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Bladder cancer is one of the most exciting urological cancers. It exists in two forms - 
non-muscle-invasive (NMI) and muscle-invasive (MI) disease. The difference in the 
clinical picture has been the focus of significant research in defining the molecular 

characteristics of urothelial cancer (UC) of the bladder. This book provides an 
overview of the most hotly debated areas in bladder cancer. Authors have focused on 
the emerging role of markers for NMI UC and various ways of improving the efficacy 

of current chemotherapy in the first section. The second section has focused on the 
surgical aspects of MI UC. Two major areas of debate - the role of pelvic lymph node 

dissection and genital sparing surgery - are discussed in this section.
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Preface

The first question that comes to mind when holding this book is why there is a need for another
book on bladder cancer (urothelial cancer (UC)). Indeed, it is an extremely widely covered topic
in contemporary uro-oncological literature. However, bladder cancer is a major issue both from
the standpoint of patients and clinicians. It is considered as one of the most expensive cancers
to manage due to frequent and long-term follow-ups needed for non-muscle-invasive (NMI)
UC. Cystoscopy is currently the standard of care for the diagnosis and surveillance for NMI
UC. Newer diagnostic tools such as urinary markers may assist in a more cost-effective manner
in detecting early recurrence of UC of urinary bladder; however, they are not currently validat‐
ed to replace cystoscopy. The use of photodynamic diagnosis enhances tumor visibility and im‐
proves transurethral resection of bladder (TURB) cancer results, potentially reducing
recurrence rates and lowering treatment costs. The first section of the book deals with these
questions. Authors have tried to assess the contemporary status of these markers.

What makes UC of the bladder a particularly interesting condition is that it exists in two unique
forms, i.e., NMI and muscle-invasive (MI) states. They have varied course with low-grade Ta
and T1 cancers behaving as a local disease (more like a benign tumor), and, not surprisingly, it
is locally treated, whereas MI UC is a potentially lethal disease with very high risk of metasta‐
ses. The watershed between the two entities is CIS and high-grade NMI.

One of the major concerns in NMI UC of the bladder is recurrence and progression to a higher
stage and grade. Up to 30% of NMIBC patients suffer progression to MIBC. In the MI UC of the
bladder, the contemporary question of interest is how to reduce mortality in over 50% of appro‐
priately treated patients at 5 years. Two potential strategies to improve outcome are to offer
early cystectomy in high-risk NMI UC and offer neoadjuvant and adjuvant chemotherapy in
MI UCB. There are limited data on the utility of various clinicopathological markers in the iden‐
tification of patients who would benefit most from these interventions without risking over
treatment. Outcome prediction has improved through the development of nomograms and pre‐
dictive models; however, there is a dire need of validated molecular markers in identifying pa‐
tients who would benefit from further interventional treatment. Authors in the first section of
the book on NMI UC have focused on the utility of various existing and potential markers for
prognosis.

Although some of the non-muscle cancers can progress to muscle-invasive stage, generally
these two are considered as separate entities. Most at risk for progression are so-called high-risk
cancers according to EORTC risk stratification. However, ~50% of patients diagnosed as high
risk in fact do not progress within 3 years. Several markers have been studied to predict the
potential of NMI to progress, including microRNAs. Rosenberg and colleagues1 have studied
the role of microRNAs and noted their utility for prognosis in patients with urothelial carcino‐
ma. They noted that the expression levels of several microRNAs, including miR-29c*, identified
high- and low-risk groups.

M. Hammad Ather
Aga Khan University

Pakistan

1Rosenberg E, Baniel J, Spector Y, Faerman A, Meiri E, Aharonov R, Margel D, Goren Y, Nativ O.  Predicting progres-
sion of bladder urothelial carcinoma using microRNA expression. BJU Int. 2013 Nov;112(7):1027-34.
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Intravesical Treatment Modalities in Bladder Cancer: 
Current and Future Perspectives

Turgay Turan, Bulent Erol, Asıf Yıldırım  
and Turhan Çaşkurlu

Additional information is available at the end of the chapter

Abstract

Non-muscle-invasive bladder cancers encompass the pathological stages of Ta, T1, and 
carcinoma in situ. To prevent recurrence, intravesical therapy, which is performed after 
complete transurethral resection, is the current standard therapy for non-muscle-inva-
sive bladder cancers. In patients with low-risk non–muscle-invasive bladder cancer, post-
transurethral resection (TUR) management is a single immediate intravesical instillation 
of chemotherapy alone. For an intermediate-risk patient, a 6-week course of induction 
intravesical chemotherapy or immunotherapy can be adapted. Bacillus Calmette-Guerin 
vaccine is still the gold standard of immunomodulating intravesical treatment used to 
reduce recurrence and progression. Nanotechnology is being developed for the diagno-
sis and treatment of non-muscle-invasive bladder cancer. The newly developed technol-
ogy will be able to change intravesical therapy success in non-muscle-invasive bladder 
cancer.

Keywords: Bacillus Calmette-Guerin, bladder cancer, intravesical chemotherapy, 
intravesical immunotherapy, nanoparticle

1. Introduction

Bladder cancer (BC) is prevalent in the United States. It was estimated that the number of new 
bladder cancer cases would reach 76,960 in 2016 [1]. Non-muscle-invasive bladder cancers 
(NMIBCs) are among the most (75%) newly diagnosed cases [2]. NMIBC encompasses the 
pathological stages of Ta, T1, and carcinoma in situ (CIS). Patients with low-grade Ta disease 
have a very low risk of progression. Patients with T1 disease with concurrent CIS have a higher 
risk of progression and recurrence, approaching 50% [3]. To prevent recurrence,  intravesical 
therapy, which is performed after complete transurethral resection, is the current standard 

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



therapy for NMIBC. The risk categorization of the recurrence and progression of NMIBC is 
based on the European Organization for Research and Treatment of Cancer (EORTC) risk 
table developed from the data of 2596 patients from seven studies [3]. The scoring system is 
based on the six most essential clinical and pathologic factors, that is, the number of tumors, 
tumor size, prior recurrence rate, T category, presence of concurrent CIS, and tumor grade 
(WHO 1973). Another NMIBC scoring model is the Club Urológico Español de Tratamiento 
Oncológico (CUETO) model derived from 1062 patients from four trials [4]. As these two 

EAU [7] AUA [11]

Low risk Primary, solitary Ta, LG/G1, <3 cm, no CIS Low-grade, solitary Ta _ 3 cm
Papillary urothelial neoplasm of low  
malignant potential

Intermediate risk All tumors not defined in the 2 adjacent 
categories (between the categories of low risk 
and high risk)

Recurrence within 1 year, low-grade Ta
Solitary, low-grade Ta >3 cm
Low-grade Ta, multifocal
High-grade Ta, ≤3 cm
Low-grade T1

High risk Any of the following:
T1 tumor
HG/G3 tumor
CIS
Multiple, recurrent, and large (>3 cm)  
Ta G1G2 tumors (all conditions must be  
present at this point)

High-grade T1
Any recurrent, high-grade Ta
High-grade Ta, >3 cm (or multifocal)
Any CIS
Any BCG failure in high-grade case
Any variant histology
Any LVI
Any high-grade prostatic urethral  
involvement

Table 1. The risk stratifications of NMIBC.

EAU (Update 2016)

Low risk One immediate instillation of intravesical chemotherapy after 
TURB.

Intermediate risk In patients with previous low recurrence rate (less than or equal 
to 1 recurrence per year) and expected EORTC recurrence score 
<5, 1 immediate instillation of intravesical chemotherapy after 
TURB. In all patients, either 1-year full-dose BCG treatment 
(induction plus weekly instillations for 3 weeks at 3, 6, and 12 
months) or instillations of chemotherapy (the optimal schedule is 
not known) for a maximum of 1 year.

High risk
Subgroup of highest-risk tumors
• T1G3/HG associated with concurrent bladder CIS, 
multiple and/or large T1G3/HG and/or recurrent 
T1G3/HG, T1G3/HG with CIS in the prostatic 
urethra, unusual histology of urothelial carcinoma, 
LVI
• BCG failures

Intravesical full-dose BCG instillations for 1–3 years or 
cystectomy.
• RC should be considered. In those who refuse RC, intravesical 
full-dose BCG instillations for 1–3 years.
• RC is recommended.

Table 2. Treatment recommendations of EAU guidelines for NMIBC.
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 models were compared in an independent group of 4689 patients, an overestimated risk of 
disease progression and recurrence, especially in high-risk patients, was assessed [5]. A new 
EORTC nomogram, which was based on 1812 patients who underwent 1–3-year Bacillus 
Calmette-Guerin (BCG) vaccine maintenance, was recently published [6]. The European 
Association of Urology (EAU) and the American Urological Association (AUA) defined risk 
groups (Table 1). According to the individual risk classification of a patient, intravesical che-
motherapy or immunotherapy is recommended according to EAU guidelines (Table 2) [7].

In this chapter, we describe the current state and future perspectives of intravesical therapy 
for NMIBC.

2. Intravesical therapy

2.1. Intravesical chemotherapy

Intravesical treatment is still accepted as the main treatment modality for NMIBC. Though the 
transurethral resection of bladder tumor (TURB) by itself can absolutely treat a TaT1 tumor, 
the recurrence of these tumors commonly occurs, and their progression to muscle-invasive 
BC (MIBC) can be observed. In patients with low-risk NMIBC, therapy is a single intravesi-
cal instillation of chemotherapy alone. Immediately, single instillation eradicates circulating 
tumor cells after TURB and residual tumor cells at the resection site. After TURB, tumor cell 
implantation should be started within the first few hours. Thus, tumor cells are implanted in 
the extracellular matrix [8]. To increase the efficacy of single instillation, chemotherapy should 
be given as soon as possible after TURB, preferably within the first 2 h. All patients in the 
low- and intermediate-risk groups should have immediate single intravesical chemotherapy 
if there is no suspicion of bladder perforation or significant bleeding, which requires bladder 
irrigation. Odden et al. noted that it can cause complications stemming from drug extravasa-
tion [9]. Moreover, in the meta-analysis of Sylvester et al., single instillation decreased the 
5-year recurrence rate from 59 to 45%. The risk of recurrence was reduced by a single imme-
diate instillation, but there appeared to be no cure in patients with prior recurrence rates of 
more than one recurrence per year or European Organization for Research and Treatment of 
Cancer recurrence scores ≥5. The use of mitomycin C (MMC), epirubicin and pirarubicin, for 
treatment was beneficial [10].

Although a single instillation of intravesical chemotherapy is used for low-risk BC patients, 
this treatment is inadequate for intermediate-risk disease, and an induction course 3–4 
weeks following TURB is recommended according to the guidelines. For an intermediate-
risk patient, a 6-week course of induction intravesical chemotherapy or immunotherapy can 
be adapted [11]. As a result of a meta-analysis of 3703 patients from 11 randomized trials, a 
highly significant 44% reduction in the odds of recurrence at 1 year in favor of chemotherapy 
over TURB alone was reported, but the effects on tumor progression have not been deter-
mined [12]. The length and frequency of chemotherapy instillations are still being argued. 
The guidelines do not support treatment >1 year [13]. Controlled urinary pH, reduced 
urinary excretion, and the balanced intravesical solution of MMC lowered the recurrence 
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rate [12]. A 1-h instillation of MMC was more beneficial than a 30-min instillation, but no 
efficient comparisons are attainable for 1- and 2-h instillations [14]. With patients from the 
high-risk group, using microwave-induced hyperthermia or electromotive drug adminis-
tration (EMDA) can be efficient. Yet, the current evidence is restricted, and both treatment 
approaches are thought to be experimental [15, 16]. The study of Friedrich et al. included 
495 patients with intermediate- and high-risk disease randomized to 6 weeks of MMC alone, 
6 weeks of BCG, or 6 weeks of MMC with a 36-month maintenance regime. They reported 
that maintenance MMC was prevalent at reducing the risk of recurrence when compared to 
6 weeks MMC and 6 weeks BCG (p = 0.001). They also showed that maintenance MMC was 
superior to induction BCG in reducing recurrence [17]. However, Hendricksen et al. sug-
gested an immediate instillation with an intensive regime without a maintenance regime 
[18]. A randomized trial was conducted that compared radio frequency-induced hyperther-
mic MMC to BCG in 190 intermediate- to high-risk patients treated with 1 year of mainte-
nance treatment. This study showed that 24-month recurrence-free survival (RFS) in patients 
was definitely better in the hyperthermic MMC arm in per-protocol analysis (p = 0.008) [19]. 
Still, a similarity was found in the complete response rates for CIS between the two groups. 
The results of this study were hopeful, and hyperthermic MMC can play a major role in 
the management of high-risk NMIBC in the future. However, no guidelines have advised 
that the use of device-assisted chemotherapy is not recommended until now. No changes 
have been made in treatment modalities for intravesical therapy for NMIBC over the past 
three decades. Gemcitabine and chemohyperthermia (CHT) are options for BCG therapy as 
adjuvant treatments for intermediate- and high-risk papillary NMIBC, but they are not yet 
considered standard.

2.2. Intravesical immunotherapy

Intravesical immunotherapy is well known, and its beneficial results for patients suffering 
from NMIBC are clear. BCG is still the gold standard of immunomodulating intravesical 
treatment used to reduce recurrence and progression, and its effect on the improvement of 
tumor-specific survival has been great. A meta-analysis has proved that BCG after TURB 
is superior to TURB alone or to TURB plus chemotherapy for negating the recurrence of 
NMIBC [20]. Morales et al. were the first to describe the BCG induction regime of once 
a week for 6 weeks in 1976. This is still supported today [21]. Many diverse maintenance 
schedules have been used. However, it is not possible to determine the most effective BCG 
maintenance schedule [22, 23]. To prevent recurrence or progression, a minimum of 1 year 
of maintenance BCG is needed to experience the superiority of BCG over MMC [24]. It is not 
possible to know the optimal number of induction instillations and the optimal frequency 
and duration of maintenance instillations. EORTC carried out a randomized controlled 
trial (RCT) of 1355 patients, which indicated that after BCG is given at full dose, 3 years 
of maintenance decreases the recurrence rate compared with 1 year in high-risk patients, 
but this is not seen in intermediate-risk patients [25]. In an RCT of 397 patients, CUETO 
recommended that in high-risk tumors, maintenance with only one instillation every 3 
months for 3 years might not be sufficient [26]. In an RCT of 229 patients, a Finnbladder-6 
study showed the efficiency of a monthly maintenance-BCG regimen and suggested that 
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it was more beneficial for preventing recurrence than a similar regimen of epirubicin and 
interferon-α2a [27]. To achieve a  reduction in BCG toxicity, the instillation of a reduced 
dose was to be proposed. The EORTC found no difference in toxicity between one-third 
and full-dose BCG [28].

BCG instillations can be more beneficial for patients with NMIBC recurrence after a chemo-
therapy regimen. The continuity of BCG is not appropriate for patients with BCG failure 
because of a lack of response to therapy; in this case, radical cystectomy is more preferable. 
Several bladder preservation strategies may be classified as immunotherapy [29], chemother-
apy, device-assisted therapy, and combination therapy [30, 31]. In one RCT, unified MMC and 
BCG reduced recurrences, yet the result of this combination was more toxic compared with 
that of BCG monotherapy [32]. In another RCT, for frequently recurrent cases of NMIBC, the 
use of weekly MMC followed by monthly BCG showed a significantly higher rate of efficacy 
in the reduction of the recurrence rate instead of BCG and interferon [33]. The incomplete 
BCG instillations due to intolerance prevent the appearance of the best treatment options for 
patients with high-risk tumors. Non-high-grade recurrence after BCG is not accepted as BCG 
failure. Treatment techniques should be decided according to tumor characteristics. For EAU, 
BCG failure is assessed as the development of MIBC, the recurrence of high-grade NMIBC, or 
pCIS during or after BCG treatment, and cystectomy is advised in these cases [7]. BCG is still 
considered a cornerstone treatment for high-grade NMIBC; however, the toxicity, limited effi-
cacy in a subset of patients, and recurrence rates show the need for more effective treatment 
options. Recombinant BCG, monoclonal antibodies, vaccines, and adoptive immunotherapy 
are alternatives aimed at directing these deficiencies.

2.3. The future of intravesical therapy

To increase the dwell time of intravesical drugs, intravesical drug delivery devices implanted 
in the bladder are developed and abandoned in place for a length of time. This provides an 
increase in the drug’s exposition period of time in the bladder mucosa.

The lidocaine-releasing intravesical system (LiRIS®) device was advanced as a result of 
experiments on rabbits. LiRIS has a double-lumen tube. While one of the lumens contains 
drug tablets, the other consists of lumen superelastic wire. This new technology includes 
a small flexible osmotic drug pump that provides the release of the drug within 2 weeks. 
The Massachusetts Institute of Technology by Lee and Cima carried out the research for this 
device, which demonstrated increased levels of lidocaine in the bladder tissue of rabbits after 
3 days of exposure [34, 35]. The current use of this device is for the intravesical delivery of 
lidocaine in interstitial cystitis patients in phase 2 trials. Its application to bladder cancer treat-
ments will be decided based on the results of future research studies.

A phase 1 trial is designed to deal with the safety and tolerability of the gemcitabine-releasing 
intravesical system (GemRIS). This system is based on the controlled release of gemcitabine 
during the 7-day indwelling time. As a consequence of intravesical drug delivery devices, the 
intravitreal delivery of drugs to the eye is seen as an achievement in the field of ophthalmol-
ogy [36, 37]. Using similar concepts may bring about success in the development of intravesi-
cal drug delivery devices.
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2.3.1  Nanotechnology

The treatment of NMIBC nanotechnology is a newly developed technology. Biological and 
cytotoxic agents for intravesical instillation are some of the therapeutic applications of nano-
technology in NMIBC. The intravesical instillation of live BCG bacteria requires standard 
care for high-grade NMIBC; however, this treatment has significant side effects, including 
BCG infections, sepsis, and even death. The harmful components of BCG bacteria have been 
explored to eradicate live bacteria without any risks. Nakamura et al. enclosed BCG-CWS 
within 166-nm liposomes, and this formulation showed efficacy in rat models against the 
development of bladder cancer [38]. The combination of chitosan and polysaccharide-based 
nanoparticles, chitosan and polylactic acid or chitosan and poly (ε-caprolactone) may be 
given with mitomycin C, and these nanoparticle drug delivery systems have demonstrated 
a similar efficacy to that of the release of the pure drugs. This delivery system indicated that 
the drug was slowly percolated out of the particles. As the polysaccharide structure might 
play the role of a bioadhesive, a rise in the exposure of the drug to the bladder surface may be 
observed, even after voiding [39].

The solubility of a drug is increased by nanoparticle albumin bound (NAB) particles to provide 
conveyance across tumor epithelial cells by interacting with albumin receptors. McKiernan et 
al. had phase I and II studies with NAB paclitaxel in patients with recurrent NMIBC who 
especially had failure with one prior BCG regimen. They observed great efficacy and response 
to this treatment technique in 10 out of 28 (36%) patients [40].

Paclitaxel has also been investigated with gelatin polymer nanoparticles. Lu et al. further-
more demonstrated drug retention in bladder tissue up to 1 week, which means a 360 times 
higher drug effect on tumor tissue than on normal bladder tissue [41]. The influence of reverse 
thermosensitive hydrogels has been explored to learn whether they increase the dwell time 
of intravesical drugs. These polymer hydrogels maintain their liquid character at cold tem-
peratures and turn into gels at body temperature. To serve plenty of urologic uses, Urogen 
Pharma developed a reverse thermosensitive hydrogel. MMC is in VesiGel™ at a high dose, 
and this gel is released into the bladder with the help of a Foley catheter. Then, the coating of 
hydrogen comes out and turns into a solidified gel reservoir. The release of the drug from the 
gel can increase the dwell time to 6–8 h. The gel dissolves completely and is thrown out of the 
body via voided urine. According to preclinical results, there is an increased level of MMC in 
bladder tissue at the same dose of MMC alone, and there is a higher concentration of MMC 
in the bladder for a longer period of time [42]. Clinical trials are still going on. These also 
include the prospective optimized instillation of mitomycin for bladder cancer (OPTIMA) 
study, which will compare the standard intravesical instillation of MMC versus instillation 
with VesiGel™ prior to TURB in NMIBC. Urogen Pharma MitoGel™, which is developed by 
Urogen Pharma, uses a ureteral catheter to deliver hydrogel with MMC while treating upper-
tract urothelial cancer. Safety and feasibility have been established via preclinical trials [43].

Imiquimod is an immunotherapeutic toll-like receptor 7 (TLR7) agonist. TMX-101 is a liquid 
formulation of imiquimod. A hydrogel with imiquimod and its safety for intravesical use for 
pTa and pT1 disease has been established via studies on phase I [44, 45]. A study for phase 2 
patients with CIS should be completed soon.
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A separate group has conducted another investigation on the use of BackStop Gel®. This 
treatment consists of a reverse thermosensitive hydrogel from Boston Scientific, which is 
designed to prevent stone fragment retropulsion during ureteroscopy and to ensure the 
delivery of MMC to the upper tract of pigs [46]. In the study of Wang et al., MMC was 
given to the ureters via ureteroscopy, and by closing the system with a thermosensitive 
polymer plug, MMC was able to stay in the ureters at least 1 h. Then, they recorded the 
intrarenal pressure and histopathologic differences of the kidney. Finally, they published 
that the polymer plug was safe [47]. In the study of Tyagi et al., using thermosensitive 
hydrogel misoprostol on rats significantly reduced urinary frequency with the cyclophos-
phamide-induced cystitis model [48]. OncoGel (PLGA-PEG-PLGA plus Paclitaxel) was 
studied in the treatment of esophageal cancer, brain cancer, and other solid tumors [49]. 
Pluronic F127 is being investigated in other oncologic settings with regard to the effect of 
its use in combination with nanoparticles to deliver hydrophobic chemotherapeutics in 
depot fashion [50].

2.3.2. Mucoadhesives

Mucoadhesive carriers attach to the bladder epithelium to surrender the dwell time in this 
treatment technique. Mucoadhesive nanogels were recently analyzed in the porcine uri-
nary bladder and can be a candidate for ensuring the intravesical delivery of hydrophobic 
drugs in BC therapy [51]. Chitosan, whose investigation is currently being completed, is the 
main agent. Chitosan enhances the permeability of the urinary bladder wall [52]. Zaharoff 
et al. evaluated the effect of chitosan/interleukin-12 on a mice bladder cancer model. A 
preclinical study showed that chitosan/IL-12 had high immune response [53]. Through this 
therapy, it is possible to decrease the number of intravesical treatments required and the 
costs of frequent treatment and surveillance. This also shows a novel intravesical for the 
systemic transfer of immunity with the potential to treat locally advanced or metastatic 
disease [54]. Through this therapy, it is possible to decrease the number of intravesical 
treatments required and the costs of frequent treatment and surveillance. In the trial of 
Zhang et al., the effect of a magnetic chitosan thermosensitive hydrogel in the delivery of 
BCG in rat bladders was investigated. Benefitting from previously described concepts, they 
developed a chitosan and Beta-glycerophosphate with a base of thermosensitive hydrogel; 
it comprised Fe3O4 magnetic nanoparticles. They indicated the ongoing release of BCG over 
48 h in the presence of a magnetic field. They also showed an increase in the antitumor 
efficacy of BCG [55]. In addition, a study on chitosan with gemcitabine was conducted 
[56]. A recent study reported the successful formulation of chitosan and thioglycolic acid 
nanoparticles that were loaded with gemcitabine and then stayed in chitosan gel or polax-
mer hydrogel. The results revealed a great number of losses in the bioadhesive gelling 
ability of polaxmer. This occurs because it is diluted with an artificial urine solution as 
compared to chitosan gel.

2.3.3. Chemohyperthermia, electromotive drug administration, and gemcitabine

The use of chemohyperthermia and electromotive drug administration was explored to 
improve the distribution of intravesical therapies in research carried out in 2000. CHT 
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 established a connection between intravesical chemotherapy and hyperthermia. The most 
prevalent chemotherapeutic agent used in CHT is MMC. Some studies with promising 
results reported a relative reduction in recurrence up to 59% when compared to MMC alone. 
However, a meta-analysis determined that desperate conclusions could not be declared 
because of the deficiency of randomized trials and heterogeneous data [15]. EMDA uses the 
concepts of iontophoresis, electro-osmosis, and electroporation to carry the movement of 
drugs to the urothelium with an electric current [57]. Di Stasi et al. studied EMDA compre-
hensively. Their first RCT held in 2003 contained significantly higher response rates at 3 and 6 
months for the EMDA-MMC group when compared to the passive diffusion group, as well as 
a significantly higher peak plasma concentration of MMC following EMDA when compared 
to passive diffusion [58]. More recently, the combination of BCG and EMDA with MMC was 
taken into account as a study. However, the significant costs associated with EMDA and its 
tolerability seem problematic. Therefore, the usage of both CHT and EMDA is not common at 
this time. According to the EAU guideline on NMIBC, both CHT and EMDA are experimental 
because of a lack of adequate evidence. Furthermore, the AUA guideline on NMIBC does not 
recommend their use for the same reason, yet it informs that CHT may be effective for further 
studies [11]. Neither CHT nor EMDA is accepted for use in the United States. There are ongo-
ing trials to evaluate the use of CHT and EMDA.

