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Preface

Bladder cancer is a common cancer of the urinary tract. It is the fourth leading
cause of cancer-related death among men and the seventh among women. Clinical
management of bladder cancer is challenging because of the heterogeneity among
bladder tumors with respect to invasion and metastasis and frequent occurrence of
new tumors in the bladder among patients treated with bladder preservation treat-
ments. Due to these factors it has been said that the cost per patient of bladder
cancer from diagnosis to death is the highest of all cancers. In addition to it being
a significant health problem, bladder cancer is an interesting cancer to study in
many ways than one. For example, environmental factors such as cigarette smoking
and other carcinogens play a major role in the development of transitional carci-
noma of the bladder, whereas schistosomiasis, a protozoan infection, results in
squamous cell carcinoma of the bladder. Different molecular pathways with distinct
molecular signatures appear to be involved in the development of low-grade versus
high-grade bladder tumors. Currently being monitored by an invasive endoscopic
procedure, cystectomy, with urine cytology as an adjunct, bladder cancer is at the
forefront of developing cancer biomarkers for noninvasive detection. Due to the
differences in the invasive and metastatic potential of bladder tumors, treatment
options differ depending upon the grade and stage of the tumor. New advances are
being made in treatment options to improve the outcome and quality of life for
patients with bladder cancer. Similarly, new molecular nomograms are being dis-
covered to predict treatment outcome so that individualized treatment options can
be offered to patients.

This new text book on bladder cancer is organized to give both the clinicians and
laboratory investigators state-of-the art information on basic science and clinical
aspects of bladder cancer. Organizing this book that includes both the molecular
basis as well as clinical practices in the management of bladder cancer would not
have been possible without the invaluable contributions of the authors of each chap-
ter. These authors who are experts in various aspects of bladder cancer were
assembled from institutions in different parts of the world. All of these authors were
generous with their time and commitment for bringing the readers up-to-date infor-
mation on current advances in each area of bladder cancer. In addition, these
experts have provided critical evaluation of the material presented in each chapter.
Therefore, as editors of this book it has been our privilege to work with each
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contributor and we believe that this book will serve as a comprehensive reference
on bladder cancer.

Although, the readers are encouraged to read the entire book, we would like to
present the highlight of each chapter in order to guide the readers to select the mate-
rial of interest. Chapters 1-9 focus on molecular basis of bladder cancer, translational
research into the areas of tumor markers, and standard mode of bladder diagnosis and
detection. Chapters 10-22 focus on clinical aspects of bladder cancer.

Smoking is well known; however, in Chap. 1 on epidemiology of bladder cancer,
Dr. Ribal reminds us that other causes like occupational exposure, genetic predis-
position, and infection are also linked to the development of bladder cancer.
Bladder cancer is a carcinogenesis-driven cancer, with polycyclic aromatic hydro-
carbons (PAH) and aromatic amines having causal links. Chapter 2 by Escudero,
Shirodkar, and Lokeshwar focuses on xenobiotic metabolisms that convert PAH
and aromatic amines into active carcinogens and on genetic polymorphisms that
increase the risk for bladder cancer development. The chapter discusses theories of
bladder cancer development (field cancerization versus clonal origin) and chromo-
somal aberrations associated with bladder cancer.

Chapter 3 by Dr. Arndt Hartmann is a guide to TMN classification versus WHO
classification, various types of bladder tumors (TCC, adenocarcinoma, squamous
carcinoma), tumor grade, and stage. Cytology and cystoscopy is the mainstay of
bladder cancer diagnosis and detection. However, several newer diagnostic tech-
niques are finding their way in the clinic. Dr. Fred Witjes discusses these newer
detection techniques such as photodynamic detection, narrow band imaging, optical
coherence tomography, computed tomography (CT), and magnetic resonance
imaging (MRI) in Chap. 4. Although new tumor markers may be better in detecting
bladder cancer, few have been able to replace cytology as a standard adjunct to
cystoscopy. Dr. Eva Wojcek in Chap. 5 discusses the value of urine cytology as an
adjunct to cystoscopy in the detection of bladder cancer and various factors affect-
ing cytology. Other aspects discussed in the chapter are the value of fluorescence
in situ hybridization in the detection of bladder cancer and DNA ploidy.

Due to the ease of obtaining voided urine specimens, bladder cancer is on the
forefront of developing tumor markers. Drs. McNeil, Ekwenna, and Getzenberg
take an in depth look at various tumor markers and molecular signatures of bladder
cancer in Chap. 6. Although several new tumor markers for bladder cancer are
discovered each year and are the subject of numerous review articles, only few
reviews are written on the subject of healthcare cost associated with bladder cancer
diagnosis, screening, and surveillance. Chapter 7 by Yair Lotan is devoted to the
subject of cost associated with bladder cancer detection and surveillance in the
general versus high-risk population and using noninvasive techniques such as
hematuria detection and tumor markers.

Prognostic markers and molecular nomograms involving proteomics and genom-
ics are highly researched and some of the new emerging areas in bladder cancer. In
Chap. 8, Dr. Habuchi focuses on seven different classes of molecules ranging from
cell adhesion molecules to genetic alterations, which have been investigated for pre-
dicting disease progression, response to treatment (local versus systemic control of
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the disease), and survival. Chapter 9 by Smith and Theodorescu dwells on a novel
idea of molecular nomograms for personalized medicine. While Chap. 8 includes
information on individual markers, this chapter focuses on multiplexing of molecular
biomarkers to predict response to therapy. Of note is COXEN or Co-expression
Extrapolation) algorithm that compares microarray gene expression profiles between
cell lines and patient tumors to generate signatures predictive of drug sensitivity or
resistance.

Bladder cancer being a complex disease, a practical guide that provides the nec-
essary facts at the fingertips is very useful and Chap. 10 by Drs. Levy and Jones
provides just that for the management of nonmuscle invasive bladder cancer.
Specifically the chapter provides a succinct description of epidemiology, etiology,
pathophysiology, clinical and diagnostic evaluations, available molecular markers
for disease, as well as the current American Urological Association Guidelines
Panel Recommendations and therapies for nonmuscle invasive and recurrent blad-
der cancer.

Chapters 11-22 encompass clinical management of bladder cancer. Starting
from the low-grade bladder cancer, Chap. 11 by Dr. William Oosterlink focuses on
histology, risk factors, and diagnosis and detection of low-grade tumors in the blad-
der and the upper tract, whereas Chap. 12 by Allaparthi and Balaji covers the clini-
cal management of low-grade tumors.

Intravesical chemotherapy or immunotherapy (Bacillus Calmette-Guérin [BCG])
are key adjuvant therapies for the control of high-grade nonmuscle invasive bladder
cancer. In Chap. 13, Drs. Adiyat, Katkoori, and Soloway is a review of indications
and practical aspects of administration of intravesical chemotherapy, properties,
efficacy, and side effects of various intravesical agents, and newer methods improv-
ing the efficacy of the intravesical drugs. Although, many reviews have been writ-
ten on intravesical BCG therapy, the review by Drs. Bishay, Park, and Hemstreet is
unique because of the depth of discussion on the mechanism of action of BCG in
animal versus cell culture models, and the involvement of the immune system and
inflammatory cytokines/chemokines in mediating response to BCG.

For the practicing urologist it is often difficult to inform the patient on muscle
invasive bladder cancer and the often need for radical surgery and some kind of
urinary diversion to follow; however, it is even more elaborate to do so in case of a
nonmuscle invasive tumor where the evidence calls for radical treatment. In Chap.
15, Waalkes, Merseburger, and Kuczyk present pathologies where a radical treat-
ment is strongly advised.

In Chapters 16—18 focus various aspects of cystectomy. In Chap. 16, radical
surgery of the bladder is discussed by Dr. Gschwend. The improvement in surgical
techniques had led this formerly challenging procedure into a more standardized
one. Chapter 17 includes urinary diversion by Drs. Richard and Stefan Hautmann.
The ileal neobladder has become one of the worldwide chosen procedures for con-
tinent orthotopic urinary diversion. Chapter 18, laparoscopic cystectomy by
Dr. John, is the latest evolvement in bladder surgery and covers innovative tech-
niques as well as the well-established surgical routines in radical treatment of
invasive bladder cancer.


http://Chap. 12
http://Chap. 13
http://Chap. 15
http://Chap. 15
http://Chapters 16
http://Chap. 16
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In 2010, only 5% of all urologists are performing neoadjuvant chemotherapy in
patients with muscle invasive bladder cancer, hence the 5% survival benefit in
5 years and possible down staging of the tumor. Dr. Sherif guides us along the
current literature and discusses the pros and cons of the neoadjuvant chemotherapy.
Diagnosis and treatment of upper tract tumors is challenging and Chap. 20 by
Dr. Remzi discusses the basics as well as recent advances in this field. In Chap. 21,
De Santis and Bachner focus on the development and optimal use of new regimens
for systemic agents as well as standard treatment options for the treatment of meta-
static urinary carcinoma in the areas of targeted drugs. Options for “unfit” patients
and elderly as well as in second-line setting are discussed. In Chap. 22 non-TCC
tumors: Diagnosis and treatment is discussed by Dr. Abol-Enein. He focuses
mainly on the squamous cell and adenocarcinoma of the bladder.

We hope that this brief synopsis of the topics covered in each chapter will
encourage the readers to use this book for a general read on bladder cancer and as
a reference guide for specific molecular and clinical aspects of bladder cancer. We
again thank the authors for contributing to this project. We thank our Mr. Michael
Koy, production editor at Springer and Spi Editorial Department, India for helping
us in the publication of this book. We would like to thank Brian Halm of Springer
for helping us with the publication of this book.


http://Chap. 20
http://Chap. 21
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Contents

10

Bladder Cancer Epidemiology...............ccccoooiiiiiiiiiiiiiieecee 1
Maria J. Ribal
Bladder Carcinogenesis and Molecular Pathways............................... 23

Diogo O. Escudero, Samir P. Shirodkar, and Vinata B. Lokeshwar

Histopathology and Molecular Pathology of Bladder Cancer-............ 43
Arndt Hartmann and Simone Bertz
Bladder Cancer Diagnosis and Detection: Current Status ................. 63

M. Ploeg and J. A. Witjes

Urine Cytology, DNA Ploidy and Morphometry..............ccccccceveenene 79
Eva M. Wojcik
Molecular Signatures of Bladder Cancer ...............ccccoocoeeininninenne. 91

Brian K. McNeil, Obi O. Ekwenna, and Robert H. Getzenberg

Economics of Bladder Cancer Diagnosis and Surveillance................. 121
Joshua Sleeper and Yair Lotan

Prognostic Markers for Bladder Cancer ................ccccccoeoiiiniinnnne. 139
Tomonori Habuchi

Molecular Nomograms for Predicting Prognosis and Treatment
RESPONSE.......cevieiiieiiieiieciece ettt et et e s e e be e s ebeeaeeennas 165
Steven Christopher Smith and Dan Theodorescu

Practical Approaches to the Management of Superficial

Bladder Cancer .............ccccoceveriirienienienieieieieietee et 193
David A. Levy and J. Stephen Jones

ix



11

12

13

14

15

16

17

18

19

20

21

22

Contents

Clinical Management of Low Grade Bladder Tumors........................
Willem Oosterlinck

Treatment of Low-Grade Bladder Tumors..................cc...ooooveeennenennn.n.
Satya Allaparthi and K.C Balaji

Intravesical Chemotherapy.............c.cccocooviiiiiiniiiieeeee e
Kishore Thekke Adiyat, Devendar Katkoori, and Mark S. Soloway

Intravesical Immunotherapy: BCG ............cccccoooiiiiinieieeee
John H. Bishay, Eugene S. Park, and George P. Hemstreet

Cystectomy for Nonmuscle-Invasive Bladder Cancer .........................
Sandra Waalkes, Axel S. Merseburger, and Markus A. Kuczyk

Radical Surgery for Muscle-Invasive Bladder Cancer ........................
Juergen E. Gschwend

Urinary DIVersion ...........ccccoooiiiiiininininicicieceneseeese e
Richard E. Hautmann and Stefan H. Hautmann

Laparoscopic Cystectomy and Robotic-Assisted Cystectomy ............
Hubert John

Neoadjuvant Chemotherapy ..............ccoccoovviininiiinieieee e
Amir Sherif

Diagnosis and Treatment of Upper Tract
Urothelial Carcinoma .....................ooooviiiiiiiiieiie e
Mesut Remzi and Matthias Waldert

Chemotherapy for Metastatic Bladder Cancer ..............c..c.ccoccoenuennee.
Maria De Santis and Mark Bachner

Nontransitional Carcinoma of the Bladder ........................c.cccoeneen.
Hassan Abol-Enein, Bruce R. Kava, and Adrienne J.K. Carmack



Contributors

Hassan Abol-Enein
Urology and Nephrology Center, Mansoura University, Mansoura, Egypt

Kishore Thekke Adiyat
Department of Urology, Miller School of Medicine, University of Miami,
1600 NW 10th Avenue, Miami, FL 33136, USA

Satya Allaparthi
Division of Urology, Department of Surgery, University of Massachusetts
Medical School, Worcester, MA 01655, USA

Mark Bachner

3 Medical Department — Center for Oncology and Hematology, Kaiser Franz
Josef-Spital der Stadt Wien, Vienna, Austria

Ludwig Boltzmann Institute for Applied Cancer Research Vienna, Kaiser Franz
Josef-Spital der Stadt Wien, Vienna, Austria

Applied Cancer Research Institution for Translational Research Vienna,
Kundratstrasse 3, 1100 Vienna, Austria

K. C. Balaji

Institute of Regenerative Medicine, Medical Center Blvd, Wake Forest University
School of Medicine, Winston Salem, North Carolina - 27157-1094.
balajimanuscripts @ gmail.com

Simone Bertz

Department of Pathology, University of Erlangen
Krankenhausstr 12 D-9105

Erlangen

John H. Bishay

University of Nebraska Medical Center, 982360 Nebraska Medical Center,
Omaha, NE 68198-2360, USA

jbishay @unmc.edu

Adrienne J. K. Carmack
Urologist, 633 Medical Pkwy, Brenham, TX 77833, USA

xi



Xii Contributors

Obi O. Ekwenna
Department of Urology, Miller School of Medicine, University of Miami,
1600 NW 10th Avenue, Miami, FLL 33136, USA

Diogo O. Escudero
Department of Cell Biology & Anatomy, Miller School of Medicine,
University of Miami, 1600 NW 10th Avenue, Miami, FL 33136, USA

Robert H. Getzenberg

James Buchanan Brady Urological Institute, The Johns Hopkins Medical
Institutions, 600 N. Wolfe St., Marburg 121, Baltimore, MD 21287, USA
rgetzenl @jhmi.edu

Juergen E. Gschwend

Department of Urology, Technische Universitdt Miinchen, Klinikum rechts der
Isar, Ismaninger Strasse 22, 81675 Munich, Germany

juergen.gschwend @lrz.tum.de

Tomonori Habuchi

Department of Urology, Akita University Graduate School of Medicine,
1-1-1 Hondo, Akita 010-8543, Japan

thabuchi @doc.med.akita-u.ac.jp

Arndt Hartmann

Department of Pathology, University Erlangen, Krankenhausstr. 12, D-91054,
Erlangen, Germany

arndt.hartmann @uk-erlangen.de

Richard E. Hautmann

Professor of Urology, University of Ulm, Boschstrasse 4 a, D-89231 New-Ulm,
Germany

richard.hautmann @uni-ulm.de

Stefan H. Hautmann

Professor of Urology, Klinikum Liidenscheid, Academic Hospital of the
University of Bonn, Paulmannshoeher Str. 14, 58515 Luedenscheid, Germany
stefanhautmann @yahoo.com

George P. Hemstreet

Division of Urologic Surgery, University of Nebraska Medical Center, 982360
Nebraska Medical Center, Omaha, NE 68198-2360, USA

gphemstreet @unmc.edu

Hubert John

University of Zurich/Switzerland, Winterthur Hospital, Brauerstr. 15,
Postfach 834, 8401 Winterthur, Switzerland

mailto:hubert.john @ksw.ch



Contributors xiii

J. Stephen Jones
Department of Regional Urology, Glickman Urological and Kidney Institute,
Cleveland Clinic Lerner College of Medicine, Cleveland, OH, USA

Devendar Katkoori
Department of Urology, Miller School of Medicine, University of Miami,
1600 NW 10th Avenue, Miami, FLL 33136, USA

Bruce R. Kava

Department of Urology (M-814), University of Miami Miller School of Medicine
P.O. Box 016960, Miami, Florida 33101, USA

bkava@med.miami.edu

Markus A. Kuczyk

Department of Urology and Urologic Oncology, Hannover Medical School,
Carl-Neuberg-Str. 1, 30625 Hannover, Germany

kuczyk.markus @mh-hannover.de

David A. Levy
Department of Regional Urology, Glickman Urological and Kidney Institute,
Cleveland Clinic Lerner College of Medicine, Cleveland, OH, USA

Vinata B. Lokeshwar

Department of Cell Biology & Anatomy, Miller School of Medicine,
University of Miami, 1600 NW 10th Avenue, Miami, FL 33136, USA
vlokeshw @med.miami.edu

Yair Lotan

Department of Urology, The University of Texas Southwestern Medical Center,
5323 Harry Hines Boulevard, Dallas, TX 75390-9110, USA

yair.lotan @utsouthwestern.edu

Brian K. McNeil
James Buchanan Brady Urological Institute, The Johns Hopkins Medical
Institutions, 600 N. Wolfe St., Marburg 121, Baltimore, MD 21287, USA

Axel S. Merseburger

Department of Urology & Urologic Oncology, Hannover Medical School,
Carl-Neuberg-Str. 1, Hannover, Germany

Merseburger.Axel @mh-hannover.de

Willem Oosterlinck

Department of Urology, Ghent University Hospital, De pintelaan, 185,
9000 Ghent, Belgium

willem.oosterlinck @ugent.be

Eugene S. Park

University of Nebraska Medical Center, 982360 Nebraska Medical Center,
Omaha, NE 68198-2360, USA

epark @unmc.edu



Xiv Contributors

M. Ploeg
Department of Urology, Radboud University Nijmegen Medical Centre,
Nijmegen, The Netherlands

Mesut Remzi

Department of Urology, Medical University of Vienna, Waehringer Guertel 18-20,
1090 Vienna, Austria

mesut.remzi @meduniwien.ac.at

Maria J. Ribal
Department of Urology, Hospital Clinic, University of Barcelona, Barcelona, Spain
mjribal @ gmail.com, mjribal @clinic.ub.es

Maria De Santis

3 Medical Department, Center for Oncology and Hematology, Kaiser Franz
Josef-Spital der Stadt Wien, Vienna, Austria

Ludwig Boltzmann Institute for Applied Cancer Research Vienna, Kaiser Franz
Josef-Spital der Stadt Wien, Vienna, Austria

Applied Cancer Research Institution for Translational Research Vienna,
Kundratstrasse 3, A-1100 Vienna, Austria

maria.desantis @wienkav.at

Amir Sherif

Department of Urology, Karolinska University Hospital, 171 76 Stockholm,
Sweden

amir.sherif @ swipnet.se

Samir P. Shirodkar
Department of Urology, Miller School of Medicine, University of Miami,
1600 NW 10th Avenue, Miami, FLL 33136, USA

Joshua Sleeper
Department of Urology, The University of Texas Southwestern Medical Center,
5323 Harry Hines Boulevard, Dallas, TX 75390-9110, USA

Steven Christopher Smith

Department of Pathology, University of Michigan School of Medicine,
Ann Arbor, MI, USA

smithscs @umich.edu

Mark S. Soloway

Department of Urology, Miller School of Medicine, University of Miami,
1600 NW 10th Avenue, Miami, FLL 33136, USA

msoloway @med.miami.edu

Dan Theodorescu

Department of Urology, Paul Mellon Urologic Cancer Institute,
University of Virginia, Charlottesville, VA, USA

dt9d @virginia.edu



Contributors XV

Sandra Waalkes
Department of Urology & Urologic Oncology, Hannover Medical School,
Carl-Neuberg-Str. 1, Hannover, Germany

Matthias Waldert
Medical University of Vienna, Vienna, Austria

J. A. Witjes

Department of Urology, Radboud University Nijmegen Medical Centre,
Nijmegen, The Netherlands

F.Witjes@uro.umcn.nl

Eva M. Wojcik
Department of Pathology, Loyola University, Chicago, IL, USA
ewojcik@lumc.edu






Chapter 1
Bladder Cancer Epidemiology

Maria J. Ribal

Abstract Bladder cancer (BC) is a worldwide health problem. In 2006 in Europe,
there were an estimated 104,400 incident cases of BC diagnosed (82,800 in men
and 21,600 in women) that represent a 6.6% of the total cancers in men and 2.1%
in women.

