytology, 
every 6 to 12 months; particularly if Tis was found 
within the bladder or prostatic urethra” [ 13 ]. 
Likewise, the ICUD guidelines state that “it seems 
reasonable to tailor surveillance according to the 
patient’s risk profi le” [ 6 ]. These recommendations 
are likely based on the fi ndings as noted above 
from multiple retrospective analyses which have 
demonstrated a signifi cant association between 
prostatic urethral involvement of tumor at cystec-
tomy and patients’ subsequent risk of urethral 
recurrence [ 11 ,  40 – 43 ]. Indeed, the ICUD guide-
lines assign a Grade B recommendation, with level 
3 evidence, to the assertion that “Risk factors for 
urethral recurrence are prostatic tumor involve-
ment (either superfi cial or invasive) in male 
patients and bladder- neck involvement in female 
patients” [ 6 ].

   Notably, however the ICUD guidelines do 
include the statement that “From an oncologic 
perspective, the use of routine surveillance uri-
nary cytology, urethral washings, and diagnostic 
urethroscopy in asymptomatic patients has not 
shown a survival benefi t” [ 6 ], although this rec-
ommendation is also Grade B, based on level 3 
evidence. Similarly, then, the EAU guidelines for 
follow-up of patients with muscle-invasive blad-
der cancer after radical cystectomy include a 
Grade A recommendation that “urethral washes 
and cytology are not recommended as standard 
follow-up” [ 14 ]. 

 These disparate recommendations largely 
result from the fact that confl icting evidence 
exists regarding the clinical benefi t to routine 
urethral washing/cytology following RC [ 42 , 
 43 ,  46 – 48 ]. Indeed, Lin et al. compared the out-
comes of 17 patients who underwent urethrec-
tomy after RC for an asymptomatic positive 
urethral wash cytology versus 7 patients not fol-
lowed by urethral wash who presented with 
bleeding/urethral discharge [ 46 ]. These investi-
gators noted no signifi cant difference in survival 
between the two cohorts, and in fact the mode of 
presentation (asymptomatic versus symptom-
atic) was not found to be independently associ-
ated with patients’ risk of death on multivariate 
analysis [ 46 ]. Meanwhile, Boorjian et al., in a 

series of 85 patients with urethral recurrence 
following cystectomy, demonstrated that the 
detection of asymptomatic urethral recurrence 
was associated with signifi cantly lower stage 
disease and improved patient survival, suggest-
ing the importance of continued, if potentially 
risk-stratifi ed, postoperative surveillance of the 
remnant urethra [ 42 ].  

34.5     Surveillance Following 
Bladder Preservation 
in the Setting of Muscle-
Invasive Bladder Cancer 

 A number of strategies have been described for 
bladder preservation in patients with muscle- 
invasive disease, including partial cystectomy 
[ 49 ], chemoradiation [ 50 ], transurethral resec-
tion alone [ 51 ], and chemotherapy alone [ 52 ]. 
Surveillance in such patients should be guided by 
tumor stage, and should include evaluation of the 
UTT, with imaging of the chest/abdomen/pelvis as 
after RC [ 13 ]. In addition, these patients required 
continued monitoring of the bladder for disease 
recurrence, which has been reported for example 
in approximately one-third of patients undergoing 
transurethral resection alone or partial cystectomy 
[ 49 ,  51 ]. As such, NCCN guidelines advise “cys-
toscopy and urine cytology ± selected mapping 
biopsies every 3–6 months for 2 years, then 
increasing intervals as appropriate” [ 13 ].  

34.6     Surveillance of Renal 
Function and Metabolic 
Complications of Urinary 
Diversion 

 Following cystectomy, a variety of intestinal 
 segments can be used for reconstruction of the 
urinary tract, including stomach, jejunum, ileum, 
and colon. While a wide variety of urinary recon-
struction methods are available, the most com-
monly used segment used is ileum, either in the 
form of an ileal conduit or orthotopic neobladder. 
Colon is often the next bowel segment used if 
ileum is unavailable for various anatomic or 
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 medical reasons. With the use of these bowel 
 segments in the urinary tract, absorptive anoma-
lies can develop, leading to a variety electrolyte 
derangements from altered solute absorption 
across the intestinal segment. In addition, urinary 
diversion carries the risk of long-term renal fail-
ure. Thus, following cystectomy with urinary 
diversion, electrolyte and renal function surveil-
lance is an important component of long-term 
postoperative care. 

 The type of electrolyte abnormality for which 
patients are at risk after diversion depends on the 
type and length of intestinal segment used [ 26 ]. 
For example, the use of stomach has been associ-
ated with the development of hypochloremic 
metabolic alkalosis, while the use of jejunum 
confers a risk of hyponatremia, hyperkalemic 
metabolic acidosis. Importantly, both ileum and 
colon are associated with the development of 
hyperchloremic, hypokalemic metabolic acidosis 
that often presents with abdominal pain, fatigue, 
anorexia, lethargy, and weakness. Acidosis 
results from the absorption of urinary compo-
nents through the bowel mucosa [ 53 ], specifi -
cally, the absorption of ammonium chloride and 
secretion of sodium bicarbonate [ 11 ]. Indeed, 
electrolyte abnormalities are relatively common 
following urinary diversion, with a recent study 
identifying an incidence of approximately 23 % 
after ileal conduit and 28 % after neobladder 
[ 54 ]. Studer et al. in fact noted that approximately 
4.4 % of patients required hospitalization for 
metabolic acidosis after orthotopic neobladder 
[ 55 ]. As chronic metabolic acidosis can lead to 
bone demineralization [ 26 ], patients should be 
followed after urinary diversion to facilitate early 
detection and correction. 

 In addition to these metabolic complications, 
patients are also at risk for progressive renal dete-
rioration after urinary diversion. The etiology for 
chronic kidney disease in this setting is likely 
multifactorial, and includes preexisting renal dis-
ease in such a patient population [ 56 ], the fre-
quent presence of comorbid conditions such as 
diabetes and hypertension, the impact of afore-
mentioned metabolic derangements, and the 
sequelae of refl ux, obstruction, and infection that 
may occur after ureteroenteric anastomosis [ 53 , 

 57 ]. As such, Madersbacher et al. reported mor-
phologic/functional deterioration in approxi-
mately 27 % of patients after ileal conduit [ 58 ], 
while Studer et al. identifi ed increased serum cre-
atinine levels in 3.8 % of patients at 5 years after 
orthotopic urinary diversion [ 55 ]. In addition, 
Samuel and colleagues found that 29 % of 
patients undergoing ileal conduit experienced a 
worsening of glomerular fi ltration rate 
(GFR) > 5 % at a mean of 8.2 years after surgery 
[ 59 ]. Most recently, Jin et al., in a study of 
patients who survived ≥10 years after surgery, 
noted a decline in GFR >10 in 36 % of patients 
after ileal conduit and 21 % after orthotopic ileal 
neobladder [ 57 ]. In accordance with these fi nd-
ings, NCCN guidelines recommend monitoring 
of serum creatinine and electrolytes following 
cystectomy with urinary diversion every 3–6 
months for the fi rst two years after surgery, and 
then as clinically indicated [ 13 ]. EAU guidelines 
likewise advise blood chemistry, including serum 
creatinine, and blood gas analysis at 3, 6, and 12 
months postoperatively, and then yearly [ 14 ]. 
Moreover, given the noted risk for long-term 
renal function decline after urinary diversion 
[ 57 ], the EAU guidelines suggest that “follow-up 
oncologic surveillance can be stopped after 5 
years, but continuation with functional surveil-
lance… is recommended” [ 14 ]. Likewise, 
Bochner and colleagues advised monitoring of 
electrolytes at 3, 6, 12, 18, and 24 months after 
surgery, then annually through year 5, and then at 
2-year intervals [ 11 ]. Our practice has been to 
obtain a serum electrolyte panel with creatinine 
at 3, 6, 12, 18, and 24 months after surgery, and 
then annually thereafter. 

 The use of the terminal ileum for urinary diver-
sion has implications for vitamin B12 metabo-
lism, as the terminal ileum represents a critical 
site for absorption of this vitamin. The conse-
quences of vitamin B12 defi ciency include mega-
loblastic anemia and impaired myelin production, 
which may in turn lead to irreversible neurologic 
symptoms [ 11 ]. Resection of >60 cm of terminal 
ileum has in particular been associated with an 
increased risk of B12 malabsorption, and it has 
been estimated that, given the body’s stores of this 
vitamin, complete depletion of  normal B12 levels 
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would take 3–4 years [ 11 ]. In a review of urinary 
diversions [ 54 ], Nieuwenhuijzen identifi ed low 
vitamin B12 in 23 % of patients after ileal conduit 
and 15 % after orthotopic diversion. Meanwhile, 
Studer et al. identifi ed a 12 % rate of subnormal 
vitamin B12 at some time during follow-up, with 
5 % receiving B12 substitution [ 55 ]. Although 
clinically signifi cant risk of B12 defi ciency is rare 
following urinary diversion, surveillance and sub-
sequent treatment with B12 replacement are rela-
tively inexpensive and non-invasive. Accordingly, 
NCCN guidelines recommend annual serum B12 
surveillance for patients with a continent diver-
sion [ 13 ]. Meanwhile, Bochner and colleagues 
recommend checking vitamin B12 at annually 
from years 2 to 5 following urinary diversion, and 
subsequently every other year [ 11 ].  

34.7    Conclusions 

 Though high levels of evidence are lacking, 
guideline recommendations continue to recom-
mend monitoring patients after RC for cancer 
recurrence and metabolic disturbances associated 
with urinary diversion. The optimal surveillance 
strategy and the extent to which oncologic fol-
low- up may improve patient outcomes have yet 
to be defi ned, and remain areas of important 
future research.     
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      Abbreviations 

   CMV    Cisplatin, methotrexate, vinblastine   
  GC    Gemcitabine, cisplatin   
  MVAC    Methotrexate, vinblastine, adriamycin 

(doxorubicin), cisplatin   

35.1          Introduction 

 Neoadjuvant chemotherapy followed by cystec-
tomy is considered by many to be the standard of 
care for muscle-invasive bladder cancer. This is 
based on prospective randomized trial evidence 
that the neoadjuvant chemotherapy confers an 
approximate 5 % absolute benefi t in survival 
compared to cystectomy alone [ 1 ]. There have 
now been more than ten such trials completed in 
the US and Europe. Trial designs have varied 
somewhat in enrollment criteria and specifi c che-
motherapy agents tested, and some have allowed 
defi nitive radiation instead of cystectomy [ 2 ]. 
The majority have reported a benefi t of neoadju-
vant chemotherapy in terms of recurrence-free 

and overall survival. There are fl aws in the trial 
designs of most of these trials, including the fact 
that surgical technique such as extent of pelvic 
node dissection was not standardized in these 
 trials and may have confounded the results [ 3 ]. In 
addition, most of the trials excluded patients with 
poor renal function or performance status, which 
accounts for many of our typical cystectomy 
 candidates. In spite of these drawbacks, several 
meta-analyses have concluded that the benefi t is 
real [ 4 ,  5 ]. 

 Urologists have only recently begun to embrace 
this approach, even in academic centers, and still 
only a minority of patients with muscle- invasive 
disease today receive neoadjuvant chemotherapy 
prior to cystectomy, though that number appears to 
be increasing [ 6 ]. For the patients who do receive 
these treatments, however, there are still a number 
of questions remaining.  

35.2     What Are the Predictors 
of Prognosis for Patients 
Treated with Chemotherapy 
Followed by Cystectomy? 

 The most powerful predictor of prognosis appears 
to be the pathologic stage from the cystectomy 
specimen. Studies of patients treated with neoad-
juvant platinum-based chemotherapy have 
reported pT0 rates of up to 46 % at cystectomy 
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(mean 28 %) [ 7 ]. Two phase III prospective 
 randomized trials, SWOG 8710 and the Nordic 
trial, had pT0 rates of 38 and 23 % respectively 
[ 1 ,  8 ]. Downstaging to pT0 is more common in 
patients with initial smaller and lower stage 
tumors [ 8 ]. Nearly all studies reported have 
shown a very signifi cant survival advantage for 
patients who achieved downstaging to <pT2 sta-
tus compared to those who did not [ 9 ] (Fig.  35.1 ). 
Patients with non-muscle-invasive residual dis-
ease, or even organ-confi ned invasive disease 
also appear to have an advantage compared to 
those who have extravesical or node-positive dis-
ease following chemotherapy [ 8 ]. Although 
patients at all clinical stages appear to benefi t 
from neoadjuvant chemotherapy, the greatest 
benefi t is seen in patients who had clinical T3 dis-
ease preoperatively.

   In addition to pathologic stage, demographic 
features such as age and gender and other patho-
logic features such as the presence of lymphovas-
cular invasion even in node-negative patients have 
been shown to impact recurrence and survival in 
patients treated with cystectomy with or without 
chemotherapy. Nomograms have been developed 
based on large databases that physicians and 

patients can use to estimate recurrence risk in an 
individual patient. Two that are available publicly 
include the Memorial Sloan Kettering prediction 
tool (available at   http://www.mskcc.org/cancer-
care/adult/bladder/prediction- tools        ) and the Cancer 
Prognostics and Health Outcomes Unit of the 
University of Montreal nomogram (available at 
  www.nomogram.org    ). Many others have been 
developed to include other variables such as molec-
ular markers that are still not widely available [ 10 ]. 