Gemcitabine is a nonvesicant chemotherapeutic drug. Skinner et al. reported the results of a 
phase 3 trial in 2013. The study dealt with 47 patients with two previous BCG failures who 
each received 2 g of intravesical gemcitabine weekly for 6 weeks of induction, which was fol-
lowed by monthly maintenance for 1 year. The RFS rate was 28% at 1 year and 21% at 2 years 
[59]. Until now, only a single study has been carried out that has compared the results of intra-
vesical gemcitabine with those of another agent. In one RCT, Di Lorenzo et al. [60] studied a 
cohort of patients with a single prior BCG failure. The patients were randomized to receive 
either twice weekly intravesical gemcitabine for 6 weeks or weekly intravesical BCG for 6 
weeks, followed by a 3-week mini-cycle maintenance therapy at 3, 6, and 12 months if disease 
free. A total of 40 high-risk patients were registered in each arm. After 2 years, the RFS rate in 
the gemcitabine arm was 19%, and in the BCG arm, it was 3%. Its optimistic tolerability, mild 
efficacy, and low rate of progression ensure that gemcitabine monotherapy be considered for 
salvage therapy in select patients.

2.3.4. Photodynamic therapy

Photodynamic therapy (PDT) includes a photo-sensitizing drug that is selectively taken up 
by malignant cells and followed by the irradiation of these cells with light of a specific wave-
length. In 2014, Lee et al. [61] announced their results by using Radachlorin-based PDT for the 
treatment of high-grade NMIBC that had previously undergone BCG and showed intolerance 
to BCG or with refractory disease. Patients were checked via cystoscopy and cytology with or 
without bladder biopsies for the first 3 months and then at 3-month intervals thereafter. All 
patients were free of tumors at 3 months, and 91, 64.4, and 60.1% of them remained disease 
free at 12, 24, and 30 months, respectively. Recent reports on the efficacy of a Radachlorin-
based protocol and mild side effects are really promising, but the need exists for replication 
and confirmation before further dissemination.
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New clinical trials should be carried out on these nanoformulations and others, especially 
those covered with cancer-targeting ligand on the surface. These studies can possibly increase 
the response rate, alleviate recurrence, and decrease the need for cystectomy.

3. Conclusion

Intravesical therapy serves to alleviate the risk of bladder cancer recurrence and progression. 
Gemcitabine and chemohyperthermia are options for BCG therapy as adjuvant treatment 
for intermediate- and high-risk papillary NMIBC, but they are not yet considered standard. 
The newly developed technology will be able to change intravesical therapy success in 
non-muscle-invasive bladder cancer. New clinical trials should be carried out on nanofor-
mulations, especially those covered with cancer-targeting ligand on the surface, and these 
studies can possibly increase the response rate, alleviate recurrence, and decrease the need 
for cystectomy.
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Abstract

Bladder cancer is the fourth most common cancer in men, and the lifetime risk of getting 
bladder cancer is 2.4%. Approximately 75% of newly diagnosed cases of bladder cancer 
are non-muscle-invasive bladder cancer (NMIBC), and half of them will show recurrence 
and/or progression after transurethral resection. Therefore, after transurethral resection, 
in high-risk patients, intravesical therapy is mandatory. However, bacillus Calmette-
Guérin (BCG) is associated with important side effects such as systemic tuberculosis 
and bladder retraction. Chemohyperthermia (CHT) has shown a 60% lower recurrence 
rate than standard mitomycin C (MMC). However, its effectiveness in high-risk patients, 
especially CIS and BCG refractory patients, is even more important. CHT will probably 
be an option for patients unsuitable for radical cystectomy or those on whom BCG can’t 
be used. Two main technologies are currently available for intravesical CHT: microwaves 
and recirculating heated fluids. Both of them have pros and cons that should be known 
and evaluated by a urologist. In this chapter, we will speak about rationale, technical 
options, clinical results, ongoing studies, and future perspective for this interesting treat-
ment option for intermediate and high-risk patients with NMIBC.

Keywords: NMIBC, MMC, BCG, chemohyperthermia, radio frequency, recirculant 
systems, adjuvant, neoadjuvant

1. Background

In 2002, the world-adjusted incidence rate of bladder cancer was 33 new cases/100,000 inhab-
itants/year. That makes it the fourth tumor with the highest incidence in men, after lung, 
prostate, and colorectal cancers [1].

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Each body tumor has unique characteristics in terms of its presentation, histological types, 
surgical approaches, and sensitivity to different types of treatment (surgery, chemotherapy, 
radiotherapy).

Approximately, 95% of bladder neoplasms are urothelial carcinomas, and 75% of them will be 
diagnosed as non-muscle-invasive tumors. However, they have a high tendency to recur, and 
one-third of them will reappear during the first 5 years after transurethral resection. Incidence 
of recurrence and progression is directly related to the tumoral grade and stage, being higher 
in carcinoma in situ and T1G3 tumors.

Most recidives have similar grade and stage to the original tumor. However, a significant 
number of bladder cancers progress to invasive tumors whose prognosis and treatment are 
completely different. Therefore, intravesical postoperative therapy is mandatory, especially 
in those with medium and high-risk tumors.

The urethra allows ease of access from the outside, which generally allows a resection of the 
tumor and the application of chemo- and/or immunotherapy locally with minimal systemic 
toxicity.

Intravesical chemotherapy, with single postoperative or with maintenance protocols, is the usual 
treatment for patients with low and intermediate risk of non-muscle-invasive bladder cancers 
(NMIBCs). Their side effects are well tolerated, but there is general consensus that chemo-
therapy is effective in reducing short-term risk for recurrence, but its efficacy is only marginal 
in the long term [2].

On the other hand, immunotherapy with bacillus Calmette-Guérin (BCG) is the gold stan-
dard treatment for high-risk patients. However, BCG is associated with important side effects 
such as systemic tuberculosis and bladder retraction [3]. Moreover, in the recent past, there 
has been a limited availability of BCG, which has made us change our old protocols for 
new ones using a lower dose or reducing the number of instillations. Clearly, there is a scope 
to optimize and improve current intravesical chemotherapy.

Many new treatment approaches are being researched to increase the effectiveness of 
adjuvant intravesical therapy. One of the developing treatments for high-risk NMIBC is 
the combination of intravesical chemotherapy and hyperthermia, called chemohyperther-
mia (CHT).

Chemotherapy combined with thermal energy has proven higher anticancer activity than che-
motherapeutic instillation alone at diminishing recurrence rates. It also appears to improve 
the bladder preservation rate. Moreover, in the future, CHT may become a standard therapy 
for high-risk patients with recurrent tumors, for patients who are unsuitable for radical cys-
tectomy, and in cases for which BCG is contraindicated [4].

In this chapter, we will speak about rationale, technical options, clinical results, ongoing stud-
ies, and future perspective for this interesting option of treatment for intermediate and high-
risk patients with NMIBC.
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2. Intravesical therapies for the treatment of NMIBC

2.1. Historical review

The first intravesical treatments can probably be traced to the eleventh century. In the third 
book of his treatise Canon of Medicine, Avicenna described how to inject a list of drugs into the 
bladder through a hollow cylindrical instrument [5].

The first description of specific intravesical treatment for bladder cancer was carried out in 
the 1950s by Walton and Sinclair [6]. In the following years, radioactive solutions of sodium 
bromide and colloidal gold were used with relative success but also important complications.

Jones and Swinney [7] described in 1961 the use of intravesical thiotepa which was later the 
first intravesical drug FDA approved for NMIBC; however, its side effect rates were high, so 
it was not commonly used.

Mitomycin C (MMC) is a cross-linking agent that inhibits DNA synthesis, which was discov-
ered by Wataki et al. [8] in 1962. Seven years later, Ogawa [9] instillated MMC simultaneously 
with radioactive phosphorus, but its toxicity was high. In the following year, Shida et al. 
[10] published the first results by using intravesical MMC. Almost a decade went by before 
Kaufman et al. [11] began using it in the USA who was followed a few years later by German 
urologists. Due to its high molecular weight (329 kDa), there is reduced risk of transurothelial 
absorption, and side effects are minimal [2].

In 1976, Morales et al. [12] demonstrated the power of immunotherapy to treat bladder cancer 
by showing BCG effectiveness in patients with carcinoma in situ. Both treatments, chemo-
therapy with MMC and immunotherapy with BCG, became the gold standard of intravesical 
therapy for low-medium and high-risk patients, respectively.

Many other drugs and immunotherapeutic agents have been tried against NMIBC in the last 
half century, but intravesical chemotherapy with MMC remains the most widely used world-
wide. However, the reduction of tumoral recurrences is not very high, and even this small 
difference is lost after 2 years of follow-up, and tumoral progression is not reduced [2].

2.2. What limits the effectiveness of intravesical chemotherapy?

From the evolutionary point of view, the urinary bladder appeared in amphibians as a reser-
voir to store urine with intention of using it for osmotic regulation of the body by reabsorb-
ing water and sodium in the case of dehydration. However, mammals have an impermeable 
bladder used as a simple urine reservoir which allows them to eliminate it only a few times a 
day. Thus, the animal would seek a convenient time to expel it, rather than eliminate it con-
tinuously, thereby avoiding the creation of an odorous trail that could be traced by possible 
predators [13].

Urine contains urea and other toxic substances which have been removed from the blood-
stream by the kidney. If they were newly reabsorbed by the bladder, it would be a serious 
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problem to the body. For this reason, the bladder of higher animals has evolved as an almost 
completely waterproof bag which is also resistant to toxic chemicals present in it.

This is achieved through four fundamental mechanisms [14, 15]. First, the turnover of the 
urothelium is the slowest of all epithelia in the body. After the division of basal cells, the uro-
thelial cells need 200 days to progress before flaking into the bladder. Due to this slowness 
in cell division, urothelial cells rarely enter mitosis, and therefore its DNA is less exposed to 
intravesical toxins. Second, there are some specialized cells called “umbrella” on the endo-
luminal surface, which have lateral interdigitations and proteins called “uroplakins.” Both 
structures keep umbrella cells intimately connected to their neighbors in an almost com-
pletely waterproof way. Third, urothelial cells possess surface structures called “asymmetric 
unit membrane” (AUM) in both lumen and intraepithelial cells. AUM works as membrane-
binding sites for cytoplasmic microfilaments. Its intraepithelial location and association with 
microfilaments support the hypothesis that AUM has a mechanical function and modulates 
the surface area of the cell during the relaxation-contraction cycle of the urinary bladder 
maintaining tightness even at the time of maximum dilatation [16]. And fourth, to help 
strengthen the sealing, the endoluminal surface of the bladder is covered by a thick layer of 
negatively charged glycosaminoglycans. This charge is responsible for the electrical rejec-
tion of many compounds present in urine and whose resorption would be toxic to the body.

Low absorption of the MMC is not due solely to the waterproof properties of the bladder 
wall but also to the characteristics of the drug. The MMC is a high molecular weight molecule 
(334 Dalton), with a weak negative charge and a relatively hydrophobic behavior. These fea-
tures make absorption through the urothelium less than 3% of the amount instilled which 
severely limits its effectiveness [2].

Pharmacokinetic studies [17–19] have shown that systemic absorption of the MMC does not 
reach significant plasma levels. Average of MMC plasma concentration on patients treated 
after urothelium recovery was 5.24 ng/mL. Conversely, absorption of MMC instilled immedi-
ately after TUR reaches an average of 50 ng/mL, which varies significantly with the resected 
surface of the bladder mucosa (p < 0.026). However, even given immediately after TUR, the 
MMC fails to achieve the minimum accepted as myelotoxic dose of around 400 ng/mL.

2.3. Why does NMIBC recur so often?

Urothelial bladder carcinoma appears in the form of two main phenotypic variants. The most 
frequent (80%) is papillary tumors of medium or low grade. Of these, 33–70% will reappear 
in the first 5 years and 4–9% progress to invasive disease. By contrast, 20% of urothelial carci-
nomas are high grade (T1-GIII or carcinoma in situ). Of these, one 68–80% will relapse in the 
first 3 years and, 13–23% will progress to invasive disease [20].

It is important to know what are the mechanisms of recurrence are to try to reduce them. It is 
thought that there are a total of four mechanisms potentially involved.

The first and clearest is incomplete tumor resection (evidence level 1). Its incidence is clearly 
related to the quality of TURB performed. According to the guidelines of the European 
Association of Urology, when performing a re-TUR in patients with T1 tumors, 33–53% have 
residual tumor, and 10% presented infiltrative tumors (T2) after the second TUR-B [20].
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In some publications, the numbers of residual tumor reach a high of 78%, and 25–40% of cases 
will be restaged to more advanced tumors [21]; the surgical methodology of these centers 
must be reviewed.

In 2006, Divrik et al. [22] compared the efficacy of TUR-B + 8 weeks of MMC (Group 1:68 
pts) vs the second TUR-B + 8 weeks of MMC (Group 2:74 pts) in patients with T1 bladder 
carcinoma achieving significant differences. Disease-free survival at 1 and 3 years was 47 and 
37% for Group 1 vs 86 and 68% for Group 2. Recurrences of GII and GIII were 64 and 90% for 
Group 1 vs 25 and 60% for Group 2. Finally, they observed progression in 11.7% of Group 1 
vs 4% in Group 2.

Based on recurrence-free survival as well as the grade and stage of the tumors relapsed, they 
concluded that recurrences are due to residual tumor and that intravesical chemotherapy 
post-TUR-B does not compensate inadequate tumor resection.

The second mechanism is the reimplantation of circulating tumor cells that are released during 
the TUR-B. This process was demonstrated by Soloway et al. [23] by introducing transplant-
able tumor cells (1 × 106) in the bladder of 50 mice of which half had part of the urothelium 
electrocoagulated, while the other half did not. Tumoral implants occurred in 54% of mice 
with burned bladder mucosa, while it appeared in only 12% of those with an intact bladder 
(p < 0.005). They further showed that immediate intravesical MMC, thiotepa, and cisplatin 
significantly reduced the occurrence of tumoral implants.

The first clinical use of this principle was made by Solsona et al. [24, 25] who administered 
a dose of MMC within the first 24 hours post-TUR-B and found a decrease in the number of 
relapses at 2 years in patients with low-risk tumors.

Numerous studies to date have demonstrated its usefulness in significantly reducing tumor 
recurrence in the first year, regardless of maintenance treatment during this time whether 
preformed [26] or not [27] (p < 0.02). One-year recurrences with immediate instillation ranged 
from 3.2 to 11.3%, while in the control group ranged between 18.7 and 29%. Although dif-
ferences persist within 2–3 years, they are not significant statistically [25–27]. A recent meta-
analysis quantified the effect on a 1.35 absolute reduction of relapses and the need to treat 7.2 
patients to prevent recurrence [28]. However, the main problem with the immediate postop-
erative instillation is the severe side effects, which may appear if MMC reaches the bladder fat 
and surrounding organs, which would have devastating consequences [29].

The third cause of relapse is the possible growth of small preexisting microscopic lesions 
(which cannot be considered insufficient resections) originating around the initial tumor and 
which share genetic characteristics with the original tumor; this area is called preneoplastic 
urothelial plate (PUP). The first recurrence seen on patients treated with immediate MMC post-
TUR-B appears at 40 months and does so four times more frequently in the area of the previ-
ous tumor, in other words, arising from the same PUP [30].

Finally, recurrences may appear years later, by gradual malignization of other dysplastic 
areas. In fact, first tumoral recidives are four times more frequent in a neighboring area of the 
original tumor, while only 13% are multifocal. However, from the sixth recurrence, 100% of 
tumors are multifocal [30]. Once this point is achieved, there are significant clinical implica-
tions, which have to be taken into account when choosing patient treatment [31].
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PUP theory is based on studies of different vesical urothelial clones by inactivation of chromo-
some X. This investigation showed that the bladder is lined with a mosaic made up of numer-
ous clones, which are derived from a single stem cell. Each bladder contains about 200–300 
patches of 1–2 cm2. There are usually preexisting genetic alterations in most urothelial tumors, 
usually located in chromosome 9. Some toxins act by inducing additional genetic changes in 
the carcinogenesis step process until you get to a point where abnormal cell proliferation is 
initiated then a hyperplastic epithelium that can develop into cancer in one or more PUP [32].

MMC instillation with extended maintenance has been shown to reduce the number of tumor 
recurrence in intermediate-risk patients. However, this treatment has no effect on tumoral 
progression and global survival [33, 34]. Moreover, comparative studies between MMC and 
BCG have shown that BCG is clearly superior in intermediate and high-risk tumors [33, 34]. 
To explain this data, we must understand the pathophysiology and pharmacokinetics of 
MMC applied within the bladder.

3. What is antineoplastic hyperthermia?

Also called thermotherapy, it is a type of therapy for tumors in which the whole body, 
or part thereof, is subjected to high temperatures (up to 45°C). Numerous studies have 
shown that high temperatures damage and kill cancer cells by denaturation of their pro-
teins and by preventing DNA repair. However, hyperthermia causes little damage to nor-
mal tissue [35, 36].

The first clinical experiences in the use of hyperthermia as a treatment for cancer were per-
formed by Coley [37] more than a century ago. He injected bacterial toxins of Streptococcus 
erysipelas and Bacillus prodigiosus with the intention of producing fever. He supposed that 
fever would activate the immune system and heal a patient with an inoperable sarcoma.

Hyperthermia is almost always used with other forms of treatment for cancer [35, 38]. 
Numerous studies have shown that hyperthermia makes cancer cells more sensitive to radia-
tion and chemotherapy. These studies have been conducted on different cancers such as sar-
coma, melanoma, and cancers of the bladder, brain, breast, cervix, esophagus, lung, rectum, 
and peritoneal metastases [35, 38–43].

Hyperthermia may be applied in different ways such as to the entire body (whole body), 
regional, intracavitary, local, and interstitial. Similarly, sources of heat are varied and include 
microwaves, ultrasound, radio frequency, and recirculating liquid systems.

In the case of bladder tumors, there are two types. The first, used in infiltrating cancers, 
involves the application of external heat on the entire pelvis associating radio- or chemo-
therapy [42].

The second, used in NMIBC, consists of the intravesical application of heat through micro-
waves or recirculation of heated liquids. In this type of treatment, a chemotherapeutic agent is 
associated to the heat in order to achieve a synergistic effect by using both treatments together, 
which is known as CHT [40, 42].
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3.1. Mechanism of action of antineoplastic hyperthermia

The human body has several independent mechanisms to regulate its temperature within 
appropriate ranges for an adequate function of all its organs. They include vasodilation plus 
sweating against heat and by body tremors plus vasoconstriction against cold [44]. The body’s 
metabolic processes serve as the main sources of internal heat generation.

The normal thermoregulatory response begins when sensory receptors on the surface of the 
skin or organs of the core body are activated depending on their temperature thresholds. The 
information is integrated along their way to the hypothalamus, the main thermoregulatory 
center. The efferent thermoregulatory answer of the hypothalamus is sent to effector organs 
of the body to trigger a response able to recover thermic homeostasis [44, 45]. Clinical effects 
produced by antitumoral hyperthermia are summarized in Table 1.

3.1.1. Direct cytotoxic effects of hyperthermia

Hyperthermia has cytotoxic effects on tumor cells by means of several mechanisms, including 
improved antitumoral immunity by direct cytotoxic effects.

 

Temperature range Direct cytotoxic effects Immune effects Vascular effects Others

39–41°C Slight growth arrest Initial increase 
intracellular HSP 
followed by increase 
of extracellular HSP

 - Signals to immune 
cells

 - Cross priming of 
CD8+ T cells

 - Dendritic cell 
activation

 - Natural killer 
activation

 - Increase cytocine 
release (IL-6, IL-10)

Vasodilatation which 
means:
Improved tumor 
blood flow

 - Improved tissular 
O2

 - Reduced acidosis

 - Improved drug 
absorption

Increased drug 
delivery
Increased drug 
solubility
Increased 
efficacy of many 
chemotherapeutic 
drugs

 - MMC

 - Gemcitabine

 - Cisplatin

 - Cyclophosphamide

 - Doxorubicin

41–43°C Reversible growth 
arrest

 - Mainly in phases M 
and S

 - Brief RNA synthesis 
impaired

 - Prolonged DNA 
synthesis impaired

43–45°C Irreversible growth 
arrest

 - Permanent protein 
denaturalization

 - DNA repair 
impaired

 - Activation of both 
apoptotic routes

Altered cytocine 
production
Inactivation of 
immune cells
Reduced expression 
of extracellular HSP

Reduced tumor blood 
flow due to vascular 
collapse

 - Microthrombosis

 - Endothelial cell 
damage

 - Vessel permeation

 - Increased acidosis 
and reduced tis-
sular O2

Table 1. Action mechanism of chemohyperthermia in NMIBC.
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The first phase of direct death is characterized by stopping the linear growth, characterized 
by decreased synthesis of RNA (short) and DNA (prolonged) specifically in the S phase but 
also slowing the M phase of the cellular cycle [36, 45–47]. The G1 and G2 phases are relatively 
protected due to the temperature-dependent expression of heat shock proteins (HSPs) [48]. 
Tumoral cells reached a state of rapid division circumventing the apoptotic pathways and 
avoiding the normal detention mechanisms of the cell cycle. If the cell division speed is turned 
down, this would allow apoptotic mechanisms to kill tumoral cells. During this phase direct 
cytotoxicity occurs between 41 and 43°C and is reversible after heat removal.

In addition, heat interferes with the ability of the cell to repair damaged proteins produced 
as a result of chemotherapy or radiotherapy. It is believed that these proteins play a key role 
in the activation of apoptotic pathways. Deficiencies in DNA repair mechanisms become evi-
dent only at 40°C and continue to worsen when temperatures are higher [49]. Above 43°C, an 
exponential and irreversible growth arrest occurs, and its intensity is dose and time depen-
dant [50]. This phase is characterized by disruption of the cell membrane and denaturation 
of cellular and transmembrane proteins, distortion of cellular architecture, and ultimately 
activation of apoptotic and necrotic pathways.

3.1.2. Antitumoral immune response to hyperthermia

The body’s ability to use temperatures within the range of fever (39–41°C) to enhance immune 
system function against infection is well documented [51]. Activation state of the immune 
system depends on degree and duration of the applied heat [52]. However, we can only sub-
ject the patient to temperatures achievable with fever, those which are achievable in vivo. 
Dendritic cells, natural killer (NK) cells, and phagocytes that play a key role in antitumoral 
immune mechanisms are directly activated by hyperthermia. HSPs are chaperone tumor-
related antigens that can be released or become apparent on the tumoral surface as a result of 
chemotherapy, radiation, or heat [53].

These HSPs act as stimulating antigens for dendritic cells [54, 55]. Then, these dendritic cells 
present tumoral antigens to macrophages and T cytotoxic cells CD8+ leading to the release of 
pro-inflammatory and proapoptotic cytokines that increase tumoral cell destruction [54–56].

When in the extracellular space, HSPs bind to cancer cells’ surface to help identify them for 
cells of the immune system [52]. Increased expression of intercellular adhesion molecules 
(ICAM) resulting from hyperthermia also leads to increased lymphocyte trafficking to sites 
where tumoral antigens are present, helping adaptive response against cancer cells [57]. 
Furthermore, hyperthermia activates the innate immune system by improving the ability of 
NK cells to destroy tumoral cells [58].

In vitro temperatures above 43°C may cause paradoxical immune responses to the aforemen-
tioned, but these responses are less interesting biologically since such high temperatures are 
difficult to reach and maintain in vivo [54]. While hyperthermia has been shown to enhance 
the efficacy of immunotherapy in a murine model of pulmonar metastasis [59], this combina-
tion has not yet been studied in bladder cancer.
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3.1.3. Vascular effects of hyperthermia

These effects are variable depending on the intensity of heat and the characteristics of the sup-
plying vascularization. One of the first demonstrations of hyperthermia is vasodilation, which 
leads to an increase in blood supply to the tumor [60]. This effect enhances the tumor micro-
environment for the action of the immune system by improving oxygenation and reducing 
acidosis [61]. The vasodilation effect is produced with temperature up until about 43°C, above 
which perfusion will decrease because of vascular collapse; this affects reoxygenation and 
drug delivery, complicating the empirical formulation of a thermal dose.

In renal tumors, vasodilation has shown an effect of “washing” of the chemotherapeutic and 
temperature reduction by increasing blood flow at 37°C. However, at the bladder urothelium, 
the caliber of the blood vessels is small, and its effects by washing the chemotherapeutic or 
reducing applied heat are very small.

With sustained high temperatures, the opposite effect occurs due to direct endothelial cell 
damage to the tumoral supplying vessels [62]. These vessels begin to present microvascular 
thrombosis with consequent decrease in blood flow that leads to the death of tumor cells by 
hypoxia.

Animal studies performed by Haas et al. [63] showed that hyperthermia alone reduced growth 
of implanted tumors. However, when administered simultaneously with chemotherapeutic 
agents its treatment effect increases in a significant way.

Similarly, Van der Heijden et al. [64] showed that chemotherapy and hyperthermia show a syn-
ergistic effect increasing the cytotoxicity of epirubicin, EO9, gemcitabine, and MMC. Also, they 
showed a significant synergy of heat and MMC against four bladder tumoral cell lines [64, 65].

3.1.4. Increased absorption of MMC by heat

Dalton et al. [18] studied that the pharmacokinetics of intravesical MMC observing the 
absorption thereof is significantly affected by dilution, urinary pH, and exposure time. They 
observed that, with passive instillations, the absorption of the administered dose is less than 
30%.