Tobacco use is a major preventable cause of death, and especially involved with
BC carcinogenesis. Tobacco smoking is the most well-established risk factor for BC,
causing around 50%—-65% of male cases and 20%—-30% of female cases.

Occupational exposure has been considered the second most important risk factor
for BC. Work related cases account for a 20%—25% of all BC cases in several series.

In addition, chronic urinary tract infection had been related to BC, particularly,
with invasive squamous cell carcinoma. Bladder schistosomiasis has particularly-
been considered by the international agency for research on cancer (IARC) as a
definitive cause or urinary BC with an associated fivefold risk.

BC is a disease of the environment and age . Populations are increasing in number,
and they are growing old as well., . Since more people are living longer, more are at
potential risk. Furthermore, the changing environments in developed and developing
countries are causing more carcinogen concentration than can be associated to
genesis of BC. Several carcinogens have been correlated to BC carcinogenesis.

However, it has been proposed that other environmental factors could affect the
incidence on urothelial tumors. In fact, as for many other cancers, molecular
researchers try to establish genetic alterations linked to carcinogenesis that could
justify genetic predisposition.

Cancer is a major public health problem. At the end of the twentieth century,
more than 930,000 people died of cancer every year in 15 member countries of the
European Union (EU) (Coleman et al. 2003). Using population projections, if the
age-specific death rates remain constant, the absolute number of cancer deaths in
2015 will increase to 140,500 (Boyle and Ferlay 2005). BC is a worldwide health
problem. In 2006 in Europe, there were an estimated 104,400 incident cases of BC

M.J. Ribal (><)
Department of Urology, Hospital Clinic, University of Barcelona, Barcelona, Spain
e-mail: mjribal@gmail.com; mjribal @clinic.ub.es
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diagnosed (82,800 in men and 21,600 in women) that represent a 6.6% of the total
cancers in men and 2.1% in women. The estimated ratio by gender was 3.8:1,
respectively. In men BC was the fourth most common cancer. Bladder cancer repre-
sents a 4.1% of total deaths for cancer in men and 1.8% of total deaths in women
(Ferlay et al. 2007). In the EU overall (27 countries), BC mortality rates were stable
up to early 1990s, and declined, thereafter, by 16% in men and 12% in women, to
reach values of 6 and 1.3/100,000, respectively, in the early years of the present
decade. The only countries without declining mortality are Croatia and Poland in
both sexes, Romania in men, and Denmark in women. This documented and quanti-
fied reduction in BC mortality seems related to decrease in tobacco smoking, while
its relationship with other risk factors remains controversial (Ferlay et al. 2008).

In the United States, it is estimated that about 1.4 million new cases of cancer
was diagnosed in 2008. Cancers of the prostate and breast are the most frequently
diagnosed cancers in men and women, respectively, followed by lung and colorec-
tal cancers in both men and in women. The fourth most common among men is the
urinary BC. The 5-year relative survival rate for BC is 81% among whites and 65%
among African—Americans (AAs) (taking the normal life expectancy into consider-
ation) with an absolute difference of 16%. The survival rates for BC combined with
certain site-specific cancer have improved significantly since the 1970s—being
74% during 1975-1977, 78% during 1984-1986, and 81% during 1996-2003.

Contrary to this data, the prevalence of BC among Native Americans/Alaskan
Natives (NA/AN) is generally considered to be low. Despite this low incidence,
NA/AN men and women seem to be at relatively greater risk of dying from BC,
once it has been diagnosed (Watson and Sidor 2008).

Tobacco use is a major preventable cause of death, and especially involved in
BC carcinogenesis. The year 2004 marks the anniversary of the release of the first
Surgeon General’s report on Tobacco and Health, which initiated a decline in per
capita cigarette consumption in the United States (Jemal et al. 2008).

In Egypt, where BC has always been related to bilharziasis, a significance
decline of the relative frequency of BC was observed from 27.63% in the old series
to 11.7% in the recent series. Bilharzias association dropped from 82.4% to 55.3%
and there was a significant increase of transitional cell carcinoma from 16% to
65%, while squamous cell carcinoma was less frequent—from 76% to 28%.
Intimately related to this, there was an increase in the median age of patients from
47 to 60 years. The decline in the frequency of BC is related to a decline in bilhar-
zias egg positivity in the specimen, and this suggests a better control of the endemic
disease in rural population. This trend of less association with bilharzias has
changed the clinical and pathological characteristics of BC diagnosed, with signifi-
cant predominance of transitional cell carcinoma and an increase in the age of
patients, a pattern more similar to that in western series (Gouda et al. 2007).

The incidence and mortality rates associated with BC vary by country, ethnicity,
gender, and age. For indeterminate causes, the AAs have only half the risk of white
European Americans, but overall, the survival seems to be worse among the primer
group. The higher incidence in European Americans is limited to superficial
tumors, both groups having a similar risk of invasive tumor (Kirkali et al. 2005).
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In most populations the incidence of BC is three to four times higher in men than
in women (Pelucchi et al. 2006). The excess of BC in men is not fully explained by
differences in smoking habits and occupation.

BC is a disease of the environment and age . Populations are increasing in number,
but , they are growing older as well. Since more people are living longer, more are
at potential risk. Furthermore, the changing environments in developed and devel-
oping countries are causing more carcinogen concentration than can be associated
to genesis of BC.

Several risk factors have been proposed for BC.

1.1 Tobacco Smoking and BC

Epidemiological evidence of the association between cigarette smoking and cancer
began to be considered from the 1920s, and in 1950s, its relationship with lung
cancer was perfectly established (Gandini et al. 2008). Tobacco smoking is cur-
rently responsible for 30% of all cancer deaths in developed countries. If the current
pattern of tobacco smoking continues, there will be more than one billion deaths
attributable to tobacco in the twenty-first century compared with 100 million deaths
in the twentieth century (Vineis et al. 2004). In the IARC Monographs of the
Evaluation of Carcinogenic Risks to Humans, it is reported that there is sufficient
evidence in humans that tobacco smoking causes cancer of lung, oral cavity, naso-,
oro-, and hypopharynx, nasal cavity and paranasal sinuses, larynx, esophagus,
stomach, pancreas, liver, kidney, ureter, urinary bladder, uterine cervix, and bone
marrow (myeloid leukemia). (Sufficient evidence means that the Working group
considers that a casual relationship has been established between exposure to the
agent and cancer in studies in which chance, bias, and confounding could be ruled
out with reasonable confidence) (International Agency for Research on Cancer
2002). Putative carcinogenic constituents of tobacco smoke include arylamines, in
particular, the potent carcinogen 4-aminobiphenyl, polycyclic aromatic hydrocar-
bons (PAHs), N-nitroso compounds, heterocyclic amines, and various epoxides.

Tobacco smoking is the most well-established risk factor for BC, causing around
50%—-65% of male cases and 20%—-30% of female cases. The lower cases in women
than in men is explained by the earlier stage of the tobacco-related epidemic among
European women, and it is likely to increase in the future (Boffetta 2008). In addi-
tion, it has been estimated that smoking is responsible for about 34% of deaths from
BC in males worldwide and for 13% of BC deaths in females. Time trends in BC
incidence and mortality are consistent with those of other tobacco-related cancers,
with mortality rates being highest in birth cohorts with the maximum exposure to
tobacco (Maxwell 2008).

Recently, a metaanalysis of observational studies on cigarette smoking and
cancer from 1961 to 2003 has been published. The authors extracted data from
254 reports published during that period of time and included them in the 2004
IARC Monograph on Tobacco Smoke and Involuntary Smoking. The analyses were
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carried out on 216 studies with reported estimates for current and/or former
smokers. The pooled risk estimates for BC demonstrated significant association
for both current and former smokers. In an analysis of 21 studies, the overall rela-
tive risk calculated for current smokers was 2.77 [95% confidence interval (CI)
2.17, 3.54]; while from the analyses of 15 studies, the overall relative risk calcu-
lated for former smokers was 1.72 (95% CI 1.46, 2.04) (Gandini et al. 2008).

In a pooled analysis of 11 case—control studies regarding cigarette smoking and
BC, the following three variables were analyzed: duration of smoking, average
number of cigarettes smoked per day, and time since quitting smoking. The popula-
tion consisted of 2600 cases and 5524 controls. An increasing risk of BC was
observed with increasing duration of smoking, which appeared to be linear. The
relative increase was approximately 100% after 20 years smoking and reaches to
400% after 50 years smoking. In addition, a relationship was observed between the
number of cigarettes smoked per day and BC.

The OR increased to nearly threefold for those who smoked between 15 and 20
cigarettes per day, after which a plateau in the risk graph was observed. They
concluded that the duration of smoking habit and not the amount of cigarettes
smoked per day was the main determining factor for BC. An immediate decrease
in risk of BC was observed for those who quit smoking. This reduction was about
40% within 1-4 years of quitting smoking and reaches 60% after 25 years of
cessation. However, the risk does not reach the level of nonsmokers even after
25 years. This suggests that tobacco has a late effect in the carcinogenesis of BC,
but the fact that this risk does not reach the levels of nonsmokers until 25 years after
quitting smoking suggests that tobacco may also be involved in an early irreversible
stage in the carcinogenesis process (Brennan et al. 2000).

Other issues as type of tobacco could be taken into account. Six studies have
published a significant higher risk of BC for the blacks who are cigarette smokers
compared to smokers of otherraces. Also, case—control studies suggest a strong
evidence of a carcinogenic effect of cigars and pipe, which is comparable to that of
cigarettes (Boffetta 2008). The mode of inhalation of tobacco smoke has been
related to BC risk, as well. In a case—control study of smoking and BC from Spain
that included 1219 cases and 1271 controls, they concluded that the former and
current smokers experienced risks of BC three to seven times higher than nonsmok-
ers, respectively.

In addition, they found that the risk was higher for subjects who inhaled into the throat
or chest [OR 4.8 (95% CI 2.3-9.9)] compared with those who inhaled only into the
mouth [OR 10.0 (95% CI 6.7-15.0)], at each level of duration (Samanic et al. 2006).

Taking into account that current smokers have higher risk of BC than nonsmokers, and
that this risk decreases by 40% after 14 years of quitting smoking, the promotion of
cessation of smoking would allow reducing the incidence of BC in men and women.

Internationally, there is a general agreement on the broad strategy needed to
successfully combat the tobacco epidemic.

The WHO Framework Convention on Tobacco Control (WHO FCTC) is the first
treaty negotiated under the auspices of the WHO. It was adopted by the World
Health Assembly on May 21, 2003 and entered into force on February 27, 2005. It
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has since become one of the most widely embraced treaties in the history of the UN
and, as of today, already has 163 Parties. The WHO FCTC was developed in
response to the globalization of the tobacco epidemic, and it is an evidence-based
treaty that reaffirms the right of all people to the highest standard of health. The
Convention represents a milestone for the promotion of public health and provides
new legal dimensions for international health cooperation. The Convention points
out some general obligations: to develop comprehensive multisectorial national
tobacco control strategies, to establish and finance a national coordinating mecha-
nism or focal point, and to protect public health policies from commercial and other
vested interests of the tobacco industry (Boethius 2008).

1.2 Occupational Exposure and BC

Occupational exposure has been considered the second most important risk factor
for BC. Work related cases account for a 20%-25% of all BC cases in several
series. The cause relation between chemical exposure and BC was reported more
than a century ago among workers employed in the manufacture of dyestuffs
containing aromatic amines (Pelucchi et al. 2006). Rehn reported in 1895 and 1896
a relationship between chemical exposure and BC among workers involved in the
manufacture of coal tar derived magenta and auramine dyes, and 47 years later
Hueper and Wolf demonstrated that 2-naphthylamines was the substance respon-
sible for BC risk associated with chemical exposure (Johansson and Cohen 1997).
The substances involved in chemical exposure had been benzene derivatives and
arylamines (2-naphthylamine, 4-ABP, 4,4'-methylenedianiline and o-toluidine).
The TARC has classified 11 specific aromatic amines as Group 1 (definite),
Group 2A (Probable), or Group 2B (possible) human carcinogens (Table 1.1)
(Delclos and Lerner 2008). Professions related to this exposure had been those

Table 1.1 Specific aromatic amines considered as human carcinogens by International Agency
for Research on Cancer (IARC)

Specific aromatic amines considered human carcinogens by IARC

Group 1 Group 2A Group 2B
4-Aminobyphenyl 4-Chloro-ortho-toluidine 4,4'-Methylene bis(2-
methylaniline)
Arsenic Perchloroethylene
Benzola]pyrene Trichloroethylene
Benzidine Tetrachloroethylene

-Naphthylamine

N,N-bis(2-chloroethyl)-2-
naphthyllamine(chlornaphazine)

4,4'-Methylene bis(2-chloroaniline)
(MOCA)

Ortho-toluidine
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related to dyes, rubbers, textiles, paints, leathers, and chemicals (Pashos et al.
2002). Because of strict regulations, these chemicals contribute minimally to the
current incidence of BC in the Western countries (Kirkali et al. 2005).

One study of municipal distribution of BC in Spain detected 34,281 BC deaths
registered between 1989 and 1998. They could observe that determinate zones
exhibited a higher risk than others, these being provinces of Cadiz, Seville, Huelva,
Barcelona, and Almeria. The municipal mortality patterns suggested that the industrial
and mining activity in the Provinces of Seville and Huelva could be associated with
higher BC mortality in these provinces. The mortality pattern assessed in two different
areas of the Province of Barcelona, which is only observable in women, might be
related to the textile industry traditionally situated in these areas (Lopez-Abente
et al. 2006).

The trend to decrease BC due to occupational exposure was reported in a pooled
analysis of 11 case—control studies on BC conducted in European countries between
1976 and 1996. This analysis included 3346 male cases and 6840 male controls.
Thirty-one occupations showed increase risk for BC and these occupations were
grouped as metal workers, textile workers, painters, miners, and transport opera-
tors. Higher odd ratios were observed on those people with duration of employment
more than 25 years. However, the author concluded that the ratio of BCs caused by
occupational exposure was lower than those identified one year ago and that the
exposure to occupational carcinogens had been reduced in the European Union.

This would likely be due to the improvement in working conditions and the
reduction of exposure, particularly, to aromatic amines in work. Currently, employ-
ments that relate more to BC risk are those in metal sector, machinists, transport
operators, and miners (Kogevinas et al. 2003).

In addition to the analysis on men, a pooled analysis of 11 case—control studies
in BC conducted in Western Europe showed that the rates of BC due to occupa-
tional exposure had been reduced in women, with only a 8% of BC in women
attributable to occupational carcinogens (Mannetje et al. 1999). Although in devel-
oped countries strict regulatory controls may have contributed to a decreased bur-
den of exposure to bladder carcinogens in the workplace, the situation is less
apparent in developing countries.

As in BC, in general, occupational case is more frequent in men than in women,
although, an increased risk among women has been documented in several studies,
including those employed in the rubber industry and, more recently, in healthcare
settings. In a case—control study conducted in lowa, female teachers, domestic ser-
vice employees, and workers in laundering and dry-cleaning business had elevated
risk of BC. Other gender and racial differences had been documented in occupa-
tional BC. In this way, in a recent mortality study in the United States, the mortality
ratios for AA men and women and Latino males in various occupations were found
to be increased compared with workers of the same gender and ethnic-racial group
(Delclos and Lerner 2008).

Other occupational carcinogens recently correlated to increase of BC risk had
been the exhausts from diesel engine. In a metaanalysis of 29 reported studies
(7 cohort studies, 16 case—control studies, and 6 retrospective studies based on
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collected data) the reviewers could find a small increase in BC incidence among
workers exposed to diesel exhausts with an overall relative risk of 1.1-1.3.

However, the heterogeneity of the studies included in the analysis could not
allow the establishment of a significant causal relationship between diesel exhausts
and BC (Boffetta and Silverman 2001).

A recently published metaanalysis examined 130 single studies, including 66
cohort studies and 64 case—control studies, most of them coming from Europe,
Canada and the United States, New Zealand or Australia, and only four studies
from Asia. For each occupation, a summary relative risk (SRR) was calculated by
means of a random effects model. Significantly, increased risks with SRR >1.20
were identified for miners (SRR 1.31, 95% CI 1.09-1.57), bus drivers (SRR 1.29,
95% CI 1.08-1.53), rubber workers (SRR 1.29, 95% CI 1.06-1.58), motor
mechanics (SRR 1.27, 95% CI 1.10-1.46), leather workers (SRR 1.27, 95% CI
1.07-1.49), blacksmiths (SRR 1.27, 95% CI 1.02-1.58),machine setters (SRR
1.24, 95% CI 1.09-1.42), hairdressers (SRR1.23, 95% CI 1.11-1.37), and
mechanics (SRR 1.21, 95% CI 1.12—1.31). The study concluded that these nine
occupations are related to a small but significant increased risk of BC (Reulen
et al. 2008).