 Other researchers have evaluated molecular 
markers as predictors for response to neoadju-
vant chemotherapy [ 11 ]. These have included 
evaluation of specifi c markers such as the p53 
family or ERCC1, as well as genome-wide 
approaches using panels of genes found to be 
differentially expressed in responders vs. non-
responders [ 12 ]. It would be extremely useful to 
identify robust markers based on TURBT speci-
mens that are not just prognostic of tumor behav-
ior but that can specifi cally predict patient 
response to neoadjuvant chemotherapy. This 
would allow avoidance of the toxicity from 
 chemotherapy and the resultant delay in surgery 
for patients in whom the treatment is unlikely 
to achieve a benefi t. Alternative neoadjuvant 

  Fig. 35.1    Post-cystectomy 
survival by baseline 
clinical stage and 
pathologic (Path) stage 
(<p2 vs. p2+) after therapy 
with MVAC. Adapted from 
Sonpavde G, Goldman BH, 
Speights VO, et al. Quality 
of pathologic response and 
surgery correlate with 
survival for patients with 
completely resected 
bladder cancer after 
neoadjuvant chemotherapy. 
Cancer 2009; 115:4104–09       
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approaches could also be tested in patients who 
have high-risk invasive disease but are predicted 
to not respond to standard therapy. Many 
researchers are working on this problem using 
panels of tissue and blood markers, or other 
novel techniques such as COXEN [ 13 ,  14 ]. .  
Although some of these are commercially avail-
able, none are widely accepted yet for standard 
use outside of a research setting.  

35.3     If He Had Not Received 
Neoadjuvant Chemotherapy, 
Should He Receive 
Postoperative 
Chemotherapy with this 
Pathology? 

 The benefi t of adjuvant chemotherapy is less well 
established in the literature than neoadjuvant 
therapy. Multiple adjuvant chemotherapy trials 
have been closed prematurely due to poor accrual 
or were underpowered to show a signifi cant dif-
ference in survival. The Advanced Bladder 
Cancer (ABC) Meta-analysis Collaboration in 

2005 evaluated six trials that included only 491 
total patients. Five of the trials showed a benefi t, 
and they estimated a 25 % reduction in risk of 
recurrence (approximately a 5 % absolute advan-
tage) [ 15 ] (Fig.  35.2 ). Four additional prospective 
randomized studies since then all closed prema-
turely due to poor accrual (Spanish SOGUG 
99/01, CALGB 90104, Italian Multicenter and 
EORTC 30994) [ 16 ]. For the patients who were 
randomized in all of these studies, many either 
did not receive chemotherapy at all or did not 
complete all of the prescribed therapy, attesting 
to the diffi culty of delivering chemotherapy in 
the post-cystectomy setting. Thus these studies 
may actually underestimate the potential benefi t 
of adjuvant chemotherapy in a patient such as 
this one.

   The patient in our scenario has the best prog-
nosis of patients with extravesical disease, but 
still has an estimated recurrence-free survival at 
5 years of less than 70 % using the MSKCC 
nomogram. He is young, and if he recovers 
smoothly after cystectomy with good renal func-
tion he should be advised to receive adjuvant 
chemotherapy.  
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  Fig. 35.2    Kaplan–Meier 
curve for survival from 
individual patient 
meta-analysis of six trials 
of adjuvant chemotherapy 
after radical cystectomy. 
Adapted from Vale, Claire 
L and the Advanced 
Bladder Cancer (ABC) 
Meta-Analysis 
Collaboration. Adjuvant 
chemotherapy in invasive 
bladder cancer: a 
systematic review and 
meta-analysis of individual 
patient data. Eur Urol 
2005; 48:189–201       
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35.4     Since He Did Receive 
Neoadjuvant Chemotherapy 
and Still Has Signifi cant 
Residual Disease, Should 
He Receive Additional 
Adjuvant Chemotherapy? 

 The ideal drug combination or number of cycles 
of perioperative chemotherapy for cystectomy 
patients has not yet been elucidated. Prospective 
and retrospective studies have used a variety of 
platinum-containing regimens, including MVAC, 
CMV, and a number of others, with varying num-
bers of cycles delivered. There are no completed 
randomized trials comparing one regimen to 
another in the perioperative setting, though a few 
such trials are planned or underway. In the US, 
gemcitabine and cisplatin (GC) have been used by 
most oncologists as a substitute for the more toxic 
standard MVAC combination based on  similar 
outcomes in the metastatic setting. Retrospective 
non-randomized studies suggest these agents may 
have similar results as MVAC [ 17 ]. Recently 
many academic centers have begun using dose-
dense MVAC as a better tolerated neoadjuvant 
combination that may have better effi cacy. A large 
prospective intergroup study comparing neoadju-
vant ddMVAC to GC is being planned. 

 An even less studied question is whether there 
is any role for additional chemotherapy after sur-
gery in patients who already received neoadjuvant 
treatment, for example switching from GC to 
MVAC or to another second-line regimen such as 
the one containing a taxane. The good prognosis 
for patients who achieved a pT0 response after 3 
or 4 cycles of preoperative chemotherapy sug-
gests that there might not be much additional ben-
efi t of further treatment after surgery for them. On 
the other hand, patients with persistent extravesi-
cal disease after neoadjuvant cisplatin chemother-
apy have a high risk of recurrence and a poor 
prognosis, but are also likely to have chemo-resis-
tant disease. Thus additional platinum- based che-
motherapy may only add toxicity without 
impacting the ultimate cure rate. The role of adju-
vant radiation therapy or alternative chemother-
apy agents is similarly unknown in this setting. 

 Today there is no established postoperative 
treatment that is known to impact the high recur-
rence rate in patients with persistent extravesical 
disease after neoadjuvant chemotherapy and cys-
tectomy. This patient population is ideal for clini-
cal trials of new agents. Although these patients 
do not have measurable disease, the high recur-
rence rate suggests that the vast majority of these 
patients harbor micrometastatic disease. It is par-
ticularly attractive to consider such treatments as 
immunotherapy or biologic response modifi ers 
which may have less toxicity for these debilitated 
patients and have a better chance of working in 
low-volume disease settings. A few such trials 
are underway including a trial with an autologous 
cellular immunotherapy against Her2 for tumors 
expressing Her2 (NCT01353222). The challenge 
in this setting is the surgical recovery and postop-
erative complications that may delay any adju-
vant treatment or make patients ineligible for 
participation in clinical trials.  

35.5    What Is the Ideal Follow-Up 
Schedule for These Patients 

 There is no consensus about the ideal follow-up 
program for patients after cystectomy, regardless 
of the stage, grade, or prior chemotherapy. 
Regimens vary considerably by institution and 
country in terms of both intensity of follow-up 
and imaging used. There is some suggestion that 
the degree and intensity of follow-up is essen-
tially irrelevant because the vast majority of 
patients who recur will die of their disease and 
there is little evidence that early detection of 
the recurrence changes that outcome [ 18 ]. 
Nevertheless, at most institutions some standard 
follow-up regimen is customary, including peri-
odic imaging, lab tests and physical exam. 

 A number of consensus guidelines are available 
to guide the surgeon in developing a follow- up 
schedule (Table  35.1 ). The NCCN guidelines 
(available at   http://www.nccn.org/professionals/
physician_gls/pdf/bladder.pdf    ) suggest routine 
follow-up only out to 2 years and then as clinically 
indicated thereafter. This is somewhat  surprising 
considering that the median time to recurrence is 
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12–18 months and the risk of recurrence persists at 
least out to 5 years, especially in patients with 
lower pathologic stage [ 19 ]. The EAU guidelines 
are based on the pathologic stage and the risk of 
recurrence, with more frequent scans for patients 
with higher stage disease (available at   http://www.
uroweb.org/gls/pdf/07_%20Bladder%20Cancer.
pdf    ). Both sets of guidelines are based on expert 
opinion rather than strong evidence comparing 
outcomes with different programs.

   The goal of follow-up is to identify correct-
able or treatable problems early to attempt to 
decrease morbidity. Although very rapid recur-
rences are occasionally seen, the initial evalua-
tion at 3 or 4 months is primarily looking at 
surgical recovery and evaluating whether the ure-
teral anastomoses have healed without stricture, 
evaluating renal function and acid–base balance, 
and checking whether the patient with a neoblad-
der is emptying adequately. This can be accom-
plished with renal and bladder ultrasound or 
abdominal/pelvic CT, labs, and a physical exam. 
In patients at low risk of recurrence one might 
check labs including a urinary cytology and a 

chest X-ray every 6 months during the fi rst 3 
years and then yearly, with a CT abdomen and 
pelvis with intravenous contrast (or MRI) once 
yearly out to 5 years. Vitamin B12 level should 
also be checked yearly if a continent diversion is 
performed. Urethral wash cytology should be 
performed annually if the patient had CIS, espe-
cially in the prostatic urethra. Even beyond the 
period of risk for cancer recurrence renal ultra-
sound and labs should be performed every 1–2 
years for life because of the risk of late ureteral 
obstruction, stones, and renal deterioration. The 
advisability of long-term routine upper tract 
imaging with a contrast CT scan is unknown. 
Ureteral recurrences often happen later, but even 
with surveillance are often symptomatic by the 
time they are picked up [ 20 ]. 

 In higher risk patients (such as this one) the 
most common sites of recurrence are in the retro-
peritoneum, lungs, liver, and bones. More fre-
quent scans and labs are reasonable, although the 
ideal frequency is unknown. Changing the fre-
quency from every 3 months (as recommended in 
the EAU guidelines) to every 4 months, for 

   Table 35.1       Published guidelines for follow-up after radical cystectomy   

  NCCN guidelines  
 ( Available at :   http://www.nccn.org/professionals/physician_gls/pdf/bladder.pdf    ) 
 • Urine cytology, creatinine, and electrolytes every 3–6 months for 2 years then as clinically indicated 
 •  Imaging of the chest, abdomen, and pelvis every 3–12 months for 2 years based on risk of recurrence, then as 

clinically indicated 
 • Urethral wash cytology every 6–12 months, particularly if Tis was found within the bladder or prostatic urethra 
 • If a continent diversion was created, monitor for vitamin B12 defi ciency annually 
  EAU guidelines  
 (Available at:   http://www.uroweb.org/gls/pdf/07_%20Bladder%20Cancer.pdf    ) 
 Based on pathologic stage: 
  <p T2  
  • Labs, cytology at 3, 6, 12 months then annually 
  • Ultrasound at 3 months 
  • CT C/A/P (or MRI) annually to 5 years 
  pT2  
  • Labs, cytology at 3, 6, 12 months then annually 
  • Ultrasound at 3 months 
  • CT C/A/P (or MRI) every 6 months to 2 years, then annually to 5 years 
  pT3-4 or N+  
  • Labs, cytology at 3 and 6 months, then every 6 months to 3 years, then annually to 5 years 
  • Ultrasound at 3 months 
  • CT C/A/P (or MRI) at 3 and 6 months, then every 6 months to 3 years, then annually to 5 years. 
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example, eliminates one scan per year, with sig-
nifi cant cost saving and decreased radiation 
exposure. It is unlikely that any measurable dif-
ference in outcome would be seen with this 
approach. It may also be reasonable to substitute 
the chest CT scan with a CXR in many if not 
most cases. A suggested follow-up schedule for 
this patient would include CT Chest/Abdomen/
Pelvis with IV contrast, chemistry labs and urine 
cytology every 4 months the fi rst year, then every 
6 months to 3 years, and annually thereafter, with 
CXR replacing the chest CT after 3 years. After 5 
years a renal ultrasound and chemistry panel can 
be done every 1–2 years, with other studies as 
clinically indicated.  

35.6    Conclusions 

 There is quite convincing evidence that neoadju-
vant chemotherapy should be considered for the 
majority of patients with muscle-invasive bladder 
cancer unless they have compromised renal func-
tion. Cisplatin-based combinations have been 
most widely tested and so far have shown the best 
results, although the exact best regimen is not 
known. Patients who have favorable pathology 
after this combination treatment (pT0 or <pT2 
disease) have an excellent prognosis of long-term 
cure and do not require additional chemotherapy 
after surgery. Follow-up should be adapted to the 
risk of recurrence and is generally continued for 
at least 3–5 years. Questions that remain unan-
swered include how to accurately predict pre- 
treatment who is likely to respond to the 
chemotherapy, and what to do for those who have 
adverse pathologic features at cystectomy fol-
lowing neoadjuvant chemotherapy.     
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36.1            Introduction 

 Approximately 25 % of patients with muscle 
invasive bladder cancer will either present with 
metastatic disease or subsequently develop 
metastases later in their disease course. The prog-
nosis of these patients is poor; however, the lit-
erature suggests that patients with regional lymph 
node involvement fair better than those with vis-
ceral metastases [ 1 ]. Systemic chemotherapy is 
the standard fi rst-line treatment in patients 
 presenting with lymph node metastases [ 2 ]. 

Traditionally, a chemotherapy regimen of meth-
otrexate, vinblastine, doxorubicin, and cisplatin 
(MVAC) has been used in these patients. More 
recently, however, studies have shown a 
cisplatin- based combination to have comparable 
effi cacy but with less toxicity, and thus this has 
become the preferred regimen in medically fi t 
patients [ 3 ]. 

 Response to chemotherapy in individual 
patients is variable and diffi cult to predict. Studies 
of patients with locally advanced or lymph-node 
positive bladder cancer at presentation suggest 
that approximately 30 % of patients will have a 
complete clinical response to chemotherapy, 
50–60 % will have a partial response, and roughly 
15 % will have no response or will progress 
through chemotherapy [ 4 ,  5 ]. However, these 
clinical response rates are based on changes in 
size of metastatic deposits on imaging studies 
[ 6 ], and are notoriously inaccurate when corre-
lated with pathological response rates after radi-
cal cystectomy. For example, in a study of 152 
patients with locally advanced or lymph node- 
positive bladder cancer, 37.5 % of patients with a 
complete clinical response to chemotherapy were 
ultimately found to have residual disease after 
radical cystectomy [ 4 ].  
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36.2     Assessing Response 
to Chemotherapy 

 This failure to identify persistent disease after the 
completion of systemic chemotherapy under-
scores the limitations of contemporary imaging 
modalities. Response to chemotherapy, as defi ned 
by the RECIST criteria [ 6 ], is determined by a 
decrease in size of suspicious lymph nodes to 
<10 mm in the short axis on computed tomogra-
phy (CT) or magnetic resonance imaging (MRI) 
(Fig.  36.1 ). However, this defi nition fails to 

 identify lymph nodes that decrease in size but 
harbor persistent micrometastatic disease after 
the completion of chemotherapy, resulting in a 
substantial false-negative rate. In fact, studies 
have suggested that approximately 20 % of 
lymph node metastases are not visible on conven-
tional CT scans [ 7 ]. Furthermore, enlarged lymph 
nodes on CT or MRI are often reactive, and do 
not harbor viable tumor when removed surgically 
[ 8 ]. Thus, there is a signifi cant risk of false-posi-
tive, as well as false-negative, fi ndings when 
using conventional imaging modalities to iden-
tify lymph node metastases.