In 2001, Paroni et al. [66] showed that microwave-induced hyperthermia increased MMC 
absorption, at 30, 45, and 60 min, significantly (p < 0.008). However, even higher plasma con-
centrations achieved with CHT (67 ng/mL), were six times lower than those needed to be 
myelosuppressive (approx. 400 ng/mL). Similar results were seen by Milla et al. [67] when 
causing hyperthermia by using recirculating heat liquids.

It is important to understand that increased MMC absorption is not only due to increased 
permeability of the bladder urothelium but also due to a significant increase in solubility. At 
25°C the maximum concentration that we may get by dissolving 1 gr of MMC is 0.8 mg/mL. 
However, at 40°C, MMC concentrations up to 1.7 mg/mL can be reached when dissolving the 
same amount of it. (Data from Kyowa Hakko Co Ltd.).
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3.2. Adjuvant CHT treatment (after TUR-B)

3.2.1. Clinical outcomes: tumoral recurrences

In 2011, a meta-analysis which was composed of a total of 22 studies showed a 59% reduction 
in tumor recurrences in the group chemohyperthermia against the MMC [4].

T1G3 and CIS tumors subgroup treated with CHT showed greater differences compared to 
the MMC at normal temperature were patients with T1G3 and CIS tumors. Witjes et al. [68] 
observed that 92% of patients treated with CHT showed complete eradication of the tumor 
and only 50% had recurrence after 30 months of follow-up.

Similar results were seen with conductive heat technology; our group found [69] a recur-
rence-free disease rate of 87.5% in high-risk patients treated with combat recirculant CHT 
and followed during 2 years. However, Ekin et al. [70] showed that the recurrence-free rates 
of high-risk patients treated with BWT recirculant CHT were 82 and 61% at 1 and 2 years of 
follow-up

The first randomized trial comparing CHT vs BCG was published by Arends et al. [71]. They 
observed a recurrence-free survival after 2 years of follow-up of 78% in the CHT group vs 
64.8% with BCG (p < 0.0082). Progression was lower than 2% in both groups (p = ns). On the 
other hand, Ekin et al. [72] concluded that CHT was not as effective treatment as BCG in high-
risk NMIBC patients who are BCG naive. The 2-year recurrence-free interval in CHT and BCG 
groups was 76.2 and 93.9%, respectively, (p = 0.02). However, it was a retrospective propensity 
score-matched study to compare the efficacy of BCG and chemohyperthermia.

Some studies have shown a long-term effect of treatment with CHT. Colombo et al. [73] pub-
lished results of 65 NMIBC medium-high risk patients treated with CHT or standard MMC 
and they found that disease-free survival at 10 years was 53% in the group CHT compared to 
15% with standard MMC (p < 0.001).

Probably, the most important conclusion of the mentioned meta-analysis [4], and which seems 
to be confirmed with all subsequently published studies, is that in the future, the CHT may become 
a standard treatment for high-risk patients with recurrent tumors that are unfit for radical 
cystectomy or when BCG treatment is contraindicated.

3.2.2. Tumoral progression after CHT and bladder preservation rates

Lammers et al. [4] also noted that only 0–8% of patients had tumor progression and although 
this figure is lower than that observed with standard MMC, follow-up duration was too short 
and cannot draw definitive conclusions.

The survival of patients who failed intravesical therapy and progress to muscle-invasive dis-
ease is worse than that of those with NMIBC from the time of diagnosis. Schrier et al. [74] 
found a cancer-specific survival at 3 years of 37% for patients who progressed to NMIBC, 
compared to 67% achieved by patients who originally showed with infiltrative tumors. These 
results were also confirmed by Guzzo et al. [75].

Bladder Cancer - Management of NMI and Muscle-Invasive Cancer26



3.2. Adjuvant CHT treatment (after TUR-B)

3.2.1. Clinical outcomes: tumoral recurrences

In 2011, a meta-analysis which was composed of a total of 22 studies showed a 59% reduction 
in tumor recurrences in the group chemohyperthermia against the MMC [4].

T1G3 and CIS tumors subgroup treated with CHT showed greater differences compared to 
the MMC at normal temperature were patients with T1G3 and CIS tumors. Witjes et al. [68] 
observed that 92% of patients treated with CHT showed complete eradication of the tumor 
and only 50% had recurrence after 30 months of follow-up.

Similar results were seen with conductive heat technology; our group found [69] a recur-
rence-free disease rate of 87.5% in high-risk patients treated with combat recirculant CHT 
and followed during 2 years. However, Ekin et al. [70] showed that the recurrence-free rates 
of high-risk patients treated with BWT recirculant CHT were 82 and 61% at 1 and 2 years of 
follow-up

The first randomized trial comparing CHT vs BCG was published by Arends et al. [71]. They 
observed a recurrence-free survival after 2 years of follow-up of 78% in the CHT group vs 
64.8% with BCG (p < 0.0082). Progression was lower than 2% in both groups (p = ns). On the 
other hand, Ekin et al. [72] concluded that CHT was not as effective treatment as BCG in high-
risk NMIBC patients who are BCG naive. The 2-year recurrence-free interval in CHT and BCG 
groups was 76.2 and 93.9%, respectively, (p = 0.02). However, it was a retrospective propensity 
score-matched study to compare the efficacy of BCG and chemohyperthermia.

Some studies have shown a long-term effect of treatment with CHT. Colombo et al. [73] pub-
lished results of 65 NMIBC medium-high risk patients treated with CHT or standard MMC 
and they found that disease-free survival at 10 years was 53% in the group CHT compared to 
15% with standard MMC (p < 0.001).

Probably, the most important conclusion of the mentioned meta-analysis [4], and which seems 
to be confirmed with all subsequently published studies, is that in the future, the CHT may become 
a standard treatment for high-risk patients with recurrent tumors that are unfit for radical 
cystectomy or when BCG treatment is contraindicated.

3.2.2. Tumoral progression after CHT and bladder preservation rates

Lammers et al. [4] also noted that only 0–8% of patients had tumor progression and although 
this figure is lower than that observed with standard MMC, follow-up duration was too short 
and cannot draw definitive conclusions.

The survival of patients who failed intravesical therapy and progress to muscle-invasive dis-
ease is worse than that of those with NMIBC from the time of diagnosis. Schrier et al. [74] 
found a cancer-specific survival at 3 years of 37% for patients who progressed to NMIBC, 
compared to 67% achieved by patients who originally showed with infiltrative tumors. These 
results were also confirmed by Guzzo et al. [75].
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Several studies have investigated the role of CHT in the rescue NMIBC that has not responded 
to other intravesical treatments. Ayres et al. [76] prospectively evaluated 38 high-risk patients 
who had failed after BCG and were treated with CHT and found a 50% survival-free disease 
at 2 years which is a significant success rate for these kinds of patients.

Some comparative studies between BCG failure patients and non-previously treated patients 
showed better results in the former group. The interim analysis of the Lombardia project 
(unpublished data from R. Colombo, Milan, Italy) showed that, after two years of follow-up, the 
recurrence-free rates of patients treated with de novo CHT were significantly better than 
those who had previously failed intravesical treatment (91 and 62%, respectively, p < 0.006). 
Similarly, Van der Heijden et al. [77] followed 76 patients treated with CHT for 2 years, 
observing a 42% recurrence in the group with a previous failed BCG treatment compared to a 
24% recurrence rate in the de novo treatment group.

However, others like Witjes et al. [78] observed no difference in the response rate among 
patients who had failed BCG and those without (p = 0.63). Similarly, Halachmi et al. [79] did 
not observe any difference in the rate of recurrence at 4 years among those who had failed 
BCG and those without (46 vs 44%, respectively, p = 0.54).

Overall, although the results of CHT in patients who have failed prior to other intravesical 
regimens are heterogeneous, the truth is that they managed to rescue a significant number of 
failures after BCG with CHT which is a major advantage of this treatment regimen.

The overall rate of bladder preservation after CHT was 87.6% compared to 79% for MMC 
(p = ns). Of the 357 patients in all studies, only 38 patients (10.6%) underwent radical 
 cystectomy. Eleven cases (3.1%) were due to tumor progression, other 25 cases (7.0%) due to 
a high incidence of recurrences, and other 2 cases (p < 0.006%) because of bladder retraction 
or  miction worsening [4].

Similar data were published by Moskovitz et al. [80], with 72% free of recurrence and only 
4.7% progression rate in patients who received adjuvant treatment with CHT.

A sequential treatment study using intravesical BCG and CHT was performed in Leicester, 
UK, to treat 33 high-risk NMIBC patients (including 40% with Cis) who were followed during a 
median of 16 months [81]. Three of them (9%) did not respond and were proposed for radical 
cystectomy. Two (6%) showed tumoral progression and were treated with radiotherapy. The 
other 85% of them were disease-free after follow-up.

3.3. Neoadjuvant CHT treatment (before TUR-B)

The rationale about neoadjuvant CHT is based on three main ideas. First, all published data 
seems to support the idea that apoptotic tumoral cells destroyed by the neoadjuvant CHT 
treatment stimulate the immune response against them acting as a vaccine against cancer. 
Second, in patients with tumors unable to be resected with only one TUR-B, Neoadjuvant 
CHT could diminish number and/or size of tumoral implants avoiding need of a second sur-
gery, this treatment could offer both a more effective treatment and better value for the health-
care provider, as they might not need a second TUR-B. Third, many early recurrences are 
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based on growth of minimal tumoral implants which were not seen during surgery and that 
neoadjuvant CHT is able to eliminate.

Colombo et al. [82] evaluated for the first time the clinical efficacy of neoadjuvant CHT in 
bladder cancer in 1998. In that study, a total of 19 patients who had tumors that were unre-
sectable in one surgical time or a radical cystectomy was indicated due to its extension. After 
8 weekly doses of CHT, the TUR-B was possible in just one surgical time in 16 patients (84%). 
The histological examination of the sample showed a 47% complete response (CR) and 37% 
partial response (PR). A radical cystectomy was performed in the remaining three patients 
because of the extent of the residual tumor. After an average of 33 months of follow-up, 
eight superficial recurrences were seen, and TUR-B was easily performed without having to 
remove the bladder.

In 2012, Moskovitz et al. [80] documented a 79% CR rate in a group of patients undergoing 
neoadjuvant CHT. But what is even more interesting is that 84% of those patients with com-
plete response remained free of recurrence during the follow-up period and the 24% who 
recurred had TaG1 tumors.

It is important to mention that we do not know that CHT regime is more effective and less toxic. 
A phase 2 study of Colombo et al. [83] evaluated two CHT protocols including 27 patients each 
with 40 mg of MMC. Group A received a single weekly dose of MMC (40 mgrs) × 6 weeks, 
and Group B received 3 weekly doses of MMC (40 mgrs) × 2 months. A 7.4% of patients from 
Group B did not complete the treatment because of severe urinary local irritative symptoms; 
other side effects were similar in both groups. However, success rates of both groups were 
significantly different; histopathological examination of the TUR-B samples showed that only 
44.4% of patients from Group A had CR, while 70.4% of Group B patients were free of tumor 
(p = 0.04)

Another study compared the recurrence rate at 5 years among patients who had received 
more or less than eight doses of CHT in a neoadjuvant setting. While the group receiving 
more than eight doses (n = 170) showed 40% of patients free of disease, the group receiving 8 
or fewer doses (n = 78) showed only 15% of cases of disease-free (p < 0.0002) [68].

In 2014, our group published the results of a small series of 15 patients treated with eight 
weekly doses of recirculating neoadjuvant MMC achieving a 66.6% CR and 33% PR. As in the 
previous case, the beneficial effect of CHT remained in time and, after 3 years of follow-up, 
disease-free survival was 85%, and only two recurrent patients were treated with TUR-B and 
intravesical adjuvant MMC [84].

The most comprehensive and recent neoadjuvant study was published by Lüdecke et al. [85]; 
the study group consisted of 271 patients treated with 8 weekly doses of neoadjuvant CHT 
with MMC (40 + 40 mg). After TUR-B they observed that 76.1% had CR and another 7.6% 
showed PR.

Unlike our study, all patients with CR were given consolidation adjuvant CHT (six doses 
every 6 weeks of MMC (20 + 20 mg) for a total of 9 months of treatment [73]. With this treat-
ment, they observed that 80.6% of patients were free of recurrence at 2 years.
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It is important to mention that this group included 59.8% of patients who had failed after 
BCG, but even there, the percentage of patients free of recurrence in this group was 41.7 
and 66.7%, respectively, among those who were already resistant to BCG and those who had 
relapsed early after such treatment.

A comparative study of the recurrence rate after neoadjuvant CHT vs a meta-analysis with 
BCG shows that after 5 years of follow the CHT group showed 64% of patients free of disease 
compared to 22% expected in the BCG group (p < 0.0001) [86].

3.4. CHT adverse events

Most published works show that the side effects were higher with CHT than with standard 
MMC, but this difference was not statistically significant; furthermore, these effects were usu-
ally mild and reversible. CHT has less systemic effects and bladder retraction than BCG but 
has more local effects such as spasm, hematuria, and dysuria [71]. In some cases there were 
severe or permanent side effects such as urethral perforation or bladder retraction [4, 69, 70].

With the microwave technology, the most common adverse events during treatment were 
spasms of the bladder (21.6%) and bladder pain (17.5%). Bladder spasms tend to occur more 
frequently with neoadjuvant treatment (17.8 vs 10.7%; p = 0.398) [1]. Similar results were seen 
with BWTTM [70, 73] and CombatTM [69, 84] recirculant systems. Side effects are frequent, but 
almost all cases were grades 1 and 2.

In our experience, with almost 800 recirculant instillations, only 3.1% of doses were delayed, 
and less than 1% were not performed. The main reasons for delating were infection, hematu-
ria, and irritative chemical cystitis. The only reasons for anticipated end of the treatment were 
allergy and intolerance to catheterization.

Approximately 6% of doses were interrupted before 60 min usually because of bladder 
spasms or pelvic discomfort [69, 84]. Those patients who didn’t tolerate the first dose well 
were orally premedicated with 600 mgs of ibuprofen or antispasmodic treatment depending 
on if they had complained of pain or spasms. In selected cases, spasmolytic IV was adminis-
tered during treatment. Both oral medications such as IV proved effective to achieve a good 
tolerance in subsequent doses of CHT.

3.5. Comparison of treatments assisted by devices

Those forms of intravesical chemotherapy in which any device is used to improve the effi-
cacy of intravesical chemotherapy are called “device assisted.” There are fundamentally two: 
Electromotive drug administration (EMDA) enhances the absorption of MMC by using ion-
tophoresis. On the other hand, there is CHT which is based on heating the bladder with the 
instilled chemotherapeutic drug.

EMDA is based on creating an electric current through three physicochemical principles (ion-
tophoresis, electroosmosis, and electroporation) able to increase the migration of an electrically 
charged molecule through the bladder wall molecule. In this chapter, we are not going to 
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evaluate EMDA, but we recommend further investigation reading about it because it is a very 
interesting way to improve the effectiveness of intravesical chemotherapy.

EMDA has demonstrated reduction on tumoral recurrences compared to standard MMC. 
Some readers may want to know which delivery system is better, CHT or EMDA. Until now, 
there is no answer to this question; Colombo et al. [87] published in 2001 a pilot study with 
marker lesion which resulted in favorable results for CHT.

3.5.1. Microwave technology

The first CHT system approved for humans use was the SynergoTM system. It is a computer-
embedded intravesical irrigation system combined with an energy-delivering unit. The 
system includes an RF generator that delivers radio-frequency energy at 915 MHz, a drug 
circulating unit, and a microprocessor with application-specific software. A triple lumen 
transurethral Foley catheter is used for drug intravesical instillation. It has thermocouples for 
bladder wall temperature monitoring and an RF antenna that radiates the bladder walls, caus-
ing phenotypical changes specifically in cancerous cells, creates membrane “micro-poring” 
and metabolic changes in these cells to increase the uptake of the drug, and enhances drug 
mobility (becomes an active diffusion). To avoid damaging temperatures being reached in the 
bladder, the SynergoTM system has a cooling circuit that keeps the intravesical temperature at 
acceptable levels.

SynergoTM system has been used for 15 years and has conclusive studies in both  neoadjuvant 
and adjuvant settings. Clinical efficacy in high-risk patients (including BCG failures and 
CIS) has been proven. In fact, a 60% reduction of tumoral recurrences were observed when 
comparing to standard MMC has been demonstrated. Moreover, its superior results were 
 maintained over periods of time as long as 10 years.

Both basic and clinical studies have shown a range of 4°C between different areas of the blad-
der when treated with SynergoTM [88]. This irregular distribution of the heat may be a signifi-
cant inconvenience because it produces undertreated areas (40°C) or “cold spots,” and others 
which were clearly cytotoxic temperatures are reached or “hot spots.” In fact, the tip of the 
emitter rests at the posterior bladder wall producing burns in up to 60% of the patients which 
is not a serious problem that usually heals without complications

Another drawback, associated with its urethral catheter, which is 20fr, is that the micro-
wave emitter is inside the probe which makes it very rigid, which makes it difficult to place 
for the clinician and uncomfortable for the patient. It may even cause urethral lesions in 
any of the repeated catheterizations required in a complete treatment. Kiss et al. [89], 
described that in a group of 21 patients treated with this device, 38% of them had to aban-
don the therapy because of the severity of the side effects including a case of urethral 
perforation.

The final drawback of the SynergoTM system is economical. As it is based on microwave tech-
nology, each disposable transurethral probe contains an expensive emisor—inside making 
the cost per patient quite high.
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3.5.2. Heated recirculating fluid technology

An alternative way to apply heat to the bladder is those systems based on recirculation of 
a solution of chemotherapeutic drugs heated externally and reintroduced to the bladder 
through a three-lumen catheter. Two different devices using this technology are currently 
available, Combat HIVECTM BRS and BWTTM systems which are based on simple technology 
and use inexpensive disposables that make it attractive for performing CHT in a sustainable 
public healthcare system.

Both use a three-lumen-modified Foley catheter (HIVECTM 16fr and BWTTM 18fr) which is soft 
and flexible, avoiding most problems related to urethral catheterization compared to other 
technologies.

Both try to maintain the chemotherapeutic solution at a fixed temperature, but there are some 
differences between them.

The Combat HIVECTM BRS system uses an external aluminum heat exchanger ensuring 
efficient heat transfer and accurate temperature control of 43°C within ±0.5°C should 
this be 0.5 of the set temperature in the inner urothelium while providing homogeneous 
drug distribution throughout the bladder. Because of the efficiency of its aluminum heat 
exchanger, it only needs 30 mL to prime the disposable set minimizing dilution and means 
that the chemotherapy only needs to circulate around the closed circuit at 200 mL/min to 
maintain the temperature accurately, and this minimizes the pressure exerted on the blad-
der. It has a range of safety controls, over temperature and high pressure, and auto cutoff 
function.

BWTTM uses external heating plates with plastic heat exchanger which delivers an exit tem-
perature of 46.5°C to achieve an inlet temperature of 44.5°C of the chemotherapy fluid in 
order to maintain a temperature within ±2°C.

BWTTM disposable set has a priming volume greater than 50 mL, which increases dilution 
of the chemotherapy. It recirculates the chemotherapy at 300 mL/min in order to maintain 
temperature within 2°C, which creates more pressure in the bladder compared to Combat 
HIVECTM BRS system.

Patient safety and comfort are paramount to Combat HIVECTM BRS. To achieve it, some spe-
cial characteristics have been added. Whenever is desired, progressive increase of heat up to 
the final temperature (5 min) can be employed, which increases tolerance in sensitive patients. 
Moreover, if the tip of the catheter is blocked by bladder mucosa or for any other reason, the 
system can reverse the direction of circulation resolving the problem, which in some cases 
could cause pain or device malfunction.

Some doubts have been raised whether recirculating systems can achieve effective transfer of 
heat into the bladder and if they are able to stable temperatures throughout the bladder wall. 
This question has been answered by Longo from Duke University (USA) [90]. Measuring tem-
perature with 16 surgically placed submillimeter fiber-optic microprobes and silicone germa-
nium thermistors in swines’ pelvic organs and at different depths of the bladder wall as well 
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as high-powered infrared cameras, they found a temperature gradient across the bladder wall 
(from urothelium to serosa) that was between 1.5 and 2°C, achieving a temperature across the 
inner urothelium of 42.9°C ±0.4.

Due to both devices being in use for very few years, the greatest drawback of recirculative 
systems is their limited number of studies and treated patients to confirm their effectiveness. 
To achieve it, Combat Medical Ltd. is performing multicentric studies in the UK and Spain, 
across 20 hospitals, called HIVECTM-I (303 patients), HIVECTM-II (259 patients), HIVECTM-R 
(68 patients), HIVECTM-PREMITO (151 patients), and HIVECTM-HR (50 patients), which are 
all recruiting and progressing well and should complete in 2017 with a complete popula-
tion over 830 patients. Unfortunately, we have no information about ongoing studies per-
formed with the BWTTM device. The main differences between all three devices may be seen 
in Table 2.

 

Device SynergoTM BWTTM system CombatTM

Heat source Intravesical 915 MHz 
microwave antenna
(Recirculating cooling system)

External heating plates
(Recirculating heating 
system)

External flat, low-volume 
heat exchanger
(Recirculating heating system)

Target temperature and 
fluctuation

42.5 ± 3°C 44.5 ± 2°C 43 ± 0.5°C

Priming volume ±25 mL ±50 mL ±30 mL

Catheter characteristics 20fr Rigid
(Radio-frequency emitter + 
cooling system inside)

18fr Flexible 16fr Flexible

Advantages Strong supporting evidence 
(neoadjuvant and adjuvant)
Long-term follow-up
Proven superior to BCG
Proven effectiveness 
against CIS
Minimal dilution of MMC

Simple and cheap Accurate temperature 
control and delivery 
Minimal dilution of MMC
Good safety controls
Proven effectiveness in 
sequential and neoadjuvant 
with medium-term 
follow-up
Simple and easy to use 
Cheap

Disadvantages Higher side effects
Lower patient tolerance
Intravesical hot and cold 
spots
Expensive device and 
disposables
Continuous operator 
control required 
throughout treatment

Limited clinical evidence
Higher flow rates and 
operating pressure (increase 
hematuria and reduce patient 
tolerance)
No pressure control or 
safety alarms

Limited evidence 
(multicentric studies ongoing)

Table 2. Characteristic of devices for intravesical CHT treatment.
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3.6. Pharmacoeconomic evaluation

Bladder cancer is the most expensive tumor for public health services from the time of diag-
nosis to the patient’s death [91].

We have studied the relationship between cost-effectiveness and budget impact of a neoadju-
vant CHT in NMIBC patients and compared the results with standard treatment of BCG apply-
ing recurrence and progression values based on internationally accepted risk charts [92, 93].

For this reason, a model was designed from the perspective of a public health system after 
a follow-up of 3 years to compare the costs of implementing neoadjuvant CHT (eight weekly 
instillations of 80 mg mitomycin C recirculating 43°C for 1 hour prior to TUR-B) to costs of treating 
15 patients with the same risk profile with standard adjuvant BCG treatment (control group). 
The actual costs related to available drugs, disposables, TUR-B, cold biopsy, and risk of tumor 
recurrence were included. Discarded model costs and follow-up diagnostic tests don’t vary 
between the groups [94].

The model was built using information from actual study data, and estimated costs establish a 
favorable environment for neoadjuvant CHT in terms of cost to 3 years with a global minimum 
savings of 10.300 and 687 € per patient difference, all with improved effectiveness in the treatment. 
In fact, of the 15 patients pretreated with chemohyperthermia (11 high risk and 4 medium risk), the 
expected number of recurrences was reduced from 8 to 2 and progressions from 3 to 0. The conclu-
sion of this study of 3 years is that neoadjuvant CHT is a cost-effective therapeutic strategy [94].

4. Take-home messages

4.1. Oncological results

Randomized studies have shown that CHT get the same or even better results than BCG in 
high-risk patients (T1GIII) regarding the free disease time, although its effectiveness in CIS 
has to be confirmed as well as tumoral progression

CHT reduced tumor recurrence by 60% compared to standard MMC in patients with inter-
mediate-high-risk MMC and that these differences are maintained even years after treatment. 
Lower rates of progression vs standard MMC were also achieved but without significant 
differences.

Neoadjuvant CHT achieves tumoral eradication in two-third of intermediate-high-risk 
patients, and four-fifth are disease-free after 3 years of follow-up.

4.2. Tolerance

CHT has a nonsignificant higher side effects rate than standard MMC, but these are always 
low grade and transient. CHT has less systemic effects and bladder retraction than BCG but 
has more local effects such as spasm, hematuria, and dysuria.
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4.3. Economics

Neoadjuvant CHT is a cost-effective therapeutic strategy against BCG treatment.

4.4. Indications

CHT is an undeniable option in BCG refractory tumors; those who are intolerant to BCG are 
unsuitable for radical cystectomy or in the context of an international BCG shortage.

Its use instead of MMC, both in adjuvant or neoadjuvant protocols, is promising options 
pending further evaluation.

Finally, the main pros and cons of CHT are condensed in Table 3.
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Abstract

This chapter contains three parts covering recent efforts to increase the accuracy of opti-
cal coherence tomography (OCT) differential diagnostics of bladder pathologies. The first 
part compares the diagnostic efficacy of traditional OCT and cross-polarization OCT (CP 
OCT); CP OCT and fluorescence cystoscopy (FC) for detecting flat lesions in the bladder 
at the early stages of cancer. The second part contains a report on achievements in appli-
cation of CP OCT for detection of recurrent carcinoma in the scar area that is a hardly 
distinguishable form of bladder cancer using an optimized CP OCT image analysis. The 
third part of the chapter reviews the results on CP OCT usage for in vivo diagnosis of the 
bladder cancer after radiation therapy of cervical cancer.