1.3 Genetic Predisposition and BC

Tobacco smoking and occupational exposure have been the two major factors
related to BC risk; however, not all smokers develop BC and not all cases of BC
occurred in smokers or patients with chemical exposure. It has been proposed that
there could be factors other than environmental that could affect the incidence on
urothelial tumors. In fact, as for many other cancers, molecular researchers are
trying to establish genetic alterations linked to carcinogenesis that could justify
genetic predisposition.

An important research has been conducted in patients with BC in relation to
smoking and chemical exposure , trying to identify those patients with higher sus-
ceptibility of being affected by environmental carcinogens. Aromatic amines were
established carcinogens for urothelium.

They could be inactivated by acetylation pathway, and it has been postulated that
those patients with slow acetylation capability were more susceptible to BC than
those that are rapid acetylators. NAT-1 and NAT-2 are N-acetyltransferase genes
located on the short arm of human chromosome 8 and they are involved in amines
inactivation. Reduction in NAT-2 activity has been suggested as mechanism for BC
predisposition among patients exposed to environmental carcinogens such as
aromatic amines.

A number of SNPs have been reported in NAT-2 coding exon, as well as over 35
NAT-2 haplotypes have been identified (Hein 2006). Several of these haplotypes
corresponded to NAT-2 slow acetylator phenotype and NAT-2 slow acetylation
genotype has been related to higher risk of BC.
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The Spanish Bladder Cancer Study is a hospital-based case—control study on BC
conducted in five different areas in Spain that included 1150 cases and 1149 controls.
They evaluated in this great population the association of several polymorphisms in
NAT and GST genes with BC risk and their interaction with cigarette smoking. In
addition, they reported a metaanalysis of 29 studies of NAT-2 and BC including
5096 cases and 6519 controls. They demonstrated that NAT-2 slow acetylators had
a 40% increase in BC risk compared to rapid/intermediate acetylators with an OR of
1.4 (95% CI, 1.2-1.7). They could also demonstrate a significant multiplication
interaction between NAT-2 slow acetylation genotype and cigarette smoking, that is,
NAT-2 slow acetylators were especially susceptible to the adverse effects of ciga-
rette smoking on BC risk. On the other hand, the metaanalysis performed corrobo-
rated their own data, being the summary on relative risk for NAT-2 slow acetylators
compared to rapid/intermediate acetylators of 1.4 (Garcia-Closas et al. 2005).

Other SNPs in different genes have been studied. Nucleotide excision repair
(NER) pathway is a complex mechanism for repairing DNA damage and subse-
quently for preventing carcinogenesis. NER pathway included several genes, and
different SNPs on those genes have been related to an increase in BC risk. Twenty-
two SNPs on seven NER genes were evaluated in 1150 cases and 1149 controls
included in The Spanish Bladder Cancer Study. Four of these 22 SNPs in NER
genes could be significantly related to a small increase in BC risk and interestingly
it could be demonstrated as a stronger association between BC and polymorphism
in ERCC2 gene (ERCC2 R156R) for never-smokers compared with ever-smokers
(Garcia-Closas et al. 20006).

Other study including 696 patients with BC and 629 controls evaluated the asso-
ciation with BC risk of a comprehensive panel of 44 SNPs in genes of NER path-
way and genes involved in cell cycle control. They concluded that patients with
higher numbers of variants in NER genes rather than single polymorphism are at
increased risk for BC (Wu et al. 2006).

1.4 Infection and BC

Chronic urinary tract infection had been related to BC, particularly with invasive
squamous cell carcinoma. , Bladder schistosomiasis has particularly been consid-
ered by the international agency for research on cancer (IARC) as a definitive cause
or urinary BC with an associated fivefold risk. Schistosomiasis is the second most
common parasitic infection after malaria and about 600 million people are exposed
to infection in Africa, Asia, South America, and Caribbean (Khurana et al. 2005).

The first to report on bilharziasis association with BC was Ferguson in 1911 and
later on reports of the NCI registry stated that frequency of BC in Egypt was
elevated, being 27.6% of all cancers (Gouda et al. 2007).

Even though the mechanism by which schistosomiasis causes BC remains
unknown, two hypotheses have been proposed. First, the chronic inflammatory
proliferation that allows and promotes genetic alterations, which ultimately can
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lead to higher cancer incidence. And on the other hand, it has been suggested that
in urine of patients infected with schistosomiasis, there is a production of carcino-
genic substances as nitrosamines, concretely N-butyl-N(4-hydroxybutyl) nitro-
samine. Importantly associated to that inflammatory reaction, there is a conversion
of the transitional urothelium toward squamous epithelium; this is the cause for
70% of patients developing cancer because of bilharziasis, present with squamous
cell carcinoma, rather than transitional cell carcinoma, as is usual in other geo-
graphic sites (Abol-Enein 2008).

Although the relationship between squamous cell carcinoma of bladder and
schistosoma infection is well established, currently the trends of BC in endemic
zones, as Egypt, are changing. In fact, data from the largest tertiary cancer hospital
in Egypt, NCI Cairo, were analyzed to verify the incidence of squamous cell carci-
noma in the area. Data from 1980 to 2005 were obtained and data from 2778cases
were available for analyses. The authors demonstrated a statically significant asso-
ciation between period of diagnoses and histopathological type. In this way, patients
diagnosed in 2005 had a sixfold higher odds associated to transitional cell carcinoma
compared to those patients diagnosed in 1980 (Felix et al. 2008). Bilharzias associa-
tion dropped from 82.4% to 55.3% and there was a significant increase of transi-
tional cell carcinoma from 16% to 65%, while squamous cell carcinoma was less
frequent, from 76% to 28%. Intimately related to this, there was an increase in the
median age of patients from 47 to 60 years. The decline in the frequency of BC is
related to a decline in bilharzias egg positivity in the specimen and this suggests a
better control of the endemic disease in rural population (Gouda et al. 2007).

Even though association between inflammation in schistosoma infection and
squamous BC is well established, the role of inflammation due to other infections
in the origin of BC, even transitional cell carcinoma, is less clear.

Of the epidemiologic studies regarding urinary tract infection (UTIs) and BC,
including transitional cell carcinoma, with one exception (Kjaer et al.1989), all the
retrospective observational studies have demonstrated a positive association
between BC and UTIs. Relative risk in these studies range between 1.4 and 16 for
any history of urinary infection versus none, and similar associations have been
found in men and women. To date no prospective study has been conducted to
clearly establish the role of infection in bladder carcinogenesis.

Therefore, it could be possible that those positive associations result from detec-
tion bias or differential recall between cases and controls. Prospective studies with
large number of patients and controls are warranted to determine the role of inflam-
mation in BC (Michaud 2007).

1.5 Radiation and BC

Extensive research has been performed on long-term effects of ionizing radiation
in cancer development. The most well studied population is Japanese atomic
bomb survivors and data obtained from them continue to demonstrate an increased
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risk of BC. The most recent report stated that 222 BCs were diagnosed between
1950 and 1997. The excess relative risk was higher for women although not sig-
nificant. Contrary to other cancers the risk was constant over age (Hall 2008).
Similar findings have been shown in studies of secondary cancers in patients
treated with high dose radiotherapy. For example, incidence of bladder cancer was
compared among 243082 men who underwent therapy for prostate cancer between
1988 and 2003. The patient cohort was identified in the Surveillance, Epidemiology
and End Results database (SEER) in United States. Of these 109,178 (45%) were
submitted to radical prostatectomy, 93,059 (38%) to external beam radiotherapy
(EBRT), 22,889 (9%) to brachytherapy, and 17,956 (7%) to combination of
ERBT-BT. Median follow-up was 49 months. The relative risk of BC developing
after EBRT, BT, and ERBT-BT compared to radical prostatectomy was 1.88, 1.52,
and 1.85, respectively. Compared to the general US population, the standardized
incidence ratio (SIR) for BC developing after RP, ERBT, BT, and ERBT-BT was
0.99, 1.42, 1.10, and 1.39, respectively. The increased risk of BC of patients sub-
mitted to ERBT, BT, or combination must be taken into account during follow-up
of patients, and considering that BC requires longer to develop, patients treated
with radiation at young age are at highest risk and should be followed closely
(Nieder et al. 2008).

In the same way, the incidence of secondary malignancies using data from
104,760 1-year survivors of cervical cancer reported to 13 population-based cancer
registries in Denmark, Finland, Norway, Sweden, and the United States has been
published . Patients with cervical cancer treated with radiotherapy, but not those
who did not receive radiotherapy, were at increased risk for all second cancers and
cancers at heavily irradiated sites (colon, rectum/anus, urinary bladder, ovary, and
genital sites), beyond 40 years of follow-up compared with women in the general
population. The association of RT with second cancer was modified by age at cervical
cancer diagnosis. The 40-year cumulative risk of any second cancer was higher
among women diagnosed with cervical cancer before age 50 (22.2%, 95%
CI = 21.5%-22.8%) than among women diagnosed after age 50 (16.4%, 95%
CI = 16.1%-16.9%) (Chaturvedi et al. 2007).

1.6 Dietary Factors and BC

Several dietary factors had been related to BC, however the results of several
studies were controversial and currently there is no sufficient evidence but a limited
evidence of a cause relationship between BC and dietary factors. Despite this,
several researchers had pointed out that a small part of BC cases would be influ-
enced by dietary habits and that those factors must be considered.

The Netherland Cohort Study on diet and cancer (NLCS) was initiated in 1986
with 120,852 men and women aged 55-69 years. Based on regional cancer regis-
tries in the Netherlands and with the national pathology register (PALGA) the
authors established the follow-up for BC incidents . Between 1986 and 1992, 619
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new cases of BC were diagnosed. In their analysis, the authors did not find that total
fluid intake was related to BC risk. However, they demonstrated a small correlation
between alcohol consumption and BC in men, which was independent of the stage
of tumor. That relationships was not confirmed in BC in women .On the other hand,
they concluded that high consumption of total fruit was probably associated with
small decrease in BC risk as well as they established a negative association between
BC and selenium intake (Zeegers et al. 2004).

With opposite results, it was reported by The Health Professionals Follow-up
Study, which is, as well as NLCS, a prospective cohort study. It started in 1986 with
51,529 male health professionals aged 4075 years from all 50 states of the United
States. Of these 47,909 men were eligible for follow-up, and the follow-up rate
averaged at 94% per follow-up cycle during the five biennial cycles between 1986
and 1996. They diagnosed 252 new cases of BC, and age and smoking were the two
major risk factors related to cancer. Interestingly, and contrary to NLCS, they found
that daily water consumption had a protective effect in risk of BC. In that way,
when fluid intake was considered as a continuous variable the risk of BC decreased
by 7% for every increment of 240 mL in daily fluid intake.

Those patients in the highest quintile of fluid intake (>2531 mL/day) had a 49%
lower incidence of BC than those in lowest quintile (<1290 mL/day). This relation
between fluid intake and BC was observed among smokers’ patients as well as
among nonsmokers. This suggested to the authors that residual confounding by
smoking is unlikely to be responsible for their results.

An explanation for the decrease in risk of BC with increase on fluid intake could
be that high fluid intake could dilute the concentration of carcinogens in urine or
reduce the contact of those carcinogens with urothelium by increasing the voiding
frequency. However, it had been postulated that contrary to that supposed, high
fluid intake could increase the risk of BC if that fluid contents contain contaminants
that are bladder carcinogens. In that way, a pooled analysis of six case—control studies
of BC with detailed information on fluid intake and water pollutants were reported.
The pooled study included 2729 cases and 5150 controls from studies performed at
the Untied States, Canada, Finland, France, and Italy between 1978 and 2000. They
found an increased risk of BC for tap water consumption, and this was consistently
found in the six studies analyzed. A total tap water intake more than 2.01 L/day
increased the risk of BC in 50% compared to total tap water ingestion less than
0.5 L/day. The association of tap water ingestion but not with nontap water fluids
suggested to the authors that the increased risk observed in tap water intake was
related to carcinogens diluted in such type of fluids (Villanueva et al. 2006).

Due to controversial results obtained in different epidemiological studies, further
studies will be necessary to establish the real influence of fluid intake in BC risk.

Other dietary factors had been related to BC. A prospective study of atomic
bomb survivors showed that green—yellow-vegetable and fruit consumption were
significantly associated with decreased relative risk for BC. The study included
39,824 survivors of atomic bomb from 93,000 who have been under continuous
surveillance by the Radiation Effects Research Foundation since 1950. They could
observe that a frequency in green—yellow vegetable more than five times per week
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was associated with a RR 0.54 (95% CI 0.3-0.94) that was significantly lower that
RR of those with an intake frequency of 0-1 per week (1.00). In addition, those
people with a fruit frequency intake of more than 5 per week showed a lower RR
for BC 0.62 (95% CI 0.39-0.99) than those with less fruit frequency intake. The
authors suggested that carotenoids and vitamin C contained in fruit and vegetables
could explain the protective anticarcinogenic effect (Nagano et al. 2000). A
metaanalysis of 38 articles reporting data on diet and BC confirmed the relation and
support the hypothesis that vegetable and fruit intake reduces the risk of BC
(Steinmaus et al. 2000).

A recent report of World Cancer Research Fund/American Institute for Cancer
Research in 2007 concludes that the evidence is too limited to correlate any aspect
of food, nutrition, and physical activity directly with modified risk of BC. The
authors performed a systematic literature review and analyzed 349 reports on nutri-
tion factors and BC and finally, they only found a limited evidence suggesting that
milk protects against BC and that arsenic in drinking water is one of the cause for
BC. (WCRF www.dietandcancerreport.org). Similarly, other systematic literature
review was published in 2008. In this case, the authors conclude that the strongest
evidence for a protective effect against BC was associated with fruit. They also
detected a more frequent and pronounced effect in case—control studies compared
with prospective studies. In their review, they obtained that fruit and yellow-orange
vegetables, particularly carrots and selenium, are probably associated with a mod-
erately reduced risk of BC.

Citrus fruits and cruciferous vegetables were also identified as having a possible
protective effect. Possible risk factors are salted and barbecued meat, pork, total fat,
pickled vegetables, salt, soy products, spices, and artificial sweeteners (Brinkman
and Zeegers 2008).

Nevertheless, due to inconclusive results even of the systematic reviews, future
studies on BC should investigate the effect of food categorization, quantity consumed,
and gender differences.

1.7 Gender Related Differences in BC

BC is less prevalent in women than in men; however, several reports suggest that
women are diagnosed at more advanced stage of the disease and, in general, have
poor survival than men. Also, women could be under effect of different exposure
than men are and females could have different susceptibility to develop BC. Finally
there has been an appreciable increase in BC occurrence in women.

In a retrospective study of patients submitted to radical cystectomy it could be
demonstrated that women are more likely to be diagnosed with primary muscle
invasive disease than men (85% vs 51%) (Vaidya et al. 2001). Other retrospective
study included 31,009 cases of BC diagnosed between 1991 and 2001. The authors
could observe that women were more likely to be diagnosed at older age than men;
in fact, 22.9% of females were diagnosed at an age older than 80 years, while only
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15.8% of males were diagnosed at that age. In a multivariate analysis, the significant
risk factors for developing regional and distant disease were older age, AA ethnicity,
and being female. In addition, women with regional spreading had worse survival
than men (28.2 months vs 31.9 months, respectively). Interestingly, the poor
survival in women could be demonstrated to be related to older age at diagnosis,
since after adjusting for advance age at diagnosis women showed better survival
than men.

Authors concluded that women are diagnosed later than men and this has a
direct effect on their survival. They suggest that women are more suitable to be
delayed in hematuria study because differential diagnosis of hematuria in women
includes diseases more prevalent than BC (Cardenas-Turanzas et al. 2000).

Differences in gender prevalence of BC seem to be due to factors other than
tobacco and chemical exposure. A large prospective cohort study that included data
from 106,057 women aged 30-55 years, with 26 years of follow-up had been recently
published. Between 1976 and 2002, 336 (prevalence 0.3%) new cases of BC were
diagnosed in the cohort. Among women diagnosed with BC 39.5% were former
smokers, 35% were current smokers, and 25% were never smokers. The authors could
observe that postmenopausal status was associated to an increase in BC risk even after
adjusting for smoking status. Among nonsmokers the OR for postmenopausal women
compared with premenopausal was 1.87 (95% CI 0.6-5.4), among smokers the OR
for postmenopausal women was 1.97 (95% CI 0.84-4.62) when compared with
premenopausal. Earlier age at menopause less than 45 years was associated with a
higher risk of BC when compared with later age menopause, more than 50 years.
Authors suggested an hormonal influence in BC occurrence and proposed that
differences in estrogen and androgen levels between men and women could justify
some of the differences in gender prevalence of BC (McGrath et al. 1984).

Another set of two retrospective studies, one from the Untied States and other
from Austria, confirm the sex and racial differences in BC. In 2008, a retrospective
review of 1269 patients with BC from a single center was reported. The male-
to-female BC ratio was 2.2:1. Significantly, tumors were diagnosed at younger age
in men than in women (62 vs 67, p < 0.001), primary tumors were more aggressive
in men and tumor recurrences were more invasive, and in a subset of muscle-
invasive BC, women showed a worse overall survival rate than men (p = 0.02).

Authors suggested gender differences in BC beyond the higher incidence in
males. They proposed a protective effect of female gender in the early stages of BC
with less-invasive and less-aggressive tumors. However, once advanced stages of
disease have occurred, the protective effect seems to disappear, resulting in a worse
overall survival rate in female patients. This suggests that in addition to exogenous
factors (e.g., exposure to carcinogens), endogenous factors (related to gender
differences) need to be evaluated to understand the epidemiology and molecular
basis of BC (Horstmann et al. 2008).

In the US data from 16 population-based registries, included in the Surveillance
Epidemiology and End Results (SEER), limited-use database were used to define
the study cohort of 101,249 patients. These patients represent a 88% of all black
and white patients in the SEER who were diagnosed with BC between 1990 and
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2003. On an average, women were older than men within each race at BC presentation
(p <0.001). For both races women were more likely to present with muscle-invasive
disease compared with men, although this difference was much smaller for white
patients (22% vs 25%) than for AA patients (30% vs 43%). Among white patients
with nonmuscle invasive BC (NMIBC) , men were more likely to present with
high-grade tumors than women (p < 0.001). Women and AA patients had a higher
proportion on nonurothelial cell types at presentation. Taking into account the sex
and racial differences in the distribution of prognostic factors, the authors investi-
gated the effect of such distribution in BC mortality. They observed that a excess
hazard of death from BC was present during the first 2-3 years of follow-up among
women, but after adjustment for age and tumor characteristics, this hazard was
reduced in 30% among white women. So, the authors proposed that it is not the
significant differences alone in tumor characteristics and age at presentation that
explain the excess hazard of death from BC among women. Other factors must also
be investigated (Scosyrev et al. 2009).

1.8 Hereditary BC

Familial BC is an uncommon entity. In 1994, it was reported by Goldgar et al. that
familial BC risk in first-degree young relatives of BC probands was 5.1 (95% CI,
1.0-12.5) (Kirkali et al. 2005).