  Fig. 36.1    A 64-year-old 
man with urothelial carci-
noma of the bladder. ( a ) 
Computed tomography of 
the abdomen and pelvis at 
the time of diagnosis (on 
 left ) shows a 2.7 × 1.7 cm 
enhancing left external iliac 
lymph node ( red arrow ). 
( b ) Cross-sectional imag-
ing performed after chemo-
therapy (on  right ) shows 
resolution of this lymph 
node       
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   Because of the poor performance of CT and 
MRI in identifying nodal metastases, investiga-
tors have attempted to identify new imaging 
modalities to better discriminate positive from 
negative lymph nodes. One such imaging modal-
ity is fast dynamic contrast-enhanced MRI, 
which is capable of measuring tumor neovascu-
larization due to increased uptake of contrast 
agent in tumors. This technique has shown prom-
ise in assessing response to chemotherapy. A pro-
spective study of 40 patients with N1–N2 TCC of 
the bladder treated with chemotherapy followed 
by consolidative cystectomy compared fast 
dynamic contrast-enhanced MRI to conventional 
MRI in predicting response to chemotherapy [ 9 ]. 
After the second cycle of chemotherapy, fast 
dynamic contrast-enhanced MRI correctly iden-
tifi ed 20/21 patients with a pathological response 
to chemo, and 13/15 with no response. In com-
parison, conventional MRI only identifi ed 18/25 
responders and 7/11 non-responders. 

 Positron emission tomography (PET) is 
another technique that hypothetically should 
offer additional discriminative ability beyond 
that of CT or MRI. Traditional PET uses FDG, an 
analog of glucose, which is preferentially taken 
up by metabolically active tissues such as tumor 
metastases. PET, when combined with CT, may 
allow for detection of micrometastatic disease in 
lymph nodes that do not reach traditional size cri-
teria for metastases. However, most studies of 
FDG PET/CT in detecting bladder cancer lymph 
node metastases have been disappointing. Two 
studies performed PET/CT prior to radical cys-
tectomy and determined the accuracy of this 
imaging modality in detecting lymph node 
metastases, using fi nal pathology as the gold 
standard. These studies concluded that PET/CT 
offered no greater discriminative ability than con-
ventional CT or MRI alone [ 10 ,  11 ]. Other stud-
ies have shown a marginal increase in accuracy 
with PET/CT relative to CT alone [ 12 ]. Even 
studies that reported PET/CT to be more accurate 
that CT alone have reported that up to 30 % of 
lymph node metastases were not detected by pre-
operative PET/CT [ 13 ].  

36.3     Likelihood of Residual 
Disease Following 
Chemotherapy 

 A complete radiographic response in a patient 
receiving chemotherapy for regional lymph node 
involvement is a favorable sign, however it does 
not defi nitively rule out the possibility of persis-
tent micrometastatic disease in regional lymph 
nodes. What is the likelihood of persistent malig-
nancy in the setting of a complete radiographic 
response? This question is diffi cult to answer 
given a paucity of literature on patients with 
regional lymph node involvement treated with 
chemotherapy followed by cystectomy. One can 
potentially extrapolate from the neoadjuvant che-
motherapy studies of node negative patients, for 
which there is higher quality data, in an attempt 
to answer this question. These situations are not 
completely analogous, however, as the chemo-
therapeutic response of disease in the bladder is 
potentially different than that of regional lymph 
nodes. 

 The Southwest Oncology Group (SWOG) 
trial 8710 was the fi rst study to show a survival 
benefi t for neoadjuvant chemotherapy followed 
by radical cystectomy [ 14 ]. This trial randomized 
317 patients with clinical T2N0M0 to T4aN0M0 
bladder cancer to neoadjuvant chemotherapy fol-
lowed by radical cystectomy vs. cystectomy 
alone. Of the 154 patients randomized to the neo-
adjuvant chemotherapy arm, 46 (30 %) had path-
ological T0 disease after radical cystectomy, 22 
(14 %) had <T2 disease (Ta, T1, TIS), and the 
remaining 86 (56 %) had persistent or progres-
sive tumors [ 15 ]. Not surprisingly, patients with 
stable or progressive disease despite chemother-
apy had markedly inferior survival compared to 
pT0 patients, while patients with persistent <T2 
disease had intermediate outcomes. 

 Which patients are likely to benefi t from 
 consolidative cystectomy after neoadjuvant che-
motherapy? Most would argue that cystectomy 
for patients rendered pT0 after neoadjuvant che-
motherapy likely represents overtreatment, and 
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bladder preservation protocols may be appropri-
ate in these patients. However, studies have 
reported 5- and 10-year survival rates for pT0 
patients of only 92 and 86 %, respectively, argu-
ing that not all pT0 patients are truly free of dis-
ease [ 16 ]. Patients with persistent, but not 
progressive, disease after neoadjuvant chemo-
therapy are those who are most likely to benefi t 
from consolidative surgery. Unfortunately, it is 
diffi cult to accurately stage patients prior to radi-
cal cystectomy [ 17 ], and thus identifying these 
patients prior to surgery is often not possible. 
Finally, patients with progressive disease despite 
chemotherapy are thought to have chemotherapy- 
resistant tumors and have markedly inferior sur-
vival despite radical cystectomy [ 18 ]. Whether 
the marginal benefi t offered by surgery for these 
aggressive tumors justifi es the morbidity of radi-
cal cystectomy remains in question.  

36.4     Response to Chemotherapy 
in Patients with Nodal 
Metastases 

 Interestingly, data from Memorial Sloan 
Kettering Cancer Center suggest that the response 
to chemotherapy of pelvic lymph node metasta-
ses may differ from the response of the primary 
bladder tumor. Kaag et al. studied patients found 
to be pT0 at the time of radical cystectomy, and 
compared two patient groups based on their clini-
cal presentation: (1) patients with localized, 
resectable disease receiving neoadjuvant chemo-
therapy (clinical stage <T4aN0); and (2) patients 
with locally extensive unresectable disease or 
pelvic lymph node metastases (clinical stage 
T4bN0, or N+) [ 19 ]. The authors found that no 
patients rendered pT0 after receiving neoadju-
vant chemotherapy for clinically localized tumors 
had pathological lymph node involvement. In 
contrast, 35 % of patients with locally extensive 
disease or pelvic lymph node metastases at pre-
sentation had pathological lymph node involve-
ment despite the absence of disease in the bladder 
(pT0). These data suggest that pelvic lymph node 
metastases may be less responsive to chemother-
apy, and that rates of persistent disease after 

 chemotherapy may be higher for patients pre-
senting with N+ disease than patients receiving 
neoadjuvant chemotherapy for localized tumors. 

 The published data investigating the optimal 
treatment for patients with pelvic nodal metasta-
ses are scarce, and the clinical response to che-
motherapy for patients with N+ disease is less 
well characterized. Furthermore, the optimal 
management strategy following chemotherapy 
remains controversial. Chemotherapy alone typi-
cally elicits a favorable response in up to two- 
thirds of patients, however most of these patients 
will relapse at a median of 12 months, and median 
survival following relapse is only 9 months [ 1 ]. 
In recent years there has been a movement 
towards combined modality therapy using con-
current cisplatin-based chemotherapy and radio-
therapy for muscle invasive bladder cancer, 
however the majority of these trials excluded 
patients with nodal metastases and thus the effi -
cacy of this regimen in N+ patients remains 
unknown [ 20 ,  21 ]. Thus, consolidative surgery 
remains the best studied and most commonly 
employed treatment strategy following chemo-
therapy in patients with regional lymph node 
involvement. Advocates for post-chemotherapy 
surgery cite data showing that patients with an 
initial response to cisplatin-based chemotherapy 
alone tend to relapse at the site of original disease 
[ 1 ], and resecting these sites could prevent dis-
ease recurrence. 

 Herr et al. studied 207 patients with unresect-
able primary tumors or pelvic/regional nodal 
metastases treated with systemic chemotherapy 
[ 22 ]. Of these patients, 127 did not undergo sur-
gery after chemotherapy due to disease progres-
sion, comorbidity or poor performance status, or 
refusal to undergo surgery. The remaining 80 
patients who underwent radical cystectomy after 
chemotherapy were selected based on a favorable 
response to chemotherapy; 24 (30 %) had a com-
plete clinical response to chemotherapy, 44 
(55 %) a partial response, and 12 (15 %) had no 
response. After radical cystectomy, 24 (30 %) of 
these patients were found that have pathological 
T0 disease, whereas 49 (61 %) had residual can-
cer, and 7 (9 %) were unresectable. In patients 
treated with MVAC, 5-year survival for patients 
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with pT0 disease was 41 %, compared to 29 % 
for patients with residual disease at the time of 
cystectomy. Interestingly, of the 12 patients with 
a major response to chemotherapy who refused 
surgery, only 1 (8 %) survived beyond 3 years. 
These fi ndings argue that consolidative cystec-
tomy provided a survival benefi t beyond that 
offered by chemotherapy alone, even in the set-
ting of a favorable response to chemotherapy 
(Table  36.1 ).

   A group from the Netherlands Cancer 
Institute has published the most extensive expe-
rience of patients with pelvic nodal metastases 
treated with chemotherapy followed by radical 
cystectomy [ 4 ,  5 ]. They fi rst published a series 
of 52 patients with lymph node metastases 
 confi rmed histologically, either by lymph node 

dissection or aspiration cytology, prior to the 
 initiation of chemotherapy. Following chemo-
therapy, a complete clinical response with reso-
lution of all visible disease was seen in 29 % of 
patients, a partial response in 57 %, and 14 % 
had progressive disease. At the time of cystec-
tomy 19 patients underwent pelvic lymph node 
dissection, of whom 8 had persistent node posi-
tive disease. Patients with resolution of visible 
nodal metastases after chemotherapy had signifi -
cantly improved survival compared to those with 
persistent nodal disease. All patients with persis-
tent node positivity despite chemotherapy died 
within 2 years of treatment. 

 More recently, the same group reported on a 
larger series of 152 patients with locally advanced 
and/or lymph node positive bladder cancer 

   Table 36.1    Studies investigating outcomes of patients with nodal metastases treated with chemotherapy +/− radical 
cystectomy (RC)   

 Author  Study population 
 Clinical response to 
chemotherapy 

 Pathological response 
after radical cystectomy  Survival 

 Herr et al. [ 22 ]  –  207 Patients 
with cT4bNxMo 
or cT3-T4, 
N2-N3 disease 

 –  80 Underwent 
cystectomy after 
chemotherapy 

 –  Complete 
response—30 % 

 –  Partial response—55 % 
 –  Stable or progressive 

disease—15 % 

 –  pT0—30 % 
 –  Persistent 

disease—61 % 
 –  Unresectable 

tumor—9 % 

 –  pT0 after RC—29 % 
5-year survival 

 –  Persistent disease 
after RC—29 % 
5-year survival 

 –  Unresectable—0 % 
5-year survival 

 Nieuwenhuijzen 
et al. [ 5 ] 

 –  52 Patients with 
cN1–N3, M0 
disease 

 –  Complete 
response—29 % 

 –  Partial response—57 % 
 –  Stable or progressive 

disease—14 % 

 Persistent positive 
lymph nodes in 42 % 

 –  Complete clinical 
response to 
chemotherapy—42 % 
5-year survival 

 –  Partial clinical 
response to 
chemotherapy—19 % 
5-year survival 

 –  Progressive 
disease—0 % 5-year 
survival 

 Meijer et al. [ 4 ]  –  152 Patients 
with c ≥T3 and/
or ≥N1 disease 

 –  Complete 
response—32 % 

 –  Partial response—52 % 
 –  Stable disease—8 % 
 –  Progressive 

disease—9 % 

 –  pT0—26 % 
 –  Partial 

response—29 % 
 –  Stable 

disease—24 % 
 –  Progressive 

disease—11 % 
 –  Not evaluable—10 % 

 –  pT0 after 
RC—74 month 
median survival 

 –  Partial response after 
RC—22-month 
median survival 

 –  Stable disease after 
RC—15-month 
median survival 

 –  Progressive disease 
after RC—10-month 
median survival 
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treated with induction chemotherapy. Following 
chemotherapy, 125 patients (82 %) underwent 
cystectomy, 12 (8 %) received radiotherapy, and 
15 (10 %) did not undergo additional treatment. 
Presumably due to the small number of patients 
who did not undergo cystectomy, the authors did 
not compare outcomes between these three 
groups. Similar to prior studies, they found that 
response to chemotherapy was signifi cantly asso-
ciated with survival. Patients with a complete 
clinical response had superior survival to those 
with a partial response; patients with stable or 
progressive disease had the worst overall sur-
vival. Likewise, patients with persistent evidence 
of nodal involvement following chemotherapy 
had markedly inferior survival compared to 
patients with radiographic resolution of lymph 
node involvement.  

36.5    Conclusions 

 Although there are numerous unanswered ques-
tions regarding the optimal management of 
patients with clinically node-positive disease, 
several conclusions can be drawn from the 
 literature. First, survival is poor for patients with 
progressive disease despite chemotherapy, and 
surgery does not appear improve survival com-
pared to chemotherapy alone in this group of 
patients [ 4 ,  22 ]. Second, the response to chemo-
therapy is highly variable among individuals, and 
current imaging modalities are unable to differ-
entiate patients with persistent micrometastatic 
disease from those with a complete pathological 
response [ 4 ]. Thus, pathological evaluation of the 
bladder and regional lymph nodes after radical 
cystectomy is the only way to accurately evaluate 
response to chemotherapy. In this manner, sur-
gery is the most effective manner of staging these 
patients, and pathology after radical cystectomy 
is strongly correlated with patient prognosis. 