Keywords: cross-polarization optical coherence tomography (CP OCT), bladder cancer, 
collagen, laser scanning microscopy (LSM), radiation damage

1. Introduction

Bladder cancer can manifest in a variety of different forms, and chronic inflammation plays 
the key role in its development [1]. One of the origins of bladder cancer development is the 
side-effect of radiation therapy. The radiation therapy of the uterus or prostate cancer fre-
quently induces substantial alterations in the bladder wall that may progress to bladder can-
cer. Such side-effects of the radiation therapy of pelvic organs are of particular interest, as 
they occur in the patients with predicted long life expectancy, and preservation of the life 
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quality is of comparable importance with recurrence prevention [2]. In this situation, early 
detection of bladder cancer or pre-cancer manifestations, preferably non-invasive, is the key 
for timely treatment.

Traditionally, white-light cystoscopy is employed for detection of bladder cancer. Besides the 
invasiveness and potential risks, white light cystoscopy drawbacks include difficult detection 
of flat lesions, inaccurate tumor delineation, which leads to complete resection and inability 
to differentiate between inflammation and malignancy and to determine the tumor grade 
and stage. In clinical practice, the overcoming of these drawbacks strongly depends on the 
surgeon’s experience [3].

In the last decade, the techniques for diagnosing bladder pathologies were complemented by 
optical coherence tomography (OCT) being actively introduced into clinical practice [4–6]. 
OCT is a modern optical non-invasive imaging technique based on the principles of reflec-
tance low-coherence interferometry, which can provide a tissue image to the depths up to 
several millimeters with spatial resolution down to units of μm. Cross-polarization OCT (CP 
OCT) is an OCT modality where probing is performed by polarized light; and two conjugated 
images are being registered in the channels with polarization parallel and orthogonal to initial 
one (co- and cross-polarization channels, respectively).

Many OCT research groups develop their own approaches for differential diagnostic of early 
bladder cancer [3, 7, 8]. The combination of OCT diagnostics with image analysis and sig-
nal processing (e.g., histograms analysis [9, 10], extraction of optical properties [11], texture 
analysis [12, 13]) has a high potential for automated differential diagnostics. To bridge the gap 
between research and clinical use, the potential of CP OCT was systematically investigated for 
real-time and label-free imaging. Nowadays, the studies are focused on challenging problems 
such as hardly distinguishable forms of bladder disorders related with cancer. Alterations in 
normal tissue that occur in the early and late periods after radiation therapy are an actual prob-
lem of modern radiation oncology [14] where high potential of the CP OCT was demonstrated.

This chapter contains three parts covering recent efforts to increase the accuracy of OCT dif-
ferential diagnostics of bladder pathologies. The first part compares the diagnostic efficacy of 
traditional OCT (equivalent to obtaining co-polarized image only), CP OCT (employing com-
bination of cross-polarized and co-polarized images), and fluorescence cystoscopy (FC) for 
detecting flat lesions in the bladder at early stages of cancer. In the second part, we report on the 
recent achievements in application of CP OCT for detection of carcinoma recurrence in scar area 
using an optimized CP OCT image analysis/quantification platform. The platform is based on 
detecting alterations in the collagen compartment of interrogated tissue’s extra-cellular matrix 
(ECM). The third part reviews the pilot results of CP OCT employment for in vivo evaluation 
of the severity of the bladder mucosa damage after radiation therapy of cervical cancer. In addi-
tion to morphological analysis with hematoxylin and eosin (H&E) and picrosirius red (PSR) 
staining, nonlinear laser scanning microscopy (LSM) study was performed to confirm the level 
of collagen damage and remodeling as a consequence of cancer invasion and radiation therapy.

CP OCT studies of human urinary bladder mucosa during in vivo endoscopic examination 
described in this chapter were performed with the “OCT 1300-U” system (IAP RAS, Nizhny 
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Novgorod, Russia). CP OCT device has a forward-looking (en-face) endoscopic probe with 
outer diameter 2.7 mm that is placed vertically to the mucous surface leaving an imprint on it, 
so the tissue is taken for histology from the same area and has the same orientation. The CP 
OCT system is based on superluminiscent diode with central wavelength 1300- and 100-nm 
bandwidth and has axial resolution ~15 μm and lateral resolution ~25 μm. Using the circu-
lar polarized probing light and two signal acquisition channels to detect scattered light that 
maintained initial polarization and change it to orthogonal one gave an advantage to assess 
co- (“co-polarized image”) and cross-scattering (“cross-polarized image”) properties of the tis-
sue up to 1.8 mm in depth. CP OCT image size is 2.5 × 4.0 mm (width × height), image acquisi-
tion rate is 0.5 frames per sec. Refer to previous publications [15, 16] for more detailed system 
descriptions, including the optical phase retardation particulars to enable CP operation.

The fragments of the bladder mucosa from the sites of CP OCT inspection extracted in course of 
surgery and biopsy were subjects for further histological and LSM examination. Later, CP OCT 
images were compared to the morphological images. Histologic study included light microscopy 
with H&E staining and polarized light transmission microscopy with PSR staining for evaluation 
of structural and spatial organization of collagen fibers; LSM was applied in second harmonic 
generation (SHG) mode with excitation at the wavelength of 800 nm and spectral detection in the 
range of 362–415 nm to reveal the distribution of collagen fibers in the bladder mucosa.

The Ethics Committee of Nizhny Novgorod State Medical Academy for scientific research 
involving human subjects approved the clinical study. All patients voluntarily signed the 
informed consent for the study.

2. Efficacy of cross-polarization OCT in bladder cancer diagnosis: 
comparison with traditional OCT, fluorescence cystoscopy, and 
immunohistochemical study

The early OCT studies of bladder mucosa were performed with traditional time-domain 
modality equipped with an endoscopic probe. Diagnosis of early bladder cancer was the 
central topic of OCT studies in urology [4]. After 25 years, the OCT technique significantly 
improved resulting, in particular in cross-polarization time-domain OCT with common-path 
optical layout and two signal acquisition channels and in spectral CP OCT modification with 
the similar characteristics enabling 3D imaging.

2.1. Cross-polarization OCT and traditional OCT at bladder cancer

In course of introduction of CP OCT into clinical practice, the capabilities of this new tech-
nique for early bladder cancer detection were assessed in a comparative study with the 
traditional OCT. To assess the efficacy, the special test was developed. It consisted of two 
independent stages: assessing diagnostic capabilities of OCT (using a set of co-polarized 
images) for detecting neoplasia and assessing diagnostic capabilities of CP OCT (using a 
set of the same clinical cases, but with two images: in co- and in cross-polarization) for the 
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same task. Statistical evaluation of the diagnostic efficacies of OCT and CP OCT was also 
performed independently. A total of 116 patients with localized flat suspicious lesions in the 
bladder were enrolled, 360 CP OCT images were acquired and analyzed. Statistical param-
eters and general results of the blind recognition tests of CP OCT and OCT images of flat 
suspicious lesions in the bladder are listed in Ref. [17].

Briefly, it was shown that CP OCT demonstrated higher sensitivity of 93.7% (vs. 81.2%, p 
< 0.0001), specificity 84% (vs. 70.0%, p < 0.001), and diagnostic accuracy 85.3% (vs. 71.5%, 
<0.001) in detecting early malignant changes in flat suspicious zones compared to the tra-
ditional OCT technique. The interobserver agreement index kappa increased from 0.68 to 
0.82 when images in cross-polarization were added. The earlier analysis of more than 500 
traditional OCT [4] and CP OCT images of benign and malignant states of the bladder [18] 
enabled us to formulate visual criteria for assessing CP OCT images in co- and in cross-
polarization (Table 1).

Higher diagnostic efficacy of CP OCT in detecting early bladder cancer is associated with the 
ability to detect changes in epithelium and connective tissues. In previous works (see Refs. 
[17, 19]), it was demonstrated that OCT signal in cross-polarization (Figure 1a, upper image) 
is formed primarily due to cross-scattering from unaltered, well-organized type I collagen. 
This statement is based on the comparison of the signal level in cross-polarization with the 
brightness of PSR-stained collagen fiber luminescence in polarized light (Figure 1j).

It is known that collagen stained with PSR and examined with polarized light microscopy 
reveals its birefringent properties, visualized as bright pixels against the background of dark 
surrounding tissue elements (reference). Collagen type I has red and red-yellow color (thick 
fibers with thickness ~2–5 μm and higher) and collagen type III—green and green-white color 
(thin fibers with thickness ~1 μm). Red-orange color of thick-collagen fibers is also associated 
with densely packed collagen fibers indicative of their maturity [20].

CP OCT image characteristics Benign processes in  
the bladder

Malignant processes in the 
bladder

In co-polarization: OCT features Sharp, high contrast 
between epithelium and 
connective tissue in more 
than 75% of the lateral 
range of image. The 
epithelial layer has lower 
signal level than  
the connective tissue layer

No or weak contrast 
between horizontal layers

OCT type images Benign Cancer

In cross-polarization: OCT features Uniform signal that may 
have the structure of 
horizontal layers

No or weak signal, in 
some images in the form of 
isolated spots

OCT type images Benign Cancer

Table 1. Visual criteria for assessing CP OCT images in co- and in cross-polarizations.
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The loss of collagen polarization properties due to its disorganization at neoplasia 
(Figure 1f and i) and massive inflammatory cellular infiltration significantly reduces 
OCT signal level in cross-polarization (Figure 1c, upper image). At the same time, CP 
OCT images at chronic cystitis in cross-polarization have regions with high-level signal 
(Figure 1b). It is caused by diffuse excessive synthesis and accumulation of collagen fibers 
(its assembly/bunching in the background of reduced degradation), especially around ves-
sels (sclerosis of vessel wall; Figure 1e and h).

Figure 1. Bladder mucosa in normal state and in pathology. Normal (a, d, j), chronic exudative cystitis (b, e, h) and 
urothelial carcinoma Ia (c, f, i). CP OCT images (upper panel = cross-polarization, lower panel = co-polarization) (a, b, 
c), the corresponding histological slides stained with hematoxylin and eosin was used to confirm the diagnosis (d, e, f), 
stained with picrosirius red and examined with polarized light—to reveal the presence and type of collagen (j, h, i). U—
urothelium, CT—connective tissue, M—muscle, V—vessel, UC—urothelial carcinoma.
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Based on the qualitative considerations above, it appears that morphological and polariza-
tion changes of collagen fibers properties in various pathological states are complex and 
interrelated.

2.2. Cross-polarization OCT, fluorescence cystoscopy, and immunohistochemical study at 
bladder cancer

Fluorescence cystoscopy (FC) is one of the techniques to search for regions suspicious for 
cancer on the inner bladder surface. However, it has low-positive predictive value [21, 22]. 
Immunohistochemical (IHC) markers for bladder cancer Ta-T2a have potential to improve 
the diagnostics and help in understanding of carcinogenesis at molecular level [23]. 
Unfortunately, this technique can be employed only ex vivo. Recent studies of years [19] 
were aimed to assess the diagnostic accuracy of the combined use of FC and CP OCT with 
quantitative estimation of OCT signal in cross-polarization for diagnosis of superficial blad-
der cancer in flat suspicious lesions and analyze epithelial and carcinoma cells proliferation 
activity by using IHC markers. A total of 26 patients with bladder cancer were enrolled in 
the study. Total amount of regions of interest was 92; 41 sites with urothelial carcinoma (28 
cases of cancer in bladder tissue/13 cases of recurrent cancer in scar tissue) and 51 sites with 
inflammation (16 mild/35 severe).

The results of the study show that the combined use of FC and CP OCT with quantitative 
estimation of the OCT signal yields the diagnostic accuracy in detecting bladder cancer in flat 
suspicious zones of 93.6%, the sensitivity of 96.4%, specificity of 92.1%, positive predictive 
value of 87%, and negative predictive value of 97.9%, which indicates that the efficacy of this 
approach is close to that of biopsy.

Since chronic inflammation in the bladder is manifested by the increased proliferative 
activity of uroteliocytes, IHC study using cell proliferation markers (Ki-67, p53, and p63) 
allows for more accurate quantification of the urothelium state and the risk of developing 
urothelial neoplasm. Ki-67, p53, and p63 immunohistochemistry is suggested to be helpful 
to distinguish dysplastic changes and carcinoma in situ from reactive atypia. These IHC 
markers were applied for the study of areas where CP OCT images can be classified as 
cancer type.

The IHC study demonstrated a high level of p53 expression and high proliferation activ-
ity (the number of the cells positively stained for Ki-67, p53, and p63 exceeded 50%) in the 
regions of bladder cancer. Those indices were significantly higher (p < 0.0001) comparing to 
the regions with severe inflammation. In the regions with mild inflammation, the level of 
Ki-67, p53, and p63 did not differ significantly (p > 0.05) from those with severe inflammation 
[23]. This confirms that the increased urothelium proliferation level in patients with bladder 
cancer is typical for the entire mucosa and does not depend on the visual manifestations of 
the inflammatory process [1, 24].

The expression of p63 only in the areas of red fluorescence was significantly higher (p = 0.038) than 
in the areas without fluorescence. The expression of Ki-67 and p53 did not depend on fluorescence.
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quantitative estimation of OCT signal in cross-polarization for diagnosis of superficial blad-
der cancer in flat suspicious lesions and analyze epithelial and carcinoma cells proliferation 
activity by using IHC markers. A total of 26 patients with bladder cancer were enrolled in 
the study. Total amount of regions of interest was 92; 41 sites with urothelial carcinoma (28 
cases of cancer in bladder tissue/13 cases of recurrent cancer in scar tissue) and 51 sites with 
inflammation (16 mild/35 severe).

The results of the study show that the combined use of FC and CP OCT with quantitative 
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value of 87%, and negative predictive value of 97.9%, which indicates that the efficacy of this 
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activity of uroteliocytes, IHC study using cell proliferation markers (Ki-67, p53, and p63) 
allows for more accurate quantification of the urothelium state and the risk of developing 
urothelial neoplasm. Ki-67, p53, and p63 immunohistochemistry is suggested to be helpful 
to distinguish dysplastic changes and carcinoma in situ from reactive atypia. These IHC 
markers were applied for the study of areas where CP OCT images can be classified as 
cancer type.

The IHC study demonstrated a high level of p53 expression and high proliferation activ-
ity (the number of the cells positively stained for Ki-67, p53, and p63 exceeded 50%) in the 
regions of bladder cancer. Those indices were significantly higher (p < 0.0001) comparing to 
the regions with severe inflammation. In the regions with mild inflammation, the level of 
Ki-67, p53, and p63 did not differ significantly (p > 0.05) from those with severe inflammation 
[23]. This confirms that the increased urothelium proliferation level in patients with bladder 
cancer is typical for the entire mucosa and does not depend on the visual manifestations of 
the inflammatory process [1, 24].

The expression of p63 only in the areas of red fluorescence was significantly higher (p = 0.038) than 
in the areas without fluorescence. The expression of Ki-67 and p53 did not depend on fluorescence.
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The study confirms enhanced expression of p53, p63, and Кi-67 in patients with recurrent, 
highly differentiated superficial (without invasion into the muscular layer) urothelial carci-
noma with a low or moderate risk of disease progression [25–28].

Also, a correlation between CP OCT data and IHC markers data was demonstrated. High 
inverse correlation (r = −0.732; r = −0.647 and r = −0.481, respectively, p < 0.002) was demon-
strated between the expression of p63, Ki-67, and p53 markers and the CP OCT signal in cross-
polarization. The obtained correlations allow suggesting why signal in cross-polarization 
alters in cases of inflammation and neoplasia. Healthy tissue in co-polarization has a layered 
structure featuring the epithelium and connective stroma. A neoplastic process characterized 
by excessive proliferation of urothelial cells losing specificity is accompanied by activation of 
p53, p63, and Ki-67 expression. On the one hand, active proliferation can change optical prop-
erties of epithelial cells; on the other hand, it eventually leads to disorganization of collagen 
matrix. It was found that the higher the expression of the markers of cellular proliferation and 
adherence, the more intense loss of cross-scattering properties by connective tissue collagen is 
registered by CP OCT. However, it is still unclear which process is primary.

3. CP OCT for diagnostics of recurrent bladder cancer

Recurrent forms of bladder cancer are hard to distinguish by routine diagnostic approaches 
(cystoscopy). In the majority of cases, cancer recurrence at scar is hard to be distinguished 
from the scar tissue. In this situation, even OCT inspection may fail to provide adequate infor-
mation due to visual similarity of scar and cancer in a diagnostic OCT image.

To develop an approach to distinguish the recurrence of bladder cancer and the scar, parallel 
in vivo CP OCT and morphological study of the level of cross scattering and state of collagen 
was performed for scar tissue (group 1, n = 30) and carcinoma in the scar area (group 2, n = 28). 
Figure 2 shows that sometimes CP OCT images in the scar tissue (a) and in recurrence of carci-
noma in scar area (d) look quite similar. In cross-polarization, the OCT signal is heterogeneous: 
in both cases, there are areas with high, reduced, or absence of signal (Figure 2a and d, upper 
images). Analysis of the structural organization of collagen fibers at fiber and tissue levels 
in the scar tissue (group 1) showed that in condition of chronic inflammation of the bladder 
mucosa areas of excessive synthesis and accumulation of collagen (see Figure 2, red and yel-
low color on PSR image (b) and intense green color on SGH image (c)) might alternate with not 
yet formed collagen fibers areas (see Figure 2, pale green color or dark areas on PSR image (b) 
and week or no SHG signal (c)). Analysis of the recurrence of carcinoma on a post-operation 
scar region (Group 2) revealed that on PSR image areas of carcinoma are dark, and collagen 
fibers are thin of pale-red color (Figure 2e); some of collagen fibers are destroyed. The collagen 
fibers are loosely stacked and surround cancer cells in SGH image (Figure 2f).

OCT image processing and quantification may give an additional valuable information for 
differentiation these two conditions. A number of previous studies demonstrate that the 
changes in polarization properties correlate with changes in collagen state [6, 23, 29–31] while 
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orientation and the degree of structural organization of collagen at fiber and tissue levels 
allowed to conclude on the presence of pathology [30]. Quantitative processing of CP OCT 
images was based on analysis of the cross-scattering properties of the bladder tissue [6]. An 
integral depolarization factor (IDF) was developed and successfully applied to quantify the 
collagen state within tissue [31]. IDF is defined as a ratio of the OCT signals in cross-polariza-
tion to co-polarization, both averaged over the transverse coordinates.

The results of comparing IDF in the groups of scar tissue (Group 1) and recurrence of urothelial 
carcinoma in the scar region (Group 2) are presented in Figure 2j. A statistically significant dif-
ference in IDF values between these two conditions is demonstrated (p < 0.0001), which testifies 
to the possibility of effective cystoscopic recognition of carcinoma in the region of post-opera-
tion scar with the IDF/CP OCT platform. It is known that collagen fibers are destroyed under 
the influence of tumor cell enzymes [32]; this likely decreased the resultant cross-polarization 
OCT signal. The quantitative assessment of CP OCT images obtained from the suspicious areas 
of postoperation scars can thus help in distinguishing the appearance of tumor in scar region.

Sensitivity, specificity, and diagnostic accuracy of separating recurrence of carcinoma in 
region of the bladder scar by quantitative assessment of CP OCT images with IDF are 93, 99, 
and 97%, respectively.

Figure 2. Scar tissue on the bladder mucosa and recurrence of urothelial carcinoma in the scar region. Group 1 (the upper 
row of images and left column on the diagram), Group 2—recurrence of carcinoma in the scar region (the lower row and 
left column on the diagram). CP OCT images (upper panel = orthogonal polarization, lower panel = initial polarization) 
(a, d); corresponding histological slides stained with picrosirius red and examined with polarized light (b, e); SHG 
images (c, f). ST—scar tissue, UC—urothelial carcinoma.
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Intraoperative CP OCT monitoring of completeness of tumor removal was introduced into clini-
cal practice (N.A. Semashko Nizhny Novgorod Regional Hospital) allowing minimizing the 
number of cancer recurrences at postoperative scar regions.

4. CP OCT for in vivo detection of bladder cancer after radiation therapy

The third paragraph of the chapter reviews the pilot results on CP OCT employment for in 
vivo detection of the bladder cancer after radiation therapy of cervical cancer.

Bladder cancer that occurs after radiation therapy of malignant neoplasms of the pelvic organs 
is a special problem in clinical urology. According to European Association of Urology, there 
is a two- to four-fold increase in the risk of secondary malignant tumors development in the 
bladder after radiotherapy of tumors of pelvic organs [33]. Recent studies [34, 35] confirmed 
the increase in the risk of bladder cancer for 1.5–4 times after the course of radiotherapy.

Alterations of normal bladder tissue occurring in the early and late periods after radio-
therapy are an unsolved problem in modern radiation oncology [36]. The early side-effects 
include changes developed in the course of radiotherapy and 100 days after it. Radiation 
damages that appear after 3 months since radiotherapy procedure are treated as late; some-
times, they may occur in years after irradiation. In addition, in recent years, late effects 
resulting from long-term persistent severe acute radiation damage called “consequential late 
effects” are distinguished separately [37]. Specifically, late radiation-induced adverse events 
are of significant clinical importance [14]. Their severity can vary from clinically insignificant 
structural abnormalities to severe complications that have a great impact on the quality of 
patient’s life (Cancer Therapy Evaluation Program) [38]. Different classifications including 
CTCAE, RTOG/EORTC, RILIT, and LENTSOMA were employed to determine the sever-
ity of post-radiation damage to normal tissues. Currently, the classification developed by 
Radiotherapy Oncology Group in collaboration with the European Organization for Research 
and Treatment of Cancer (RTOG/EORTC, 1995) is the most common classification scale for 
radiation complications (Table 2).

When bladder cancer appears in the irradiated and altered tissues, it becomes extremely diffi-
cult to diagnose cancer against edema, hemorrhage, and pronounced changes in the mucosa. 
Therefore, there is a challenge to differentiate changes induced by ionizing radiation and the 
changes caused by the tumor growth by standard clinical methods. In this situation, optical 
diagnostic techniques can play a crucial role in establishing the correct diagnosis.

In our clinical practice during last 2 years, a situation where CP OCT inspection allowed to 
diagnose bladder cancer in patients previously received radiotherapy for cervical cancer was 
met twice. Both patients have tumors developed at the background of severe (Grades 3 and 4) 
late side-effects of radiotherapy (Table 2).

Patient T., 65 years old, was hospitalized in urology department for vesico-urinary fistula. 
In January 2014, she was diagnosed with cervical cancer T3N0M0 (stage III). She received a 
concurrent chemoradiation therapy (external beam irradiation in a dose of 40 Gy, single dose 
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2 Gy), brachytherapy in a dose of 25 Gy, single dose 5 Gy). In 18 months after radiation ther-
apy, urine outflow from the vagina and blood in urine appeared. Ultrasound study revealed 
serozometra and right-side hydronephrosis. Laboratory blood tests showed signs of kidney 
failure. The right-side nephrostomy under ultrasound control and optical inspection of the 
bladder was made in November 2015. Cystoscopy revealed an organized blood clot within 
the bladder cavity. After bladder cavity dilatation, it was found that the bladder bottom was 
absent resulting in, a fistula defect of 3.5–4.0 cm in diameter. Bullous fabric with disintegra-
tion was revealed at the edge of the fistula. Mucosa of the bladder walls was hyperemic and 
hydropic (Figure 3a). Ureteral orifices were not visualized. Therefore, cystoscopy picture was 
consistent with the picture of Grade 4 radiation bladder damage (fistula, bleeding).

At the same time, bladder mucosa was studied with CP OCT; images of back left and right 
walls and around the fistula defect were acquired. CP OCT image of the back wall (Figure 3c) 
demonstrates the classic picture of chronic inflammation. Despite contrasted layers in co-
polarization and high-level signal from connective tissue fibrosis in cross-polarization, both 
images feature edema (dark elongated areas, which have vertical shadows) and homoge-
neous areas originating from inflammatory cell infiltration of the stroma.

CP OCT image of the fistula edge (Figure 3b) manifests bullous features: in co-polarization, 
the image is mostly structureless: only the small area of image in the left has layers of 
epithelium (the first layer, may be with dysplastic changes), underlying connective tissue 
(the second layer, brighter) and below the signal abruptly falls (this area is suspicious to 
cancer); the central and the right side of the image are structureless, indicating neoplasia 
(Figure 3b). In cross-polarization, there is no pronounced signal, which approves the pres-
ence of neoplasia, and only small area in left side of the image corresponding to connec-
tive tissue demonstrates low-level signal. This flat zone is the suspicious area of the CP 
OCT image and transurethral biopsy was taken from this site. Morphologically, invasive 

Organ tissue Bladder

Grade 0 None

Grade 1 Slight epithelial atrophy, minor telangiectasia  
(microscopic hematuria)

Grade 2 Moderate frequency
Generalized telangiectasia
Intermittent macroscopic hematuria

Grade 3 Severe frequency and dysuria
Severe generalized telangiectasia (often with petechiae)
Frequent hematuria
Reduction in bladder capacity (<150 cc)

Grade 4 Necrosis/contracted bladder (capacity <100 cc)
Severe hemorrhagic cystitis

Grade 5 Death directly related to radiation late effects

Table 2. Classification of late radiation bladder damage (RTOG/EORTC, 1995).
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 transitional cell carcinoma Grade 2 was diagnosed (Figure 3b4). Conglomerates of cancer 
cells grow into the mucosa and submucosa layers of the bladder wall (area with low signal 
in co- and dark area in cross-polarization in Figure 3b, border of connective tissue is indi-
cated with blue arrow). Carcinoma cells were localized deeper in connective tissue at the 
one side, whereas at the other side, it starts from the surface. Owing to CP OCT, biopsy was 
performed and urothelial carcinoma Grade 2 was detected while visually this area looked 
like inflammation.