Identification of familial subtype of BC could help in the research of molecular
carcinogenesis of BC. However, identification of this subtype of BC is not always
feasible, in most cases, the data regarding to family members of patients affected
of BC are not available. Hemminkki et al. reported the results of 2002 update of the
Swedish Family-Cancer Database that included 754,165 first invasive parenteral
(diagnosed in 1961-2000) and 112,216 offspring (diagnosed in 1991-2000) cancers.
Authors studied the familial risk of urological cancers. They detected 2987 BC in
offsprings and according to the occurrence of BC in their families they could
conclude that familial risk for BC was increased with a standardized incidence ratio
(SIR) of 1.75. When they considered only siblings the ratio increased to 2.02
(Hemminki et al. 2004).

One of the most exhaustive works performed in the research of familial urothe-
lial carcinoma has been conducted in the Netherlands. Aben et al. reported a case—
control study that included 1193 newly diagnosed cases of urothelial cancer and
853 controls that consisted of the family of the probands’ partner. The authors
searched the urothelial cancer occurrence among the relatives of urothelial cancer
probands. They could obtain information of 8014 first-degree case relatives and
5673 first-degree control relatives. Overall, 8% of the patients had a positive family
history of urothelial cancer compared to 4% of controls. The authors conclude that
urothelial carcinoma showed a pattern of familial aggregation and that the first-
degree relatives of patients affected of urothelial carcinoma presented a 1.8-fold
increase in the risk (Aben et al. 2002).
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Thirty families were selected from those with at least one relative diagnosed of
urothelial carcinoma, and blood sample was obtained from each proband. Authors
performed classical cytogenetic analysis on metaphase spreads. Karyotyping for
the detection of chromosomal alterations was negative in all 30 patients and a
inherited genetic defect could not be assessed (Aben et al. 2001). Of the initial 95
patients with at least one first-degree relative affected of urothelial carcinoma,
authors selected eight families suggestive of familial BC. They applied, this time,
a high-throughput genomic analysis technique, array-CGH, which has 100 times
higher resolution for detecting genomic copy number alterations than classical
karyotyping. Also,lso, with classical approach, the authors could not find any
candidate region for being considered responsive of hereditary BC (Kiemeney
et al. 2000).

In a population-based study of 2982 BC patients and 5782 controls in ten geo-
graphic areas of the United States, which was designed to assess the role of envi-
ronmental risk factors, information was also obtained on the history of urinary tract
cancer in first-degree relatives. A family history of urinary tract cancer, signifi-
cantly, elevated the risk of BC [relative risk (RR) = 1.45], with higher risks observed
among patients under age 45. The risks of BC associated with positive family his-
tory were generally higher among persons with suspected environmental exposures,
particularly, heavy cigarette smoking (RR = 10.7 among those who smoked three
or more packs per day) (Kantor et al. 1985).

Another large case—control study was conducted in Spain. Information on
family history was obtained for 1158 newly diagnosed BC cases and 1124
controls included in 18 hospitals between 1998 and 2001. The odds ratio for BC
among subjects reporting a family history of cancer was 2.34 (95% CI,
0.95-5.77).

The OR of BC for those reporting family history of BC was 4.76 (95% ClI,
1.25-18.09) among NAT-2-slow acetylators and 1.17 (95% CI, 0.17-7.86)
among NAT-2—rapid/intermediate acetylators (P = 0.6) (Murta-Nascimento et al.
2007).

In a recent review, the authors analyzed details of nine case—control and four
cohort studies in which family history of BC was quantitatively evaluated as risk
factor. These studies differ widely in sample size, methodology, and analysis, inclu-
sion criteria, confirmation of diagnosis, but surprisingly all of them resulted in
similar risk ratios. The risk ratios ranged from 1.2 to 6.1 among male and female
cases combined (Mueller et al. 2008).

The cause of familial clustering is still controversial, but most of evidences sug-
gest an underlying genetic predisposition. These genetic factors may be infrequent
but with a high penetrance, although not so high as in other cancers. An alternative
approach to the study of this genetic factor causing clustering in families is
genome-wide association (GWA) studies in case—control designs. High-resolution
GWA studies, with extensive replications of positive findings in other case and
control series, can map the susceptibility loci involved in familial cases. Currently,
there are at least three independent GWA studies ongoing with results coming up
nearly in 2-3 years (Kiemeney 2008; Wu et al. 2008).
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1.9 Other Related Risk Factors: Cyclophosphamide,
Phenacetin

1.9.1 Cyclophosphamide

Cyclophosphamide is an alkylating agent used for treatment of lymphoproliferative
diseases and other nonneoplastic diseases. It has been correlated with the use of this
treatment to the posterior development of BC, especially muscle-invasive BC with
a period of latency of 6—13 years (Kirkali et al. 2005). It seems that acrolein, one
of the metabolites of cyclophosphamide, is the one responsible for an increase in
occurrence of BC, and also, the incidence of BC after cyclophosphamide treatment
seems to be independent of the occurrence of hemorrhagic cystitis related to the
same treatment (Johansson and Cohen 1997).

1.9.2 Phenacetin

Phenacetin was included as among the proven human carcinogens by the IARC in
1987, and some studies suggest that the intake of phenacetin was positively related
to BC risk in a dose-dependent manner, although there is controversial data
concerning its metabolite acetaminophen (Castelao et al. 2000).

1.10 Screening of BC

Muscle-invasive BC is an aggressive neoplastic that was associated with a mortality
ratio of 50% at 5 years despite the aggressive treatment. Furthermore, those patients
that die from BC undergo the treatment because of metastatic disease, and in 90%
of the cases metastasis appears 2 years after muscle-invasive disease was
diagnosed.

At the initial diagnosis of BC, 70% of cases are diagnosed as superficial
diseases, and the remainder 30% as muscle-invasive disease. Of those patients
submitted to radical cystectomy because of muscle-invasive disease, 57% has
muscle invasion at presentation, while 32% has been initially diagnosed with non-
muscle-invasive disease that progressed despite the treatment (Vaidya et al. 2001).

All these data suggest that early detection of BC would decrease the ratio of
muscle-invasive disease since currently most of the patients with invasive disease
show the condition at presentation. On the other hand, there are a percentage of
patients with superficial disease who are about to die because of progression, and
the identification of this group of patients prior to establishment of invasive disease,
as well, might contribute to increase the survival of patients affected by BC.
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The way to reduce mortality of BC include the diagnosis of the illness at early
stages, the improvement of treatment of superficial BC to avoid progression, and
the improvement of treatment of muscle-invasive disease to avoid metastatic
spreading.

The diagnosis of BC at early stages could be achieved by a screening program;
however, the role of BC screening remains controversial since no prospective,
randomized studies have been conducted to demonstrate that screening reduces
mortality in BC.

A screening program improves its results when prevalence of the disease
increases. Low prevalence of BC in general population limits the application of a
screening program, since it would raise the possibility of too many false-positive
results and would not be cost-effective (Lokeshwar et al. 2005) However, screening
could be applied for an early detection of BC among high-risk population, where
prevalence of the disease is higher than in general population (Kirkali et al. 2005).

Despite there being no consensus for BC screening, several studies have been
reported with adequate sample cases and follow-up.

Screening of general population does not seem to be cost-effective. In a retro-
spective study of 20,571, men aged >35 years and women aged >55 years with
hematuria were detected by a single dipstick urinalysis in 876 cases (4.3%).
However, urological cancers (two prostate, one bladder) developed in only three
patients within the next 3 years. Among patients whose test results were negative
for hematuria, cancer rates were found to be almost the same as the rate among
patients with asymptomatic microhematuria. The authors concluded that their
results were consistent with the lack of recommendations for screening for micro-
hematuria among asymptomatic adults (Hiatt and Ordonez 1994).

In this way, several authors proposed that hematuria due to BC used to be inter-
mittent and that a single urinalysis was not sensitive enough for being used as a
marker in BC screening program. Comparison of BC outcome in asymptomatic
men submitted to repetitive hematuria home screening versus those with BC
detected by standard clinical presentation was reported. The screening sample
included 1575 men aged 50 years who were asked to test their urine daily for
14 days and, if all tests were negative, to repeat 14 daily testing months later. The
control unscreened sample consisted in 493 newly diagnosed BC reported to the
Wisconsin Cancer Reporting System for 1988. Incidence of BC among population
screened was 1.3% (21 cases). Of the 21 cases diagnosed in screened population,
4.8% were muscle-invasive (0.06% among total screened population), 42.9% high-
risk superficial BC (0.5% among total screened population), and 52.4% low and
intermediate risk superficial BC (0.6% among total screened population). Among
the unscreened population ratio of muscle-invasive BC at presentation was 23.9%.
In screened population after 30 month of follow-up, no death had been recorded in
contrast to 16.4% of patients with BC diagnosed outside the screening program
who died of BC. The authors concluded that the lower rate of muscle-invasive BC
at presentation and reduced disease-related mortality in patients included in screen-
ing program suggested the convenience for conducting randomized trial to confirm
the efficacy of BC screening in asymptomatic population (Messing et al. 1995).
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However, the low incidence of life-threatening BC detected in asymptomatic
population by dipstick urinalysis probably would not justify a screening program
in general population.

In the same way, in community-based screening program 2356 men aged
>60 years had a repetitive dipstick test for microscopic hematuria. Seventeen
(0.7%) were found to have bladder tumors and none of them were muscle-invasive
at diagnosis. At 7 years of follow-up, two patients with tumors having a potentially
worse prognosis progressed to muscle-invasive disease (22% progression among
patients with high-risk superficial BC). Among the initial screened population,
incidence of BC was 0.7%, and ratio of life-threatening cancer was 0.08%, with a
mortality rate of 0.1%. Authors concluded that diagnosis of those tumors in early
stage could allow early aggressive treatment prior to progression to muscle invasive
BC (Mayfield and Whelan 1998).

Taking account the number of high-grade invasive BC cases detected among
asymptomatic population, the cost-effectiveness of the screening program based on
dipstick urinalysis would probably not be acceptable.

Probably, the establishment of bladder screening in high-risk population would
achieve better results than in general population.

Not only is the population that has to be screened controversial but the test
which must be used in the screening program as well is . The screening of asymp-
tomatic population for BC by testing for hematuria would lead to many falseposi-
tive results that would generate further exams with a low rate detection of BC. In
these way, several others markers have been valuated for being candidates for BC
screening and follow-up.

An ideal tumor marker is that noninvasive, ease of assaying, with low intraassay
and interassay variability and a high level of accuracy (Lokeshwar et al. 2005).

Several markers have been tested. BTA, BTA stat, BTA track, NMP22, telom-
erase, UroVysion, UBC, Survivin, Cytokeratins, CYFRA 21-1, ImmunocYt,
DD23, microsatellite DNA test. In a recent metaanalysis reported on 42 articles
suitable in the literature from urinary markers for BC, the authors concluded that
cytology was found to have the best specificity and telomerase the best sensitivity;
but the data were not consistent enough for recommending a specific test combina-
tion for BC screening (Glas et al. 2003).

In 2001, the American Urological Association’s best practices policies indicates
that there are insufficient data available to recommend the routine use of voided
urinary markers in the evaluation of patients with microscopic hematuria. In
January 2005, the UroVysion Bladder Cancer Kit was approved by the FDA for use
in assisting in the detection of the initial diagnosis of bladder carcinoma in patients
with hematuria or recurrence of BC.

The International Consensus Panel on bladder tumor markers reported in 2005
an exhaustive review of current urinary markers available for BC diagnosis and
follow-up. The Panel concluded that currently, the “most practical use of noninva-
sive tests would be for monitoring bladder cancer recurrence and reducing the
number of surveillance cystoscopies performed each year.” The panel did not report
any recommendation for use of urinary markers in BC screening since no results of
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prospective, randomized studies are yet available. However, the panel remarked,
“several bladder cancer markers are more accurate in detecting bladder cancer than
prostate-specific antigen (PSA) is in detecting prostate cancer. Therefore, the use of
bladder cancer markers will require the willingness of both urologists and clinicians
to accept them” (Lokeshwar et al. 2005).

1.11 Chemoprevention of BC

The strategies for prevention of cancer include three levels. Primary prevention
consists in avoiding the development of BC in healthy population. Latency
between exposure and BC occurrence, the low incidence of the disease and the
lack of strategy to prevent bladder carcinogenesis, make chemoprevention a less
likely approach for urothelial carcinoma of the bladder.

Secondary prevention consists in preventing the progression of premalignant
lesions onto neoplastic disease. Again, this prevention cannot be applicable to BC,
since there is no well defined premalignant lesion. Finally, tertiary prevention con-
sists in avoiding recurrence and progression of superficial BC to invasive disease
(Grossman 2006).

Other prevention strategies different from smoking cessation have less strength
of evidence or they are in a very preliminary phase of development. Some of these
prevention strategies include, an increase in fluid, fruit and vegetable intake, vita-
min supplementation, increase in folate intake and the use of antiinflammatory
drugs (Castelao et al. 2000; Leppert et al. 2006; Schabath et al. 2005). However, all
of the prevention studies are preliminary and there is no sufficient data to establish
a prevention program in BC. The only program that has sufficient strength is smo-
king cessation, and so strategies to encourage people to quit smoking would
directly affect the incidence of BC.
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Chapter 2
Bladder Carcinogenesis and Molecular
Pathways

Diogo O. Escudero, Samir P. Shirodkar, and Vinata B. Lokeshwar

2.1 Introduction

Bladder cancer is primarily a “carcinogenesis driven” cancer. Exposure to carcinogens
such as polycyclic aromatic hydrocarbons (PAH), aromatic amines (AA), and
nitrosamines through cigarette smoking, occupational exposure, and hair dyes,
among other substances, is strongly associated with increased risk for bladder cancer
(DeMarini 2004; Murta-Nascimento et al. 2007). Many of these carcinogens form
bulky DNA adducts, eventually causing mutations and chromosomal aberrations
(Castafio-Vinyals et al. 2007; Veglia et al. 2008). Such molecular events take place
when potential carcinogens are “activated” during the process of detoxification by
metabolic enzymes that are involved in the metabolism of xenobiotic compounds.
Genetic polymorphism in many of these genes is associated with risk for developing
bladder cancer. In this first part of this review, we will discuss the relationship
between chemical carcinogens and the development of bladder cancer. Furthermore,
we will describe the role of the carcinogen-metabolic enzymes and the polymor-
phism in the genes encoding them in the development of bladder cancer. The expo-
sure of the bladder urothelium to carcinogens that are excreted through urine has
given rise to the theory of “field effect” and it is used to explain the multifocality and
recurrent nature of bladder cancer. The heterogeneity of low- and high-grade bladder
tumors to invade and metastasize has given rise to the concept of “divergent molecular
pathways” for bladder cancer development. In the second part of this review, we will
discuss the clonal origin of this multifocal disease and elaborate on the molecular
pathways in the development of low- and high-grade bladder tumors.
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2.2 Bladder Carcinogenesis

2.2.1 Bladder Carcinogens and DNA Adduct Formation

The major risk factor for bladder cancer development is the exposure of the urothelium
to chemical carcinogens. PAHs and aromatic amines (AA) are the most widely
known and studied bladder carcinogens, as described in the literature. These
carcinogens, when converted into active forms due to body’s response to detoxify
them, form DNA adducts in urothelial cells. DNA adducts are known to induce
point mutations and such mutations in oncogenes (e.g., H-ras) or tumor suppressor
genes (e.g., p53) cause cellular transformation. Additionally, point mutations in
DNA repair enzymes can cause chromosomal instability leading to cellular trans-
formation. Chromosomal instability is a major factor in the development of invasive
bladder cancer (Florl and Schulz 2008).

2.2.2 Phase I and II Enzymes

The xenobiotic metabolism involves two different classes of enzymes. Phase I
enzymes (e.g., cytochrome P450 dependent monooxygenases) are usually involved
either in oxidation (to form N-hydroxy, phenol, or dihydrodiol intermediates) or
reduction, which activates carcinogens into a reactive form (Talalay 1989). For
example, AAs (e.g., 4-amino biphenyl) are converted into the N-hydroxy amine
form by CYP-A2. The N-hydroxy arylamines can be transported through the blood,
where it can form adducts with hemoglobin. These N-hydroxy AAs (electrophilic)
pass through renal filtration into bladder lumen and can form adducts with DNA
(nucleophilic) in urothelial cells (Kadlubar 1990; Kadlubar and Badawi 1995). In
fact, urinary mutagenecity is correlated with the levels of 4-aminobiphenyl adducts
in exfoliated urothelial cells from smokers (Talaska et al. 1991). Chemical fraction-
ation of urine from smokers indicates that much of the mutagenic activity is due to
PAH or AA (DeMarini 2004).

2.2.2.1 Cytochrome P450 (CYP) Monooxygenases

CYP450 enzymes are a superfamily of microsomal enzymes with more than 20
members. These enzymes are extremely polymorphic and the polymorphism in
some of the enzymes is associated with higher risk for bladder cancer development.
The CYP profile is altered in different types of cancers. For example, important
CYPs in bladder urothelium that are reported are CYP1B1 and CYP4B1 (Roos and
Bolt 2005). In a case—control study Grando et al. found that CYP1A1 (A2455 ->
G) polymorphism significantly associated with risk for bladder cancer (Grando
et al. 2009). However, Srivastava et al. found no association between the
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CYPIA1*2A genotype and increased risk for bladder cancer among people from
North India (Srivastava et al. 2008). Similarly, Fontana et al. found no association
between CYP1AI or CYPIB1 polymorphisms and bladder cancer risk (Fontana
et al. 2009). Among the Japanese population, people carrying CYP4B1*1/*2 or
*2/*2 genotypes were found to have increased risk for developing bladder cancer
than individuals with the CYP4B1*1/*1 genotype (Sasaki et al. 2008). Extensive
metabolizer genotype CYP2D6*1A was reported to be significantly associated with
the development of transitional cell carcinoma of the bladder cancer, rather than
squamous cell carcinoma of the bladder (Abdel-Rahman et al. 1997). Contrarily,
carriers of at least one CYP2A6%4 allele were reported to have lower risk for devel-
oping bladder cancer than noncarriers (Song et al. 2009). However, Querhani
reported no association between CYP2D6*4 allele and susceptibility to bladder
cancer in Tunisian population (Ouerhani et al. 2008). Altayli et al. also found no
association between polymorphism in CYP1A2 or CYP2D6 genes and risk for
bladder cancer (Altayli et al. 2009).

Taken together, polymorphisms in CYP genes have different degree of associa-
tion with the development of bladder cancer and this association may depend on
ethnic origin, as well as, smoking history.

2.2.3 Phase II Enzymes

Phase II enzymes are mainly involved in detoxification of chemical carcinogens,
such as AA and PAH. The inducers of phase II enzymes have an electrophilic olefin
or related electron-deficient center that is susceptible to attack by nucleophiles.
Thus, all inducers of phase II enzymes are “Michael reaction acceptors” character-
ized by olefinic or acetylenic linkages that become electrophilic by conjugation
with electron withdrawing groups (Talalay 1989; Talalay et al. 1988). Examples of
well-studied phase II enzymes in the context of bladder cancer are N-acetyl trans-
ferases (NAT) and glutathione-S-transferases (GSTs). Polymorphisms in these
genes are associated with bladder cancer risk.