 As such, in the current scenario of a 52-year- 
old man with T2 No M1 urothelial carcinoma 
exhibiting a complete response to chemotherapy, 
we would recommend proceeding with radical 
cystectomy in the patient who is otherwise fi t for 
surgery. We feel that either an open or robotic 

approach is acceptable, assuming the surgeon has 
suffi cient technical profi ciency to perform an 
appropriate pelvic lymphadenectomy. We would 
favor a non-orthotopic urinary diversion in this 
setting, as this patient is likely at increased risk of 
pelvic disease recurrence, which could interfere 
with neobladder function. 

 In this scenario, it is important to remember 
that the independent contribution of surgery, 
above and beyond that of chemotherapy, in 
improving survival remains unclear. Additional 
study is needed to clarify those patients who will 
benefi t from radical cystectomy versus chemo-
therapy alone. Furthermore, the role of radiation 
therapy in this setting remains poorly character-
ized. Further research is needed to determine the 
optimal treatment modalities, and the correct 
sequencing of these modalities, in managing 
patients with regional lymph node metastases.     
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37.1            Introduction 

 Muscle-invasive bladder cancer is a serious and 
complex disease that requires knowledgeable and 
expert management to achieve the best treatment 
outcomes. Treatment strategies for muscle- 
invasive bladder cancer include radical or partial 
cystectomy, chemotherapy, and radiotherapy, 
either alone or in combination. 

 Consensus guidelines are useful as they serve 
as a summary of the best available evidence that 
allows the clinician to more easily put evidence 
into practice. Consensus guidelines for muscle- 
invasive bladder cancer have been generated by 
authorities in the fi eld and published by the 
National Comprehensive Cancer Network 
(NCCN), International Consultation of Urologic 
Disease (ICUD), and European Association of 
Urology (EAU). However, guidelines may vary 
from organization or location and guidelines 

may have a different interpretation of the same 
evidence causing confl icting recommendations. 
In this chapter, we have reviewed and compared 
the clinical practice guidelines for the manage-
ment of muscle-invasive bladder cancer of the 
NCCN, ICUD, and EAU [ 1 – 4 ].  

37.2     Radical Cystectomy 
and Lymphadenectomy 

 Radical cystectomy is widely accepted as the gold 
standard treatment for muscle-invasive bladder 
cancer. Radical cystectomy involves removal of 
the bladder, prostate, seminal vesicles and distal 
ureters in males, as well as the entire urethra, adja-
cent vagina, and uterus in females [ 5 ]. In addition, 
a meticulous pelvic lymphadenectomy is impor-
tant to accurately stage for nodal disease, improve 
locoregional disease control and cure a subset of 
patients with lymph node metastases [ 6 ]. 

 A standard pelvic lymphadenectomy includes 
removal of the external iliac, obturator, and inter-
nal iliac lymph nodes. An extended lymphade-
nectomy also includes the removal of the common 
iliac and presacral lymph nodes. Accumulating 
evidence suggests an extended lymphadenec-
tomy is associated with an improvement in 
progression- free and disease-free survival when 
compared to lesser templates of lymphadenec-
tomy [ 7 ,  8 ]. Thus the NCCN, ICUD, and EAU 
recommend performing an extended lymphade-
nectomy at the time of radical cystectomy. 
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It should be mentioned that the value of a well- 
performed lymph node dissection by an experi-
enced surgeon is considered signifi cant.  

37.3    Timing of Cystectomy 

 Patients who are candidates for cystectomy 
should not have a delay in surgery beyond 12 
weeks from the date of initial diagnosis of 
muscle- invasive bladder cancer. A delay in 
planned cystectomy can have a potential negative 
outcome on both the stage of disease and sur-
vival. A retrospective study of 441 patients with 
stage II bladder cancer from the Surveillance, 
Epidemiology and End Results (SEER)-Medicare 
database found that a delay in cystectomy greater 
than 12 weeks from diagnosis had a signifi cant 
decrease in both disease-specifi c and overall sur-
vival. Specifi cally, patients who underwent a cys-
tectomy 12–24 weeks after initial diagnosis were 
twice as likely to die of their disease when com-
pared to patients who underwent a cystectomy 
4–8 weeks after diagnosis. Those delayed 8–12 
weeks had no signifi cant change in mortality risk 
when compared to patients who had surgery 
within 4–8 weeks [ 9 ]. Importantly, it was recently 
demonstrated that timely delivery of cystectomy 
(i.e. within 12 weeks) after completing neoadju-
vant chemotherapy is possible in a multidisci-
plinary setting with good communication among 
health care providers [ 10 ]. 

 Both the EAU and the ICUD recommend 
defi nitive treatment of muscle-invasive bladder 
cancer within 3 months of diagnosis. The NCCN 
guidelines do not comment on the timing of 
cystectomy.  

37.4    Neoadjuvant Chemotherapy 

 The benefi t of treating micrometastatic disease 
early with the use of neoadjuvant chemotherapy 
has been investigated by several randomized tri-
als. Meta-analyses of the benefi t of neoadjuvant 
cisplatin-based chemotherapy has shown a 9 % 
improvement in disease-free and 5 % improve-
ment in overall survival at 5 years [ 11 ]. Four of 

the reported trials also found that a favorable 
pathologic response to neoadjuvant chemother-
apy (i.e. downstaging) was associated with 
improved overall survival [ 12 ]. MVAC (metho-
trexate, vinblastine, doxorubicin, and cisplatin) is 
considered the standard neoadjuvant chemother-
apy regimen for muscle-invasive bladder cancer. 
There has been interest in substituting other regi-
mens for MVAC to obtain better tolerability of 
therapy but none have been validated with pro-
spective comparison trials. A retrospective study 
from Memorial Sloan-Kettering Cancer Center 
(MSKCC) demonstrated that gemcitabine and 
cisplatin (GC) given neoadjuvantly produced 
similar rates of down-staging and disease-free 
survival when compared to a similar cohort of 
patients treated with MVAC [ 13 ]. However, a 
report from the Cleveland clinic identifi ed that 
only 2 of 20 patients treated with neoadjuvant 
GC achieved a pathologic complete response 
[ 14 ]. Importantly, there are no data that support 
substituting carboplatin for cisplatin in the neo-
adjuvant setting. 

 Neoadjuvant cisplatin-based combination 
chemotherapy for cT2-T4a bladder cancer is rec-
ommended by the NCCN, ICUD, and EAU based 
on level 1 evidence. The ICUD recommends 
M-VAC as the only neoadjuvant regimen that has 
proven effi cacy. The ICUD also has a level 2 [ 15 ] 
recommendation that those with high-risk dis-
ease, such as cT3b cancers or lymph node metas-
tasis, likely receive a more substantial benefi t 
from neoadjuvant chemotherapy. Similarly, the 
NCCN recommends MVAC as the preferred neo-
adjuvant regimen but suggests a schedule of 
dose-dense (DD) administration based on cate-
gory 1 evidence in unresectable or metastatic 
patients that demonstrated DD-MVAC to be both 
more effective and better tolerated than tradi-
tional MVAC [ 16 ]. However, the NCCN also rec-
ommends GC as an acceptable alternative to 
DD-MVAC based on comparison trials in the 
locally advanced and metastatic setting [ 17 ]. The 
EAU recommends cisplatin-containing combina-
tion chemotherapy without specifying a particu-
lar regimen. Neoadjuvant chemotherapy is not 
recommended by any of the guidelines if cispla-
tin cannot be safely administered.  
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37.5    Adjuvant Chemotherapy 

 Currently, there is not enough evidence to sup-
port the routine use of adjuvant chemotherapy. 
The adjuvant chemotherapy trials for muscle- 
invasive bladder cancer have suffered from poor 
accrual and/or early closure [ 18 ]. Also there are 
practical benefi ts to neoadjuvant as opposed to 
adjuvant chemotherapy. The benefi ts include an 
ability to objectively assess response of the pri-
mary tumor and better tolerance of chemotherapy 
given the relatively high rate of post-cystectomy 
complications that often delay starting adjuvant 
chemotherapy in a timely fashion [ 19 ]. Despite 
this neoadjuvant chemotherapy is underutilized 
prior to radical cystectomy and clinicians are 
often faced with a patient at high risk of disease 
relapse following radical cystectomy [ 20 ]. A 
recent retrospective analysis suggested that 
patients with ≥pT3 disease or nodal involvement 
benefi ted most from adjuvant chemotherapy [ 21 ]. 
Studies are currently underway to determine if 
patients who did not receive neoadjuvant chemo-
therapy may benefi t from immediate adjuvant 
chemotherapy versus observation. 

 The EAU does not recommend adjuvant ther-
apy outside of the setting of a clinical trial. The 
NCCN and the ICUD recommend considering 
adjuvant chemotherapy only if neoadjuvant che-
motherapy was not given in patients with ≥pT3 
or node-positive disease. All guidelines recom-
mend against using non-cisplatin-based adjuvant 
chemotherapy.  

37.6    Histologic Variants 

 Urothelial carcinoma is the most common type of 
bladder cancer, however many other histologic 
types of carcinoma can occur in the bladder alone 
or in combination with urothelial cancer. 
Histologic variants of carcinoma include squa-
mous cell carcinoma, adenocarcinoma, micropap-
illary, nested variant, plasmacytoid, sarcomatoid, 
small cell carcinoma, among others. A retrospec-
tive analysis of the Southwest Oncology Group 
(SWOG) 8710 neoadjuvant chemotherapy trial 
reported that mixed histologic tumors of the 

 bladder with an urothelial component also bene-
fi ted from neoadjuvant chemotherapy, as both 
pathologic downstaging of the primary tumor and 
improved survival were identifi ed [ 22 ]. 

 The NCCN recommends that mixed histolo-
gies with an urothelial component should be 
treated similar to pure urothelial tumors with the 
qualifi cation that these cancers have the potential 
to be more aggressive. The ICUD has a grade C 
[ 15 ] recommendation that muscle-invasive uro-
thelial carcinoma with squamous or adenocarci-
nomatous elements should be treated with 
neoadjuvant cisplatin-based combination chemo-
therapy prior to cystectomy. No specifi c com-
ment is made about other histologic variants. The 
EAU states the assessment of mixed or non- 
urothelial histology can be helpful for treatment 
and prognosis but does not have any histology- 
specifi c treatment recommendations. 

 Treatment recommendations for pure histo-
logic variants of urothelial cancer are often dif-
ferent given the more aggressive nature of the 
disease or lack of response to certain treatments. 
The NCCN recommends that pure squamous cell 
cancer be treated with immediate cystectomy. 
For unresectable tumors radiation combined with 
chemotherapy traditionally used for squamous 
cancers of other sites may be considered. 
Similarly, pure adenocarcinoma is best treated by 
radical cystectomy. The ICUD has a grade B rec-
ommendation [ 15 ] to consider immediate radical 
cystectomy for nested variant and micropapillary 
histology due to the poor prognosis associated 
with the histology. Each of the guidelines agree 
that pure small cell carcinoma of the bladder 
should be treated as a systemic disease with 
upfront neoadjuvant chemotherapy with agents 
specifi c for this histology followed by radical 
cystectomy or radiotherapy for defi nitive local 
treatment [ 23 ].  

37.7    Bladder Preservation 

 While bladder preservation is not often the treat-
ment of choice for the majority of patients with 
muscle-invasive bladder cancer, it can provide 
suitable outcomes compared to radical cystec-
tomy in a highly selected subset of patients. 
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Bladder preservation can consist of partial cys-
tectomy, radical transurethral resection (TUR), 
external beam radiation, chemotherapy, or a mul-
timodality approach. Those with favorable tumor 
characteristics including a single organ-confi ned 
primary tumor, small tumor size and no evidence 
of hydronephrosis could be considered for blad-
der preservation. Patients who refuse cystectomy 
can also be considered for bladder preservation. 
Patients who are medically unfi t because of 
comorbidities or poor performance status and at 
high risk of major complications or death follow-
ing radical cystectomy should also be considered 
for bladder preservation treatment. 

37.7.1    Partial Cystectomy 

 Partial cystectomy is usually only considered in a 
highly select group of patients with a solitary 
tumor in a location that allows for segmental 
resection with a wide margin without diffuse CIS 
of the bladder. A single institution report of 58 
patients confi rmed that most patients with inva-
sive bladder cancer selected for a partial cystec-
tomy were alive with an intact bladder after a 
mean follow-up of 33 months. Seven patients 
recurred with superfi cial bladder cancer and all 
were treated successfully and retained their blad-
der [ 24 ]. Neoadjuvant chemotherapy and a thor-
ough pelvic lymphadenectomy are considered 
necessary in the overall treatment plan. 

 The NCCN recommends partial cystectomy in 
highly selected patients with tumor in a suitable 
location. They also recommend considering neo-
adjuvant cisplatin-based chemotherapy. The ICUD 
has a level 3 [ 15 ] recommendation that very highly 
selected patients with focal invasive cancers and/
or cT0 or minimal residual disease after neoadju-
vant chemotherapy may be candidates for bladder 
preservation with partial cystectomy.  

37.7.2    Radical TUR Alone 

 TUR alone can be considered for patients with 
cT2N0 disease whose tumors are likely to be com-
pletely resected by TUR. However, the limited 

amount of data that support maximal TUR as the 
sole treatment for muscle-invasive bladder cancer 
are observational, non-randomized, and uncon-
trolled [ 2 ]. A non-randomized prospective study of 
151 patients with muscle-invasive bladder cancer 
who were downstaged to ≤pT1 on repeat TUR 
were treated by either TUR alone (surveillance) or 
radical cystectomy. In this study, the 99 patients 
treated with TUR alone had a comparable 10-year 
disease-specifi c survival when compared with the 
52 patients treated with immediate cystectomy. At 
last follow-up 57 % of patients treated with TUR 
alone were alive with an intact bladder [ 25 ]. 
Further analysis determined that patients with 
organ-confi ned, unifocal and smaller tumors 
(<5 cm) and without evidence of hydronephrosis 
were less likely to recur after radical TUR alone. 
Repeat resection of the primary tumor to docu-
ment pT0 stage is important for prognosis [ 26 ]. 