We suppose that radiation induced damage of bladder connective tissue induced carcinoma 
development. In cross-polarization (left side of image), a low level signal from connective 
tissue is observed, originating from exudative inflammation process. Morphological analysis 

Figure 3. CP OCT guided biopsy of bladder mucosa and LSM study of extracellular matrix in 18 months after the end of 
radiation therapy. Cystoscopy image of the back wall in a moment of CP OCT study (a), CP OCT images (upper panel 
= cross-polarization, lower panel = co-polarization): image of tissue suspicious to cancer from border of fistula b), image 
of benign tissue from the back wall (c), LSM images (SHG (b1), 2PEF (b2) and combined SHG-2PEF (b3)) and histology 
(H&E) (b4) corresponding to CP OCT image (b). CT—connective tissue; U—urothelium; UC—urothelial carcinoma; 
arrows indicate border of carcinoma growth; yellow rectangle in (b) indicates area of LSM imaging (b1–b3).
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revealed congestion, swelling, lymphoid cell infiltrates in mucosa, and, important to mention, 
degenerative changes in collagen that cause decrease in cross-polarization OCT signal.

In order to determine more accurately the condition of collagen and elastic fibers in connec-
tive tissue of mucosa layer multiphoton, microscopy study was conducted. Confocal laser 
scanning microscope (LSM 710, Carl Zeiss, Germany) was used at the excitation wavelength 
of 800 nm. Detection was performed simultaneously in two channels by using filters in the 
wavelength ranges of 362−415 nm and 480−554 nm, with the aim to detect signals indicating 
SHG emission (green color in the images) and 2PEF emission (red color in the images), respec-
tively. This approach allowed visualization of the collagen (seen in SHG) and primary elastin 
(seen in 2PEF) fibers in the walls of the bladder within the unstained, dewaxed sections with 
a thickness of 10 μm.

Two LSM images were combined to demonstrate the boundary between urothelial carcinoma 
and connective tissue (Figure 3b1–b3, the boundary is indicated with black arrow). Numerous 
small holes in the connective tissue corresponded to inflammatory infiltration, collagen is pri-
mary disorganized and looks homogeneous without clearly distinguished fibers (Figure 3b1), 
and elastic fibers are also damaged: they produced weak signal and are presented by frag-
ments in a small amount (Figure 3b2). LSM study confirms that the connective tissue of the 
bladder after radiation therapy of pelvic organs has destructive changes that are preserved 
for the long time after treatment and in conjunction with chronic inflammation such condition 
can serve as a background for the cancer development.

Patient N., 41 years old, was urgently hospitalized in urology department with the diagno-
sis of chronic urinary retention. In 2014, she was diagnosed with cervical cancer T2bN0M0 
(stage II), concurrent chemoradiation therapy (external beam irradiation in a dose of 40 Gy, 
brachytherapy in a dose of 25 Gy, single dose of 5 Gy) was held. In 20 months after the end of 
chemoradiotherapy, the patient became complaining of difficulty in urinating.

An ultrasound revealed pelvic adhesions, as well as the fact of bladder atony. Trocar cystos-
tomy and cystoscopy study was done. Cystoscopically (Figure 4a), the mucous membrane 
of the bladder was shiny, whitish, trabecular, with tissue granulation on the back wall and 
in the triangle area; the bladder neck is loose, with a rough surface. Visually, three areas on 
mucosa were suspicious: in the center of the neck, in the neck close to the right wall, and close 
to the back wall. The CP OCT study of these areas was conducted, and then three biopsies 
were taken. Histology revealed presence of urothelial carcinoma Grade 3 complexes in two 
locations: in the center of the neck and in the neck close to the right wall (Figure 4b4 and c4), 
where suspicious type of CP OCT images was obtained (Figure 4b and c). Both images have 
some features are not common for benign states. They contain structureless low signal areas 
without clear borders in co- and cross-polarizations at the lower part of the mucosa layer 
(first layer with a high level signal), and there is no epithelium layer usually manifested by 
middle intensity signal above the mucosa layer. Moreover, OCT signal from connective tissue 
in cross-polarization is homogeneous, whereas in norm and inflammation state, an image 
shows more or less distinct horizontally orientated structures.
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Figure 4. CP OCT of suspicious areas of bladder mucosa and LSM study of extracellular matrix in 20 months after the 
end of radiation therapy. Cystoscopy image of bladder neck with a loop of resectoscope at the time of biopsy (a), CP 
OCT images (upper panel = cross-polarization, lower panel = co-polarization): image of suspicious tissue at the bladder 
neck (b), image of suspicious tissue at the right wall close to the neck (c), image of bening tissue at the back wall (d), 
LSM images (SHG (b1, c1, d1), 2PEF (b2, c2, d2) and combined SHG-2PEF (b3, c3, d3)) and histology (H&E) (b4, c4, 
d4) corresponding to CP OCT images (b, c, d). CT—connective tissue; SA—suspicious area; UC—urothelial carcinoma; 
arrows indicate borders of carcinoma growth; black rectangle in (b, c, d) indicates area of LSM imaging (b1–b3, c1–c3, 
d1–d3, correspondingly).

Cross-Polarization OCT for In Vivo Diagnostics and Prediction of Bladder Cancer
http://dx.doi.org/10.5772/67473

55



CP OCT image of the third visually suspicious area (bladder neck close to the back wall) dem-
onstrates the picture of chronic inflammation (Figure 4d) described above. Histology con-
firms supposed diagnosis: edemas, acute plethora, and round cells infiltration in the mucosa 
were present (Figure 4d4).

LSM images of bladder wall for the patient N. revealed that predominant amount of the fibers 
produces homogeneous signal similar to the previous case (Figure 4c1–c3 and d1–d3). Only 
a few individual fibers of collagen and elastin are distinguished. This indicates disorganiza-
tion processes in extracellular matrix. Loose network and holes in connective tissue in LSM 
images correspond to morphologically verified inflammation: edema and round a (Figure 4c4 
and d4).

Urothelial carcinoma in LSM images looks different: in the bladder neck, collagen in carcinoma 
is not organized (homogeneous SHG signal, Figure 4b1); however, close to the tumor, colla-
gen fibers are straight, densely arranged, and have a prevailing orientation. This may point to 
aggressive and long-time growth of the carcinoma that starts to produce its own stroma and 
change the environment around to facilitate the invasion [32, 39]. In the neck close to the right 
wall, the carcinoma contains no elastic fibers and minimal amount of collagen organized in 
thin wavy fibers like in surrounding connective tissue, what may indicate infiltrative dissemi-
nation of carcinoma cells into loosely packed extracellular matrix (Figure 4c1–c3).

The described clinical cases show that extracellular matrix of bladder mucosa after radiation 
therapy of pelvic organs manifests dystrophic changes that could originate from the side-
effects of radiation exposure and subsequent chronic inflammation. Rate of the bladder syn-
chronic cancer in this case is up to 1.5–4 times larger as compared to nonirradiated bladder 
[34]. We suppose that disorganized collagen and elastic network in mucosa could also pro-
mote carcinoma fast growth and facilitate its invasion.

These examples demonstrate that to the patients, who undergone radiation therapy, a special 
attention and monitoring in the follow-up are required to prevent possible development of 
radiation induced urothelial carcinoma or detects it as early as possible. In this situation, CP 
OCT is an excellent minimally invasive tool for bladder mucosa inspection and evaluation of 
connective tissue state based on data in cross-polarization.

5. Conclusions

This chapter highlighted a novel diagnostic method, CP OCT, with high potential application 
for bladder pathology diagnosis. CP OCT can be considered an effective complementary in 
vivo technique to assess flat suspicious lesions in the bladder initially detected by white light 
or/and fluorescence cystoscopy, whereas the efficacy of these cystoscopy modalities alone or 
combined with traditional OCT is much lower.

Analysis and quantitative assessment of CP OCT images confirmed the presence of cross-
scattering properties of connective tissue stroma in human mucosa that are determined by 
well-defined spatial and structural organization of collagen matrix. Collagen fibers undergo 
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nation of carcinoma cells into loosely packed extracellular matrix (Figure 4c1–c3).

The described clinical cases show that extracellular matrix of bladder mucosa after radiation 
therapy of pelvic organs manifests dystrophic changes that could originate from the side-
effects of radiation exposure and subsequent chronic inflammation. Rate of the bladder syn-
chronic cancer in this case is up to 1.5–4 times larger as compared to nonirradiated bladder 
[34]. We suppose that disorganized collagen and elastic network in mucosa could also pro-
mote carcinoma fast growth and facilitate its invasion.

These examples demonstrate that to the patients, who undergone radiation therapy, a special 
attention and monitoring in the follow-up are required to prevent possible development of 
radiation induced urothelial carcinoma or detects it as early as possible. In this situation, CP 
OCT is an excellent minimally invasive tool for bladder mucosa inspection and evaluation of 
connective tissue state based on data in cross-polarization.

5. Conclusions

This chapter highlighted a novel diagnostic method, CP OCT, with high potential application 
for bladder pathology diagnosis. CP OCT can be considered an effective complementary in 
vivo technique to assess flat suspicious lesions in the bladder initially detected by white light 
or/and fluorescence cystoscopy, whereas the efficacy of these cystoscopy modalities alone or 
combined with traditional OCT is much lower.

Analysis and quantitative assessment of CP OCT images confirmed the presence of cross-
scattering properties of connective tissue stroma in human mucosa that are determined by 
well-defined spatial and structural organization of collagen matrix. Collagen fibers undergo 
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significant changes as a result of pathological processes which affect their cross-scattering 
properties that can be detected and quantified in vivo with CP OCT.

An approach to quantitative, robust, and potentially automated assessment of CP OCT 
images reflecting the state of bladder collagen fibers was developed. It was shown that 
IDF can be applied to in vivo detection of clinically relevant pathological states in urology. 
Differentiating between carcinoma recurrence at post-operation scar and tumor-free scar 
resulted in diagnostic accuracy of 97%. Thus, CP OCT and IDF quantification have promis-
ing potential to visualize and quantify the structural and spatial organization of CF in blad-
der tissues for clinical disease assessment including differential diagnosis applications.
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Abstract

Bladder cancer (urothelial carcinoma) is the most common tumor of the urinary tract. 
It occurs more frequently among men about 65 years old on average. Two forms of the 
tumor are known: a non–muscle-invasive one and a muscle-invasive one. The latter turns 
out to be very aggressive with a survival of 5 years average. The non–muscle-invasive 
form frequently recurs (60–70%) and in 15% of cases, it progresses into the invasive 
form. The diagnosis is made mainly by cystoscopy and urine cytology. A high number of 
researches were dedicated in order to find a simple test using voided urine to frequently 
monitor possible tumor recurrence. During the last 10 years, many tests were proposed 
concerning either special proteins of which the most common are the bladder tumor anti-
gen (BTA) and the nuclear matrix protein 22 (NMP22) or the presence of genetic muta-
tions [most frequently, fibroblasts growth factor receptor 3 (FGFR3) and TP53], alteration 
of DNA methylation, chromatin structure and, more recently, the presence of specific 
micro-RNA. Recently the analysis of lipids present in voided urine showed a difference 
in fatty acids between healthy individuals and those affected by non-invasive forms. 
These markers appear to have a high specificity and sensitivity: a deepening of these 
results could lead to the development of a test that avoids invasive treatment and the 
cost of cystoscopy.

Keywords: bladder cancer, bladder cancer screening, urinary markers, DNA mutations, 
lipid metabolism

1. Introduction

1.1. Epidemiology

Urothelial carcinoma of the bladder (BC) is one of the most common urogenital cancers, 
and according with the American Cancer Society in 2016, it accounts for about 5% of all 
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new cancers in the USA [1]. Chances for men to suffer from BC are three to four times higher 
than for women. This trend does not seem to be simply due to differences in lifestyle between 
the sexes (smoke, occupation). Perhaps, women are more protected from this disease than 
men because estrogen does not stimulate or (maybe) encourage the inhibition of oncogen-
esis [2]. This fact is supported by both in vivo experiments and data concerning mortality 
incidence [3]. Usually the first diagnosis is performed between 65 and 70 years, but it may 
occur earlier [2].

1.2. Etiology

Tobacco smoking is the major risk factor for bladder cancer; in fact, smokers develop bladder 
cancer four times more than non-smokers [4]. Long time smokers have a higher risk of getting 
sick, and this trend remains even in former smokers up to 20 years [2, 4]. The process that leads 
to carcinogenesis has not yet been described in detail nor has there been a clear definition as 
to which of the 60 carcinogens found in tobacco smoke are directly involved with cancer 
development [5]. However, some free radicals seem to have clear links with tumor develop-
ment [5]. A linear relationship was found between smoking status and 4-ABPDNA adduct 
formation and an increase in alterations in p53 tumor suppressor gene (TSG) expression [6]. 
Metabolism of arylamines are also involved in bladder carcinogenesis. In fact, N-hydroxy 
metabolites are filtered into the bladder lumen and hit the epithelial tissue, thereby triggering 
a process of tumorigenesis. The processes of detoxification, catalyzed by N-acetyltransferase, 
are under genetic control. The risk of developing bladder cancer is stronger in individuals 
with N-acetyltransferase-2 slow acetylators. There is a strict relationship between environ-
mental exposure and genetic risk factor [7, 8]. Therefore, the link between smoking and suf-
fering from bladder cancer seems to be weaker than the one between smoking and developing 
respiratory tract tumors. In fact, there are populations with high smoking rates but low blad-
der cancer rates [2]. Certain occupational groups are at increased risk of developing bladder 
cancer because of their chronic exposure to chemical agents. Also, in this case, the probability 
of developing a bladder tumor depends on an individual susceptibility to this disease [9]. 
However, some workers mainly employed in textile and tire industries are at increased risk. 
Several substances, such as naphthylamine, 4-aminobiphenyl (ABP), and benzidine, were 
unambiguously associated with bladder cancer and are now banned. Other substances such 
as ortho-toluidine, polychlorinated biphenyls, formaldehyde, asbestos, and solvents such as 
benzene, dioxane, and methylene chloride are considered strong candidates for bladder car-
cinogens. Other risk factors for the development of a bladder cancer are chronic infection or 
irritation of the bladder, which causes an involuntary contraction of the bladder muscles that 
results in an urgent, uncontrollable need to urinate. A higher possibility of developing genetic 
mutations is also favored by an increased cell proliferation due to infections and inflamma-
tory processes that favor the formation of nitrite and nitrosamines [2]. The intake of analgesics 
that contain phenacetin or cyclophosphamide are also correlated with an increased risk of 
developing urothelial carcinoma. Travis et al. found that the risk of developing bladder can-
cer following therapy with cyclophosphamide increased by 4.5-fold and was dependent upon 
a cumulative dose [10]. A study concerning the risk of bladder cancer in women found that 
radiotherapy in the pelvic area for treatment of ovarian cancer is a potential risk factor [11]. 
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Infection (in the Middle East) with parasites such as Bilharzia and Schistosoma haematobium is 
also a known risk factor for bladder cancer [12, 13]. Rare cases of hereditary bladder cancer 
were found to be related to a mutation in the retinoblastoma tumor suppressor gene [2, 14].

1.3. Pathology

The most common bladder tumors in Western countries are urothelial transitional cell carci-
noma (that counts over 90% of total cases), but there are other less common forms of tumor: 
squamous cell carcinoma, adenocarcinoma and neuroendocrine tumors [4]. Schistosomiasis 
(Schistosoma haematobium), which is endemic in Africa and in the Middle East, causes chronic 
granulomatous cystitis. This condition favors the development of squamous metaplasia of 
the transitional epithelium, which can cause squamous cell carcinoma [15]. Adenocarcinoma 
begins in glandular cells that are found in the lining of the bladder and is a very rare type of 
bladder cancer [4, 16].

1.4. Staging

Cancer that is in the lining of the bladder is known as non–muscle-invasive bladder cancer 
(NMIBC), and about 75% of patients show this degree of severity at first diagnosis [4]. These 
comprise papillary tumors designated Ta (urothelial) and T1 (extending into the lamina pro-
pria) or carcinoma in situ (CIS), a flat erythematous lesion with a propensity to progress to 
muscle-invasive disease (MIBC). This is a very aggressive cancer with a life expectancy of 
around 5 years. In fact, during stages T2–T4, the cancer spreads to the muscle layer of the 
bladder, invades the muscle wall of the bladder, and then disseminates to nearby organs and 
lymph nodes [4, 16].

Since 2002, a universal staging system can be used, namely, the TNM classification (tumor, 
lymph nodes, and metastasis). It is very important to be able to define a classification system 
that is easy to use and reproducible, because it can be crucial to adopt the most appropriate 
therapy and to predict prognosis [2].

1.5. Signs and symptoms

In most cases, lower urinary tract symptoms and hematuria are the most common early 
symptoms (85% of patients). Other symptoms include changes in bladder habits, increase in 
urinary frequency, bladder irritability, and dysuria. Symptoms of advanced bladder cancer 
are weight loss, abdominal pain, and renal impairment secondary to ureteric obstruction [2].

1.6. Bladder cancer diagnosis and surveillance

Cystoscopy is a diagnostic procedure to examine directly the bladder and is considered the 
current gold standard for diagnosis and surveillance [4]. This type of examination allows for 
a possible biopsy that can provide important information about tumors regarding the dif-
ferent developmental stages [17]. It has the disadvantage of expense and is rather invasive. 
Nevertheless, bladder cancer has a very high cost per patient because NMIBCs have a low 
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progression rate, but are characterized by a high recurrence rate (50–70% within 5 years). 
For this reason, patients need frequent and expensive surveillance protocols [18, 19]. Despite 
a correct treatment, some patients may develop muscle-invasive disease that has a high malig-
nant potential and is associated with considerable progression and cancer death rates.

A chemical dipstick for hematuria offers another diagnostic test. Unfortunately, hematuria 
from bladder cancer may be intermittent, and it occurs also in people who do not have bladder 
cancer. Furthermore, the detection of the disease may be uncertain and may require repetitive 
screening [2]. Intravenous urography (IVU) is a diagnostic test in patients with hematuria. 
It is very specific for upper tract surveillance and diagnosis while the early detection of small 
urothelial tumors may be particularly difficult to visualize.

Computed tomography (CT) scanning is useful to identify lesions within the ureter, renal 
pelvis, and renal parenchyma, but is not specific.

Urine-based cytology is more useful for patients who have a history of urinary tract cancer. 
This test may be ordered to screen patients who are at high risk for bladder cancer and as an 
adjunct in long-term surveillance protocols [2, 17].

1.7. Urine cytology

Urine cytology is the most commonly used diagnostic technique in clinical practice. Recently, 
more research on other urine-based markers has been done [20].

Urinary cytopathology is a test used to detect bladder cancer and inflammatory diseases 
of the urinary tract. It is based on the interpretation of morphological changes in disag-
gregated cells. Even in the presence of a negative cystoscopic examination, morphological 
changes such as increased size, increased nuclear-to-cytoplasmic ratio, nuclear pleomor-
phism, coarse and irregular chromatin ,and frequent mitotic figures are features associated 
with a higher risk for bladder cancer [18, 21]. This kind of analysis requires a professionally 
trained and experienced cytopathologist. Incorrect sample collection and processing can 
adversely affect the accuracy of the results [2]. The possibility of obtaining false positive is 
very high with intravesical therapy, radiation treatment, and infection, which are able to 
alter the results [18].

This method is not suitable for screening patients because it is not very sensitive in the cases of 
low-grade tumors. In fact, it is not easy to identify tumor cells in urine specimens of patients 
with noninvasive low-grade carcinoma. These cells have particular characteristics that are not 
always similar to the malignant tumor cells. The early stage, dysplasia, is characterized by 
the formation of flat, fibrovascular stalks that cannot be identified as neoplastic formations in 
histological sections.

Urinary cytology is mainly indicated for the detection of high-grade and high-stage disease 
that shows more recognizable features (nuclear pleomorphism, coarsely clumped chromatin, 
and large nucleoli) [2]. In fact, urinary cytological analysis can detect carcinoma in situ (CIS) 
with a sensitivity of 80–90% and a specificity of 98–100% because it consists of cells that are 
significantly abnormal. Urinary cytology can be used in long-term surveillance programs, but 
it is an expensive technique [18].
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1.8. Biomarkers in bladder cancer

The correct treatment of patients with bladder cancer requires an early and accurate diagno-
sis, which is followed by long-term surveillance. Currently, the most effective tests that could 
diagnose and monitor the progression of the disease are cystoscopic examination, cytology, 
and histology. These techniques have promoted a dramatic decrease in the mortality associ-
ated with the disease, but they are inadequate for several reasons. They do not allow us to 
understand the molecular mechanisms underlying the tumor in question; the possibility of 
human error is quite high; they are expensive and, in the case of cystoscopy, invasive [17].

In recent years, due to improved molecular biology techniques, new classes of diagnostic and 
prognostic biomarkers have been identified. They have taken into account not only individual 
proteins but also the interactions between molecules in pathways known to be tumorigenic [22].

Tumorigenesis occurs often with a clear involvement of distinct pathways that can lead to the 
development of NMIBC or of MIBC. This feature can be used to find out new markers which 
are able to highlight the pathway involved and, hence, the type of tumor. The study of gene 
expression in bladder cancer is another type of investigation that is developing [17]. Identifying 
the ideal marker is not a simple task. Indeed, it needs to feature many requirements together: 
high sensitivity and specificity, the ability to predict the degree of tumor malignancy, lack of 
susceptibility to human errors, user-friendliness, noninvasiveness, and price convenience. It 
should not be influenced by the presence concurrently of other diseases and by the presence 
of hematuria or irritative symptoms that often occur in patients with bladder cancer [20]. An 
ideal biomarker should be also able to identify, in a clear way, the disease before its clinical 
manifestation and, at the same time, to provide accurate prognostic information [17, 23]. By 
developing non-invasive molecular assays which are able to analyze body fluids, it would be 
easier to perform a large-scale screening of individuals most at risk [20, 22]. It would be impor-
tant to be able to develop a test that can express a very strict diagnosis, which allows patient 
treatment in a personalized way. This ideal marker could relieve the inconvenience inherent 
in the use of invasive procedures to strictly necessary cases. In the last few years, the aging of 
the population has caused a dramatic rise in diseases related to age. The incidence of bladder 
cancer has increased by 36%. This is another reason why it would be useful to have an effective 
screening method, as is the case for the screening of prostate and colon cancer [20].

The following discussion illustrates the current diagnostic assays for bladder cancer and dis-
cusses some of the emerging biomarkers. Some of these studies are at a preliminary stage, but 
they appear to deserve further investigation and a mention in this text.

2. Current diagnostic assays

2.1. Urine-based assay

2.1.1. Bladder tumor antigen (BTA) assay

The original bladder tumor antigen (BTA) test is an agglutination assay that measures the level 
of a membrane protein that is released into the urine when the cancer invades the bladder wall. 
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The BTA test can be used for the detection of low-grade disease and shows a higher sensitivity 
than cytology. Unfortunately, it cannot be used in patients affected by other disorders such as 
urinary infections, stones, or benign prostatic hypertrophy (BPH). In such cases, the presence 
of concomitant diseases can lead to false-positive results [20]. To overcome this lack of preci-
sion, two other BTA tests were developed: BTA STAT and BTA TRAK. Both are immunoassays 
that can detect factor H–related protein (cFH), which is released into the urine by tumor cells 
[2, 18, 20].

BTA STAT is a qualitative dipstick test [24]. This assay has several advantages: it is fast, is inex-
pensive, and works with only a few drops of urine. The sensitivity is higher than either the 
original version of the test or cytology. The results are more accurate in cases of high-grade 
bladder cancers. Unfortunately, this test has the same problems as the original version. False-
positive results are quite common with rates of 2–5%. This assay cannot be used in patients 
with dysuria, incontinence, and hematuria [20]. Also in the case of bacillus Calmette-Guérrin 
(BCG) instillation in patients has led to a sharp drop in its accuracy, even if the treatment 
was made 2 years before. For this reason, BTA STAT cannot be used for the monitoring of 
the disease in patients who have undergone immunotherapy [20, 22]. The reasons for its low 
specificity yet its high sensitivity are still not clear. The use of BTA STAT was approved by 
the U.S. Food and Drug Administration (FDA). However, a constant monitoring of patients is 
recommended also through cystoscopy. Hence, this technique is not definitive for diagnosis, 
but it is only indicative [20, 24].

BTA TRAK is a quantitative assay: an ELISA test that detects levels of cFH [20, 22]. The cFH 
protein can be detected also in case of bladder bleeding [22]. Furthermore, other studies argue 
that cFH is definitely produced and secreted by the Kupffer cells, hepatocytes, vascular endo-
thelial cells, and platelets, but it has not been proven that bladder cancer cells secrete cFH 
[22, 25]. The BTA TRAK test shows a higher sensitivity than does either the BTA STAT test 
or cytology also for the detection of low-grade tumors. However, this test presents problems 
of low specificity for the same reasons as the BTA test. For this reason, also this test cannot 
replace urine cytology or cystoscopy. An increase of the test values is often related to the 
possibility of the development of a recurrence. BTA TRAK may be useful for quantifying the 
correct time interval between the cystoscopic analyses individually in a patient with a recur-
rence, but this assumption needs further work [20].