2.2.3.1 N-Acetyl Transferases (NAT)

NAT1 and NAT2 isoenzymes catalyze both N-acetylation (deactivation) and
O-acetylation (activation) of aromatic and heterocyclic amines (Franekova et al.
2008). They catalyze the transfer of acetyl group from acetyl-CoA to AA and
hydrazine substrates. AA and PAH are O-acetylated by both NATs. Although NAT'1
and NAT2 share 87% nucleotide homology (only 55 out of 290 amino acids are
different), NAT?2 has three- to fourfold affinity to bladder urinary carcinogens such
as 4-ABP than NAT1 (Hein 2006). The association between polymorphisms in
NAT1 gene and bladder cancer risk is not well established. Fast acetylation status
of NAT1 has been associated with risk for colorectal cancer, however, no such
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correlation was found in metaanalysis of case—control and cohort studies (Sanderson
et al. 2007). Certain alleles of NAT1 (NAT1*14, NAT1*15) do not have enzyme
activity, however, their association with risk for bladder cancer has not been evalu-
ated (Franekova et al. 2008).

A number of single nucleotide polymorphisms in the coding region result in the
slow acetylator phenotype (i.e., NAT2) is unable to efficiently acetylate bladder
carcionogens such as AA and PAH. The slow acetylator phenotype has been associ-
ated with risk for a variety of carcinomas, including bladder cancer. The proposed
mechanism for the association between the slow acetylator phenotype and bladder
cancer is that the slow acetylation of AA by NAT2 is competed out by the metabolic
activation of these AAs by CYP enzymes (Hein 2006 ). Therefore, the slow acetyla-
tor phenotype combined with Fast CYP phenotype carries higher risk for develop-
ing bladder cancer than either phenotype alone or the reverse phenotype (i.e., fast
NAT2 and slow CYP). NAT2 alleles that contain arginine64->glutamine; isoleu-
cinel14->threonine, arginine197->glutamine, or lysine268->arginine substitutions
are associated with slow acetylator phenotype. The association between NAT2
polymorphism and the risk for bladder cancer has been summarized in a variety of
excellent reviews (Hein 2006; Franekova et al. 2008; Sanderson et al. 2007). Recent
studies show that the slow acetylator NAT2 phenotype increases risk for bladder
cancer by about threefold in a variety of ethnic groups and the risk may be higher
in females (Ouerhani et al. 2008; Fontana et al. 2009; Song et al. 2009). However,
the slow acetylator NAT2 phenotype is not related to racial differences among
blacks and whites regarding the risk for developing bladder cancer (Muscat et al.
2008). Smokers with slow acetylator phenotype may have up to 12-fold increase
risk for developing bladder cancer (Rouissi et al. 2009) and this may explain the
variation observed among smokers regarding bladder cancer development.

2.2.3.2 Glutathione-S-Transferase (GST)

In humans, eight distinct gene families encode different GSTs: alpha, mu, theta, pi,
zeta, sigma, kappa and chi (or omega; Franekova et al. 2008). Among these,
GSTM1, GSTTI, and to a lesser extent GSTP1 are the most well studied with
respect to the risk for developing bladder cancer. As reviewed by Franekova et al.,
GSTTI (theta group) detoxifies smaller reactive hydrocarbons, whereas, GSTM1
(mu group) detoxifies PAH (Franekova et al. 2008). Polymorphism in GSTMI1,
GSTT1, and GSTP1 has been well documented in bladder cancer. Earlier studies
showed increased GSTP1 and GSTMI activity in bladder tumor tissues when com-
pared to normal bladder tissues. GSTT1-1 and GSTM1-1 are genetically deleted
(nonfunctional alleles GSTT1*0 and GSTM1*0) in a high percentage of the human
population, with major ethnic differences. For example, 20% of Caucasians are
homozygous for a null allele GSTT1*0 (Franekova et al. 2008). Similarly, nearly
50% of the Caucasian population may have GSTM1 null phenotype. GSTM1 and
GSTTI null genotypes are associated with an increased risk of bladder cancer and
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the risk increases further when GSTT1 null phenotype is combined with smoking
or occupational exposure to AA (Salagovic et al. 1998; Garcia-Closas et al. 2005;
Moore et al. 2007; Yuan et al. 2008). Double negative individuals (GSTM1 and
GST1 null) have even higher risk for developing bladder cancer (El Nouby et al.
2008; Song et al. 2009). Similarly, G/G genotype of the GSTP1 gene polymor-
phism may also be associated with risk for bladder cancer (Srivastava et al. 2005a,
b). Interestingly, Rouissi et al. found that individuals with NAT2 slow acetylator
and wild type GSTT1 and GSTM1 null phenotype have the highest risk for bladder
cancer in Tunisian population (Rouissi et al. 2009).

The two electron reductase NADP(H) dehydrogenase quinine 1 (NQO1) can
either activate or detoxify quinones from AA or PAH intermediates (Joseph et al.
1994). Similarly, sulfotransferases are a supergene family of enzymes that catalyze
sulfonation of several xenobiotic compounds. Sulfonation of a nucleophilic group
decreases its activity; however, may also generate electrophilic species, which can
then form DNA adducts. There are three sulfotransferase families (SULT1, SULT2
and SULT3), each with more than ten members (Franekova et al. 2008).
Polymorphisms in both NQO1 and SULT genes have been shown to be associated
with risk for bladder cancer. For example, subjects carrying both the NQO1 C/T
and T/T genotypes and the SULT1A1 G/G genotype have nearly fourfold increased
risk of developing bladder cancer than noncarriers. The risk doubles if these indi-
viduals are either current or former smokers (Wang et al. 2008). C to T base change
at position 609 of the human NQO1 cDNA (C609T) changes Proline 187 to Serine.
Individuals with this change have trace amount of NQO1 protein and no NQO1
activity (Siegel et al. 1999). Variant allele carriers of the NQO1 (P187S) polymor-
phism may have a higher risk for high-stage bladder cancer than noncarriers at
diagnosis. Furthermore, patients with NQO1 (R139W) variant allele carrier along
with Ta/T1 high-grade bladder cancer may have shorter disease-free survival than
noncarriers (Sanyal et al. 2007). Similar to the polymorphisms in NQO1 gene, the
SULT1A1 gene possesses a G A polymorphism that changes Arginine 213 to
Histidine. The Histidine (213) allele has been shown to have low activity and low
thermal stability. Zheng et al. found reduced risk for developing bladder cancer if
the individuals are either homozygous or heterozygous for Histidine 213 (Zheng
et al. 2003). Recently, Figuerora et al. in a case—control study involving over 2000
subjects reported that polymorphisms in an aldo-keto reductase gene AKRI1C3 and
in aryl hydrocarbon nuclear translocator gene significantly associate with risk for
developing bladder cancer (Figueroa et al. 2008).

Taken together, the risk for bladder carcinogenesis is dependent on exposure to
carcinogens, as well as, the relative enzyme activity of phase I and II enzymes.
Individuals with fast acetylator phase I enzyme (i.e., faster conversion of PAH and
AA into active electrophilic species), when combined with slow acetylator pheno-
type for NAT2 enzyme or the polymorphisms in GST enzymes, which render the
phase II enzyme to have low activity (i.e., slower detoxification rate), have the high-
est risk for bladder cancer while individuals with opposite phenotype for phase
I and II enzymes have the lowest risk.
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2.3 Field Cancerization and Clonal Origin of Bladder Cancer

Synchronous and metachronous tumors, as well as frequent tumor recurrence, can
be explained by the concept of “field cancerization,” where the entire bladder
urothelium is exposed to carcinogens and the entire urothelium is primed to
undergo transformation (Braakhuis et al. 2003). This concept was initially intro-
duced by Slaughter et al. (Slaughter et al. 1953) in 1953, when studying oral
squamous cell carcinoma. It has now been applied to a variety of tumors, including
bladder. When exposed to carcinogens, urothelial cells can accumulate independent
point mutations, gene deletions, or duplications, some of which can cause cellular
transformation. Thus, field cancerization should lead to independent transformation
of many urothelial cells resulting in genetically unrelated tumors. With the discov-
ery of cancer stem cells, the field cancerization concept has been modified. It is
suggested that the resident urothelial stem cells within the urothelium, when
exposed to carcinogens, undergo transformation into cancer stem cells, and the
clonal expansion of different cancer stem cells results in multifocality and recurrent
tumors. Additional accumulation of genetic alterations (mutations, loss of heterozy-
gosity (LOH)) introduces more heterogeneity in bladder tumors (Habuchi 2005;
Cheng et al. 2009).

The second concept is the clonal origin of multifocal and recurrent tumors. The
clonogenic or single progenitor cell hypothesis states that genetic and phenotypic
diversity, observed in multifocal bladder tumors, is the progressive accumulation of
genetic alterations in clones of a single transformed cell. In addition to field cancer-
ization and clonal expansion, epigenetic modifications and cellular microenviron-
ment can further contribute to tumor heterogeneity (Duggan et al. 2004). Combining
the concept of field cancerization, cancer stem cells, and clonal origin of bladder
tumors Hoglund expanded the concept of the field effect further, suggesting a new
model “field first-tumor later” (Hoglund 2007). In this model, aberrant cells (due to
carcinogen exposure), with a stem cell or stem-cell like properties spread in the
urothelium by cellular displacement, creating fields of premalignant cells. Tumor
development at multiple sites then depends on the frequency and timing of critical
genetic events in individual cells in such a field. Hence, recurring tumors originate
from the field of same premalignant tumors, and not from previous overt tumors.
Therefore, the “field” remains even after the removal of the primary tumor(s)
(Braakhuis et al. 2003). This concept can also explain clinical observations that
tumor recurrence is actually the occurrence of a new tumor in the bladder.

Genetic analyses such as evaluation of LOH using microstatellite markers,
X-chromosome inactivation assays, comparative genomic hybridization (CGH),
and fluorescence in situ hybridization (FISH) have been used in support of either
the field cancerization effect or the clonal origin of bladder cancer. LOH is the most
frequent alteration in bladder cancer. Among all genetic alterations, LOH has about
75% frequency followed by chromosome length alterations (25%; Berger et al.
2002; Fadl-Elmula 2005). LOH in chromosome 9 has been used in support of the
clonal origin concept. Junker et al. reported that in their study, 80% of the cases of
recurrent tumors from the same patient had the same LOH in chromosome 9
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(Junker et al. 2005). Contrarily, Dahse et al. used p53 mutational analysis to
conclude that recurrences may occur through genetically unrelated primary tumor
sites. Furthermore, synchronous and metachronous tumors may have polyclonal
origin due to field cancerization effect (Dahse et al. 2003). In addition of the chro-
mosome 9 LOH, using CGH analyses, Prat et al. found gains of chromosome 1q,
2p, and 17q loci and loss of 4q locus in multicentric tumors. They concluded that
accumulation of chromosomal alterations is a form of clonal evolution from a sin-
gle progenitor cell. Furthermore, heterogeneity present in the same tumor is the
result of genetic evolution of a clonally expanded progenitor cell, which also, prob-
ably, occurs in the synchronous tumors in a same patient (Prat et al. 2008).

The epithelial and mesenchymal components in sarcomatoid urothelial carci-
noma may also arise from a single progenitor cell. Armstrong et al. reported that in
sarcomatoid urothelial cell carcinoma, both epithelial and mesenchymal compo-
nents have identical pS3 mutations, and, therefore, have the same clonal origin
(Armstrong et al. 2009). Similarly, Sung et al. found identical pattern of LOH with
six polymorphic microsatellite markers and X-chromosome inactivation in both the
carinomatous and sarcomatoid components (Sung et al. 2007). Small cell carci-
noma of the bladder is often mixed with transitional cell carcinoma. Using micro-
statellite markers on chromosomes 3p25-26, 9p21, 9q32-33, and the TP53 locus
and an X-chromosome inactivation assay, Cheng et al. reported that both the coex-
isting tumor components originate from the same cells in the urothelium (Cheng
et al. 2005). Lymph node metastases and primary tumors can also be traced to a
common clonal origin. Using LOH in chromosome 9 and 17p13 (p53 locus) and
X-chromosome inactivation analysis, Jones et al. showed that metastasis often
arises from only a single clonal population in the primary tumor. Additional gene
variations then arise during clonal evolution of urothelial carcinoma (Jones et al.
1993, 2005a). Contrarily, using the same allelic markers, the same authors reported
that each of the coexisting tumors in multifocal urothelial carcinoma has a unique
clonal origin. These tumors arise from independently transformed urothelial pro-
genitor cells as a result of the field cancerization effect (Jones et al. 2005b).

A review of the study cited above and the published literature suggest that
multifocal and recurrent tumors are a result of both clonal origin and field cancer-
ization effect. However, these two are not necessarily mutually exclusive events.
Changes in the urothelial progenitor cells can trigger clonal expansion, but accumu-
lation of different genetic alterations in different clones (due to field cancerization
effect) results in tumor heterogeneity. Depending upon the microsatellite marker
analyses, one may find evidence for one of these concepts.

2.4 Chromosomal Aberrations in Bladder Cancer

Rearrangements and/or chromosomal aberrations are most common in chromosome
9 and occur in more than 50% of all bladder tumors. These alterations are present in
both low-grade nonmuscle-invasive tumors and in high-grade muscle-invasive
tumors. Thus, the loss of chromosome 9 is considered an early event in bladder
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cancer and the regions most often are the 9p21 locus and three or more regions in
the long arm of chromosome 9 (pq22, 9q32-33, and 9q34) (Fadl-Elmula 2005).
The candidate tumor suppressor genes in these loci are CDKN2A/ARF (p16/
pl4ARF; 9p21), CDKN2B (pl5; 9p21), PTCH (Gorlin Syndrome gene; 9q22),
DBCI (deleted in bladder cancer 1 locus; 9q32-33), and TSC-1 (tuberous sclerosis
syndrome gene; 9q34) (Knowles 2006, 2008). Gain of chromosome 7 (chromosome
7 trisomy) is a common finding in bladder cancer and it is one of the three chromo-
some gains that are examined to make an inference on the UroVysion test (a FISH
test for bladder cancer). A known consequence of this chromosome gain is the
increased number of alleles for epidermal growth factor receptor (Knowles 2006).

Other chromosomal aberrations that are detected at a higher frequency in bladder
cancer include rearrangements in chromosome 1, 8, and 11. For example, amplifi-
cation of the chromosome 1Q32 has been reported in bladder cancer tissues using
CGH array on a whole genome BAC/PAC cosmid. Mouse double minute 4
(MDM4) homologue is the amplified gene in this locus and the amplification
occurs in tissues that express wild type pS3 (Veerakumarasivam et al. 2008). Allelic
imbalance at chromosome 1q36 locus is associated with poor survival among
patients who receive chemoradiation therapy following cystectomy for muscle-
invasive bladder cancer (Matsumoto et al. 2004). Most frequently, chromosomal
aberrations associated with bladder cancer are the deletion of the 8p locus and gain
of 8q locus. CMYC is the candidate oncogene on 8q24 and alternations in CMYC
gene, including copy number changes, are associated with bladder cancer
(Zaharieva et al. 2005). Similarly, in a genome-wide SNP association study involv-
ing over 4000 bladder cancer casesand over 37,000 controls, polymorphism in the
chromosome 8q24 locus (allele T of rs9642880) was found to confer susceptibility
to nine smoking-related cancer cases, including bladder cancer (Park et al. 2008).
Contrarily, tumor suppressor genes such as human beta defensin-1 and MTUSI1
have been found on chromosome 8p23 and 8p22 loci, respectively, which may
explain why the loss of chromosome 8q is associated with bladder cancer
(Di Benedetto et al. 2006; Sun et al. 2006).

Aberrations in chromosome 11 (polysomy) may be found in up to 70% of blad-
der tumors (Watters et al. 2002; Panani et al. 2004). Amplification of the 11q13
locus has been reported in bladder cancer. Putative candidate oncogenes located in
this region are CCND1 (cyclin D1: PRADI, bcl-1), EMS1, FGF3 (Int-2), and FGF4
(hstl, hstfl). Zaharieva et al. evaluated the involvement of these genes in a FISH
study involving over 2000 bladder specimens. The frequency of gains and amplifi-
cation of all four genes was observed in about 70% of the specimens and correlated
with tumor grade and stage. In addition, the amplification correlated with poor
survival and the progression of T1 tumors (Zaharieva et al. 2003). Similarly, Shao
et al. observed CCNDI1 translocation and amplification only in bladder cancer
patients (Shao et al. 2004). Contrary to the 11q13 locus, loss of the 11p locus is
observed frequently in patients with bladder cancer (Brunner et al. 2008).

In addition, chromosomal imbalances have been observed a variety of loci,
including 1q, 2q, 4q, 10p, 10q, 11p, 11q, 12q, 13q, 15q, 17p, and 19q. By CGH
array, common chromosomal alterations included gain of 1p, 1q, 12q, 16p, 17q, and
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19p as well as loss of 4q and 9p, in most of the cases (Brunner et al. 2008; Chan
et al. 2009). As reviewed recently by Knowles, low-grade and high-grade tumors
show different allelic imbalance. For example, as discussed below, FGFR3 muta-
tions are associated with low-grade tumors, whereas, the LOH of 10q is frequent in
muscle-invasive tumors. This LOH site harbors the PTEN gene, which is a negative
regulator of Akt signaling (Knowles 2008).

TP53 mutation is an event in bladder tumors and its relation with tumor progres-
sion and the molecular pathways of bladder cancer development has been exten-
sively examined. The p53 gene is located in the chromosome 17p13 locus. The
expression of mutated P53 is highly elevated particularly in invasive bladder cancer.
The wild type P53 protein has a half-life of 15-30 min, however, mutated P53 has a
longer half-life (Nishiyama et al. 2008). Therefore, nuclear accumulation of mutated
P53 can be detected by immunohistochemistry, although in one study accumulation
of wild type P53 protein has been reported (Abdel-Fattah et al. 1998). About 75%
of P53 mutations are missense substitutions, while the remaining include frame shift
and deletion mutations (Nishiyama et al. 2008). The missense mutations are often in
the DNA binding domain and, hence, the mutated protein loses its transactivation
activity (73). The rate of P53 mutations in infiltrating tumors is about 60% and P53
pathway is inactive in TIG3 tumor (L6pez-Knowles 2006; Nishiyama et al. 2008).
The progression-free survival is often significantly shorter in patients with tumors
expressing mutant TP53 (Ecke et al. 2008). Mutated P53 is also an independent
predictor of death among patients with muscle-invasive bladder cancer and of cancer
specific mortality, following radical cystectomy (Salinas-Sdnchez et al. 2008;
Shariat et al. 2009). However, wild type P53 can also accumulate in the nucleus and
have prognostic significance. Datar et al. reported that not only the presence of muta-
tion but mutation site in the P53 gene is also associated with disease outcome (i.e.,
time to first recurrence). For example, they reported that the mutation in exon 5 have
similar outcome as the wild type P53 gene. Mutations in exon 8 had intermediate
outcome, and the mutated P53 gene with mutations in several exons is associated
with the worst outcome (George et al. 2007). With over 500 studies conducted on
P53 mutations and its relation to bladder cancer, alterations in P53 remain one of the
heavily investigated areas in bladder cancer.