 The NCCN recommends TURBT alone be 
considered for those with extensive comorbidi-
ties or poor performance status. The EAU does 
not recommend radical TURBT alone as a treat-
ment option for most patients. The ICUD has a 
level 3 [ 15 ] recommendation that very highly 
selected patients with focal invasive cancers and 
cT0 or minimal residual disease after neoadju-
vant chemotherapy may be candidates for blad-
der preservation with TUR.  

37.7.3     Maximal TUR Followed by 
Chemoradiation 

 Multimodality bladder preservation therapy for 
selected patients would optimally include maxi-
mal TUR followed by concurrent chemoradia-
tion. Combined chemoradiation has been shown 
to be superior to radiation alone in two random-
ized trials [ 27 ,  28 ]. Radiosensitizing chemother-
apy has traditionally utilized the combination of 
cisplatin and 5-fl uorouracil. However, even 
patients with poor renal function benefi t from 
concurrent chemoradiation, as the combination 
of mitomycin C and 5-fl uorouracil improves 
locoregional control when compared to radiation 
[ 28 ]. Follow-up after bladder preservation should 
include routine cystoscopy and immediate 
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 cystectomy for non-responders or evidence of 
high- risk recurrent disease [ 2 ]. 

 The NCCN has a category 2B recommenda-
tion [ 15 ] for multimodality therapy with maximal 
TUR followed by concurrent chemoradiation if 
one is considering bladder preservation. The 
EAU recommends that the decision regarding 
radical cystectomy versus a bladder sparing 
approach be made based on the tumor stage and 
patient comorbidity that is best measured by a 
validated score, such as the Charlson Comorbidity 
Index [ 29 ]. The ICUD feels that bladder- 
preserving therapy is a valid alternative to radical 
cystectomy in selected patients [ 2 ].   

37.8    Long-Term Follow-Up 

 It is not uncommon following treatment for 
muscle- invasive bladder cancer that patients 
relapse with disseminated metastases or recur 
locally in the true pelvis. Higher tumor stage (i.e. 
≥pT3) and the presence of lymph node metasta-
sis predict for a high risk of recurrent disease as 
does a positive soft tissue surgical margin [ 30 ]. 

 Following cystectomy or bladder preservation 
for muscle-invasive bladder cancer, the NCCN 
recommends urine cytology, liver function tests, 
creatinine, and electrolytes every 3–6 months for 
2 years and then as clinically indicated. Imaging 
of the chest, abdomen, and pelvis is recom-
mended every 3–6 months for 2 years based on 
the risk of recurrence and then as clinically indi-
cated. The ICUD and EAU recommend that sur-
veillance for disease recurrence should be based 
on patient risk (i.e. pT and pN stage), and how 
long it has been since treatment was completed. 

 Some patients are also more likely to develop 
a new primary urothelial upper tract or urethral 
recurrence. A retrospective study of 1,420 
patients who underwent radical cystectomy 
found that upper tract recurrence occurred in 
0.8 % of patients with zero risk factors, versus 
13.5 % in those with three to four risk factors 
[ 31 ]. Risk factors included a history of carcinoma 
in situ, tumor multifocality, cystectomy for non-
muscle- invasive bladder cancer and a positive 
ureteral or urethral margin in the cystectomy 

specimen. The risk of urethral recurrence is low 
in men and women, however some recommend 
routine surveillance with urethral washings of the 
non-functional urethra and urine cytology in the 
setting of an orthotopic neobladder. 

 The NCCN recommends imaging of the upper 
tracts every 3–6 months for 2 years based on the 
risk of recurrence and then as clinically indicated. 
Annual urine cytology is also recommended. In 
addition, the NCCN recommends urethral wash 
cytology every 6–12 months, particularly if stro-
mal invasion of the prostate or CIS was identifi ed 
in the bladder or prostatic urethra. The ICUD rec-
ommends upper tract surveillance with imaging 
only in patients who are at high risk for upper 
tract tumors or those with symptoms. The ICUD 
does not recommend routine urethral washings or 
urine cytology in asymptomatic patients as there 
is no known survival benefi t. The EAU recom-
mendation is similar to that of the ICUD, however 
it is suggested that males at high risk of urethral 
recurrence (i.e. prostate involvement) should be 
monitored by urethral wash cytology as a survival 
advantage may be present if the tumor is diag-
nosed before it becomes symptomatic.  

37.9    Conclusion 

 Muscle-invasive bladder cancer is a complex dis-
ease that requires dedicated and often multidisci-
plinary management. It is imperative that 
clinicians are well-informed of the most recent 
practice guidelines in the care of muscle-invasive 
bladder cancer to ensure optimum delivery of 
care. Guidelines should be updated continuously 
to refl ect the most current advances in practice. 
As such, clinicians should familiarize themselves 
with the content of the guidelines and be aware of 
practice updates.     
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  A 
  AAN.    See  Aristolochic acid nephropathy (AAN) 
   ACT.    See  Adjuvant chemotherapy (ACT) 
   Active surveillance , 211  
   Adjuvant chemotherapy (ACT) 

 CALGB , 391  
 disease-free survival and rates , 390  
 GC-based chemotherapy , 391  
 harbor adverse features, fi nal pathology , 407  
 non-cross-resistant , 392  
 perioperative chemotherapy   ( see  Perioperative 

chemotherapy) 
 randomized clinical trials , 391  
 residual micrometastatic disease , 408  
 SOGUG , 391  
 systemic treatment, micrometastasis , 390  

   Adjuvant therapy.    See  Adjuvant chemotherapy (ACT) 
   Alternative treatments, intravesical gemcitabine , 267  
   American Urological Association (AUA) , 280, 282–287  
   5-Aminolevulinic acid (5-ALA) 

 cost analysis , 161  
 intravesical application , 159  
 PDD , 160  
 red fl uorescence , 159–160  
 tissue insolubility , 160  

   Anthracyclines , 228  
   Anti-angiogenic strategies, bladder cancer , 150–151  
   Antitubercular antibiotics 

 side effects, BCG treatment , 273  
 spectrum antibiotic coverage , 274  

   Apaziquone , 229, 369, 393–395  
   Aristolochic acid nephropathy (AAN) 

 aggressive screening , 26  
 progressive renal interstitial fi brosis , 24  

   AUA.    See  American Urological Association (AUA) 

    B 
  Bacillus Calmette–Guérin (BCG).    See also  Intravesical 

BCG 
 anti-tuberculosis vaccine , 230  
 BCG-refractory disease , 253  
 chemotherapy , 218  
 device-assisted therapy , 252–253  
 EAU and AUA , 231  

 European randomized control trial , 240  
 failure 

 aggressive treatment , 268  
 cystectomy , 268  
 defi nition , 266  
 doses , 266  
 in elderly , 266  
 EORTC meta-analysis , 265–266  
 gemcitabine , 250–251, 267  
 INF-alfa , 267  
 and interferon , 246–248  
 intermediate-and high-risk patients , 257  
 intravesical docetaxel , 251  
 MMC , 249–250  
 multifocal disease , 257  
 prediction , 267  
 prognostic factors , 259  
 recurrence and progression, NMIBC , 265  
 subgroup categories , 267  
 SWOG maintenance schedule , 265  
 TaG3 and T1G3 patients , 258  
 TC , 268  
 treatment options , 267  
 valrubicin , 248  

 FISH , 241  
 gemcitabine , 211  
 immunosuppressed patients , 233  
 immunotherapy 

 benefi cial urinary cytokines , 272  
 colony forming units (CFU) , 272  
 immunologic and infectious , 271  
 improved , 251–252  
 intolerant patients , 274–275  
 intravesical , 239  
 moderate , 273–274  
 prevention , 272–273  
 severe , 274  
 urinary frequency and dysuria symptoms , 271  
 urologists , 272  

 induction and maintenance therapy , 219  
 infl ammatory conditions , 165  
 intermediate-risk disease , 231  
 intravesical therapy , 219  
 low-risk bladder cancer , 232  
 mitomycin C , 210  
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 Bacillus Calmette–Guérin (BCG).  See also  Intravesical 
BCG (cont.) 

 mycobacterium bovis , 150  
  nab -Paclitaxel , 251  
 NMIBC , 255–256  
 PDD , 194  
 prognostic factors , 253–255  
 recurrence , 89, 245–246  
 re-induction , 240  
 RE-RTU , 194  
 systemic toxicity , 227  
 tumor progression , 204  
 TUR , 115  
 TURBT , 215  
 UCB , 245  
 urothelium , 32  

   BCG-refractory disease , 211, 245, 248, 251, 253  
   Benign urinary tract diseases 

 calculi , 42  
 infectious and noninfectious causes , 42  
 polyomavirus (decoy cell) cells , 42  
 therapeutic changes , 42–43  
 UroVysion ®  assay , 43  

   Biomarkers 
 for bladder cancer , 156–157  
 BTA , 157  
 ELISA , 157  
 FISH , 158  
 ImmunoCyt ®  , 157–158  
 nuclear matrix protein 22 (NMP22) , 156  
 UroVysion ®  test , 158  

   Bladder cancer.    See also  Chemoradiotherapy; Radical 
cystectomy (RC); Screening 

 African-Americans , 45  
 anti-angiogenic strategies , 150–151  
 BCG failure   ( see  Bacillus Calmette–Guérin (BCG)) 
 carcinogenesis   ( see  Molecular Carcinogenesis) 
 coherent anti-stokes Raman scattering (CARS) 

microscopy , 166  
 confocal laser endomicroscopy (CLE) , 165  
 cytology specimens , 31  
 description , 155  
 disparities care , 86–88  
 epigenetic changes   ( see  Epigenetics) 
 familial and genetic risk , 46–47  
 genetic instability , 47–48  
 hematuria   ( see  Hematuria) 
 HRQOL   ( see  Health related quality of life 

(HRQOL)) 
 imaging   ( see  Imaging) 
 immunotherapy strategies , 150  
 metastatic and recurrent 

 prediction tools , 133–134  
 prognostic factors , 132–133  

 mortality , 3–9  
 natural history , 9–13  
 NBI , 163–165  
 NMIBC   ( see  Non-muscle invasive bladder cancer 

(NMIBC)) 

 nodal staging , 414–415  
 non-invasive diagnostic techniques , 

156–158  
 OCT , 162–163  
 PDD , 159–162  
 positive lymph nodes   ( see  Positive lymph nodes) 
 quality improvement , 90–92  
 quality of care   ( see  Quality of care) 
 signaling pathway blockade 

 Aurora A kinase and polo-like kinase 1 , 150  
 cell-cycle control, loss , 149  
  FGFR3  , 149  
 genetic alterations , 147–148  
 HSPs , 150  
 monoclonal antibodies , 149  
 OGX427 , 150  
 oncogenic alterations , 148–149  
 PI3K/Akt/mTOR pathway , 148  
 small molecule tyrosine kinase inhibitors , 149  

 smoking , 46  
 and socioeconomic status , 85–86  
 surgical pathology diagnosis , 31  
 tissue-based diagnosis , 31  
 UCC , 45–46  
 urinary   ( see  Urinary diversion) 

   BladderChek NMP-22 test , 19–20  
   Bladder preservation therapy 

 clinical staging , 381  
 components , 460  
 Cyberknife treatment , 383–384  
 high-grade T1 , 381  
 IGRT , 383  
 intensity modulated radiation therapy , 383  
 maximal TUR, chemoradiation , 460  
 muscle-invasive , 459  
 partial cystectomy , 460  
 quality of life , 384  
 radiation therapy after maximal TURBT , 381  
 radical TUR alone , 460  
 rectal and bowel toxicity , 382  
 surveillance , 383–384  
 trimodality treatment , 382  
 unselected population , 380–381  

   Bladder tumor antigen (BTA) , 20, 157  
   Bladder tumour 

 CT scan , 187  
 cystoscopy schedule , 185–186  
 ICUD , 183  
 orthotopic substitution , 183  
 surveillance cystoscopy , 186  
 ultrasound , 187  
 urinary markers , 187  
 UTT , 187  

   Bowel segment selection 
 ileum and colon , 340  
 jejunum , 340  
 stomach , 340  
 for urinary diversion, factors , 340  

   BTA.    See  Bladder tumor antigen (BTA) 
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    C 
  Carcinoma in-situ (CIS) 

 cytology , 241  
 FISH , 241  
 intermediate-and high-grade disease , 239  
 intravesical BCG , 239  
 negative surveillance evaluation , 242  
 PDD , 240  
 recurrence and progression , 240  
 routine re-staging transurethral resection , 240  
 standard protocol , 240  
 urinary markers , 241  

   CFU.    See  Colony forming units (CFU) 
   Chemoradiation.    See  Chemoradiotherapy 
   Chemoradiotherapy 

 with cisplatin , 395  
 combined modality treatment , 361–363  
 cystectomy , 396–397  
 multimodality therapies , 395  
 neoadjuvant CMV , 397  
 phase I/II chemoradiation trials , 396  
 transitional-cell carcinoma, bladder , 361  
 trimodality approach   ( see  Trimodality approach) 

   Chemotherapy 
 adjuvant , 369  
 administration , 12  
 anthracyclines , 228  
 apaziquone , 229  
 and BCG , 32  
 cisplatin-based , 382  
 clinical response rates , 449  
 combination therapy , 229  
 concurrent , 368  
 CT and MRI , 450–451  
 EORTC trials , 10  
 gemcitabine , 228  
 high-grade, Ta tumors , 202  
 induction , 368–369  
 intravesical therapy , 203  
 micro-metastases , 12  
 MMC , 226–227  
 NACT and NC   ( see  Neoadjuvant chemotherapy (NAC)) 
 oncolytic adenovirus , 229  
 patients with nodal metastases   ( see  Nodal metastases) 
 perioperative , 203  
 postoperative instillation , 225  
 radiation , 87–89    ( see also  Chemoradiotherapy) 
 radiographic response , 451  
 Southwest Oncology Group (SWOG) trial , 451  
 systemic , 449  
 taxanes , 228–229  
 thiotepa , 227  
 traditional PET , 451  
 transurethral biopsy , 225  
 TURBT , 203–204  
 urothelial carcinoma , 450  

   Cigarette smoking 
 chemical compounds , 4–5  
 population attributable risk , 4  
 risk factor , 171  
 smokers, current  vs.  never , 4–5  