2.1.2. Nuclear matrix protein 22 (NMP22)

Nuclear matrix proteins (NMPs) have a structural role in cellular nuclei and are involved in 
DNA replication, transcription, RNA processing, and gene expression. In particular, NMP22 
is a specific protein of the nuclear matrix that is involved in the correct distribution of the 
genetic material to daughter cells during mitosis [20]. Two different texts to detect this pro-
tein have been developed: NMP22 test, which is a quantitative immunoassay and NMP22 
BladderChek, which is a qualitative point-of-care test. Apoptosis causes the release of this 
protein into the urine that can be detected using monoclonal antibodies. Urine of patients 
with bladder cancer contains a greater amount of this protein compared to healthy controls [2, 
18, 20]. Thus, this test provides a measure of cell turnover. The sensitivity is about 51–85% and 
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increases with the support of cytology [18]. Also other bladder diseases affect the reliability 
of this test negatively and the rate of false positive is quite high [20, 24]. NMP22 is not suit-
able to be used for screening exams; however, some studies have found positive correlations 
between NMP22 levels and the aggressiveness of the cancer. This correlation can be exploited 
to make assessments on patient prognosis [20, 26, 27]. The evaluation of NMP22 levels may 
also have predictive value for the risk of recurrence. In fact, Soloway et al. found that patients 
who exceed a threshold value of NMP22 level (20 U/ml) have a greater probability to develop 
a recurrence [28].

2.1.3. BLCA-1 and BLCA-4

BladderCancer-1/BladderCancer-4 (BLCA-1 and BLCA-4) are members of six bladder-specific 
nuclear matrix proteins (NMPs) discovered in 1996 by Getzenberg et al. [29]. These proteins 
are involved in important cellular functions such as DNA replication and RNA synthesis 
and in nuclear morphology [30]. Many NMPs are identified as specific markers for several 
cancers [31]. BLCA-1 and BLCA-4 are considered specific urinary markers of bladder cancer. 
In particular, they are associated with tumor cell proliferation, survival, and angiogenesis 
[29–31]. The expression of these factors is important to detect bladder cancer at an early stage, 
since they are expressed early in carcinogenesis [18]. BLCA-1 was originally identified from 
bladder tumor tissue, while BLCA-4 is expressed in both tumor and adjacent benign areas 
of the bladder, but not in bladders without malignancy [29, 30]. Probably they play different 
roles in the regulation of the gene expression in bladder cancer [32]. Although BCL-1 has high 
sensitivity and specificity while its role is not yet clear in the development of bladder cancer. 
BCL-4 has sensitivity and specificity higher than other urinary tumor markers. The detection 
BCL-4 expression is not affected by the presence benign bladder disorders but may increase 
in patients with spinal cord injuries. Both BCL-1 and BLCA-4 assays still need further refine-
ment and validation if they are to be included into clinical practice [30].

2.1.4. Urinary Bladder Cancer test (UBC)

Cytokeratins (CKs) are intracellular proteins in the intracytoplasmic cytoskeleton of epithe-
lial cells. They are overexpressed in bladder cancer and are released into the urine as soluble 
fragments after proteolytic degradation following cell death [18, 33]. Because of such features, 
various assays measuring the concentration of soluble cytokeratins, such as TPS for cytokera-
tin 18 and TPA for cytokeratin 8, 18, and 19, have been used to detect bladder tumors [34]. 
Immunological assays UBC-Rapid and UBC-ELISA tests are used to detect the concentration 
of a combination of cytokeratin 8 and 18 fragments [18]. The UBC-Rapid test is a qualitative 
point-of-care assay that shows a high variability of sensitivities and specificities that prob-
ably is due to the histological and clinical characteristics of bladder cancer [18, 33]. This assay 
requires no special knowledge as the case of BTA STAT and is more sensitive and specific. 
However, it has a low sensitivity in the detection of bladder cancer recurrence and cannot 
replace, but only lower, the number of cystoscopies heeded during the patient’s follow-up 
[35–37]. UBC-ELISA is a quantitative assay. It is limited by a strong possibility of human error 
and it is characterized by a high variability of sensitivity and specificity, a high false-positive 
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rates and the inability to detect low-grade tumors. Further studies are needed to assess their 
potential diagnostic role and to increase the utility of these tests for bladder tumor surveil-
lance [18].

2.1.5. CYFRA 21-1

Cytokeratin Fragments (CYFRA 21-1) is also an ELISA-based assay that detects the concen-
tration of soluble fragments of cytokeratin using two mouse monoclonal antibodies. Various 
studies on the sensitivity and specificity of the assay have reported different results. Possible 
reasons include the different tumor grade of the patient populations and the differences in 
the method of urine collection and storage [34]. The centrifugation step is very important to 
remove cells and cell debris that contains a large amount of CYFRA 21-1, though the accuracy 
of the assay is not improved yet. In fact, after centrifugation an equivalent decrease in the 
number of true positive and false positive can be observed [38]. CYFRA 21-1 is found at high 
concentrations in the urine of patients with benign diseases of the bladder. Also intravesical 
immunotherapy with BCG increased concentrations of urinary CYFRA 21-1, even after years 
of treatment, when there was no evidence of a bladder tumor. This assay has a high sensitivity 
for the detection of high-grade and CIS tumors, but it cannot be used for early detection. This 
assay shows greater accuracy for the detection of primary tumors than for the recurrence. 
Currently, it cannot be used as a substitute for cystoscopy and has achieved only an arguable 
and marginal role in daily clinical practice [34].

2.1.6. Survivin

Survivin is a member of the inhibitors of apoptosis proteins (IAP) gene family that is involved 
in apoptosis inhibition [39]. Survivin is expressed during embryonic and fetal development 
but not in normal adult tissues. It is also abundantly expressed in transformed cells and in 
many tumors. Survivin promotes an abnormal elongation of cell life that leads to an accumu-
lation of genetic mutations and can promote resistance to immune-surveillance. Researchers 
are interested in exploiting the information on survivin for diagnostic and clinical purposes. 
For this reason, they are studying its role as a promoter of carcinogenesis but also the path-
ways in which it is involved. The detection of survivin in the urine is obtained by a BioDot 
microfiltration detection system. Dots of the urine samples are blotted on nitrocellulose mem-
branes and survivin can be detected using various anti-survivin antibodies and standard 
dot blot detection reagents [40]. Survivin has a high sensitivity for detecting low-stage and 
low-grade bladder tumors often underdiagnosed by other diagnostic tests. High level of the 
urine’s survivin is associated with increased risk of bladder cancer, of tumors of higher grade, 
and of bladder cancer recurrence. This assay is more accurate than cytology tests using urine. 
Moreover, it is also more accurate than NMP22 tests and avoids false-positive results.

Survivin is present in the urine of 78% of patients with localized disease. Its level could be 
skewed in patients with either T1 or higher tumor stage than in patients with Ta disease or 
CIS. Its use in the diagnosis would require further evaluation and a deepening study of the 
signaling pathways in the bladder cancer [41].
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many tumors. Survivin promotes an abnormal elongation of cell life that leads to an accumu-
lation of genetic mutations and can promote resistance to immune-surveillance. Researchers 
are interested in exploiting the information on survivin for diagnostic and clinical purposes. 
For this reason, they are studying its role as a promoter of carcinogenesis but also the path-
ways in which it is involved. The detection of survivin in the urine is obtained by a BioDot 
microfiltration detection system. Dots of the urine samples are blotted on nitrocellulose mem-
branes and survivin can be detected using various anti-survivin antibodies and standard 
dot blot detection reagents [40]. Survivin has a high sensitivity for detecting low-stage and 
low-grade bladder tumors often underdiagnosed by other diagnostic tests. High level of the 
urine’s survivin is associated with increased risk of bladder cancer, of tumors of higher grade, 
and of bladder cancer recurrence. This assay is more accurate than cytology tests using urine. 
Moreover, it is also more accurate than NMP22 tests and avoids false-positive results.

Survivin is present in the urine of 78% of patients with localized disease. Its level could be 
skewed in patients with either T1 or higher tumor stage than in patients with Ta disease or 
CIS. Its use in the diagnosis would require further evaluation and a deepening study of the 
signaling pathways in the bladder cancer [41].
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2.2. Cell-based assay

2.2.1. ImmunoCyt/uCyt+ assay

Fradet and Lockhard developed the immunofluorescence-based test ImmunoCyt/uCyt+ in 
1997. These are two markers that are expressed in malignant exfoliated urothelial cells and 
few normal umbrella cells and are not found in the other normal cells [17, 18, 42]. This assay 
uses a cocktail of three antibodies: the first antibody (19A211) is directed against a glycosyl-
ated carcinoembryonic antigen and is labeled red; the other two antibodies, M344 and LDQ10, 
labeled with fluorescein, are directed against mucins [18, 42]. The mucins are glycoproteins 
that are normally found on the surface of epithelial cells. In normal cells, these glycoproteins 
are found in heavily glycosylated form while in malignant cells these glycoproteins are less 
glycosylated. This test uses LDQ10 and M344 antibodies that can recognize some portions of 
the protein backbone [42]. The recognition of the results is given a lot to the cythopatholo-
gist's skill. In fact, to have a negative response, cytology slide should contain at least 500 cells 
that are negative for fluorescence while the presence of one fluorescent cell is considered 
to be positive. This assay is not very influenced by factors such hematuria or inflammatory 
conditions because it is a cellular assay. ImmunoCyt/uCyt+ has a superior sensitivity to detect 
early pathological stage than cytology. It can also improve the detection of CIS and increase 
the sensitivity of the urinary cytology [18]. However, to be valid, this assay must always be 
accompanied by cytological analysis, and it is only suitable for the surveillance of patients 
with a history of bladder cancer [18, 42].

A combination of multiple immunological tests is considered useful for diagnosis and prog-
nosis. Recently a combination of p40, GATA3, and uroplakin II (transmembrane protein) anti-
body has been proposed [43].

2.2.2. UroVysion fluorescence in situ hybridization (FISH)

UroVysion is also a fluorescence-based assay. It was developed in 2000 and is FDA approved 
as a urine marker for the diagnosis and the surveillance of bladder cancer [24]. Exfoliated 
urothelial cells are analysed exploiting the technique of fluorescence in situ hybridization 
(FISH) to detect the aneuploidy of chromosomes 3, 7, and 17 and loss of the 9p21 locus 
[17, 18]. As the case of ImmunoCyt/uCyt+ assay, this assay is quite complex and requires 
the interpretation of a skilled cytopathologist. In fact, the result is considered to be posi-
tive if either at least five cells are found with two extra chromosomes, or ten cells with 
an extra chromosome, or a homozygous deletion of 9p21 in >20% of the epithelial cells 
[24]. UroVysion has a higher sensitivity in diagnosis or recurrence of bladder cancer than 
other types of analysis. A positive result of UroVysion test, in patients who have been pre-
viously treated with BCG, can warn doctors about treatment failure. Unfortunately, this 
assay has the disadvantages of providing many false-positive results and is found to be 
more sensitive in cases of high-grade tumor than in case of low-grade disease. Thus, it 
is recommended to use UroVysion after ImmunoCyt/uCyt+ test or cytological analysis as 
a confirmatory test [18, 44].

Bladder Cancer Markers and Recent Innovations
http://dx.doi.org/10.5772/67309

71



2.2.3. DD23

DD23 is an IgG murine monoclonal antibody (MAb) derived from the immunization of 
a BALB/c mouse that recognizes a 185-kDa tumor-associated antigen. This antigen is not 
detected in normal urothelium while it is expressed in human bladder cancer cells, both 
in vitro and in vivo [45]. However, a study observed that in patients with bladder cancer, 
DD23 antigen is expressed in cancerous as well as in noncancerous cells. One theory holds 
that normal urothelial cells in response to external signals from the malignant cells express 
DD23 [45, 46]. This immune-cytochemical assay is performed using an avidin-biotin alka-
line phosphatase, with a single urothelial cell exhibiting intense immunostaining sufficient to 
make a positive call. However, there are various methods of DD23 detection [47]. For exam-
ple, Bonner et al. used a highly sensitive automated quantitative fluorescence image analy-
sis system, whereas Gilbert et al. used a commercial clinical reference laboratory-adapted 
qualitative immunocytochemistry assay with light-based microscopy [45, 46]. The cytologi-
cal analysis of urine sediment carried out using murine IgG1 monoclonal antibody (MAb) 
together with Papanicolaou (Pap) staining is difficult both from practical use and from an 
interpretative point of view. Even this technique has a higher sensitivity for the detection 
of high-grade tumors than low-grade ones [47–52]. DD23 antigen expression must be sup-
ported by cytological analysis. It can enhance the sensitivity of the cytopathology diagnosis of 
21%, especially in low-grade cancers and can increase the detection of unclassified TCC cases 
[45, 53, 54]. This assay is not very suitable for the detection of recurrence in patients who have 
previously received an intravesical therapy. DD23 can be a support of cystoscopic examina-
tion to increase the sensitivity to monitor and diagnosis recurrent bladder cancer. The use of 
this biomarker needs further clinical studies [45].

These assays are summarized in Table 1 with their characteristics.

Sensitivity Specificity Limitations

Urine-based assay

BTA STAT 53–83% 67–72% High false-positive rates.

BTA TRAK 66–72% 51–75% High false-positive rate.

Nuclear matrix protein 22 
(NMP22)

51–85% 77–96% False positive in case of hematuria or 
inflammatory bladder conditions.

BLCA-1 80% 87% It needs futher validation.

BLCA-4 89–96% 90–100% It needs futher validation.

UBC-Rapid test 36–78% 63–97% High variability of sensitivities and 
specificities. Hight false-positive rate. 
Low sensitivity in the detection of low-
grade bladder tumors.

UBC-ELISA 40–70% 63–75% Hight false-positive rate. Low 
sensitivity in the detection of low-
grade bladder tumors.

CYFRA 21-1 61–85% 75–91% False positive in case of inflammatory 
bladder conditions.

Survivin 64–83% 88–93% It needs futher validation.
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3. Nucleic acids alterations

Circulating DNA has been demonstrated in all body fluids, including urine, and it is the dem-
onstration of many tumor-related alterations, particularly for colon cancer. For this reason, 
many researches were made on urine and bladder samples in order to analyze free DNA and 
RNA fragments present. An increase in DNA was found in both the voided urine and plasma 
of patients with NMIBC with respect to non-affected patients [55]. Aggressive tumors show 
very high DNA values. Analysis of the DNA may represent a novel diagnostic tool to indicate 
the presence of residual disease or to discover aggressive forms early in the bladder cancer 
course. Analysis of the DNA showed 302 mutations of exons, 204 segmental alterations in 
genomic copy number. and 22 genomic rearrangements for a given sample [56]. Three dif-
ferent groups were identified based on the gene alterations. Group A, classified as focally 
amplified, is enriched in focal somatic mutations in many genes; group B is characterized 
by CDKN2A-deficient fibroblast growth factor receptor 3 (FGFR3) mutant defined papillary 
from the histological aspect; and group C, classified as “tumor protein p53 (TP53) cell-cycle 
mutant”, is enriched with RB1 mutations and amplifications of E2F3and CCNI [56].

It has been suggested that these differences may represent different oncogenic mechanisms. 
In non-invasive tumors, mutations were found especially in the oncogenes Harvey rat sar-
coma (HRAS), fibroblasts growth factor receptor 3 (FGFR3), and phosphatidylinositol-3-ki-
nase (PK3CA).

In invasive tumors, mutations have been found in tumor suppressor genes, especially TP53 
and retinoblastoma (RB1) [57]. The presence of the FGFR3 mutation in urine is observed for 
low-grade tumors and seems to be associated with concomitant or future recurrence [57, 58]. 
Methylation is also important: five targets were identified, including ventral and anterior 
homeobox 1 (WAX1) KCNV1, TAL1, PPOX1, and CFTR, which have a sensitivity of 88.68% 
and a specificity of 87.25%. An increase in methylation is also observed for the tumor sup-
pressor gene RUNX3 gene [59, 60]. In particular, methylation of VAX1 and LMX1A appears 
to be associated with bladder cancer recurrence. Promoter hypermethylation of some genes 

Sensitivity Specificity Limitations

Cell-based assay

ImmunoCyt/uCyt+ assay 68% 72% The test results depend on specimen 
stability and handling.

UroVysion fluorescence 
in situ hybridization (FISH)

69–75% 82–85% Low sensitivity in the detection of 
low-grade bladder tumors. Lack of 
consensus regarding criteria used to 
evaluate abnormal cells.

DD23 (*) 70.3% 59.8% It can be used as an adjunct to 
cytopathologic evaluation.

All the data derived from Ref. [17], except (*) from Ref. [23].

Table 1. Sensitivity and specificity of urine-based and cell-based assays.
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 combined with FGFR3 mutations may represent a sensitive diagnostic assay [61]. Methylation 
of the tumor suppressor gene H-cadherin (CDH13) has been reported in many cancers, and an 
increase is observed especially in Asian patients affected by bladder cancer [62]. The CDH13 
gene, located on 16q24, encodes a protein that belongs to the cadherin family [63]. CDH13, 
a tumor suppressor gene (TSG), is also called H-cadherin or T-cadherin and plays a pivotal 
role in cell–cell adhesion [64]. The expression of this gene favors the adhesion between the 
cells, thus inhibiting metastatic diffusion.

3.1. Microsatellite analysis

Microsatellites (or short tandem repeats) are repeated noncoding DNA sequences consisting 
of very short repeat units (mostly 2–4 bp each) arranged in a tandem repeat. They can be 
used as molecular markers of loci and play an essential role in the structure of chromosomes. 
Two types of microsatellite alteration are involved in many cancers: loss of heterozygosity 
due to a deletion and genomic instability due to an alteration of microsatellite repeat length 
[40, 65].

Several studies have been published on the correlation between microsatellite alterations in 
bladder transitional cell carcinoma (TCC). In particular, they have observed 17 microsatellite 
loci. The loci on chromosomes 9 and 18 have proven to be the most informative [66–69]. Saidi 
et al. compared two microsatellite loci (GSN and/or D18S51) of patients with histopathologi-
cally confirmed bladder TCC, with normal bladder mucosa and with non-malignant diseases. 
They found alterations in 46 out of 70 patients with TCC, but none in the tissue samples from 
the control group [70]. This analysis showed a sensitivity of 65.71%, and specificity of 100% 
but, according to the literature data, frequency of microsatellite alterations in urinary bladder 
TCC varies a great deal [67, 70, 71]. Unfortunately, microsatellite analysis is time-consuming, 
expensive, and requires highly trained personnel. Furthermore, Saidi et al. have not found 
a close correlation between the pathological stages as recurrence, metastasis, and death, in 
patients with TCC, followed by at least 2 years [70]. The study of the possible use of microsat-
ellites as a tumor marker is complicated also by other point of view: the correct selection of 
microsatellite loci, their polymorphic nature and ethnic differences in patient populations are 
features that affect the results between studies [70, 72].

4. Chromatin alterations

Mutations in chromatin could lead to alterations in genes involved in human carcinomas [73]. 
In high-grade bladder cancer over 2300 alterations were found as well as in genes involving 
chromatin modifiers [74]. This implies that epigenetic modulators could have a therapeu-
tic role in urothelial cancers [73]. Varticovski et al. performed comparative bio-informatic 
analysis on mutations in several previously identified genes associated with bladder cancer. 
They found mutations in TP53, RAS, and TERT genes and mutations/deletions in several 
chromatin modifiers KDM6A and MLL2/3. They found also mutations in novel sites distant 
from promoters showing a reprogramming of regulatory networks. Many of these mutations 
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occur in characteristic sites unique for each stage of the tumor progression. This feature has 
potential clinical application providing valuable new information on bladder cancer biology 
and tumor progression [74]. The coiling of DNA around nucleosome particles is the basis 
of genome organization with histone modifications being associated with both active and 
repressed regions of chromatin. Acetylation or phosphorylation may change the chromatin 
structure by altering the net positive charge of the histone proteins so changing the acces-
sibility of the underlying information sequences. Modifications of histones are reported for 
many tumors and are correlated to tumor stage and prognosis, but with contradicting results 
[75]. Histone acetylation is catalyzed by a specific enzyme family, histone acetyltransferases 
(HATs), and correlates with nucleosome remodelling and transcriptional activation, whereas 
deacetylation of histone tails is catalyzed by histone deacetylases (HDACs) induces tran-
scriptional repression through chromatin condensation [76]. Altered expression of different 
HDACs has been reported inr various human cancers [77–83]. Bladder tumor chemothera-
pies, which act as inhibitor of acetyltransferase, have shown that the decrease in tumor cel-
lular growth in vitro is due to the acetylation of histone lysine with a consequent imbalance 
between histone acetylation and de-acetylation.

4.1. Telomerase

The telomere is the terminal region of eukaryotic chromosome and is composed of highly repet-
itive DNA sequences (e.g., TTAGGG in humans). It was thought to be a non-coding region 
while recent discoveries have speculated that it is involved in the regulation of telomerase. 
Telomerase is a ribonucleoprotein organized to form a complex that includes: an RNA com-
ponent, human telomerase RNA (hTR), and telomerase reverse transcriptase (hTERT) that is 
a catalytic protein. In normal cells, DNA polymerase is not able to replicate the chromosome 
until its termination. In fact, after each DNA replication, there is a progressive shortening 
of chromosomes with a consequent loss of genetic information, which causes chromosomal 
instability and cellular senescence. Telomerase maintains telomere length in several cancer 
cells types [40]. It keeps intact chromosomes adding telomeres at the ends chromosomes, 
lengthening again the shortened telomeres. In normal cells it is active only during embryonic 
development while in most normal adult tissues its expression is repressed [84]. The expres-
sion of telomerase in tumor cells immortalize them [85]. This mechanism can be considered a 
crucial step in tumorigenesis [84].

The telomeric repeat amplification protocol (TRAP) assay is used to measure telomerase 
activity. Telomerase reaction products are detectable by several commercial kits that pro-
vide optimized sets of primers and reagents for telomerase detection. Another method 
allows measurement of hTERT mRNA levels by RT-PCR. The sensitivity of these assays 
is variable: it depends on sample manipulation but also on the presence of inflammatory 
conditions that can contaminate benign cells with telomerase activity [86–96]. The specific-
ity of both the TRAP assay and hTERT RT-PCR is also variable. Telomerase assays are not 
suitable for use in clinical settings. To overcome these problems, it requires more clinical 
trials [40].
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5. RNA messenger

The detection of (hTERT), mRNA of human telomerase reverse transcriptase, using RT-PCR 
was considered as a valid tool for a noninvasive tumor diagnosis test. However, in urine 
we can found a significant amounts of cell-free RNA and for this reason RNA tumor mark-
ers (e.g., hTERT, UPK1A, HTATIP2), cannot be used unconditionally for RT-qPCR–based 
analysis of whole urine [97]. Another system that has been intensively studied for its role 
in tumorigenesis is uPA: ETS2. The uPA promoter region contains ETS2 binding sites, a 
member of the ETS family of transcription factors. uPA mRNA content in tissue and uri-
nary protein concentrations of uPA are suitable for bladder cancer diagnostics. In the case 
of bladder cancer higher ETS2 RNA concentration it is observed compared with uPA. 
This tumor marker ratio of ETS2: uPA could be an interesting diagnostic tool [97–101]. 
Hedegaard et al. prepared a total RNA-sequencing (RNA-seq) libraries for 476 patients 
with bladder cancer at different stages (Ta, T1, in situ [CIS], MIBC). They mapped sequences 
to the human genome and then explored the heterogeneity in early-stage bladder cancer 
of 8074 genes [102]. The results were interpreted by statistical analysis and, on the basis 
of these results; the bladder tumors were sub-grouped into three major classes [102–104]. 
They found that tumors of high stage and grade were more frequently observed in classes 
2 and 3 than in class 1.

Particularly, MIBC and high-risk NMIBC were more frequently observed in the same clus-
ter 2 showing similarities. Differences in gender or smoking status do not influence the 
results [102]. Class 3 tumors show basal-like characteristics. They are mainly associated 
with repressed genes and with modifications of histones and/or chromatin. Class 1 tumors 
are characterized by a good prognosis, while class 2 shows poor prognosis and high 
expression of late cell-cycle genes, which have previously been associated with aggres-
siveness in bladder cancer [102, 105, 106]. Class 1 and class 2 tumors display different 
levels of aggressiveness. This study can be overlapped with other previous studies [105]. 
This kind of analysis could be a way for optimized surveillance programs and treatment 
selection [102].

6. Micro RNA

Micro RNA are short non-coding RNAs (18–25 nucleotides) that can change the expres-
sion of mRNA. This kind of regulation can take place directly by interaction with mRNA, 
by translation regulation of the protein product or by mRNA degradation. A single 
miRNA can regulate multiple genes or more miRNA can be involved in a single target 
(Figure 1) [107].

They can, therefore, regulate the expression of many genes and the analysis of these mol-
ecules may be important for understanding many biological processes such as epithelial to 
mesenchymal transition, which is a relevant mechanism in bladder cancer tumor develop-
ment. Micro RNAs are present in many body fluids including urine, are resistant to RNase 
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and also can be preserved for long time, so they can be determined using non-invasive meth-
ods. Many miRNAs were found in the urine, some of them might be correlated with renal or 
prostatic diseases, as well as bladder cancer [108].