Inhibition or alteration in the retinoblastoma (Rb) pathway occurs commonly in
high-grade invasive tumors. However, LOH at or around the Rb locus has not been
well studied. Miyamoto reported that LOH at the Rb locus occurs in 80% of inva-
sive tumors but only in 20% of the low-grade tumors (Miyamoto et al. 1996). Wada
et al. have reported that LOH found around (at 13q11-12.1) or at the Rb locus
(13q14.3) is found in about 20%-30% of cases. Furthermore, the LOH at the Rb
locus significantly correlates with tumor grade and stage (Wada et al. 2000).

Recently, using whole-organ histologic and genetic mapping six chromosomal
regions, critical for clonal expansion of in situ neoplasia were identified; these
include 3q22-24, 5q22-31, 9q21-22, 10q26, 13q14, and 17p13 (Lee et al. 2007,
Majewski et al. 2008). LOH at these sites was found to persist through the entire
sequence of neoplasia, from morphologically normal regions to invasive carcinoma.
Some of the target genes identified in these regions have been termed as “forerunner
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genes” and these genes are thought to be relevant for the development of bladder
cancer. The concept of forerunner genes proposes three waves of genetic hits. First
wave encompasses clonal expansion of phenotypically normal-appearing urothelial
cells over large portions of bladder mucosa. The second wave is associated with
subregions of clonally expanded cells showing some features of dysplasia. The last
wave is associated with full transformation. The two of the six chromosomal
regions include the P53 locus (17p13) and the Rb locus (13q14). As an evidence
for the forerunner gene concept two new genes ITM2B and P2RYS were identified.
These genes, when silenced by methylation, contribute to the development of neo-
plasia (Crawford 2008; Majewski et al. 2008). Additional candidate genes include
GPR38, CAB39L, RCBTBI, and ARLI11. The forerunner gene concept is highly
attractive, however, the identity and the functional utility of many of the genes
remains unknown. Furthermore, it remains unexplored whether and how the fore-
runner gene concept can explain the tumor heterogeneity, polymorphism in phase I
and II enzymes, and divergent pathways of bladder cancer development.

2.5 Molecular Pathways for Bladder Cancer Development

Unlike prostate cancer, bladder cancer is rarely an incidental finding. Clinical and
pathological evaluations identify three different phenotypes in bladder tumors.
Low-grade tumors are hyperproliferative lesions. Neoplastic cells continue to pro-
liferate, induce neovascularization and develop into nonmuscle-invasive tumors.
These tumors can extend into the bladder lumen, but rarely invade the basement
membrane and penetrate into bladder wall. Low-grade tumors account for nearly
75%—-80% of bladder tumors. Low-grade tumors do not “progress’” to become high-
grade tumors, and therefore, must have a distinct molecular pathway of develop-
ment. The second phenotype in bladder tumors is high-grade tumors. These tumors
are made up of highly proliferative neoplastic cells, which also have the ability to
invade lamina propria and beyond. In molecular terms, a Ta tumor is not necessarily
similar to a T1 tumor because the latter already has established invasive activity
(Lee and Droller 2000). The third pathway of development is carcinoma in situ
(CIS). These are hyperproliferative, but highly invasive bladder cancer cells that
spread horizontally, maintaining a flat appearance. In 2%-30% of cases, CIS can
penetrate the basement membrane and lamina propria, with ultimate progression
rate about 30%—-50% (Lee and Droller 2000).

Based on these clinical observations, Droller was the first to suggest divergent
pathways for the development of low-grade and high-grade tumors and CIS
(Droller 1981). In 1993, Jones and Droller suggested that divergent, yet somewhat
interconnected molecular pathways, may be involved in the development of the
three distinct types of tumors (Jones and Droller 1993). Around the same, based
on the molecular signatures available at that time, Spruck et al. proposed 2-path-
way model for bladder cancer: one arm encompassing low-grade tumors, which
display LOH in chromosome 9, and the other arm representing high-grade tumors
characterized by p53 mutations (Spruck et al. 1994). They made an observation
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that LOH in chromosome 9 is present at a higher frequency (34%) than in CIS and
dysplasia. In contrast, they found that only 3% of the Ta tumors had mutated p53,
while in CIS and dysplasia lesions, 65% of p53 was mutated. CIS and high-grade
tumors from the patient had different mutations, supporting three divergent path-
ways of bladder cancer development (Spruck et al. 1994). As discussed above, the
LOH in chromosome 9 occurs in >50% of all bladder tumors, regardless of tumor
grade and stage. In addition, both synchronous and metachronous lesions show
identical LOH at chromosome 9 loci, suggesting that the LOH in chromosome 9
is a very early event, prior to the molecular divergence of low-grade and high-
grade tumors (Knowles 2006).

Mutations in FGFR3 and p53 have been suggested as the molecular signatures
for the divergent pathways of low- and high-grade bladder tumor development.
Mutations in fibroblast growth receptor (FGFR) 3 occur at high frequency (60%—
80%) in noninvasive low-grade tumors, whereas, pS3 mutations are common in
high-grade invasive tumors and CIS. FGR3 is a member of the FGF-receptor family
that binds more than one FGF family member (Eswarakumar et al. 2005). Binding
of an FGF ligand to FGFR3 induces receptor dimerization, which then activates the
tyrosine kinase activity of the receptor. FGFR3 mutations are associated with high
expression of the mutated FGFR3 protein. For example, Tomlinson et al. reported
that 85% of the tumors with mutated FGFR3 showed high expression of FGFR3
protein versus 42% of the tumors with high FGFR3 protein levels expressed wild
type FGFR3 (Tomlinson et al. 2007). FGFR3 mutations constitutively activate
receptor tyrosine kinase, which leads to downregulation of Akt, cell cycle-regula-
tors, and activation of the MAP kinase pathway. Germline FGFR3 mutations that
are identical to those found in bladder cancer induce achondroplasia, hypochodro-
plasia, and neonatal lethal forms of thanatophoric dysplasia (TD I and II)
(Eswarakumar et al. 2005).

Using CGH analysis, Junker et al. recently reported a negative correlation
between FGFR3 mutations to chromosomal aberrations (Junker et al. 2008).
Furthermore, they observed a negative correlation between tumor stage and FGFR3
mutation frequency (Ta: 69%, T1, 38%, > T2, 0%). Similar correlation was also
observed between tumor grade and FGFR3 mutations (G1, 72%, G2, 56%, G3,
4%). Earlier studies also had made similar observations regarding the high fre-
quency of FGFR3 mutations in low-grade, low-stage tumors (Bakkar et al. 2003;
Rieger-Christ et al. 2003; van Rhijn et al. 2004). FGFR3 mutations are also found
in benign urothelial papilloma and flat urothelial hyperplasia, but no mutations are
found in the normal urothelium from either healthy controls or from patients with
bladder cancer (Otto et al. 2009). Similarly, Lotto et al. reported that 45% of the
inverted urothelial papillomas have FGFR3 mutations and the majority of the muta-
tions are found in exon 7 (Lott et al. 2009). Kompier et al. in a recent study fol-
lowed 118 patients for 8.8 years and reported that FGFR3 mutations are prevalent
in both primary and recurrent tumors (63%). Patients were found to have different
mutations in different tumors. However, in 81% of the recurrent tumors, the same
mutation that was present in the primary tumor was found. Furthermore, patients
with mutated FGFR3 had low-grade and low-stage tumors than patients with wild
type FGFR3 (Kompier et al. 2009).
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A direct comparison of FGFR3 and TP53 mutations in bladder tumors has
revealed an inverse correlation between mutated FGFR3 and mutated TP53, i.e.,
TP53 was expressed at a higher frequency (>50%) in high-grade tumors, whereas,
FGFR3 mutations were found in low-grade tumors (Bakkar et al. 2003; Rieger-
Christ et al. 2003; van Rhijn et al. 2004). Furthermore, the occurrence of FGFR3
and TP53 mutations may be mutually exclusive (van Rhijn et al. 2004), suggesting
that FGFR3 and TP53 mutations represent molecular signatures of the two diver-
gent molecular pathways of bladder cancer development.

Consistent with the idea that FGFR3 and TP53 mutations represent two diver-
gent pathways of bladder cancer development, Lamy et al. found a higher frequency
of FGFR3 mutations in low-grade superficial tumors and a higher percentage of
TP53 mutations in high-grade invasive tumors (Lamy et al. 2006). However, they
observed higher frequency (85%) of FGFR3 mutations and a lower frequency (3%)
of TP53 mutations in G2 tumors when compared to G1 tumors (FGFR3 mutations:
54%; TP53 mutations: 23%). The dichotomy of FGFR3 and P53 mutations in G1
and G3 tumors may not exist when comparing G1 and G2 tumors. In this regard, in
a study of 119 patients with T1G3 disease, Hernandez et al. found neither a mutu-
ally exclusive occurrence of FGFR3 and TP53 mutations, nor any correlation
between TP53/FGFR3 mutation status and tumor recurrence (Herndndez et al.
2005). The authors suggested that since T1G3 tumors have undergone more molec-
ular changes than low-grade tumors, the “good prognosis™ associated with FGFR3
mutations is no longer observed in T1G3 tumors.

These studies suggest that although the “two divergent pathway” model for blad-
der cancer development and progression is attractive, there is overlap and/or cross-
over between these two pathways. Based on the current molecular understanding,
the two divergent pathways for the development of low- and high-grade bladder
tumors are summarized in Fig. 2.1. Since clinically, low-grade/low-stage tumors
can progress to high-grade while the latter tumors do not regress to low-grade, it is
most likely that the crossover occurs when low-grade tumors, with mutated FGFR3
representing good prognosis, become invasive by acquiring TP53 mutations and/or
other alterations such as chromosome 9 LOH, including p16 loss, downregulation
of pRb, p21, p27%rl overexpression of MIB-land TSC-1 LOH (Mhawech-
Fauceglia et al. 2006). It is noteworthy that van Rhijn et al. found that a combina-
tion of FGFR3 and MIB-1, but not FGFR3 and TP53, is an independent predictor
of prognosis (van Rhijn et al. 2004). Therefore, molecular signatures of low- and
high-grade tumors may include MIB-1 or TSC-1 status, in addition to FGFR3 and
P53 mutations (Lokeshwar, 2006).

2.6 Summary

The etiology of bladder cancer has been extensively investigated. Our current knowl-
edge is that exposure of the bladder urothelium to carcinogens such as PAH and AAs,
through smoking or occupational exposure, is the main cause of bladder cancer.
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Fig. 2.1 Putative molecular signatures of bladder cancer development and progression

Low-grade tumors, accounting for 80% of all diagnosed cases, frequently recur even
after the removal of the primary site. The prognostic for patients with metastatic high-
grade tumors is often poor. Multifocal and frequent tumor recurrence has been sug-
gested to be the result of both clonal origin and field cancerization effect. Additionally,
ethinic and gender related polymorphism observed in genes encoding for phase I and
phase II xenobiotic detoxifying enzymes have been associated with increased risk of
developing bladder cancer for individuals of fast phase I acetylator and slow phase II
acetylators phenotypes. Moreover, a number of chromosomal aberrations, such as
loss of chromosome 9, amplification of chromosome 7 and 11q13, and genetic muta-
tions (i.e., pRb, FGFR3, and TP53), have been associated with both risk for develop-
ing bladder cancer, as well as, tumor progression. Recently, MIB-1 and TSC-1 status
have been suggested as possible molecular signature markers of low- and high-grade
divergent pathways, in addition to FGFR3 and TP53 status.
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Chapter 3

Histopathology and Molecular Pathology
of Bladder Cancer

Arndt Hartmann and Simone Bertz

Abstract The frequency of bladder carcinoma has increased continuously during
the last few years. Therapeutic strategies adjusted to tumor stages have become an
enormous challenge for the urologist. Unequivocal histopathological and cytological
diagnoses are needed to support the decision on the most appropriate therapeutic
management in bladder carcinoma. Difficulties in the risk stratification of papillary
tumors, especially according to their risk of progression, have led to huge efforts
in identifying prognostic molecular markers. The increasing knowledge on the
molecular changes in bladder cancer led to the modification of the bladder cancer
classification in the 2004 WHO classification. The stratification of papillary blad-
der tumors into benign (papilloma and papillary urothelial neoplasia of unknown
malignant potential) and malignant with a two-tier grading system (low-grade and
high-grade) is a step in the right direction to subclassify noninvasive papillary
urothelial tumors in low-risk (e.g., benign) and high-risk (e.g., malignant) lesions.
Other advantages of the 2004 WHO classification are the introduction of two repro-
ducible categories (dysplasia and carcinoma in situ) in flat urothelial lesions and
the clear distinction between noninvasive and invasive bladder cancer, omitting the
term “superficial carcinoma.” The combination of the updated histopathological
classifications and new molecular markers will result, hopefully, in a better stratifi-
cation of tumors and consequently more individualized therapies, in the future.

3.1 Introduction

With a worldwide incidence of about 350,000 cases, bladder carcinoma is ranked
on positions 7 for men and 17 for women regarding the incidence rates of all malig-
nant tumors (Murta-Nascimento et al. 2007). In the United States, new cases and
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deaths from bladder cancer in 2008 were estimated to be 68,810 and 14,100,
respectively. The high frequency of malignant urothelial tumors seems to be the
result of a continuous exposure of the urothelium to potential carcinogens, which
results from its physiological function as part of the filtration system between blood
circulation and urinary tract.

The majority of urothelial carcinomas are localized in the urinary bladder, which
contains 90% of the urothelial covered surface of the urinary tract. Particularly in
the urinary bladder, endoscopic methods make it quite easy to obtain tissue speci-
mens not only for diagnostic reasons but also for studies on tumorigenesis and
tumor progression, based on histopathological, molecular, and clinical analyses.

Typical clinical features of bladder carcinomas, like high recurrence rates and
multifocality, need to be considered in therapeutic decisions especially regarding
the frequency of cystoscopic examinations, instillation treatment with chemothera-
peutic agents, and also surgical intervention, including cystectomy. Particularly, the
high recurrence rates in bladder cancer afford a lifelong follow-up resulting in the
highest expenses compared to all other tumors (Murta-Nascimento et al. 2007).
Consequently, there is a need for improvement of diagnostic methods, therapies,
and aftercare.

Numerous studies on molecular genetics of bladder carcinomas have led to bet-
ter understanding of their clinical features and morphology and also to the develop-
ment of new aspects of tumor classification of urothelial tumors. Whether these
results will be of importance in the future will depend on their correlation with
histopathological features and clinically relevant factors, like prognosis or response
to chemotherapy. This new developments led to the change of the WHO classifica-
tion of urothelial tumors, which was used consistently since 1973. The new WHO
classification of 2004 integrates new aspects of molecular genetics and tries to
define separate morphological, molecular, and prognostic groups of bladder can-
cers. The aim of this chapter is to review the new histopathological classification of
bladder cancer and correlate it to molecular changes detected in these tumors.

3.2 New Aspects of the WHO Classification
of Bladder Carcinoma

The 2004 WHO classification (Eble et al. 2004) is the first to differentiate between
noninvasive and invasive bladder cancer, and the term “superficial bladder cancer”
has been omitted. This classification is based on molecular analyses, which found
identical molecular alterations in muscle-invasive tumors and “superficially inva-
sive” (pT1) bladder cancers (Sauter and Mihatsch 1998). The tumor grading sys-
tem, representing the differentiation grade of tumor cells, has been changed from a
three-stage system with grades 1-3 to a two-stage system differentiating between
low-grade and high-grade tumors. Low-grade tumors show only little cytologic
atypia, few mitoses, and have a well-preserved histologic architecture (Fig. 3.1a).
In contrast, in high-grade tumors the urothelium shows strong cytologic atypia with
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Fig. 3.1 Noninvasive papillary bladder cancer: (a) low-grade and (b) high-grade

numerous mitoses, highly pleomorphic nuclei with enlarged nucleoli, and a
disturbed histologic architecture with loss of stratification (Fig. 3.1b). In addition,
the 2004 WHO classification simplifies the classification of urothelial dysplasia
and separates reactive changes from urothelial dysplasia and carcinoma in situ
(CIS). This led to an increase in the diagnostic accuracy of the histopathological
diagnosis of flat urothelial lesions.

In the following sections, we will discuss the most important diagnostic entities
in the 2004 WHO classification of urothelial tumors.

3.3 Benign Urothelial Changes

3.3.1 Reactive Atypia in the Urothelium and Atypia
of Unknown Significance

Reactive atypia (RA) in the urothelium is a benign urothelial change and characterized
by distinct cellular atypies and changes in the architecture of the urothelium in
combination with a chronic lymphocytic or active granulocytic inflammation.
Frequent causes are urocystitis, or a history of stones, instrumentation, or intravesical
therapy. For the pathologist, the distinction from urothelial neoplasia is often very
difficult. Immunohistochemical stainings demonstrating a normal CK20 expression
pattern in umbrella cells only, a relatively low proliferation activity mostly in the
basal cell layer, and a negative staining for CD44 and p53 can help to distinguish
RA from dysplasia. If the diagnosis is still uncertain the lesion is diagnosed as
urothelial atypia with unknown significance (AUS) and a rebiopsy should indicate
the presence or absence of dysplastic intraurothelial changes.

It is important to realize that AUS is not a diagnostic entity but merely a descriptive
term used in diagnostically difficult cases. In a recent study, (Lakshmi et al. 2005)
evaluated the efficacy of CK20 and Ki-67 to further differentiate AUS from dysplastic
urothelium. Around 47% of the patients initially diagnosed as AUS demonstrated
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abnormal CK20 and increased Ki-67 expression, suggestive of urethral discharge
(UD), 29% were negative with both markers, suggestive of RA, and the remaining
24% of cases could not be resolved. Further follow-up of 10 cases revealed CIS in
7 cases and RA was confirmed in 3 patients. In contrast, Cheng et al. (2000) found
that none of the 35 patients with AUS, included in their study, developed urothelial
carcinoma during a mean follow-up of 3.9 years. Reviewing these findings,
evidence supporting a premalignant nature in AUS is controversial.