   CIS.    See  Carcinoma in-situ (CIS) 
   Clinical practice guidelines, muscle-invasive bladder 

cancer , 457  
   Clinical trials 

 molecular markers , 146  
 muscle invasive bladder cancer , 147  
 oncology community , 145  
 optimal trial design , 147  
 pharmacokinetic studies , 145  
 phase I trials , 145  
 phase III trials , 146  
 randomized phase II and III clinical trials , 147–148  
 systemic cisplatin-based chemotherapy , 147  
 toxicity profi les , 146  
 tumor pre-and post-treatment , 147  
 tumor vaccines , 145–146  

   Coherent anti-stokes Raman scattering (CARS) 
microscopy , 166  

   Colony forming units (CFU) , 272  
   Combined modality therapy 

 bladder cancer , 362, 365–366  
 centers, bladder preservation therapy , 361  
 complete responders , 361  
 MGH and RTOG , 362, 364  
 radiochemotherapy regimen , 362–363  
 schedule, combined modality therapy , 362–363  

   Comparative effectiveness research , 105  
   Complications.    See also  Short term complications 

 BCG therapy , 272–273  
 intracorporeal urinary diversion , 353, 355  
 mucus plugging , 304  
 open radical cystectomy , 304  
 patients with orthotopic neobladders , 303  
 perioperative and postoperative , 320–321  
 radical cystectomy (RC) , 333, 337–338, 425  
 robot-assisted radical cystectomies (RARC) , 320–321  
 symptoms , 303  

   Computed tomography (CT) 
 low-grade T1 tumor , 216  
 lymph nodes , 424, 450  
 lymphography , 80–81  
 muscle invasive bladder cancer 

 bladder tumor , 66–67  
 node positive disease , 67  
 radiation exposure , 66  
 right-sided bladder lesion , 66  

 neoadjuvant chemotherapy , 64–65, 407–408  
 nodal metastases , 414  
 noninvasive disease 

 cystoscopy/transurethral resection , 61  
 hematuria evaluation , 63  
 high-risk non-invasive disease , 62–63  
 low-grade NMIBC , 62  
 renal insuffi ciency/allergy , 61  

 positron emission tomography (PET) , 68–69  
 staging , 60  
 transurethral resection of bladder tumor (TURBT) , 383  
 urothelial carcinoma of bladder (UCB) , 73, 76–77  
 virtual cystoscopy (VC) , 165  

   Concomitant carcinoma in situ (CIS) , 115  
   Confocal laser endomicroscopy (CLE) , 165–166  
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   Continent cutaneous diversions , 302  
   Cost and cost-effectiveness research 

 description , 26  
 screening  vs.  no screening , 26  
 unnecessary work-ups , 27  
 urine marker tests , 26  

   Cyberknife treatment , 383–384  
   Cyclin-dependent kinase inhibitor 2A (CDKN2A) , 52  
   Cystectomy, lymph nodes , 425  
   Cystitis 

 bacterial and viral , 32–33  
 infectious/noninfectious causes , 32  
 patient management , 34  
 polypoid and Malakoplakia , 33–34  

   Cystoscopy 
 bladder biopsies , 186  
 fi rst cystoscopy , 185  
 fl uorescence , 159–160  
 low-grade NMIBC , 62  
 microscopic hematuria and atypical cytology , 172  
 3-month cystoscopy , 185  
 screening , 22  
 surveillance , 186  

   Cytology 
 ICUD guidelines , 433  
 specimens 

 benign urinary tract diseases , 42–43  
 diagnosis , 39  
 lack of tissue-based orientation , 42  
 low-grade papillary urothelial carcinoma , 40–41  
 nomenclature/reporting , 40  
 types , 39–40  
 urothelial carcinoma , 41–42  

 urethral wash , 434  
 urine , 156  
 UUT surveillance , 432  

    D 
  Device-assisted therapy , 252–253  
   Differential diagnosis 

 cytology utility , 39  
 radiation therapy , 32  

   Diffusion-weighted MRI (DW MRI) , 74–75  
   Dipstick hematuria testing , 19  
   Disease progression 

 age, diagnosis , 112  
 BCG therapy failure , 205  
 and cancer-specifi c death , 202  
 CIS , 115  
 diagnosis , 201  
 gender , 113  
 high-grade NMIBC , 203  
 LVI , 115  
 muscle invasive disease , 206  
 obesity , 113–114  
 perioperative chemotherapy , 204  
 prevention , 204  
 smoking exposure , 114  
 tumor , 114, 204  

   Disease recurrence.    See also  Disease progression 
 radical cystectomy (RC), surveillance strategy , 430  
 urethrectomy , 433  

   Dynamic contrast-enhanced MRI (DCE MRI) , 75–76  

    E 
  Elderly, BCG failure , 266  
   Enzyme-linked immunoabsorbent serologic assay 

(ELISA), urinary biomarkers , 156–157, 195  
   EORTC.    See  European Organization for Research and 

Treatment of Cancer (EORTC) 
   Epidemiology.    See  Mortality 
   Epigenetics 

 CpG islands , 54  
 DNA methylation , 54  
 histones , 54  
 micro-RNAs , 54–55  
 recurrence and prognosis , 55  
 Ta and CIS pathways , 54  

   European Association of Urology (EUA) , 280–283, 
285–287  

   European Organization for Research and Treatment 
of Cancer (EORTC) 

 BCG , 253, 257–259  
 carboplatin-gemcitabine , 393  
 CUETO , 185  
 intravesical chemotherapy , 116  
 intravesical regimens and guidelines , 254  
 isoniazid prophylaxis , 273  
 low-risk tumors , 218  
 non-muscle-invasive Ta and T1 bladder cancer , 10  
 recurrence and progression, nomogram prediction , 10  

   Extended pelvic lymphadenectomy , 416  
   Extracorporeal urinary diversion 

 anastomosis , 319  
 fascia, extraction incision , 318–319  
 surgeon , 318  

    F 
  FC.    See  Fluorescence cystoscopy (FC) 
   Female cystectomy 

 Douglas pouch incision , 298–299  
 tumor involvement, bladder neck , 298, 300  
 vaginal stump oversewing , 298, 300  

   Fibroblast growth factor receptor-3 (FGFR-3) 
 bladder cancer cell lines , 51  
 ligand-independent dimerization , 50  
 papilloma , 50  
 PUNLMP , 50–51  
 tyrosine kinase receptor , 50  

   First-line chemotherapy 
 cisplatin , 393  
 high-dose-intensity MVAC (HD-MVAC) , 392  
 known active agents , 392  
 MVAC , 392–394  

   FISH.    See  Fluorescence in situ hybridization (FISH) 
   Flat lesions 

 CIS   ( see  Flat urothelial carcinoma in situ (CIS)) 
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 CK20, low-molecular weight cytokeratin , 
35–36  

 dysplasia , 34  
 E-cadherin loss and increased Ki67 , 36  

   Flat urothelial carcinoma in situ (CIS) 
 conventional , 35–36  
 immunohistochemical stains, diagnosis , 

35–36  
 micropapillary , 35–36  

   Fluorescence cystoscopy (FC) 
 bladder cancer diagnosis , 156  
 bladder tumors , 218  
 intavesical MMC , 219  
 OCT , 162  
 PDD , 159–162  
 random bladder biopsies , 202  
 upper tract , 205  
 urine test/ IPSS , 22  

   Fluorescence in situ hybridization (FISH) 
 atypical cytology , 158  
 bladder cancer , 174  
 carcinoma , 158  
 cytology , 24, 241  
 ImmunoCyt , 26  
 multi-target assay , 195  
 tumor recurrence , 195  
 urinary biomarkers , 158  
 urine dipstick testing , 24  
 urine markers , 20  
 urine tumor markers , 176  
 UroVysion ®  assay , 43  
 visible tumor , 158  

   Follow up 
 bladder preservation , 460–461  
 false-positive study , 68  
 gemcitabine trial , 249  
 mitomycin C trial , 249  
 NMIBC , 183–184  
 risk stratifi cation , 184–185  

    G 
  Gemcitabine 

 apoptosis , 250  
 BCG-refractory disease , 211  
 chemotherapeutic agents , 369  
 cisplatin/carboplatin , 394  
 costs , 251  
 DNA replication , 267  
 mean recurrence-free survival , 250  
 metastatic/invasive urothelial cancer , 228  
 MMC , 228  
 side effects , 250  

   Gender 
 age , 171  
 BCG failure , 256  
 demographic features , 442  
 epidemiologic and translational research , 119  
 health care delivery , 87  
 non-urothelial histology , 8  
 UCB , 113  

   Gene expression 
 bladder cancer , 52  
 epigenetic changes , 54  
 micro-RNAs , 54  
 M-VAC chemotherapy , 132  
 prediction scoring system , 132  
 profi ling , 37  
 transcription factors , 54  
 tumor’s signature , 55  

   General population 
 asymptomatic unselected population , 23  
 and heavy smokers , 20–21  
 long-term outcomes , 22  
 repetitive home screening with urine dipstick testing , 20  
 screening and control population , 20  
 urine tests , 22  

   GoLYTELY ®  mechanical bowel preparations , 339  

    H 
  Hautmann neobladder and chimney modifi cation , 345–346  
   Health care disparities 

 in bladder cancer , 86–87  
 contextual factors , 88  
 description , 87  
 muscle-invasive bladder , 87  
 population-based analyses , 87  
 race/ethnicity , 87  
 socioeconomic status , 88  

   Health related quality of life (HRQOL).    See also  Quality 
of life (QOL) 

 in bladder cancer patients , 98–99  
 cost of survival , 95–96  
 diversion types , 104  
 health domains , 96–97  
 instruments , 99–101  
 non-muscle-invasive disease , 105  
 patient-centric assessment , 96  
 patient well-being , 96  
 RARC , 105  
 RC and urinary diversion , 104  
 response shift , 99  
 and SHIM , 105  
 status , 97  
 subjective metric , 97–98  

   Heat shock proteins (HSPs) , 150  
   Hematuria 

 bladder biopsies , 176  
 cystoscopy , 172  
 diagnosis and risk factors , 171–172  
 imaging , 172  
 urine cytology   ( see  Urinary cytology) 

   High-grade non-muscle-invasive bladder cancer , 10–11  
   High-grade Ta tumors 

 with CIS and , 287  
 fi rst large , 280–281  
 low-grade , 284–285  
 multiple, low-grade, papillary , 282–284  
 multiple, recurrent , 281–282  
 persistent CIS despite induction and maintenance , 

285–286  
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   Histology 
 and cytology , 42  
 non-urothelial , 8  
 urothelial carcinoma of bladder (UCB) , 123  
 variants , 459  

    I 
  ICUD.    See  International Consultation on Urological 

Disease (ICUD) 
   IGRT.    See  Image-guided radiotherapy (IGRT) 
   Ileal conduit , 301, 341–342  
   Image-guided radiotherapy (IGRT) , 383  
   Imaging 

 muscle invasive bladder cancer   ( see  Muscle invasive 
bladder cancer) 

 NMIC 
 CT   ( see  Computed tomography (CT)) 
 MRI , 63–64  
 NC   ( see  Neoadjuvant chemotherapy (NAC)) 
 post-treatment cancer surveillance , 59  

 surveillance imaging , 69  
 tools , 158–159  
 UCB   ( see  Urothelial carcinoma of bladder (UCB)) 

   ImmunoCyt ®  test , 20, 157–158  
   Immunostains , 35  
   Immunotherapy 

 BCG , 231–232  
 chemotherapy , 203  
 DN24-02 , 150  
 dose reduction and prophylactic antibiotics , 275  
 IFN , 233  
 IL-2 levels , 234  
 intravesical , 89  
 maintenance , 232  
 MCC , 233  
 mycobacterium bovis , 229  
 optimization , 232–233  
 PD-L1 expression , 150  
 preservation strategies , 287  
 side effects and management , 230–231  
 strategies , 150  
 TH1-related cytokines , 230  
 tumor grade , 121  
 urinary cytokines , 230  
 urinary frequency and dysuria , 271  
 urine culture and urinalysis , 230  

   Incidence.    See  Mortality 
   Indiana Pouch , 343–344  
   Instruments 

 AUA-SI , 101  
 baseline assessment , 101  
 best fi t 

 disease-specifi c HRQOL , 103  
 factors , 101–102  
 general HRQOL , 102  
 health utility , 103–104  
 multidimensional construct , 102  
 standardized instruments , 101  

 convergent validity , 101  
 KPS , 99  

 Likert scales , 100  
 multistep process , 100  
 neurogenic bladder patients , 100  
 psychometric analysis , 100  
 treatment improvement , 100  

   Interferon-alfa-BCG , 267  
   International Consultation on Urological Disease 

(ICUD) , 277, 281–282, 284–287, 
430, 457  

   Intracorporeal urinary diversion 
 avoiding complications , 353, 355  
 hybrid techniques , 353  
 “Marionette technique” , 353–354  
 small bowel and ileum segment , 353  

   Intravesical BCG 
 blue light cystoscopy , 240  
 CUETO trials , 116  
 cystectomy , 182  
 FC , 218  
 FISH , 241  
 local and systemic side effects , 246  
 low-grade Ta tumors , 283  
 MMC , 282  
 recurrence and progression rates , 10  
 TURBT , 218  

   Intravesical chemotherapy 
 EAU , 283  
 EORTC trials , 116  
 meta-analysis , 210  
 MMC , 226  
 tumor recurrence , 225  
 TURBT , 89  
 valrubicin , 286  

   Intravesical therapy 
 bladder cancer , 223  
 BTA tests , 157  
 chemotherapy , 225–229  
 cystectomy , 205  
 cystoscopy , 219  
 doxorubicin , 210  
 EORTC trials , 10  
 HGTa , 281  
 host’s defense mechanisms , 114  
 ImmunoCytr , 158  
 immunotherapy , 229–234  
 induction cycles , 284  
 meta-analysis , 210  
 multicenter randomized trial , 210  
 mutifocal disease , 381  
  nab -paclitaxel , 251  
 NMIBC , 209  
 principles , 223–225  
 radical cystectomy , 253  
 recurrence and progression rates , 251  
 recurrences , 209  
 SEER-medicare data , 89  
 Ta/T1 tumors , 11  
 TURB , 113  
 visible tumor , 203  