Recently, a list of miRNAs detected in bladder cancer as well as their target genes has been 
reported. At the moment, a complete analysis is unavailable, but some results indicate some 
differences in relation to bladder cancer, particularly in relation to their invasiveness and 
prognosis.

An increase of miR 21, the cluster miR 183-96-1, miR 210, and miR 205 is observed to influ-
ence the epithelial-mesenchymal transition, cell growth and migration. On the other hand, a 
decrease is observed in many others, like miR 29c, miR 124, miR 409, miRs 23 family, miRs-
200 family, miR-214, that favors apoptosis and inhibit cell proliferation. miR-205 discrimi-
nates between low-grade papillary urothelial carcinoma and high grade papillary urothelial 
carcinoma, whereas miR-145 distinguished high-grade papillary urothelial carcinoma from 
infiltrating carcinoma [109]. The increase of the expression levels of miR-200c and miR-141 
in patients with bladder cancer after surgical removal of the tumor appears to return to 
normal values [110]; miR-126, miR-182, and miR-199a are the most abundant in the urine 
of bladder cancer patients with respect to the controls [107]. Ratios of miR-12 s6/miR-152 

Figure 1. Functions of mi-RNA.
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and miR-182/miR-152 are considered as makers capable of distinguishing bladder cancer 
patients from controls and patients affected by infections. Their sensitivity and specificity are 
not very high ranging from 55 to 82%. Yamada et al. found that the detection of miR-96 in the 
urine has a sensitivity of 71.8% and a specificity of 89.2% [111]. Shimizu et al. reported also 
good specificity and sensitivity by testing a methylation panel of miR9-3, miR124-2, miR124-
3, and miR 137 [112]. As regards to a prognostic evaluation, miR2103, miR214, miR152, and 
miR3187-3p are predicting a recurrence-free survival [113–115].

7. Proteins

Proteomics analysis allows the identification of proteins in the urine of patients. Some of 
these proteins such as alpha-defensin, apolipoprotein A-1 (APOA1), and alpha-1-antitrypsin 
are present in increased levels in tumor cells [116]. Metabolomic analysis allowed the iden-
tification of some metabolites associated with bladder tumors. However, the correct associa-
tion of the results with a type of tumor can be difficult to establish due to small molecule 
renal filtration.

There are several proteins that are worth further study for evaluation as new possible bio-
markers. Fibronectin is a multifunctional, extracellular matrix glycoprotein. It is produced by 
a wide variety of cells and is present in many tissues. Some studies have shown that increases 
in the urine content in case of the bladder cancer [117–119]. Clusterin is a heterodimeric 
disulfide-linked glycoprotein, implicated in a number of biological processes. It is a chaper-
one protein present in two isoforms (1 and 2) with antagonistic actions exhibiting different 
cellular locations. Clusterin gene increases its expression in bladder cancer particularly in 
invasive disease [120]. High clusterin expression is associated with poor prognosis. However, 
it is expressed in all body fluids and this feature limited its specificity. It would be neces-
sary to detect the individual expression of the two isoform rather than total clusterin levels 
[121]. Tilki et al. reported CEACAM1 (Carcinoembryonic antigen-related cell adhesion mol-
ecule 1, also known as CD66a) as a novel urinary marker for bladder cancer. Sensitivity was 
higher for MIBC than NMIBC and thougth patients with diabetes were excluded from the 
study. Furthermore, CEACAM1 immunostaining disappears in urothelium of NMIBC while 
appears in adjacent tumor-associated endothelial cells [122]. Calprotectin is a protein with 
antimicrobial properties [123]. It was suggested as a prognostic indicator because it results in 
upregulation in bladder cancer with 80% sensitivity at 92% specificity [124, 125]. However, it is 
released also by neutrophils during inflammatory processes and this feature compromises its 
accuracy [126]. Stathmin-1 and CD147 are two urinary proteins studied for their correlation 
with bladder cancer. In fact, there are reports that overexpression of stathmin-1 and CD147 
are associated with aggressive bladder cancer and a poor prognosis [127, 128]. γ-synuclein 
is involved in the pathogenesis of neurodegenerative diseases and is also used as a marker 
in breast tumors. It shows 87.5% sensitivity and 90.0% specificity. DJ-1 has been reported 
to be overexpressed in aggressive high-grade bladder cancer [129]. A pilot study found uri-
nary DJ-1 to be significantly increased only in MIBC [130]. The specificity of Apolipoprotein 
A4 for bladder cancer is not confirmed even if various apolipoproteins increase in the urine 
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of  bladder cancer patients [131]. In Kumar et al probably was overestimated the presence 
coronin-1A (a cytoskeletal protein) in urine of patient with bladder cancer [130, 132]. Orenes-
Piñero et al. realized an immunohistochemistry analysis, followed a proteomics analysis, that 
showed Reg-1 (lithostathine-1-alpha) overexpression in bladder tumors [133]. Urinary levels 
of matrix metallopeptidase 9 (MMP9) are elevated in many cases of invasive bladder cancer. 
However, it shows a modest sensitivity and specificity in case of low-grade disease [134–141]. 
The majority of the biomarker studies could not be classified as unequivocal. This conclusion 
may be due to a loss of information (stage/grade/sensitivity/specificity) or due to a non-repre-
sentative patient population that overstates the sensitivity and specificity [130].

8. Lipids

There have been very few published analyses of lipids as potential biomarkers, although an 
increase in the serum of lipids and proteins associated with sialic acid were demonstrated to 
differentiate patients from healthy control groups, showing a sensitivity of around 80% and 
a specificity of 70% [142]. A rare variant of urothelial carcinoma has been characterized by large 
epithelial cells with an eccentric nucleus and vacuolated cytoplasm that resemble lipoblasts, 
which are also positive for cytokeratin 7, 20, CAM 5.2, and other proteins. Only in one publication 
on bladder tissue has the composition of fatty acids been taken into consideration; it was shown 
that there was an increase in the levels of stearic and oleic acid and a decrease in the level of ara-
chidonic acid in pathological tissue with respect to healthy tissue excised from the same patients 
[143]. In addition, the levels of some polyunsaturated fatty acids were significantly reduced, sug-
gesting an altered lipid metabolism occurring in vivo during human bladder tumor-genesis. The 
only attempt to determine lipid concentrations in urine was made more than 30 years ago in 
1985, comparing bladder tumor patients with healthy controls and additionally some patients 
with bacterial infections. It was shown that there was a marked difference in phospholipid levels 
compared to fatty acids with 100% specificity and 80% sensitivity. However, macrohematuria 
or infection can affect the results that subsequently appear similar to the tumor samples [142].

9. Isolated particle

9.1. Exosomes as possible marker

Exosomes are small membrane vesicles particles (30–100 nm) released by the cells into the 
extracellular environment and play different roles in many physiological situations like the 
immune response. Exosomes isolated from the urine of patients with muscle-invasive bladder 
cancer induced epithelial- to mesenchymal transition in urothelial cells [144].

9.2. Analysis of isolated virtosomes from voided urine

Circulating DNA has been isolated using chromatographic separation or by ultracentrifuga-
tion. In this way not only cell debris or particles, but also exosomes are eliminated. In the 
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supernatant obtained after ultracentrifugation are present virtosomes that are comprised of 
newly synthesized DNA, RNA, proteins, and phospholipids and are released from cells in 
a regulated fashion [145, 146]. In a research made on human lymphocytes in culture, it has 
been demonstrated that the cells released virtosomes that differ in composition in relation 
to the stimulation of proliferation made with phytohaemoagglutinin. The virtosomes pres-
ent in the medium may also be capable of influencing the non-stimulated lymphocytes and 
vice versa [146].

The isolation of virtosomes from voided urine of non-invasive bladder cancer patients has 
been attempted. The analysis of the material present in the voided urine and from the cell 
cytoplasm of the control group and the patients are reported in Table 2. The nucleic acid 
content was lower in the patient group, but the difference was not significant and was not 
confirmed by the cytoplasmic results.

The values shown in Table 2 are very different with respect to those obtained from healthy 
lymphocytes either in the culture medium or in the cytoplasm using the same procedure 
(Table 3), where a much larger proportion of protein and RNA was detected, and only a small 
proportion of phospholipid [146].

The chromatographic analysis of the phospholipids of the voided urine and cell cytoplasm 
did not show any significant difference between the control and patient groups, unless a small 
increase in the amount of sphingomyelin in the patient group is considered. However, the most 
important result was the presence of a large amount of lipids. Preliminary analysis highlighted 
some differences in the fatty acids that indicated the need for a more in depth analysis (Table 4).

Urine Cytoplasm

Controls Patients Controls Patients

Proteins % 1.5 ± 1.4 1.39 ± 1 0.223 ± 0.19 0.236 ± 0.259

DNA % 0.39 ± 0.31 0.1 ± 0.03 0.143 ± 0.79 0.17 ± 0.029

RNA % 0.09 ± 0.07 0.022 ± 0.007 0.096 ± 0.033 0.056 ± 0.030

PLs %(*) 98.5 ± 1.81 98.35 ± 0.95 99.4 ± 0.32 99.16 ± 0.23

(*) phospholipid.

Table 2. Composition of protein, DNA, RNA, and phospholipid in the voided urine and cell cytoplasm in the control 
and patient groups.

Medium Cytoplasm

Proteins % 37.91 41.01

DNA % 4.65 3.45

RNA % 53.41 35.09

PLs %(*) 3.94 19.90

(*) phospholipid.

Table 3. Composition of virtosomes isolated from lymphocytes.
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An analysis was also made using chromatographic and mass spectrometric separation by 
extracting lipids from 20 patients with non-invasive bladder cancer and 20 controls of similar 
ages (Figure 2).

Fatty acids presents in the virtosomes

Control % Low-grade tumor (Ta) %

Dodecanoate C12:0am== 3.3 μM 1.17 7.9 μM 3.24 �

Myristate C14:0 22.6 μM 8 15.3 μM 6.28 ↓

Pentadecanoate C15:0 27 μM 9.57 13.2 μM 5.4 ↓

Palmitate C16:0 98.6 μM 34.9 84.7 μM 34.78

Heptadecanoate C17:0 16 μM 5.67 11.8 μM 4.84

Linoleate C18:2n6 18.6 μM 6.59 12 μM 4.92

Oleate C18:1n9c 20.1 μM 7.12 21.2 μM 8.70 �

18-methyl nonadecanoate 
C19:0

1.9 μM 0.67 1 μM 0.41

Tricosanoic acid C23:0 0.9 μM 0.32 0.3 μM 0.12 ↓

Tetracosanoic acid C24:0 2.9 μM 1.02 0.8 μM 0.32 ↓

Stearate C18:0 70.2 μM 24.88 75.6 μM 31.04 �

Table 4. Preliminary analysis that highlighted differences in the fatty acids.

Figure 2. Lipid extraction from urine. Chromatoghraphy and mass-spectrometry of lipids extract from urine [148].
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Two hundred and fifty lipids were analyzed and a significant difference was observed, in 
particular for 25 lipids that appear to be characteristic for the tumor patient. Their identifica-
tion may offer the possibility of a marker that appears to have sensitivity and a specificity of 
around 100% (Figure 3) [147].

10. Conclusions

The numerous publications clearly indicate how important it is to find markers for bladder 
cancer that may substitute cystoscopy and many efforts were made to find them. The symp-
toms of the tumor are not always significant and so it is necessary to determine new, specific 
and sensitive markers for an accurate diagnosis in order to prevent the diffusion of the pathol-
ogy and to determine the eventual patients at an early stage. This explains the continuous 
attempts to find good, non-invasive markers, possibly present in the urine. Ideally, they must 
be cheap so as to allow frequent repeated tests per patient and not technically complex for 
their use in all laboratories.

The existing markers (such as BTA or NMP22) are not considered sufficiently specific and sensi-
tive for a correct diagnosis and need to be supported by other tests, principally cystoscopy and 
cytology in which the interpretation depends much on the experience of the analyzer. Therefore, 
numerous attempts have been made to find other kinds of markers such as DNA mutations, 
DNA methylation, chromatin modifications, and specific proteins and, more recently, microR-
NAs present in the urine. To date, all results have been unsatisfactory given the complexity of 
the analysis and the limited specificity and/or sensitivity. Recently the composition of lipids in 

Figure 3. Partial least squares discriminant analysis (PLS-DA). Separation of lipids between patients and heathy controls 
[146].
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the voided urine of patient with non-invasive form and healthy control subjects showed some 
significant differences thus offering new markers with high sensitivity and specificity. If these 
preliminary data can be confirmed, a simple and inexpensive test may be produced that is use-
ful for both screening and prognosis.
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Abstract

Bladder cancer is the second most common genitourinary malignancy with urothelial
cancer comprising nearly 90% of primary bladder tumors. Urothelial carcinoma of the
urinary bladder is the fifth most common malignancy in the United States, with an
estimated 76,960 new cases and 163,900 deaths in 2016. Radical cystectomy with lymph
node dissection remains the standard treatment for patients with muscle-invasive
urothelial carcinoma of the bladder, and also for nonmuscle-invasive disease, refractory
to intravesical therapy. The current approaches to pelvic lymph node dissections are
based on the removal of lymph nodes most commonly harboring metastatic disease,
notably the external iliac, obturator, and hypogastric lymph nodes. The boundaries for a
standard pelvic lymph node dissection generally include the bifurcation of the common
iliac vessels superiorly and the genitofemoral nerve laterally. Extended pelvic lymph
node includes the removal of lymph nodes between the bifurcation of the common iliac
vessels and the level of the aortic bifurcation, sometimes including distal aortic and
caval nodes up to the level of the inferior mesenteric artery, as well as presacral nodes.
Extended and superextended dissection has been reported to be associated with supe-
rior survival outcome.

Keywords: bladder cancer, muscle-invasive, lymph node, cystectomy

1. Introduction

Bladder cancer is the second most common genitourinary malignancy with urothelial cell
carcinomas comprising nearly 90% of primary bladder tumors. Urothelial carcinoma of the
urinary bladder is the fifth most common malignancy in the United States, with an estimated
76,960 new cases and 163,900 deaths in 2016 [1]. Although up to 86% of patients present with
superficial or localized tumors, 20–40% present with, or progress to develop, invasive disease
that carries a significant increase in the likelihood of having occult metastases [2]. Standard
treatment of muscle invasive bladder cancer and refractory to intravesical chemotherapy in
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patients with nonmuscle invasive bladder is still radical cystectomy with lymph node dissec-
tion. Patients with muscle invasive bladder cancer have approximately 25% lymph node
involvement during the radical cystectomy [3]; if lymph node involvement is observed,
10-year mortality rate can be up to 80% due to adjuvant chemotherapy [2, 3]. Although lymph
node involvement portends a relatively poor prognosis, some patients exhibit long-term sur-
vival following surgery, with or without systemic chemotherapy [4]. The current approaches to
pelvic lymph node dissections are based on the removal of lymph nodes most commonly
harboring metastatic disease, notably the external iliac, obturator, and hypogastric lymph
nodes. Standard pelvic lymph node dissection is described removing the lymph nodes includ-
ing bifurcation of the common iliac vessels superiorly and the genitofemoral nerve laterally.
And the limit of inferior and medial boundaries includes the obturator nerve, bladder, and
internal iliac vessels medially and the endopelvic fascia, circumflex iliac veins, and Cloquet’s
node inferiorly [5–8] (Figure 1). For the standard pathological evaluation of lymph nodes to
detect the presence of tumor cell after surgery, formalin fixation with hematoxylin and eosin
(H&E) staining of 5-μm thick sections of each node is done. After these evaluations, nearly
25% of the patients are found to be involved with tumor in the lymph nodes during the
cystectomy [9].

In the literature, the nomenclature of lymph node dissection has been variable and is defined
differently by urologists. Dangle et al. divided lymph node dissection into four groups catego-
rized as follows:

Figure 1. Regional lymph nodes of the urinary bladder. The true pelvis is the primary lymphatic drainage area for the
urinary bladder. The secondary drainage area superior to the true pelvis includes the common iliac nodes and all nodes
up to the level of the aortic bifurcation.
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differently by urologists. Dangle et al. divided lymph node dissection into four groups catego-
rized as follows:

Figure 1. Regional lymph nodes of the urinary bladder. The true pelvis is the primary lymphatic drainage area for the
urinary bladder. The secondary drainage area superior to the true pelvis includes the common iliac nodes and all nodes
up to the level of the aortic bifurcation.
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1. Limited lymphadenectomy (removal of the external iliac and obturator lymph nodes).

2. Standard lymphadenectomy (limited lymphadenectomy plus removal of the internal iliac
lymph nodes).

3. Extended lymphadenectomy (standard lymphadenectomy plus removal of the common
iliac and presacral lymph nodes).

4. Super-extended lymphadenectomy (extended lymphadenectomy plus removal of any
additional lymph nodes above the aortic bifurcation) [10].

The boundaries of extended pelvic lymph node dissection generally include the removal of
lymph nodes superior to the bifurcation of the common iliac vessels, to the level of the aortic
bifurcation, sometimes including distal aortic and caval nodes up to the level of the inferior
mesenteric artery and presacral nodes [11]. Extended and superextended dissection has been
reported to be associated with superior survival outcome. The potential for meaningful bias,
however, prohibits drawing definite conclusions [12–14].

2. Lymphatic drainage of bladder

The bladder is an extraperitoneal muscular urine reservoir that lies behind the pubic symphy-
sis in the pelvis [15]. The lymphatic drainage of the bladder is into the obturator, external iliac,
internal iliac (hypogastric), and common iliac lymph nodes. As with any region of the body,
prior surgery may alter the lymphatic outflow of the region [16]. According to description of
Leadbetter and Cooper in 1950, the lymphatic drainage of the bladder can be divided into six
groups anatomically:

1. The visceral lymphatic plexus is located into the bladder wall, initiating inside the sub-
mucosa and extending into the muscular layer of bladder.

2. The intercalated lymph nodes that are located in the juxtavesical lymph nodes within the
perivesical fat align into anterior, lateral, and posterior groups.

3. The pelvic collecting lymph nodes that drains medial side of the external iliac and hypo-
gastric lymph nodes.

4. Regional pelvic lymph nodes that drains the external iliac, hypogastric, and presacral
lymph node groups.

5. Lymphatic vessels that drains the regional pelvic lymph nodes.

6. Common iliac lymph nodes around the common iliac vessels [17].

The primary drainage of the bladder initiate from the external and internal iliac and obturator
lymph nodes, secondary drainage continues from the common iliac lymph nodes, and tertiary
drainage to the presacral nodes is from the trigone and posterior wall of the bladder [18].
Remarkably, a researcher from Mansoura supported the importance of the endopelvic that
includes obturator and internal iliac lymph nodes as sentinels for lymphatic drainage of the
bladder [19] (Figure 1).
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3. The frequency of lymph node involvement in muscle invasive bladder
cancer

Radical cystectomy with pelvic lymph node dissection remains the standard of care for
patients with muscle-invasive urothelial cancer of the bladder and select patients with high-
risk in nonmuscle-invasive bladder cancer. Approximately, 25% of patients with muscle-inva-
sive bladder cancer have lymph node metastases at radical cystectomy, with 45% of patients
with T3 or T4 disease, harboring nodal disease [19]. Steven and Poulsen [20] showed that 34%
of their patients with lymph node-positive disease were positive in lymph nodes that are not
usually included in standard lymphadenectomy. A study of autopsy including 1933 patients
showed that the incidence of pelvic and retroperitoneal lymph node metastasis is 25% in 98
patients with bladder cancer [21]. Contemporary series supported that lymph node metastasis
is observed in 18–24% of patients with bladder cancer [22, 23].

4. The importance of the number of positive lymph nodes

Lymph node positivity is a critical factor for disease-specific survival and a primary determi-
nant of therapeutic course following surgery. Multi-institutional series of patients treated with
radical cystectomy have shown that approximately 80% of patients with pathologic node
positive disease experience disease recurrence, compared with 30% of patients with
extravesical disease and pathologically negative lymph node [24–26]. Patients with regional
lymph node metastasis at the time of cystectomy are at considerable risk for disease relapse
and cumulative probability of survival for these patients’ remains at 5–30% [27]. There is an
increasing perception that extensive pelvic lymph node dissection is an important therapeutic
measure associated with improvement in cancer-specific survival in both lymph node-negative
and lymph node-positive patients [19, 28]. Honma et al. reported that patients with less than
four positive nodes had a statistically significant survival advantage compared with four or
more positive nodes, and the number of nodes removed has a significant impact on disease-
specific survival in node-positive patients. The removal of 13 or more nodes had a survival
benefit even in the node-positive patients [29]. If pelvic nodal involvement is proven, it should
be considered a manifestation of a systemic disease. However, the independent value of pelvic
lymph node dissection for survival in patients with bladder cancer remains controversial,
although it has been demonstrated that pelvic lymph node dissection cures some node-positive
patients [30].

Lymph node mapping studies show a significant percentage of metastases in lymph node-
positive patients occurring above the common iliac bifurcation [11, 18]. Lymph node-positive
patients with standard lymphadenectomy had significantly worse 5-year disease-free survival
compared with lymph node-positive patients who underwent extended lymphadenectomy,
and extended lymphadenectomy was an independent prognostic factor for disease-free sur-
vival [31]. Tarin et al. reported that number of positive lymph nodes was significantly associ-
ated with cancer-specific survival, whereas location of the positive node and lymph node
density were not. A total of 25% of patients with pN3 disease were recurrence-free at 5 year,
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which is not significantly different from patients with pN1 or pN2 disease [32]. Prior to the
practice of pelvic lymph node dissection, series reported dismal 5-year survival rates of 4–7%
in lymph node-positive patients [33–35]. Skinner reported a 36% improvement of 5-year
survival in bladder cancer patients with limited nodal disease undergoing bilateral pelvic
lymph node dissection at the time of cystectomy. Skinner concluded that a “meticulous” pelvic
lymph node dissection could provide cure and control of pelvic disease in some patients with
regional lymph node metastases without increasing the morbidity [36]. Knowledge of lymph
node status is important because it influences patient counseling and, more importantly,
clinical decision-making regarding follow-up scheduling and adjuvant chemotherapy [37].

The study of International Bladder Cancer Nomogram Consortium analyzed 9064 patients
who underwent radical cystectomy and lymphadenectomy for bladder cancer and reported
that 1550 patients treated with surgery alone have lymph node-positive disease. As the result
of this study, the authors have developed an international bladder cancer nomogram. The aim
of the nomogram is using information on patient age, sex, and time from diagnosis to surgery,
pathologic tumor stage and grade, tumor histological subtype, and regional lymph node status
to predict recurrence risk in patients with bladder cancer after surgery. Following this study, a
lot of nomogram series were published that include either total number of lymph nodes
removed, number of positive lymph nodes, or lymph node density, and finally, node parame-
ters placed in the final nomogram model [38].

Although lymph node metastasis is related to a relatively poor prognosis, some patients prove
long-term survival after surgery, with or without systemic chemotherapy. Because of the
different prognostic factors, stratification of lymph node-positive patients is needed to obtain
more individualized risk estimations. Although some studies have reported several prognostic
factors for lymph node-positive patients, predictive factors for survival in lymph node-positive
patients have not been controversial [39].

5. The importance of the size of lymph nodes (extra capsular invasion of
tumor, tumor burden, and lymphovascular invasion)

The extent of nodal involvement, or tumor burden, has also been reported as an independent
prognostic factor for survival in patients with bladder cancer [40]. Several recent studies have
also shown the prognostic influence of the degree of lymph node positivity on survival rates
[25, 41, 42]. The presence of tumor cells in the endothelium-lined space is defined as
lymphovascular invasion. The prognostic value of lymphovascular invasion is controversial in
bladder cancer [43, 44]. Some studies reported that lymphovascular invasion was present in 36%
of all the specimens in patients presenting with higher chances of metastatic disease [3, 45]. Quek
et al. found a statistical correlation between lymphovascular invasion and positive surgical
margins, high pathological stages, older patients, and female gender. Ten-year survival was
lower in patients with lymphovascular invasion than patients without lymphovascular invasion
(43 vs. 18%) [3]. Similarly, Lotan concluded in his study that lymphovascular invasion was an
independent predictor of recurrence and decreased disease-specific and overall survival in
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lymph node-negative patients. Blood vessel invasion of tumor cells of 22 patients who had a 5-
year survival of 29% [44]. In another study, 5-year survival is estimated in 56% of the 347 patients
without lymphovascular invasion (p = 0.0011). Significantly higher 5-year survival was demon-
strated for the 259 patients without lymphatic invasion compared to 110 with lymphatic invasion
(61 vs. 39%, p < 0.0000). Prognosis was significantly worse in patients with perineural invasion
compared with without perineural invasion (44 vs. 56%, p = 0.0007) [46].