3.3.2 Urothelial Hyperplasia

Urothelial hyperplasia (UH) is defined as increase in the thickness of the urothelium
without cytological atypia. It may be seen in the flat mucosa adjacent to low-grade
papillary urothelial tumors but is also rarely found as single finding after cystoscopy.
The lesion consists of urothelium with increased number of cell layers but few or
very low cytological abnormalities. When seen by itself there is no evidence
suggesting that it has any premalignant potential. Therefore, UH is not an obligate
precancerous lesion, according to the 2004 WHO classification. However, molecu-
lar analyses have shown that at least part of the lesions in patients with bladder
cancer may be clonally related to the papillary tumors. These UH are frequently
detected during fluorescence cystoscopy as “false positive” and show typical
molecular changes found in papillary bladder cancer, like deletions at chromosome
9, FGFR3 mutations, and other molecular changes (Hartmann et al. 1999;
Obermann et al. 2003; van Oers et al. 2006). Therefore, in patients with bladder
cancer, UH could be the earliest histopathological change indicating a recurrence
of the disease. Recent studies (Hartmann et al. 1999; Zaak et al. 2002) could show
that photodynamic diagnosis enables the detection and excision of bladder lesions,
including UH, which might have been missed in white light cystoscopy. If UH is
diagnosed de novo, its neoplastic potential is controversial and no recommenda-
tions for clinical follow-up can be given as reliable data on the natural history of
these lesions are absent. If papillary UH is found in a patient with a history of
bladder cancer, this finding is often associated with recurrent tumor growth, and
therefore, a close follow-up is recommended (Taylor et al. 1996; Swierczynski and
Epstein 2002).

3.3.3 Urothelial Papilloma

Urothelial papilloma (UP) is a papillary urothelial lesion composed of a delicate
fibrovascular core covered by urothelium, indistinguishable from the normal
urothelium. The incidence of UP is low and is usually reported with 1%—-2% of all
bladder tumors. It can occur in younger patients and is also seen in children. The
lesion is characterized by discrete papillary fronds with occasional branching, but
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without fusion. The urothelium lacks atypia and superficial cells are often prominent.
Mitosis are either absent or rare and, if present, only found in the basal cell layer.
The main difference between the 1973 WHO definition of UP and the 2004 WHO
classification is that the number of cell layers need not be counted in the recent
classification as was previously required. According to Oosterhuis et al. (2002),
some of the initially diagnosed noninvasive well-differentiated papillary carcino-
mas (pTaG1) were reclassified as UP when using the less stringent 2004 WHO
criteria, which raised the total number of papillomas diagnosed in this study. The
biological potential of UP is uncertain as there are only limited studies published
on this issue using the criteria of the 2004 WHO classification. Whereas, Harnden
et al. (1999) and Samaratunga et al. (2002) found neither recurrence nor progres-
sion of UP during a median follow-up of 18-50 months; publications by Cheng
et al. (1999c), McKenney et al. (2003), and Magi-Galuzzi and Epstein (2004)
reported recurrence rates of 7.1%-8.8% and progression in 1.9%-8.8%, during a
mean follow-up of up to 9.8 years. Patients with progression developed noninvasive
tumors and none demonstrated an invasive carcinoma. Immunohistochemical stud-
ies on cell differentiation and proliferative activity examining the expression of
CK20, CD44, TP53, and Ki-67 in UP could not discriminate normal urothelium
from UP using these markers. Mutations of the fibroblast growth factor receptor 3
(FGFR3), which are among the earliest events in urothelial carcinogenesis, were
found in low-grade papillary urothelial tumors in 85%—-88% and could also be
detected in 75% of the investigated UPs (van Rhijn et al. 2002; Montironi et al.
2003). The results of the latter studies might serve as an explanation for the
progression of UPs in rare cases. According to the definition of the 2004 WHO
classification, UP is a heterogeneous neoplasm with different risk patterns of recur-
rence and progression. Molecular data favor the assumption that IP is the most
differentiated tumor type in a spectrum of the genetically stable well-differentiated
papillary urothelial neoplasms.

3.3.4 Inverted Urothelial Papillomas

Inverted papilloma (IP) is a benign urothelial tumor that has an inverted growth
pattern with none or minimal cytologic atypia of the neoplastic cells. The lesion has
a relatively smooth surface covered by a histologically and cytologically normal
urothelium. Cords and nests of urothelial cells invaginate extensively from the
surface urothelium into the subadjacent lamina propria but not into the muscular
bladder wall. These anastomosing islands and cords have a uniform width of papil-
lary lesions, which have invaginated into the lamina propia. The central proportions
of the cords contain urothelial cells and the periphery contains palisades of the
basal lamina, stromal cells, and vessels. Squamous metaplasia and pseudoglandular
or glandular differentiation can sometimes occur. There are by definition no
exophytic papillary components. As for UP, a maximum of six-cell layers is no longer
a restrictive histopathological criterion for the diagnosis of IP, according to the
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2004 WHO classification. In the past, the diagnosis of IP was associated with
urothelial carcinoma occurring either simultaneously or subsequently (Witjes et al.
1997). However, recent studies comparing DNA ploidy, MIB-1 proliferative activity,
and expression of p53 and CK20 in IP with and without cellular atypia and in IP of
patients with and without a history of urothelial carcinoma could not detect any
significant differences in IPs between either of the investigated groups (Cheville
et al. 2000; Broussard et al. 2004). Furthermore, an extensive molecular study
investigating inverted papillomas showed neither FGFR3 mutations nor chromo-
some 9 deletions or other molecular alterations, frequently found in papillary blad-
der cancer, favoring a benign reactive nature of these lesions (Eiber et al. 2007).
Extensive follow-up data on patients with IP in these studies demonstrated no
recurrences and this lesion does not seem to be a precursor for urothelial carci-
noma. However, papillary urothelial carcinomas with dominant inverted growth
pattern as well as invasive urothelial carcinomas have to be excluded in these
patients (Amin et al. 1997).

3.3.5 Papillary Urothelial Neoplasia of Low
Malignant Potential (PUNLMP)

In an attempt to distinguish papillary urothelial tumors with minimal cytological
atypia and low risk of recurrence and progression, the WHO classification of 2004
included the new entity of papillary urothelial neoplasm of low malignant potential
(PUNLMP). In this case, the term “neoplasia” instead of “carcinoma” emphasizes
the lack of invasive growth, minimal risk of progression, and the lack of capability
to metastasize and also avoids labeling the patients with this low-risk tumors with
the diagnosis of cancer. These tumors resemble urothelial papillomas but shows
increased cellular proliferation exceeding the thickness of normal urothelium.
Morphologically, the papillary structures of PUNLMP are discrete, slender, and
lined by urothelium with preserved polarity and minimal or absent cytological aty-
pia. The basal layers show prominent palisading of the nuclei and the umbrella cells
are often preserved. The diagnostic helpful immunohistochemical markers for the
diagnosis are CK20 with a normal expression pattern with positivity of the umbrella
cellsandki-67 withfew proliferating cellsinthebasal layeronly. Immunohistochemical
studies on the expression of CK20, CD 44, and 34betaE12 as sensitive markers of
urothelial differentiation reported a strong correlation of nonrecurrent disease with
a normal expression pattern of these markers in PUNLMPs and low-grade papillary
urothelial carcinomas (Harnden et al. 1999; Desai et al. 2000; Alsheikh et al. 2001).
Further studies evaluated mitotic count and MIB-1 either alone or in association
with the expression of p53, c-erbB-2, and bcl-2 in predicting the recurrence of
PUNLMPs. In a multivariate analysis, only MIB-1 immunopositivity as a marker
of proliferative activity retained prognostic significance (Pich et al. 2002).
Molecular genetic analysis revealed FGFR3 mutations and chromosome 9 deletions
in 30%—-50% of cases.
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Fig. 3.2 Comparison of the classification of non-invasive papillary bladder tumors according to
the 2004 and 1973 WHO classifications

The prognosis for patients with PUNLMP is excellent. Recurrences occur at a
significantly lower frequency than in noninvasive papillary carcinomas (35%). The
risk of progression or development of a second invasive bladder cancer is between
1% and 5% (Samaratunga et al. 2002; Campbell et al. 2004). Creating this new
entity has lead to the separation of tumors with minimal risk of progression and
mortality within the group of well-differentiated papillary tumors. According to the
former WHO classification from 1973, PUNLMP lesions were classified among
noninvasive highly differentiated tumors (pTaG1l). However, it is inaccurate to
merely equate the 1973 WHO pTaGl urothelial bladder tumors with PUNLMP
lesions (see Fig. 3.2). Recent publications (Samaratunga et al. 2002; Holming et al.
2001; Campbell et al. 2004) reported that after histopathological regrading, using
the 1998 WHO/ISUP or 1999 WHO classification, 19%—44.8% of PUNLMPs were
originally diagnosed as pTaG1-2 or G2 tumors, according to the 1973 WHO clas-
sification. With a mean recurrence rate, stage progression rate, and a tumor related
mortality in approximately 37.5%, 3.3%, and 1.3%. respectively, in 11 available
studies, PUNLMP lesions demonstrated a low malignant potential. Pathologists use
the diagnosis of PUNLMP carefully as the existence of a malignant subclone needs
to be excluded on biopsy specimens of possibly very large tumors. Until recently,
proliferation rate is the only parameter of prognostic relevance in PUNLMP, and
further molecular characterization will be required to find additional prognostic
markers in this entity.

3.4 Malignant Urothelial Lesions

3.4.1 Urothelial Dysplasia (UD—Synonym:
Intraurothelial Neoplasia, Low-Grade)

The incidence of UD in patients with nonmuscle-invasive bladder cancer varies
from 22% to 86% and approaches 100% in patients with muscle-invasive carci-
noma (Lopez-Beltran et al. 2002). The 2004 WHO classification simplifies the
diagnosis of these lesions by the elimination of the poorly reproducible subgrading
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of dysplasia. UD is now diagnosed in all lesions with clearly visible atypia, which
do not fulfill the diagnostic criteria of CIS. Since dysplasia may be mimicked by
reactive inflammatory atypia and even by normal urothelium, a wide spectrum of
atypical changes in the urothelium are now included in the diagnosis of dysplasia.
Histopathologically, UD is characterized by both cytological and architectural
changes with loss of polarity and nuclear crowding. The cells have an increase in
the nuclear—cytoplasmic ratio and the nuclei have irregular nuclear borders with
mildly hyperchromatic chromatin and usually inconspicuous nucleoli. Proliferating
cells are located in the basal part of the dysplastic urothelium and not in the entire
thickness of the urothelium.

The diagnosis of UD is most relevant in patients with noninvasive papillary neo-
plasms, where it indicates an urothelial genetic instability. The presence of UD,
either adjacent to a concominant urothelial carcinoma or as primary UD, has been
correlated to the risk of tumor recurrence and progression in several studies. In two
recent series (Cheng et al. 1999a; Cheng et al. 1999a), progression to either CIS or
muscle-invasive disease was found in 19% versus 15% of patients with primary UD
during a mean follow-up of 8.2 versus 3.9 years. The interval from initial diagnosis
of UD to progression to muscle-invasive cancer was 0.7-10.0 years and for progres-
sion to CIS, the corresponding time range was 0.6-3.0 years. Furthermore, the
study by Cheng et al. (1999) revealed that urothelial carcinomas did not arise in the
region of UD in six of seven cases. These results indicate that UD appears to be a
marker of a “field defect” with elevated cancer risk. In line with these clinical findings,
molecular studies showed that approximately 60% of UD showed deletions
and mutations of p53 and chromosome 9 deletions, arguing that many of these
lesions could be precursors of CIS and solid invasive bladder cancer (Hartmann
et al. 2002).

3.4.2 Carcinoma In Situ (CIS—Synonym: Intraurothelial
Neoplasia, High-Grade)

Primary CIS accounts for less than 1%—-3% of urothelial carcinomas. Concurrent
CIS can be found in 45%—-65% of muscle-invasive and in 5%—19% of noninvasive
urothelial tumors (van der Meijden et al. 2005). CIS is an obligate precursor of
invasive urothelial carcinoma. Histologically, it is characterized by flat urothelium
with high cytological atypia with large hyperchromatic nuclei and frequent mitosis.
In contrast to the 1973 WHO classification, the diagnostic criteria of CIS in the
2004 WHO classification were refined to emphasize that cytological changes
including nucleomegaly, hyperchromasia, pleomorphism, and mitotic activity in
the mid and upper urothelium were key markers for the diagnosis. However, the
infiltration of the entire thickness of the urothelium by these cells are no longer
required for the diagnosis of CIS. With the introduction of the two-tier system of
flat urothelial lesions by the new classification (dysplasia and CIS), the frequency
of CIS will certainly increase.
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In both noninvasive and invasive urothelial carcinoma patients, concomitant CIS
is associated with high-risk of tumor progression and even metastasis (Cheng et al.
1999b; Hassan et al. 2004; van der Meijden et al. 2005). From a clinical perspec-
tive, extent of disease (focal/multifocal), coexistent invasive carcinoma and recur-
rence were the principal determinants of clinical outcome in recent studies on CIS
(Witjes 2004).

On a molecular level, the combined overexpression of p53 and p21, the loss of
E-cadherin expression, and deletions of chromosome 9 were associated with
progression and cancer specific survival in CIS patients. Recent molecular data
with frequent p53 mutations, lack of FGFR3 mutations, high level of genomic insta-
bility, and specific global gene expression alterations in CIS (Hartmann et al. 2002,
van Rhijn et al. 2004; Dyrskjot et al. 2004; Zieger et al. 2009) strongly suggest
that CIS is the noninvasive precursor of potentially life-threatening solid bladder
cancer.

3.4.3 Noninvasive Papillary Urothelial Carcinoma,
Low-Grade and High-Grade

The noninvasive papillary carcinomas are now separated in two groups with differ-
ent risk of recurrence and progression to invasive disease. The WHO classification
of 2004 separates noninvasive papillary carcinomas low-grade (NIUC-LG) from
high-grade tumors (NIUC-HG). This new classification is now used instead of the
WHO classification of 1973, which distinguished G1, G2, and G3 tumors.
Histologically, NIUC-LGs show relatively mild changes in cytology and architec-
ture. The recurrence rate is high with 50%—70%, but only few patients progress to
invasive disease (10%) with very low mortality due to bladder cancer (5%).
Approximately 20%—-25% of all noninvasive papillary tumors are regarded high-
grade according to the WHO classification of 2004. This includes tumors with
considerable cytological atypia and distinct changes in the architecture of the
urothelium. These tumors have frequently high mitotic index and a loss of cohesion
of the urothelial cells. NIUC-HGs also show, besides the high recurrence rate
(70%-75%), a much higher progression (15%-40%) and mortality risk
(20%—Holmang and Johansson 2002). NIUC-HGs include the former pTaG3
tumors of the 1973 WHO classification. In addition, a considerable fraction of
former G2 tumors (15%-30%) have to be reclassified as high-grade papillary
urothelial carcinoma. It is of clinical importance that according to the new WHO
grading system 20%—-25% of all noninvasive urothelial tumors are now high-grade
(Fig. 3.2). It remains unclear whether or not high-grade tumors need the same
therapeutic management as the former group of pTaG3 tumors. Prospective studies
on this subject are urgently needed. Due to the controversies on the classifications
systems of WHO 1973 and 2004, several authors propose tumor grading according
to both systems in diagnostic reports until the 2004 WHO system has been fully
validated (Lopez-Beltran et al. 2002).
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Data on the predictive importance of molecular and genetic characteristics in
NIUC-HG suggest a strong similarity between these tumors and invasive bladder
cancer. PUNLMP and NIUC-LG are genetically stable in contrast to NIUC-HG,
which show numerous chromosomal aberrations and a high frequency of p53,
Her2 or EGFR, mutation, and the loss of p21 or p27 comparable to that seen in
invasive cancers. Overall, no thoroughly evaluated molecular marker with suffi-
cient predictive power to be used in clinical routine for NIUC-HG is available at
present.

3.4.4 Invasive Bladder Cancer

Invasive (or infiltrating) urothelial carcinoma is defined as a urothelial tumor
that invades beyond the basement membrane. The most common type of blad-
der cancer in developed countries is urothelial carcinoma, derived from the
uroepithelium (more than 90% of the bladder cancer cases in the United States
or in Europe). However, in other regions (e.g., Northern Africa) the incidence
of urothelial carcinoma is lower, and there, the squamous cell carcinomas are
the most frequent bladder tumors. It is estimated that 20%—30% of patients with
newly diagnosed bladder cancer present with invasive disease. The 2004 WHO
classification does not make any difference between superficially invasive bladder
cancer (pT1, infiltration in subepithelial connective tissue, but not the lamina
muscularis propria) and muscle-invasive disease. Numerous molecular-genetic
studies showed that both types of tumor show similar genetic alterations with a
high degree of genetic instability. Nevertheless, most of the pT1 bladder
cancers are papillary, low-, or high—grade, whereas most pT2-4 carcinomas are
nonpapillary and high-grade. These carcinomas are graded as low- and high—
grade, depending upon the degree of nuclear anaplasia and architectural
abnormalities.

The histology of invasive urothelial carcinoma is variable. In the WHO classifi-
cation of 2004, a considerable list of histologic variants are introduced for the first
time. Although only few studies exist, there is growing evidence that some of these
variants show a different clinical course, mostly with adverse prognosis. Some
examples for histological variants of invasive urothelial bladder with poor outcome
are given in Table 3.1 and Fig. 3.3.

In pT1 tumors invasion is limited to the lamina propria. For this group, there is
no generally recommended therapeutic scheme as it is still unclear which patients
will benefit from early cystectomy. Several approaches to find a way to differentiate
between aggressive and less aggressive tumors have been made. Studies were car-
ried out on substaging systems according to the infiltration related to the lamina
propria separate between substages pTla—pTlc (pTla: infiltration above, pT1b
within, pT1c beyond the lamina muscularis mucosae). Difficulties in this method
result from lack of orientation, especially in TUR specimens and partly severe
artificial changes, e.g., due to thermal alteration. Another important problem of this
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Table 3.1 TNM classification of bladder cancer 2010 (AJCC 2010)

Primary tumor (T)

X Primary tumor cannot be assessed

TO No evidence of primary tumor

Ta Noninvasive papillary carcinoma

Tis Carcinoma in situ

Tl Tumor invades subepithelial connective tissue

T2 Tumor invades muscularis propria

pT2a Tumor invades superficial muscularis propria (inner half)
pT2b Tumor invades deep muscularis propria (outer half)

T3 Tumor invades perivesical tissue

pT3a Microscopically

pT3b Macroscopically (extravesical mass)

T4 Tumor invades any of the following: prostatic stroma, seminal

vesicles, uterus, vagina, pelvic wall, abdominal wall

T4a
T4b
Regional lymph nodes (N)
NX

Tumor invades prostatic stroma, uterus, vagina
Tumor invades pelvic wall, abdominal wall

Lymph nodes cannot be assessed

NO No lymph node metastasis

N1 Single regional lymph node metastasis in the true pelvis
(hypogastric, obturator, external iliac, or presacral
lymph node)

N2 Multiple regional lymph node metastasis in the true pelvis

(hypogastric, obturator, external iliac, or presacral
lymph node)

N3 Lymph node metastasis to the common iliac lymph nodes
Distant metastasis (M)

MO No distant metastasis

M1 Distant metastasis

substaging method is the incontinuity of the lamina muscularis mucosae, which is
found in 15%-83% of TUR specimens. An improvement of applicability is given
by another substaging system based on direct measurement of the invasive portion
of the tumor. According to this system an association between bad prognosis and
extent of invasion >0.5 mm was found (van der Aa et al. 2005). This new system
has not yet been generally accepted and results need to be validated in further inde-
pendent studies.