   Invasive bladder cancer, open radical cystectomy , 293  
   Invasive urothelial carcinoma , 36–37  
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    K 
  Koch Pouch , 343–344  

    L 
  LMP.    See  Low malignant potential (LMP) 
   LND.    See  Lymph node dissection (LND) 
   Location 

 bladder tumor , 217  
 lateral and posterior bladder walls , 217  
 lesion , 31  
 lymph node , 122  
 metastatic disease , 78  
 solitary tumor , 460  
 urothelial carcinoma , 43  

   Long-term complications, open radical cystectomy , 304  
   Low-grade bladder cancer , 9, 11, 47  
   Low-grade non-muscle-invasive bladder cancer 

 cystoscopic surveillance and repeated transurethral 
resections , 9  

 EORTC nomogram , 10  
 microscopic and gross hematuria , 9  

   Low-grade Ta tumor 
 active surveillance , 211  
 BCG  versus  mitomycin C , 210  
 bladder cancer , 209  
 intravesical chemotherapeutic agents , 211  
 intravesical therapy , 209–210  
 NMIBC , 209  
 radical cystectomy , 211–212  
 TUR , 209  

   Low-grade T1 tumor 
 CIS , 219  
 high-risk papillary non-muscle-invasive disease , 219  
 muscle invasive disease , 219  
 prognostic factors 

 aggressive tumors , 217  
 bacillus Calmette–Guérin instillation therapy , 215  
 bladder wall perforation , 218  
 cancer-free survival , 215  
 detrusor muscle , 217  
 FC , 218  
 grade and stage , 217  
 intravesical therapy , 219  
 local pathologist , 217  
 muscle invasion and metastasis , 216  
 older age , 215  
 random biopsy , 218  
 resection loop , 216  
 reviewed pathology , 218  
 T1 bladder cancer , 217  
 ultrasound/CT scan , 216  
 women , 216  

 re-resection , 220  
   Low malignant potential (LMP) , 3  
   Lymphadenectomy extent 

 dissection analysis , 416–417  
 patient/provider factors , 415  
 positive lymph nodes , 424–425  
 sentinel node identifi cation , 413  
 surgical lymph node mapping , 411  

   Lymph node(s) 
 count 

 node-positive and node-negative patients , 411  
 pathologic examination , 415  

 CT/MRI , 450  
 imaging modality , 451  
 mapping 

 sentinel , 417  
 surgical , 411  

 pelvic , 452–453  
 positive bladder cancer , 449  

   Lymph node dissection (LND) 
 analysis , 416–417  
 description , 411  
 frozen section analysis , 417  
 gross lymphadenopathy , 417  
 long-term survival , 418  
 and nodal metastases   ( see  Nodal metastases) 
 nodal staging , 414–415  
 open radical cystectomy , 300  
 phase III trial data , 418–419  
 quality , 415–416  
 robotic approach , 418  

   Lymphography 
 PET/CT 

  11 C-choline , 80–81  
 cross-sectional imaging , 78–79  
  18 F-FDG , 81  
 lymphatic and visceral metastases , 80  
 metastatic disease detection , 79  
 preoperative imaging , 79  
 T2-T3N0M0 urothelial carcinoma , 79  
 UCB , 80  

 USPIO nanoparticles , 78  
   Lymphovascular invasion (LVI) , 115  
   Lynch syndrome , 19, 23, 26, 46  

    M 
  Magnetic resonance imaging (MRI) 

 chemotherapy , 450–451  
 conventional MRI , 74  
 diffusion-weighted MRI (DW MRI) , 74–75  
 dynamic contrast-enhanced MRI (DCE MRI) , 75–76  
 lymph node(s) , 450  
 lymphography   ( see  Lymphography) 
 muscle invasive bladder cancer , 67  
 neoadjuvant chemotherapy , 64–65  
 NMIBC 

 detrusor layer , 63–64  
 time-consuming and costly , 63  
 T2 MRI , 64  
 urinary bladder, NMIBC , 63  

 staging , 60, 65  
 urothelial carcinoma of bladder (UCB) , 73–76  

   Male cystectomy 
 accessing Denonvillier’s fascia and blunt dissection , 

297–298  
 endopelvic fascia incision , 298–299  

   “Marionette technique” , 353–354  
   Metabolic acidosis , 303, 333, 340–341, 436  
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   Metastatic disease 
 fi rst-line chemotherapy , 392–394  
 second-line chemotherapy , 394–395  

   Metastatic surveillance 
 distant sites, recurrence , 430  
 factors , 431  
 guidelines , 430–431  
 non-urothelial recurrences , 430  
 pathologic tumor stage and lymph node status , 432  
 PFS and B-CS , 430  

   MIBC.    See  Muscle invasive bladder cancer (MIBC) 
   Mitomycin C (MMC) 

 adjuvant therapy , 226  
 apaziquone , 229  
 chemoradiation , 460  
 costs , 250  
 cystitis , 249  
 cytotoxicity , 252  
 DNA synthesis , 249  
 doxorubicin , 204  
 EMDA , 227  
 gemcitabine, intravesical , 251  
 high-grade Ta tumors , 282  
 intravesical chemotherapy , 226  
 judicious use , 90  
 lower urinary tract symptoms , 281–282  
 meta-analysis , 249  
 optimization strategy , 227  
 recurrence and progression rates , 227  
 short-term BCG , 249  
 tumor progression rates , 249  

   MMC.    See  Mitomycin C (MMC) 
   Model 

 Cox regression , 116  
 neurofuzzymodel (NFM) , 128  
 predictive , 112, 117  
 scoring , 116  
 standard pathologic grouping , 128  

   Molecular carcinogenesis 
 CDKN2A , 52  
 chromosome 9 , 48, 50  
 CIS pathway and muscle invasive disease , 52  
 FGFR-3 , 50–51  
 genetic alterations, Ta and MIBC tumors , 48, 50  
 PI3K pathway , 51–52  
 PTEN , 53  
 RAS , 51  
 RB , 53  
 Ta pathway , 48  
 TP53 , 53  
 urothelial cell tumorigenesis , 48–49  

   Mortality 
 age , 5  
 cigarette smoking , 4–5  
 due to chronic infection , 8  
 genetic susceptibilities , 3  
 geographic distribution , 3–4  
 occupational risk factors , 5  
 pioglitazone, anti-diabetic drug , 9  
 race , 8  

 sex , 5–8  
 therapeutic radiation to pelvis , 8  

   Multimodality bladder preservation therapy , 460  
   Multimodality treatment.    See  Trimodality approach 
   Muscle invasive bladder cancer (MIBC) 

 AC , 459  
 bladder preservation , 459–461  
 bone scans , 68  
 chemoradiation , 396–397  
 clinical practice guidelines , 457  
 CT   ( see  Computed tomography (CT)) 
 cystectomy , 458  
 detrusor muscle invasion , 11  
 histologic variants , 459  
 in LND , 411–412  
 long-term follow-up , 461  
 lymphovascular invasion (LVI) , 13  
 metastatic disease , 387  
 NAC , 458  
 nodal metastases , 13  
 node-positive M0/MX , 12  
 PET , 66, 68–69  
 PS and non-obstructive renal impairment , 407  
 radiography and ultrasound , 66  
 RC and lymphadenectomy , 457–458  
 standard  vs.  extended pelvic lymphadenectomy , 13  
 systemic platinum-based combination chemotherapy , 

11–12  
 treatment strategies , 457  

    N 
  NACT.    See  Neoadjuvant chemotherapy (NAC) 
   Narrow-band imaging (NBI) 

 abnormal lesions and normal urothelium , 163  
 false-detection rates , 165  
 urothelial carcinomas hypervascularity , 163  
 and WL images , 163–164  

   Nasogastric tube (NGT) decompression , 350  
   National Comprehensive Cancer Network (NCCN) , 279, 

281–282, 284–287  
   Natural history, bladder cancer 

 description , 9  
 high-grade non-muscle-invasive , 10–11  
 low-grade non-muscle-invasive , 9–10  
 muscle-invasive , 11–13  
 non-urothelial cancers and unusual variants , 9  

   NCT.    See  Neoadjuvant chemotherapy (NAC) 
   Neoadjuvant chemotherapy (NAC) 

 aggressive multiple drug regimens , 389  
 cisplatin-based , 389  
 clinical and pathologic staging , 328–329, 389  
 clinical decisions , 328  
 CT/MRI , 64, 407–408  
 diffusion-weighted MRI , 65  
 dose-dense MVAC with G-CSF support , 389  
 and DWI , 65  
 FDG PET/CT , 65  
 follow-up schedule , 444–446  
 gemcitabine and cisplatinum (GC) , 406  
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 and NNT , 328  
 Nordic Cystectomy Trial , 388  
 nutritional status , 407  
 patient factors , 406  
 perioperative chemotherapy , 329  
 persistent lymph node involvement , 409  
 and PET techniques , 65  
 phase III trials, UC , 390  
 prospective randomized trial evidence , 441  
 radical cystectomy , 64  
 radiographic imaging , 64  
  vs.  RC , 405  
 renal function/performance status , 441  
 renal impairment , 406  
 residual disease , 444  
 surveillance , 408–409  
 T3/T4 disease , 64  
 urologic oncologists , 329  
 urologists , 441  

   Neobladder 
 Hautmann , 345–346  
 open radical cystectomy , 301–302  
 orthotopic , 347–348  
 QLQ-C30 questionnaire , 349  
 Studer , 346–347  
 urethral anastomosis , 353  

   Nerve sparing 
 cystectomy , 330  
 neurovascular bundles, preservation , 316–317  
 radical cystectomy (RC) , 330–331, 390  
 sexual function , 349  

   NGT.    See  Nasogastric tube (NGT) decompression 
   NMIBC.    See  Non-muscle invasive bladder cancer 

(NMIBC) 
   NMP-22.    See  Nuclear matrix protein-22 (NMP-22) 
   Nodal metastases 

 clinical presentation , 452  
 combined modality therapy , 452  
 experimental and descriptive techniques , 411  
 muscle-invasive bladder cancer , 411–412  
 patients outcomes , 453  
 patients with positive, distribution , 413  
 pelvic lymphadenectomy, levels , 412  
 persistent evidence , 454  
 quality , 415–416  
 sentinel lymph node identifi cation , 413–414  
 SPECT-CT technique , 414  

   Nomogram 
 lymph node metastasis , 118  
 novel biomarkers , 131–132  
 postoperative prediction tools , 128  
 pre-cystectomy , 118  
 predictive tools , 112  

   Non-invasive urothelial neoplasms , 34–36  
   Non-muscle invasive bladder cancer (NMIBC) 
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 BCG therapy , 196  
 carcinoma in-situ (CIS) , 115  

 and CEUS , 61  
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 confi dence profi le method , 278  
 contrast-enhanced 3D ultrasound , 61–62  
 cystectomy , 255–256  
 delay of radical cystectomy , 115  
 diagnostic accuracy , 61  
 disease recurrence and progression , 115–116  
 Doppler studies , 60  
 follow-up surveillance , 185  
 gender , 113  
 guidelines, description , 277–278  
 healthcare system , 209  
 high-grade Ta tumor   ( see  High-grade Ta tumors) 
 high-risk population , 184  
 intravenous pyelogram , 60  
 intravesical gemcitabine , 250  
 magnetic resonance imaging , 63–64  
 MIBC , 54  
 obesity , 113–114  
 panels’ categorization, recommendations , 278–279  
 papillary lesions , 62  
 pathologic factors 

 CIS , 115  
 histologic variants , 115  
 LVI , 115  
 prior recurrences , 114  
 tumor grade , 114–115  
 tumor size and multifocality , 114  
 tumor stage , 114  

 postoperative MMC , 226  
 predictive models, bladder cancer , 116–117  
 primary , 192  
 prophylaxis , 230  
 and PUNLMP , 45  
 race , 112–113  
 radical cystectomy , 116, 118, 253  
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ultrasound , 60–61  
 randomized trial , 249  
 recurrence and progression , 115–116  
 scoring system , 280  
 smoking exposure , 114  
 soft tissue contrast , 60  
 surgical factors , 115  
 tumor staging and grading , 192  
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 ultrasonography , 60  
 upper urinary tract , 192  
 urinary markers , 187, 195  
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37–38  
 description , 37  
 small cell carcinoma , 38  
 squamous cell carcinoma , 37–38  

   Nuclear matrix protein-22 (NMP-22) , 19–20, 156  
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  “Oncogene addiction” , 147  
   Open radical cystectomy 

 description , 293  
 female   ( see  Female cystectomy) 
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 lymph node dissection , 300  
 male , 297–298  
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 postoperative management , 302–303  
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 preoperative 
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 staging , 293–294  
 surgery preparation , 295–296  
 type of diversion , 295  

 RARC , 293  
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 urethral recurrence , 304–305  

   Open techniques, urinary diversion 
 bowel anastomosis , 351  
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   Optical coherence tomography (OCT) 
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 computer-aided texture analysis , 162  
 high-resolution imaging technology , 162  
 malignant characteristics , 162–163  
 surface structure , 162  
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368–372  
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 predictive and prognostic factors , 372  
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 recurrence and progression rates , 233  
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   Organ preservation , 361–362  

   Outcome 
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 lymph node involvement , 122  
 oncologic , 113  
 p21 expression , 127  
 p53 nuclear accumulation , 123  
 prediction tools , 112  
 at radical cystectomy , 116, 118  
 smoking exposure , 114  
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    P 
  Papillary lesions 
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 urothelial papilloma , 34–35  
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   Pathologic complete response 
  in vivo  chemotherapy sensitivity , 387  
 pCR marker, improved survival , 388  

   Pathology, NAC , 443  
   PDD.    See  Photodynamic diagnosis (PDD) 
   Pelvic lymphadenectomy.    See also  Lymph node 

dissection (LND) 
 lymphadenectomy , 300  
 muscle-invasive bladder cancer , 293  
 urinary diversion , 301–302  