6. The importance of number of removed lymph nodes

It is common knowledge that removing more nodes can improve survival. In an effort to
reduce understaging and maximize survival, many studies have tried to establish a minimum
number of lymph nodes needed to be taken at the time of radical cystectomy [40, 47, 48].
Several studies have indicated that the number of lymph nodes removed is a prognostic factor
in bladder cancer patients [7, 46, 47]. Researchers have tried to identify the minimum necessary
number of lymph nodes needed to be removed at radical cystectomy. However, the analysis of
a large tertiary care center’s database revealed that the probability of survival continues to rise
as the number of lymph nodes removed increases and that no minimum number of lymph
nodes can be determined [48]. Although several groups defined a minimum number of lymph
nodes to be removed to confer a survival benefit [40, 49], Koppie et al. reported that the
probability of survival rises as the number of lymph node removed increases [48]. Herr
reported in his study that lymph node-negative patients have increased survival and corre-
lated with the number of nodes removed, regardless of the stage of the tumor. As a result of
this study, the authors advised a minimum of nine lymph nodes should be removed [42].
Stein et al. [41] demonstrated that patients with 15 or more nodes removed had better recur-
rence-free survival than did those with less than 15 nodes removed. Leissner reported in his
study that adjuvant chemotherapy has positive effects on survival for lymph node-positive
patients or with extravesical disease, if 16 nodes were removed. Moreover, when lymph node
positivity is observed, survival increases, if the number of lymph node-positive was ≤5 [44].
Konety et al. [47] reported decreased risk of mortality when 10–14 lymph nodes were
removed. The Southwest Oncology Group study 8710 showed that the survival advantage
conferred by the removal of 10 or more nodes was found even in node-negative patients [50].

Fleischmann et al. performed only standard lymphadenectomy and removed a mean of 23
pelvic lymph nodes. But when patients were divided into quartiles by the number of nodes
examined, researchers could not find any significant differences in recurrence-free and overall
survival rates [51].

7. Factors that affect the number of removed lymph nodes in cystectomy

Different factors affect the actual number of lymph nodes removed and/or examined. A lot
of studies about the number of lymphadenectomy is high, but all have the limitations of retro-
spective studies, and the boundaries of lymphadenectomywere variable and themean numbers
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of removed nodeswere different. Because of the different surgeons andpathologists, the number
of removed lymphnodes and evaluated number of lymphnode and detected positive number of
lymph nodes may vary [52]. In the surgical series, the number of retrieved lymph nodes can be
influenced bymany factors, including the extent of pelvic lymph node dissection, intraoperative
decisions regarding the amount of tissue to removewithin each region of the pelvic lymph node,
surgeon’s experience, and presentation of pathologic specimens [53].

8. What should be the limit in pelvic lymph node dissection?

There still exists no consensus about the optimal boundaries of lymph node dissection, the
number of removed lymph nodes, and procedure’s prognostic and therapeutic role for patients
who underwent radical cystectomy for muscle-invasive bladder cancer, although the impor-
tance of lymph node status is proven for treatment of the bladder cancer [18, 49]. The histo-
pathological results and the extent of lymph node removal have significance as prognostic
criteria and thus as indicators for adjuvant therapy [8, 19, 28].

Nowadays, the European Association of Urology and the American Urological Association
guidelines could not advise clear recommendations about the boundaries of lymphadenectomy
and the number of removed lymph nodes [54]. The International Consultation on Urological
Diseases 2012 guidelines recommend the removal of all lymphatic tissue around the common
iliac, external iliac, internal iliac, and obturator group bilaterally because one-third of all positive
nodes are located around the common iliac artery [55].

Poulsen et al. [6] observed that extending the pelvic lymph node dissection to the bifurcation of
the aorta improved survival in patients with organ-confined (pT3a or less) disease.

Bi et al. reported a meta-analysis of six studies. They compared patients who underwent
extended lymph node dissection with nonextended lamp node dissection. They reported that
extended lymph node dissection have better recurrent-free survival than patients who
underwent nonextended lymph node dissection. And also, in a subgroup analysis, they showed
that patient who underwent extended lymph node dissection have better recurrent-free sur-
vival than nonextended patients in both patients with lymph node positive and negative [56].

Crozier reported that nonurothelial cancers are more advanced tumors than urothelial cancers
at the time of diagnosis. According to their results, more aggressive surgical treatment must be
performed for patients with nonurothelial muscle invasive cancer. Because of the potential
survival benefits for these patients, they recommend standard extended lymphadenectomy in
patients diagnosed with nonurothelial muscle invasive cancer [57].

At present, the limitation of exact boundaries of pelvic lymph node dissection remains contro-
versial both in the literature and in the guidelines [58]. It is obvious that a pelvic lymph node
dissection must be performed during cystectomy; however, in some studies, pelvic lymph
node dissection was not performed in 8, 11, and 60% of patients [59–61]. On the other hand,
in another recent SEER analysis performed between 1992 and 2003, 3603 cystectomies were
analyzed. In this study, including the hospitals, cystectomies were divided into groups
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according to the number of lymph nodes removed. The authors demonstrated that only 0–4
nodes were removed in 88.9% of patients in low-node count hospitals and 52.8% of cases in the
high-node count hospitals; likewise, 10–14 nodes were removed in 7.2% in low-node count
hospitals and 14.2% of patients in the medium- and high-node count hospitals [61].

9. Morbidity and mortality of pelvic lymph node dissection

Cystectomy is a one of major surgical procedure among urological operations with potential
complications often related to the urinary diversion. However, a pelvic lymph node dissection
does not have any effect on overall morbidity; it can increase operation time and sometimes
facilitate the execution of the cystectomy. The different parameters may affect the morbidity
related to pelvic lymph node dissection. Especially, in experienced hands, removing of pelvic
lymph node did not increase operative morbidity and using the anatomical approach may
decrease perioperative complications and perioperative mortality [62]. Moreover, increasing
the number of nodes removed did not increase morbidity. Some complications related to
lymphadenectomy, such as lymphoceles and lymphoedemas, were reported in 2% of patients
with<16 lymph nodes removed and 1%with 16 nodes removed [63]. As a result, pelvic lymph
node dissection is recommended if patients have no absolute contraindication and fit enough
to undergo a radical cystectomy, regardless of age and comorbidities.

10. Conclusion

Presence of lymph node metastasis is associated with poor recurrence-free and overall sur-
vival. Cystectomy with pelvic lymph node dissection is crucial for appropriate staging,
removal of micrometastatic disease, and identifying candidates for adjuvant chemotherapy
in patients with muscle invasive bladder cancer. Although there is still no consensus about
the limit of pelvic lymph node dissection, extended lymphadenectomy must performed in
patients with high risk of metastasis because of the potential survival benefit of the lymph-
adenectomy.
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Abstract

There has been considerable interest in urethral‐sparing cystectomy and preservation of the 
gynecological tract to maintain continence mechanism, sexual function, and reproductive 
function in young patients who undergo radical cystectomy for muscle‐invasive bladder 
cancer and this new technique gained acceptance in many centers. The issue of oncological 
safety of a urethra and anterior vaginal wall‐sparing cystectomy in selected patients has been 
addressed by several authors. The chapter will discuss the following items: (I) Technique of 
genital‐sparing radical cystectomy in female patients with muscle invasive transitional cell 
carcinoma of the bladder. (II) Definition and rationale of genital‐sparing radical cystectomy 
in female patients. (III) Rational and value of urethral preservation in genital‐sparing cys‐
tectomy in female patients with urothelial carcinoma. (IV) Previous reports about genital‐
sparing cystectomy in patients with urothelial carcinoma. (V) Value of preservation of the 
internal genital organs in female patients undergoing radical cystectomy.

Keywords: genital‐sparing, radical cystectomy, female, transitional cell carcinoma, 
urinary diversion

1. Introduction

Radical cystectomy in females includes an anterior exenteration, i.e., removal of the blad‐
der, urethra, uterus, fallopian tubes, ovaries, and anterior wall of the vagina. The oncological 
necessity for removal of the internal genital organs has been questioned [1].

There has been considerable interest in urethral‐sparing cystectomy and preservation of the 
gynecological tract to maintain continence mechanism, sexual function, and reproductive 
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function in young patients who undergo radical cystectomy for muscle‐invasive bladder can‐
cer and gained acceptance in many centers [2–5].

The issue of oncological safety of a urethra and anterior vaginal wall‐sparing cystectomy in 
selected patients has been addressed by several authors [2–7].

The scientific rationale of internal genital organ preservation during radical cystectomy in 
women was based on studies documented the low incidence of internal genitalia involvement 
in female bladder cancer [4–7].

With increasing survival from bladder cancer, quality of life (QOL) and quality of sexual‐
ity considered now an important end point after such type of surgery particularly in young 
female patients diagnosed with bladder cancer and eager to preserve fertility [4, 5].

Studies concerning genital‐sparing cystectomy are few and their limitations included; few 
cases [4–6], retrospective [8, 9], limited long‐term follow‐up [4, 5, 7], incomplete functional and 
oncological outcome [6, 7], and finally included cases with nonorthotopic diversion [5–7, 10].

2. Technique of genital‐sparing radical cystectomy in female patients 
with muscle invasive transitional cell carcinoma of the bladder

2.1. Preoperative assessment

History taking included; voiding and sexual function questionnaire while staging of the 
tumor included; clinical examination for clinical staging of the tumor and investigation like 
pelvic‐abdominal ultrasound and CT scanning.

A thorough gynecological checkup includes a vaginal pap smear and transvaginal ultra‐
sound. Cystoscopy was done (with biopsy from the tumor itself, bladder neck, trigone, and 
posterior wall) to exclude carcinoma in situ (CIS). Sexual function was assessed through spe‐
cific questions about sexual desire (libido), orgasmic problems, and dyspareunia. Continence 
was assessed through voiding diary and reporting day and night continence and voiding 
frequency.

2.2. Preoperative preparation

Bowel preparation is started one day before the operation and consisted of two colonic return 
flow‐enemas. All patients received prophylactic antibiotics (cephalosporin and metronida‐
zole) 1 hour before operation and SC heparin the morning of the operation with medical leg 
stocking immediately preoperative.

2.3. Position and anethesia and incision

Bilateral leg compression stocking are applied.

The patient is placed in dorsal Trendelenburg position with overextension of the pelvis to 
open the area between the umbilicus and the pelvis.
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The preferred types of anesthesia are either general anesthesia or combined general and epi‐
dural anesthesia. A 20 French Foley catheter is introduced in the urethra and the balloon 
inflated to 20 cc. Sponge is introduced in the vagina. A lower midline subumbilical incision 
is made.

2.4. Lymphadenectomy

Bilateral pelvic lymphadenectomy is performed from the site of crossing of the ureter over the 
common iliac artery (proximally) to the lateral circumflex iliac vein, inguinal ligament, and 
node of Cloquet (distally) and from the genitofemoral nerve crossing the psoas muscle (later‐
ally) to the bladder (medially) and including the hypogastric, presciatic, presacral, and obtu‐
rator fossa nodes. If we found grossly palpable and suspicious node, we extend the margins of 
lymphadenectomy till paraaortic lymph nodes and consider abandoning the genital‐sparing 
technique to standard.

2.5. Posterior dissection

Transverse or U‐shaped incision is made in the peritoneum of the Cul‐de‐sac between the 
bladder and the uterus (Figure 1).

Dissecting the fatty and fibrovascular tissue between the uterus and the bladder as far inferi‐
orly as the level of the cervix will be the next step (Figure 2).

The ureter is dissected from the iliac bifurcation proximally to the posterior bladder wall dis‐
tally (juxtavesical ureter) where it is crossed by the uterine artery, which is preserved.

The ureters are clipped and transected, cut margins are sent for frozen section examination 
(Figure 3).

Lateral vesical pedicles are secured and divided. While dissecting lateral to the bladder, it is 
advisable to avoid injury to paravaginal tissues so that the branches of the pelvic nerve plexus 

Uterus
Bladder

Figure 1. Urachus is divided, transverse or U‐shaped incision is made in the peritoneum of the Cul‐de‐Sac between the 
bladder and the uterus.
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(which course laterally to the vagina) can be preserved. Cardinal ligaments (connecting lateral 
surface of the cervix and the vagina to the pelvic wall) left intact.

2.6. Anterior dissection

Endopelvic fascia is incised close to the bladder neck, then we identify the vesico‐urethral 
junction (bladder neck) by slight traction on the balloon,and putting  two small sponge sticks 
(peanuts) on either side of the balloon (Figure 4).

Figure 2. Dissecting the fatty and fibrovascular tissue between the uterus and the bladder as far inferiorly as possible 
(level of the cervix).

Uterus
Bladder

Left Ureter

Right Ureter

Figure 3. The ureter is dissected from the iliac bifurcation proximally to the posterior bladder wall distally (juxtavesical 
ureter), clipped and transected, cut margins are sent for frozen section examination.
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The dorsal venous complex is ligated and divided. Ligation of the dorsal vein complex in 
female patients differs from male patients where other options are available to manage.

By sharp dissection, the urethra is dissected from its attachments to the vagina 0.5 cm below 
the bladder neck and is hooked with a right angle clamp.

Urethra

Urethral cath.

Bladder

Urethral cath.

Urethral cath.

Bladder

Urethral cath.

Bladder

(a)

(b) (c)

(d) (e)

Figure 4. Endopelvic fascia incised close to the bladder neck, identify the vesicourethral junction (bladder neck). The 
dorsal venous complex is ligated and divided, the urethra is dissected from its attachments to the vagina and is hooked 
with a right angle clamp. The anterior wall of the urethra is divided sharply, the catheter pulled out, clamped proximally 
to prevent balloon deflation, and divided and then the posterior wall is divided. Urethral cut margins are sent for frozen 
section examinations.

Genital Organs‐Sparing Radical Cystectomy in Female Patients with Muscle Invasive Urothelial Carcinoma...
http://dx.doi.org/10.5772/67759

115



The anterior wall of the urethra is divided sharply 0.5 cm below the bladder neck, the catheter 
pulled out, clamped proximally to prevent balloon deflation, and divided and then the poste‐
rior wall is divided with care to avoid injury of the vaginal wall.

Urethral cut margins are sent for frozen section examinations.

Care is taken not to dissect anterior and distal to the level of the transection, to ensure pres‐
ervation of the pubourethral and urethropelvic ligaments, and to decrease the possibility of 
vaginal wall descent and pelvic prolapse.

2.7. Developing vesicovaginal and vesicourethral space

This is the most difficult and bloody part of the operation.

By gentle traction on the catheter, the bladder neck is dissected off the vaginal vault, sharp 
and blunt dissection continued upwards between the bladder and the vagina to connect with 
the previously developed posterior plane carefully without injuring the vault of the vagina 
and paravaginal tissues (Figure 5).

Six sutures of 3‐0 vicryl are placed in the distal cut end of the urethra and retained for later 
anastomosis to the neobladder (Figure 6).

Alternatively, the vesicovaginal space can be developed in antegrade manner starting from above 
at the level of the junction between the cervix and the anterior vagina (whitish plane) (Figure 7).

Bladder

Uterus

Vagina

Urethra

Urethral cath.

Figure 5. By gentle traction on the catheter, the bladder neck is dissected off the vaginal vault, sharp and blunt dissection 
continued upwards between the bladder and the vagina to connect with the previously developed posterior plane 
carefully.
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Cervix

Uterus Vagina
Urethra

(a)

(b)

Figure 6. (a) Final picture after removal of the bladder and (b) six sutures of 3‐0 vicryl are placed in the distal cut end of 
the urethra and retained for later anastomosis to the neobladder.
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Dissection close to the vaginal wall will avoid injury to the neurovascular bundles supplying 
vagina, urethra, and clitoris.

2.8. Urinary diversion

A segment of 60 cm of the ileum is isolated on a vascular pedicle from a point 15–20 cm proxi‐
mal to the ileocaecal junction. The bowel is detubularized and reconfigured in a W pouch.

The ureters are implanted creating serosa‐lined tunnels.

The neobladder is anastomosed to the urethra using the preplaced vicryl sutures over a 20‐
French Foley catheter (Figure 8). The anastomotic site must sit broadly on the pelvic floor and 
should be away from the most dependent part of the reservoir. In one patient, an ileocaecal 
neobladder was created.

It is not essential to use a well‐vascularized omental flap behind the reconstructed pouch in 
our cases because the preserved vagina was not opened (no suture lines).

The initial capacity was assessed by filling the bladder through the Foley catheter, and the 
initial capacity was approximately 120 cc after filling.

Two ureteral stents were left.

Drains are placed and the incision is closed in layers.

2.9. Postoperative care and follow up

Ureteral stent is removed 7–9 days postoperatively before discharge.

Urethral catheter is removed 2 weeks postoperatively if the pouchogram showed no 
extravasations.

Pouch wash with sodium bicarbonate starting from the 4th day postoperatively. Patient is 
advised to void by pelvic floor relaxation in sitting position at 3‐hour interval day and night, 

Bladder

Uterus

Vagina 

Figure 7. Alternatively, the vesicovaginal space can be developed in antegrade manner starting from above at the level 
of the junction between the cervix and the anterior vagina (whitish plane).
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increase the voiding intervals gradually with time (retain urine for 3–4 hours) to obtain blad‐
der capacity of 500 cc.

Patient sexual function, voiding patterns, and continence are assessed by means of a validated 
questionnaire and personal interviews. Sexual function was assessed through specific questions 
about sexual desire (libido), orgasmic problems, and dyspareunia. Continence was assessed 
through voiding diary and reporting day and night continence and voiding frequency.

The patient is considered to be continent if she required not more than one pad during the 
night or the day. Postvoid residual urine is assessed by means of ultrasound or self‐catheter‐
ization after spontaneous voiding.

Pathological examination of the specimen is done to assess the stage, grade, and lymph node 
status.

Follow up at 3‐month interval should include: personal interviews (sexual function with 
three questions related to dyspareunia, vaginal lubrication and overall satisfaction), voiding 
patterns, continence (number of pads used), chemistry, gynecological examination, test for 
residual urine, and CT examination.

3. Definition and rationale of genital‐sparing radical cystectomy in 
female patients

In the past, radical cystectomy in females included an anterior exenteration, i.e., removal of the 
bladder, urethra, uterus, fallopian tubes, ovaries, and anterior wall of the vagina. The reasons 
for removing the adnexa (in radical cystectomy in female patients) are not clear and have been 
questioned because bladder cancer rarely extends to these organs. The risk of internal genitalia 

Figure 8. The final picture after fishing closure of the orthotopic pouch with poucho‐urethral anastomosis.
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involvement in female cystectomy specimen was reported to be low whether primary or sec‐
ondary. Uterine involvement in patients with urothelial cancer has been reported in 1/37 and in 
2/40 radical cystectomy specimens in Groutz et al. and Chang et al. studies, respectively [11, 12].

In another study included more than 600, the rate of concomitant gynecological organ involve‐
ment has been reported to be 2.6% [13].

In our previous studies, we examined cystectomy specimens from 360 consecutive female 
patients with bladder cancer, pathologically for internal genitalia involvement. Uterine involve‐
ment was observed in one case of TCC (pT4, grade III). Uterine benign pathology was detected 
in 25 cases. All patients had normal ovaries regardless of tumor site or stage while the vagina was 
involved in 11 cases. Ten percent of the patients had urethral involvement (all had TCC). During 
late follow up of 50 patients (included two cases with uterine preservation, and in all cases, at 
least one ovary was preserved), no single ovarian or uterine recurrence was reported [14, 15].

4. Rational and value of urethral preservation in genital‐sparing 
cystectomy in female patients with urothelial carcinoma

Urethral preservation under specific criteria of tumor site and extension is quite safe and 
facilitates orthotopic reconstruction with spontaneous voiding and improves the quality of 
life in such patients [16, 17]. Pathological studies in female radical cystectomy specimens have 
demonstrated that the urethra is rarely involved in the absence of bladder‐neck involvement 
[18] or extensive carcinoma in situ [19]. Preservation of the distal part of the urethral will allow 
reconstruction of new bladder from the small intestine to be anastomosed to the preserved 
urethra. Follow up of those patients proved the safety of urethral preservation. This option 
will definitely increase the acceptance by the patients to do such type of surgery and also will 
increase its practice among urosurgeons [18–20].

5. Previous reports about genital‐sparing cystectomy in patients with 
urothelial carcinoma

Preservation of the sexual function in women has not been the main goal in most studies of 
neobladder in women and studies concerning genital‐sparing cystectomy are lacking. Only 
four series were reported addressing this issue; one series of open surgery in three cases of TCC 
[4], one series of robotic surgery in two cases of TCC [6], one series of laparoscopic surgery in 
one case of TCC [5], and one series of laparoscopic surgery in 13 cases of neurogenic vesical 
dysfunction [7]. The number of cases in these studies is limited; the follow up was very short 
and no report was mentioned on the oncological function in terms of local recurrence  (Table 1).

Horenblas et al. [4] reported on sexuality preserving cystectomy in three female patients with 
bladder cancer, using a retrograde method. No patient had a local recurrence, and daytime 
and nighttime continence was reported in 66% of cases while the remainder needed intermit‐
tent catheterization. One patient developed a vaginal urinary fistula and was converted to 
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a continent catheterizable stoma. Vaginal lubrication and orgasmic feeling were reported to 
be normal after surgery.

Menon et al. [6] reported robotic‐assisted radical cystectomy in three female patients, one of 
them was anterior exenteration and two of them genital‐sparing cystectomy. No report was 
mentioned on the mean follow up, continence, or local recurrence.

In our previous study, we excluded the pathology of the internal genitalia by standard clinical 
and gynecological examination. To decrease the risk of subsequent local recurrence, we excluded 
patients with tumor at the trigone, posterior wall, bladder neck, and associated carcinoma in 
situ. For greater safety, we did intraoperative frozen section biopsy of the urethral surgical mar‐
gin. The surgical margins were free in all patients (urethral margin, posterior bladder wall). 
Only in one case, there was microscopic invasion of the anterior wall (pT3a III TCC). At the last 
follow up, all patients are alive and well with no evidence of disease recurrence. None of these 
had urethral or vaginal recurrences. Seventeen (85%) patients voided spontaneously. Fourteen 
(70%) of them were continent day and night and three of them suffering from some form of urge 
or stress incontinence in the first 3 months after surgery. The remaining three patients (15%) 
needed regular self‐catheterization (hyper continent). Median bladder capacity at the last follow 
up was 450 cc (350–600). Median residual urine was 100 cc (0–350). All patients were sexually 
active 3 months after surgery. Vaginal lubrication was reported in 16 patients. Two patients were 
suffering from dyspareunia. Orgasmic function was preserved in 16 patients [10].

6. Value of preservation of the internal genital organs in female patients 
undergoing radical cystectomy

There is no doubt that removal of the internal genitalia in premenopausal women will affect 
the quality of life of such patient and will cause psychological trauma especially in young 
patients eager to have children. With increasing survival from urologic cancer, quality of life, 
and quality of sexuality should be one of the main goals following radical cystectomy in 
female patients with bladder cancer. Hence, routine removal of the internal genitalia has to 
be investigated thoroughly.

Preservation of the internal gynecological organs will improve the functional outcome and 
will have positive impact on the quality of life after exclusion of concomitant primary or sec‐
ondary gynecological malignancy by careful preoperative assessment.

6.1. The vagina

The preserved vagina will provide backing to the neobladder, prevent pouchocele formation 
in the dead space, provide better support to the distal urethra to prevent kinking of the ureth‐
ropouch anastomosis decreasing the likelihood of hyper continence, and maintain the sexual 
function in women who want it particularly if nerve‐sparing technique was done and vaginal 
lubrication was preserved. No chance of fistula formation between the vagina and the new 
pouch because there is no suture line in the preserved vagina.
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In patients with urothelial carcinoma away from the bladder base or the bladder neck (dome 
and anterior wall tumors), the anterior vaginal wall may be preserved [21]. The oncological 
safety of preservation of the anterior vaginal wall has been proved in another study by Chen 
et al. in 1996 in a retrospective study at MD Anderson Cancer Center [22].

6.2. The uterus

The uterus will retain the reproductive function in this group of patients, in addition, the 
uterus will prevent vaginal vault or pelvic prolapse. Chang et al. [23] suggested that preser‐
vation of uterus and its supports may prevent the dead space that otherwise would be filled 
by small bowel which in some may produce anterior enterocele following cystectomy as was 
reported by Anderson et al. [24]. The uterus also plays a role in orgasmic function [25].

Removal of the uterus may be associated with psychological trauma in young sexually active 
women eager to have a child when future pregnancy is contemplated.

We believe that in postmenopausal women or in those who no longer desire future fertility, 
hysterectomy seems a reasonable adjunct to cystectomy.

6.3. The ovaries

Data concerning metastasis of bladder TCC to the ovaries are scarce and autopsy studies 
showed that ovarian metastasis due to TCC of the bladder ranged between 0 and 9% [26–29]. 
Marshall and Treiger suggested one ovary to be left to preserve the hormonal function after 
radical cystectomy [30], acute premature menopause (ovarian hormone deprivation) is asso‐
ciated with increased menopausal symptoms, ischemic heart disease, and osteoporosis risk. 
Prolonged hormone replacement therapy used to alleviate symptoms and minimize these 
risks has been associated with increased incidence of breast cancer especially if used for more 
than 5 years [31].

The criteria for patients selection for genital sparing include the following: single monofocal 
localized tumor, away from the bladder neck, trigone or posterior wall, no associated carci‐
noma in situ, patient with serum creatinine of less than 1.7 mg/dl, patient agree and able to 
perform self‐catheterization, patient motivated for preservation of sexual function (sexually 
active), and no cervical or uterine abnormalities.

7. Conclusion

Here, we have described a technique of genital‐sparing radical cystectomy with orthotopic neo‐
bladder in selected female patients. The technique is feasible and of low morbidity with reason‐
able oncological and functional outcome. Although radical cystectomy is the gold standard for 
female patients with bladder cancer, preservation of the internal genitalia in young sexually active 
women eager to have children should be considered in selected cases under strict criteria. The 
desire to achieve functional good results should not violate the oncological surgical principles.
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