   Pelvic lymph node dissection (PLND) , 128, 131, 311, 
321, 340–341  

   Perioperative chemotherapy 
 follow-up schedule , 444–446  
 metastatic disease , 394  
 NAC , 443  
 phase I/II chemoradiation trials , 396  
 prognosis , 441–443  
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 cost-effectiveness , 161  
 false positives , 160  
 fl uorescence cystoscopy , 159–162  
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 intravesical instillation , 193  
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 photobleaching , 160  
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 recurrence probability , 160–161  
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   PLND.    See  Pelvic lymph node dissection (PLND) 
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 description , 423  
 lymphadenectomy extent , 424–425  
 preoperative imaging , 424  
 radical cystectomy (RC) , 423–425  

   Positron emission tomography (PET) 
 false-positive evaluation , 69  
 hypermetabolic pre-sacral lymph node , 69  
 PET/CT , 68–69  
 radio-isotopes , 68  
 UCB imaging   ( see  Urothelial carcinoma of bladder 

(UCB)) 
   Postoperative care, RC , 333  
   Pouch-vaginal fi stula , 304  
   Practice guidelines.    See  High-grade Ta tumors 
   Preoperative imaging , 424  
   Prognosis , 13, 55, 441–443  
   Prognostication and risk assessment 

 description , 111  
 metastatic and recurrent bladder cancer , 132–134  
 MIBC , 118–132  
 NMIBC , 112–118  
 prediction tools , 112  

   Prognostic, Bacillus Calmette–Guerin (BCG) 
 CUETO , 254  
 MIBC , 253  
 recurrence and progression scores , 253–254  
 T1 NMIBC , 254–255  
 total score , 253–254  

   Prostate sparing RC (PSRC) , 330  
   PSRC.    See  Prostate sparing RC (PSRC) 
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   Quality improvement 
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 incidence and mortality , 91–92  
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 MMC data , 90  
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 NCCN guidelines , 92  
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 PQRS , 91  
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   Quality of care 
 BCG , 89–90  
 cisplatin-based regimens , 88–89  
 comorbid conditions , 89  
 health care , 88  
 NCCN guidelines , 89  
 NMIBC patients , 89  
 physicians , 88  
 radical cystectomy , 88  
 surgical factors , 89  

   Quality of life (QOL) 
 health-related assessment , 305  

 HRQOL   ( see  Health related quality of life (HRQOL)) 
 and morbidity , 18  
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  Radiation.    See  Bladder preservation therapy 
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 BCG-refractory disease , 253  
 bladder cancer , 87  
 bladder preservation   ( see  Bladder preservation 

therapy) 
 capsule/prostate sparing , 330  
 description , 379  
 Dutch population-based study , 327  
 with erectile function preservation , 330–332  
 female patient , 334–335  
 individual risk assessment , 327–328  
 intravesical therapy , 212  
 LND   ( see  Lymph node dissection (LND)) 
 localized muscle invasive bladder cancer , 379  
 local tumor control , 425  
 long-term complication rate , 333  
 low-grade disease , 211  
 lymphadenectomy , 11, 78  
 lymph node template (level I-III) , 423–424  
 metastases , 11–12, 211  
 MIBC , 457  
 morbidity and mortality rates , 332–333  
 muscle-invasive disease , 12, 429  
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 nomograms , 128, 327  
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 pathologic features and outcome , 116–118  
 patient work-up , 379–380  
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 PLND , 340–341  
 postoperative care , 333, 425  
 probability, pT-stage , 423–424  
 prognostic factors , 380  
 recurrent tumor , 255  
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 complications , 337–338  
 meticulous surgical technique during ureteral 

dissection , 353  
 modifi ed lithotomy position with steep 

Trendelenberg , 352–353  
  vs.  open surgical approach , 335  
 preoperative, intraoperative and postoperative 

factors , 338  
 stage II bladder cancer , 88  
 surgical quality , 329  
 surveillance , 408–409    ( see also  Metastatic 

surveillance) 
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 Radical cystectomy (RC) (cont.) 
 urethrectomy   ( see  Urethrectomy) 
 urinary diversion , 88, 90, 303, 332, 408, 425  
 UUT   ( see  Upper urinary tract (UUT)) 

   Radiology , 432  
   Radiotherapy 

 image-guided adaptive , 367–368  
 molecular markers , 370–371  
 synchronous chemotherapy , 368  
 tumor hypoxia modifi cation , 369  

   Random biopsies , 186, 202, 204–205, 216, 241, 380, 385  
   RARC.    See  Robot-assisted radical cystectomies (RARC) 
   RC.    See  Radical cystectomy (RC) 
   Recurrence 

 BCG , 89, 246  
 bladder cancer , 156  
 cancer-specifi c mortality , 127  
 EORTC , 257  
 FISH , 241  
 gemcitabine , 251  
 hematuria , 39  
 high-grade Ta tumors , 204  
 low-grade and high-grade bladder cancers , 55  
 mitomycin C , 210  
 multivariate analysis , 182  
 Nerve-sparing techniques , 349  
 NMIBC , 249  
 perioperative dose/maintenance therapy , 227  
 prognosis , 55  
 progression rates , 10  
 radical cystectomy (RC) , 133, 245  
 renal ultrasound and labs , 445  
 smoking status and cumulative exposure , 114  
 systemic chemotherapy , 12  
 tuberculosis , 272  
 upper urinary tract , 192  
 UUT , 432  

   Re-resection , 74, 191, 193–194, 201–202, 219, 280–281  
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(Re-TURBT )  , 218–219  
   Review pathology , 217, 219  
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 obturator and hypogastric lymph node dissection , 

313, 315  
 “split-and-roll” technique , 312  
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   Risk group , 184, 226, 257–259  
   Risk stratifi cation.    See  Prognostication and risk assessment 
   Robot-assisted radical cystectomies (RARC) 
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 bladder pedicle 

 after thorough rectum mobilization , 323  
 with endovascular stapler , 323  
 with Hem-o-lok clip , 323  
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 distal ileum and tags preparation , 315  
 extracorporeal urinary diversion , 318–319  
 female  vs.  male patient , 311  
 indications , 309–310  
 left colon and sigmoid colon , 313–314  
 left PNLD , 314  
 left ureter under sigmoid mesentery , 314  
 neurovascular bundles, preservation , 316–317  
 operating room equipment and personnel 

positioning , 310  
 paravesical space and ureter development , 312–313  
 pathologic and oncologic outcomes , 321  
 perioperative complications , 320–321  
 port placement and instruments , 311–312  
 postoperative care , 319–321  
 prerectal and posterior vesical space , 315–316  
 remaining inferior vesical vessels , 316  
 right PLND , 312–315  
 specimen extraction , 318  
 superior vesical arteries , 315  
 techniques , 311  
 urethral dissection, ligation and division , 

314, 317–318  
   Robotic surgery.    See  Radical cystectomy (RC) 

    S 
  Screening 

 cost and cost-effectiveness , 26–27  
 description , 17  
 general population , 20–23  
 lead-and length-time bias , 18  
 lifetime probability , 17  
 lower incidence and mortality , 18  
 The National Cancer Institute , 18  
 non-occupational high-risk populations , 23–26  
 patients with Lynch syndrome , 26  
 population-based , 18  
 potential issues , 18  
 risk factors , 18–19  
 urine markers   ( see  Urine markers) 

   Second-line chemotherapy 
 multiple single agents , 394  
 multivariate cox analysis , 395  
 pemetrexed, multitargeted antifolate agent , 

394–395  
 re-administration, fi rst-line , 395  
 single-agent phase II trials , 394  

   Sepsis 
 BCG instillation , 274  
 steroids administration , 274  

   Short term complications 
 mucus plugging , 304  
 patients with orthotopic neobladders , 303  
 symptoms , 303  

   Side effects 
 anthracyclines , 228  
 anti-tuberculous therapy , 231  
 BCG therapy , 230  
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 contact dermatitis , 249  
 interferon , 246  
 intravesical gemcitabine , 250  
 isoniazid prophylaxis , 273  
 jejunum , 340  
 local and systemic , 246  
 optic neuritis , 274  
 perforation , 225  
 valrubicin , 248  

   Sigmoid pouch , 347  
   The Spanish Oncology Genitourinary Group (SOGUG) , 

391, 443  
   Staging 

 bladder cancer , 38–39  
 CT and MRI , 60  
 diagnostic accuracy , 65  
 limitations , 39  
 morphologic variations , 39  
 muscle-invasive bladder , 12  
 nodal , 414–415  
 pT1, pT2 and pT3 diseases , 38–39  
 treatment failure , 12  
 T1/T2-MRI , 65  
 UCB   ( see  Urothelial carcinoma of bladder 

(UCB)) 
 ultrasonography , 60  
 upper urothelial tracts , 59  
 urothelial carcinoma , 66  

   Studer orthotopic neobladder , 346–347  
   Surgical therapy 

 and anatomy , 296–297  
 and surveillance 

 antibiotic prophylaxis , 180  
 cold-cup biopsy , 183  
 fulguration , 183  
 imaging , 179, 187  
 medical clearance , 180  
 reresection , 182  
 TURBT   ( see  Transurethral resection of bladder 

tumors (TURBT)) 
 upper tract evaluation , 187  
 urinary markers , 187  

 during ureteral dissection , 353  
 ureterointestinal anastomoses , 351–352  

   Surveillance 
 ICUD guidelines , 461  
 metastatic surveillance , 430–432  
 MIBC , 435  
 radical TUR alone , 460  
 and surgical therapy   ( see  Surgical therapy) 
 urethrectomy , 433–435  
 urinary diversion , 435–437  
 UUT , 432–433  

   Survival 
 after radical cystectomy , 128–132  
 cost , 95–96  
 gender , 119  
 lymph node , 120, 122  
 race , 112  

    T 
  Ta pathway , 48, 50–54  
   Targeted therapy , 128, 145, 234  
   Thermochemotherapy (TC) , 227, 252, 268  
   Thiotepa , 209–210, 225, 227  
   TNM staging system, bladder cancer , 414–415  
   Transitional cell carcinoma (TCC) 

 carcinoma in situ (CIS) , 257  
 localized/metastatic , 80  
 radical cystectomy , 361  
 standard of care , 361  
 tumor cell repopulation , 367  

   Transurethral resection of bladder tumors (TURBT) 
 bladder cancer management , 180  
 concurrent systemic treatment , 381  
 general/regional anesthesia , 180  
 intensity modulated radiation therapy , 383  
 joint replacement/spinal abnormality , 180  
 papillary TCC, resectoscope , 181  
 prognostic factors , 380  
 treatment planning CT , 383  

   Treatment outcome , 98, 112, 216, 457  
   Trimodality approach 

 adjuvant chemotherapy , 369  
 concurrent chemotherapy , 368  
 induction chemotherapy , 368–369  
 inhibition, EGF receptor activity , 372  
 patient selection , 370–372  
 radiation fractionation regimens and doses , 

363, 367–368  
 tumor hypoxia modifi cation , 369  

   Tumor burden , 156, 201, 405, 432  
   TURBT.    See  Transurethral resection of bladder tumors 
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  Upper urinary tract (UUT) 

 cytology , 432  
 description , 432  
 guideline recommendations , 433  
 MR urography , 432  
 recurrences , 433  
 risk factors identifi cation , 432  

   Urethral recurrence.    See also  Urethrectomy 
 neuroanatomical studies , 305  
 prostatic involvement and continent cutaneous 

diversion , 304  
 radical cystectomy (RC) , 434  
 risk , 300, 435  

   Urethrectomy 
 in female patients , 433  
 guideline recommendations , 434–435  
 incidence, subsequent urethral recurrence , 434  
 neobladder reconstruction , 295  
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   Urinary bladder cancer (UBC) 
 description , 387  
 NCT  vs.  ACT , 387–388  
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 Urinary bladder cancer (UBC) (cont.) 
 postbiopsy effects , 75  
 test , 22  

   Urinary bladder neoplasms , 201, 204  
   Urinary cytology 
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 classifi cation , 173  
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 contraindications , 347  
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 neobladder , 301–302  
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 anesthetic considerations , 350  
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 postoperative strategies , 350  
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selection) 
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 VTE , 339–340  
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 quality of life (QOL) , 349  
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 sexual function , 349–350  
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 surveillance , 435–437  
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345–346  
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 Indiana Pouch , 343–344  
 Koch Pouch , 343–344  
 non-continent cutaneous diversions , 341  
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 sigmoid pouch , 347  
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41–42  
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 cytology , 41  
 diagnosis , 66  
 distant metastasis , 68  
 fi eld-change disease , 432  
 gene expression profi ling , 37  
 high-grade urothelial tumors , 41–42  
 high-resolution images , 66  
 invasive , 36–37, 76–77  
 low-grade papillary , 41  
 metastasis , 68  
 molecular level , 48  
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 neoadjuvant chemotherapy (NAC) , 69  
 non-muscle-invasive , 194  
 phase II trials , 150  
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 radical cystectomy , 211  
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 staging , 67  
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 upper tract tumors , 158  
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 variants , 37  

   Urothelial carcinoma of bladder (UCB) 
 CT and MRI , 73  
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 hormonal differences , 119  
 local disease assessment 

 conventional MRI , 74  
 DCE MRI , 75–76  
 and DW MRI , 74–75  
 PET/CT , 76–77  

 metastatic disease assessment , 77–78  
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 MRI lymphography   ( see  Lymphography) 
 predictive tools , 112  
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 specifi c mortality , 119  
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 tumor/micrometastatic disease , 73  
 variant histology , 123  

   UroVysion ® assay , 43, 158  
   UUT.    See  Upper urinary tract (UUT) 
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  Venous thromboembolism (VTE) prophylaxis , 339–340  
   Virtual cystoscopy (VC) 

 diagnostic imaging modalities , 159  
 3-D volume-rendered reconstructions , 165  

   Vitamin B12 metabolism 
 ileal conduit , 437  
 urinary diversion , 436  

   VTE.    See  Venous thromboembolism (VTE) 
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  White light cystoscopy (WLC) , 22, 155, 
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