Like in noninvasive papillary carcinomas the grading of invasive tumors has also
been changed to the two-tier system separating high-grade and low-grade tumors.
In this case, the new grading system is questionable as it results in more than 90%
of invasive carcinomas being classified as high-grade tumors. The three-tier tumor
grading is one of six approved basic parameters of the EORTC prognostic scoring
system (Sylvester et al. 2006) and the new grading system seems to devaluate its
meaning as an important prognostic parameter.
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Fig.3.3 Histological variants of bladder urothelial carcinoma with poor prognosis. (a) Plasmocytoid
variant, (b) nested variant, (¢) micropapillary variant, and (d) small cell neuroendocrine carcinoma

Table 3.2 Variants of invasive urothelial bladder cancer
with poor outcome

* Urothelial carcinoma with squamous differentiation
» Nested-type urothelial carcinoma

* Micropapillary urothelial carcinoma

* Lymphoepithelioma-like urothelial carcinoma

» Plasmocytoid urothelial carcinoma

 Sarcomatoid urothelial carcinoma

3.4.5 TNM Classification 2010

The TNM classification (see Table 3.2, AJCC 2010) is an important parameter to
determine the prognosis for a patient with bladder cancer and stratify the therapy.
The exact histopathological examination of resected tumor tissue from biopsies,
transurethral resections, or cystectomy specimens is crucial to define the tumor
stage. In biopsies or transurethral resection specimens, determination of the exact
tumor stage is often not possible. For instance, the stage given in a specimen with
clear invasion but only limited amount of muscularis propria without tumor infiltra-
tion would be “at least pT1.” In case of biopsy or transurethral resection, additional
specimens from the adjacent urothelium and the base of the tumor are very helpful
to reliably classify the tumor.
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For determination of the nodal status, at least eight lymph nodes have to be
investigated. Recent studies demonstrated that the survival of patients is signifi-
cantly better if more than 15 lymph nodes are sectioned. Therefore, a resection of
at least 15 lymph nodes should be done, whenever possible (Leissner et al. 2000).

3.5 Molecular Pathways in Bladder Cancer Pathogenesis

Patients with bladder cancer show a wide range of clinical courses, which are asso-
ciated with the histopathological diagnosis. Until now two different pathways of
bladder cancer pathogenesis have been described and a third pathway is currently
being discussed (for review see Knowles 2006).

The first pathway (relevant for 70%—80% of tumors) leads to the development of
mostly noninvasive papillary tumors with a usually favorable prognosis. The possible
precursor of these tumors are urothelial hyperplasias. The second pathway (relevant for
20%-30% of tumors) could originate from UD and CIS and is biologically very aggres-
sive. In those cases, tumors often show progression to muscle-invasive tumor stages.

Molecular studies have detected different molecular alterations associated with
each of those pathways (summarized in Fig. 3.4). The most frequent molecular
alterations (found in >50% of all tumors, regardless of tumor stage and grade)
are LOH (loss of heterozygosity) and deletions on both arms of chromosome 9.

hyperplasia
+ dysplasia/ CIS
|
FGFR3 |
CyclinD| r
HRAS ! i
A v
-’_
}
i PTEN
1 RB
' MYC
: FHIT
TECUMTENCE- -~ ======-= > Chrom. +/-
—]
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14q-, TP53, RB

metastasis

Fig. 3.4 Histopathological and molecular development of bladder cancer
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The same alterations have been found in preneoplastic urothelial lesions (e.g.,
hyperplasia or dysplasia) and also in normal urothelium of tumor patients
(Obermann et al. 2003; Stoehr et al. 2005). Additional microsatellite analyses on
chromosome 9 detected four frequently deleted areas. They contain important key
genes—among them cell-cycle-regulators—which probably play an essential role
in tumorigenesis: 9p21 — CDKN2A/ARF (pl6INK4a/pl4ARF), CDKN2B (pl5);
9q22 — PTCH,; 9q32-33 — DBCI; 9934 — TSC1 (Simoneau et al. 2000; Knowles
2006). Interestingly, in bladder carcinoma, there are also separate mutations in
those genes without corresponding deletions (e.g., TSCI). According to these find-
ings a haploinsufficiency of genes on chromosome 9p/q could be responsible for
initiation of urothelial cancer (Knowles et al. 2003).

The most frequent oncogene mutation in urothelial carcinoma is a mutation of
the fibroblast growth factor receptor 3 gene (FGFR3) on chromosome 4pl6.3,
which encodes a classical tyrosine kinase receptor (Cappellen et al. 1999).
Activating germline mutations leading to a constitutive activity of the kinase
subunit of FGFR3 are already known for some time. They lead to congenital skel-
etal aberrations with different degrees of severity (Achondroplasia, SADDAN,
Crouzon-Syndrome). In bladder tumors, somatic mutations within the hotspots of
exon 7, 10, and 15 of the FGFR3 gene were found predominantly in noninvasive
papillary low-grade tumors (up to 80%) and in papillomas (van Rhijn et al. 2002;
van Rhijn et al. 2003; Burger et al. 2007). Identical mutations were found in urothe-
lial hyperplasia (van Oers et al. 2006), which underlines the role of this lesion as a
precursor of papillary tumors. In contrast, FGFR3 mutations are rarely found in
CIS and invasive tumors. Additionally, p5S3 mutations, known as the most important
alterations in initiation of aggressive CIS and invasive solid urothelial cancer, are
never found together with FGFR3 mutations (van Rhijn et al. 2004), which is
another proof for the existence of two different pathways in the development of
bladder carcinoma. Further mutations have recently been found in the PIK3CA
gene, a member of the phosphatidyl-inositol-3-kinase family (Lopez-Knowles et al.
2006). They were frequently detected in noninvasive bladder tumors and rarely in
invasive tumors. PIK3CA mutations occur simultaneously with FGFR3 mutations
and are also associated with a favorable prognosis.

The third, relatively new hypothesis of tumorigenesis in the bladder, is based on
the analysis of dysplasias, which were located next to papillary high-grade tumors.
Those dysplasias showed chromosome 9 alterations but no p53 alterations (Knowles
2006). These molecular findings suggest the existence of a third pathway in tum-
origenesis via UH and UD/CIS to noninvasive papillary high-grade tumors.

3.5.1 Are New Findings in Molecular Analysis
Clinically Relevant?

The identification of FGFR3 mutations in bladder tumors, resulted in a large
series of studies trying to define their clinical relevance. As described before, a
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significant association of FGFR3 mutations with noninvasive papillary
low-grade tumors was found as well as a significantly better prognosis as a
consequence of a very low progression rate in those tumors (van Rhijn et al.
2003). Those features cannot be found in early invasive pT1 tumors (Hernandez
et al. 2005). Interestingly, tumors with high proliferation rate and p53 mutations,
which would usually correlate with an unfavorable prognosis, have a low-risk of
progression if there is an additional FGFR3 mutation. A prospective multicenter
study introduced a molecular grading system, based on the Ki-67 proliferation
index and FGFR3 mutation status, which showed a higher reliability in predicting
risks of progression, recurrence, and tumor-associated death than the classical
histopathologic grading system (van Rhijn et al. 2003). Another study proposed
the combination of immunohistochemically analyzed normal cytokeratin 20
expression pattern and FGFR3 mutation status as reliable markers of papillary
low-grade tumors with low-risk of progression (van Oers et al. 2007). Both
Ki-67 and cytokeratin 20 have been established as a routine immunohistochemical
markers for assessment of the differentiation and proliferation of urothelial
tumors (Fig. 3.5).

In summary, at present in bladder cancer, FGFR3 mutation status is the first
reproducible molecular parameter suitable to support and complement assessment
of prognosis, based on histopathologic (and clinical) parameters.

o

Fig. 3.5 Histopathology and immunohistochemical staining of prognostic markers in non-invasive
papillary bladder cancer. (a) Low-grade tumor with limited atypia, low proliferation index in the
Ki-67 staining and normal expression of cytokeratin 20 and (b) high-grade tumor with extensive
cytological atypia, high proliferation index in the Ki-67 staining and dedifferentiation with abnormal
cytokeratin 20 expression
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3.5.2 Microarrays: The Future in Bladder Pathology?

Microarrays allow an analysis of gene expression of thousands of genes
simultaneously. Studies of gene expression based on m-RNA analysis as well
as on protein-expression analysis (antibody arrays) revealed new gene expres-
sion signatures and differentially expressed genes. Some were directly associ-
ated with the clinical course and showed great promise for predicting tumor
progression of both noninvasive tumors and invasive tumors (Dyrskjot et al.
2005; Wild et al. 2005; Sanchez-Carbayo et al. 2006). In one of those studies,
analysis of the expression status of a few genes led to an assessment of survival
and identification of lymph node metastases. One of the signatures described
above have been validated and confirmed by a multicenter study (Dyrskjot et al.
2007). A current study on patients with advanced bladder carcinoma after adju-
vant chemotherapy with cisplatin described a signature associated with survival
of patients. In this study, the expression of Emmprin and Survivin predicted
independently the success of chemotherapy (Als et al. 2007). According to
those results, the decision on a toxic adjuvant chemotherapy in bladder carci-
noma will probably be facilitated by the use of molecular markers in the future.
However, none of the gene signatures was validated in prospective studies.
Hence, it will take some time until data will influence routine diagnostic and
therapeutic procedures. After validation of data in retrospective studies per-
formed at different centers, prospective studies will be needed for testing their
clinical relevance.

3.6 Conclusions

The current WHO classification introduced in 2004 forms a solid basis for
histopathological diagnosis. An important advantage was the introduction of
different categories of noninvasive urothelial tumors with definition of
detailed histological criteria for each entity and adaptation of categories to the
clinical course. The exact definition of flat urothelial neoplasias and the clas-
sification in only two groups, i.e., dysplasia and CIS, will lead to an improve-
ment of diagnostic reproducibility. Standardized definitions of pathological
categories will permit a direct comparison of therapeutic results and data of
clinical and molecular studies in different centers. Additionally, molecular
analyses have lead to the identification and validation of markers, especially
FGFR3, which support the prognostic evaluation of bladder tumors, which
until recently, was based on histopathological and clinical criteria only. It is
most likely that in future molecular markers will play an important role in
routine diagnostic and therapeutic strategies, complementing classical histo-
pathological diagnosis.
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Chapter 4
Bladder Cancer Diagnosis and Detection:
Current Status

M. Ploeg and J. A. Witjes

Abstract The cornerstones in the detection of urinary bladder cancer is the com-
bination of urinary cytology and urethrocystoscopy (UCS). Limitations concerning
these tests are a low sensitivity of cytology and a problem in detection of small
papillary lesions and flat carcinoma in situ (CIS) with standard UCS. These limita-
tions have led to newer techniques, like photodynamic diagnosis (PDD) and narrow
band imaging (NBI) to improve the visibility by UCS. Once a bladder tumor has
been detected it should be resected by transurethral resection (TURBT) to obtain
adequate tissue for pathological assessment. PDD-assisted resection is a promis-
ing technique with better tumor detection, more complete resection and a better
recurrence free survival. Imaging techniques like CT and (enhanced-)MRI play an
important role in accurate staging of UBC and in the detection of recurrences of
MIBC during follow-up.

4.1 Urinary Cytology (A Brief Reference)

If the diagnosis urinary bladder cancer (UBC) is suspected, the initial assessment
consists of voided urine cytology. Bladder tumors are in direct contact with urine and
tumors usually have less cell—cell interaction, which causes tumor cells to leak into
the urine (Lee et al. 2008). Cytology is a highly specific test, especially for high-
grade urothelial carcinoma (UC) and carcinoma in situ (CIS). This means that a
positive cytology may indicate the presence of UC anywhere in the urinary tract. On
the other hand, however, cytology has a low sensitivity in low-grade cancer (Brown
2000; Koss LG 1997). This means that a negative cytology does not exclude the
presence of a low-grade tumor. Inflammatory conditions of the bladder, like infection
or intravesical instillation, can confound the results of cytology (Talwar et al. 2007).
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In a review, which summarized 18 studies about cytology, the authors came to an
overall median sensitivity for cytology of 34% and an overall median specificity of
99% (Lotan and Roehrborn 2003). In addition, for the interpretation of a urine specimen
intra- and interobserver reproducibility is poor (Sherman et al. 1984). Due to the
mentioned disadvantages, especially the low sensitivity, several new tests (urinary
markers) have been developed. Their value is yet to be established and cytology still
remains the current standard bladder tumor marker.

4.2 Cystoscopy

In 1878, Maximilian Carl-Friedrich Nitze (1848-1906), a German urologist,
presented the first working cystoscope in Vienna, which he had created together
with instrument maker Joseph Leiter (Rainer 2007). Since then, urethrocystoscopy
(UCS) has become the mainstay in diagnosis and follow-up of UBC. UCS is used
to confirm the presence, location, and number of tumors in initial diagnosis, detec-
tion of recurrences during follow-up, and guiding the urologist during transurethral
resection of the bladder tumor (TURBT).

4.2.1 Limitations

Although UCS is the current gold standard in diagnosis and follow-up of bladder
cancer, it certainly has some limitations. Flat lesions, like CIS, are difficult to detect
and easily missed. Also papillary lesions (Ta and T1) are often missed. Brausi et al.
assessed the recurrence rate at first follow-up after TURBT in 2410 patients with Ta
and T1 tumors. They reported that the lesions seen at first follow-up were, for a
substantial part, missed tumors during initial TURBT. Of the patients with a single
tumor 3.5%-20.6% had a “recurrence” at first follow-up. For patients with multiple
tumors the range was 7.5%—45.8% (Brausi et al. 2002). For CIS, this problem in
detection is even bigger. Studies showed that only 38.1% of CIS lesions were detected
by standard (white light) UCS and no more than 71.4% of patients with CIS were diag-
nosed with standard (white light) UCS (Jocham et al. 2005; Schmidbauer et al. 2004).

Another limitation of UCS is the invasive character of the procedure and, thus,
it is bothersome for the patient. However, when patients are asked about a cutoff
level at which they would prefer a noninvasive urinary test instead of UCS, 98% of
them choose UCS if the sensitivity of the urinary test is lower than 90%—-95%. This
means that the patient with bladder cancer prefers certainty in favor of less discom-
fort during an investigation (Vriesema et al. 2000; Yossepowitch et al. 2007).

A third limitation is the costs incurred. Bladder cancer has the highest lifetime
treatment costs per patient of all cancers. Invasive monitoring by UCS, which is
essential in view of the high recurrence rate in UBC, generates significant costs
(Sievert et al. 2009).
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4.2.2 Photodynamic Diagnosis

Limitations concerning the detectability of small papillary or flat lesions have led to
newer techniques to improve the visibility by cystoscopy. One of these techniques is
photodynamic diagnosis (PDD), also referred to as fluorescence cystoscopy, which
uses a photoactive solution (photosensitizer) that accumulates up to ten times more
in neoplastic tissue compared to normal tissue. This in turn enhances the visual dif-
ference between normal and tumor tissue after illumination at the appropriate wave-
length (blue light). Cystoscopes with specially developed light sources and filters are
used, and one can easily switch from standard white-light cystoscopy (WLC) to
PDD. By illuminating the bladder wall with blue light, the lesion appears fluorescent
pink on a blue background (Fig. 4.1). Intravesical photosensitizers that are used in
current clinical practice are 5-aminolevulinic acid (5-ALA) and its hexyl ester hexy-
laminolevulinate (HAL or HEXVIX®). The 5-ALA is a photoactive protoporphyrin
IX, which is part of haem biosynthesis. When illuminating with violet light, proto-
porphyrin IX returns to a lower energy level and emits a fluorescence light. Tumor
detection rates will increase by 20%-90% (Witjes and Douglass 2007). HAL is a
lipophilic derivate of 5-ALA and shows a better penetration of cell membranes and
interstitial spaces. HAL produces at least twice the fluorescence in half of the time
and with a 20 times lower concentration compared to 5-ALA (Marti et al. 1999;
Lange et al. 1999). Several clinical trials have shown that PDD is superior to stan-
dard WLC in the detection of UBC. The reported sensitivities varied between 82%
and 97% for PDD compared to 62%—-84% for WLC, which means an increase of
20% (Jocham et al. 2005; Schmidbauer et al. 2004; Fradet et al. 2007; Grossman
et al. 2007; Jocham et al. 2008). In the detection of CIS, PDD also performs much
better, with detection rates of 92%-97% compared to 56%—68% for WLC
(Schmidbauer et al. 2004; Fradet et al. 2007; Hungerhuber et al. 2007).

Positive fluorescence is not limited to tumors only. Due to inflammation, scar-
ring after recent TURBT (< 6 weeks), prior intravesical instillation (< 3—6 months),
and tangential illumination of the mucosa, PDD has a higher false-positive rate
compared to WLC (Filbeck et al. 1999; Grimbergen et al. 2003). However, the
benefits of the improved detection of bladder tumors outweigh this higher false-
positive rate (Grimbergen et al. 2003). Despite the additional costs of equipment
and photosensitizer, long-term cost benefits can be achieved through reduced recur-
rence rates and potentially reduced progression rates. (Sievert et al. 2009; Burger
et al. 2007; Dindyal et al. 2008). Since PDD seems better and cost-effective, its
implementation on a regular basis in daily practice is rapidly increasing.

4.2.3 Narrow Band Imaging

A second new technique to improve visualization of bladder tumors is the narrow
band imaging (NBI), which is an endoscopic technique to enhance the contrast
between mucosal surface and tissue microvasculature without special staining
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(Hirata et al. 2007; Matsumoto et al. 2007). NBI depends on the depth of light
penetration into the mucosa, which increases with increasing wavelength. The blad-
der surface is illuminated with light in the blue (415 nm) and green (540 nm) spec-
trum. These specific wavelengths are absorbed by hemoglobin, which results in
dark brown and green appearance of the vascular structures against a white mucosa.
NBI has already shown its clinical efficacy for diagnosis of superficial malignant
lesions in the lung, esophagus, stomach, and colon (Lee et al. 2008). Two studies
have shown additional value of NBI in the detection of bladder cancer. Bryan et al.
used flexible WLC combined with NBI in 29 patients with recurrent NMIB. Fifteen
additional tumors in 12 patients were found using NBI (Bryan et al. 2008). Herr
et al. also found additional tumors with NBI. They reported an overall sensitivity
of 87% for standard WLC compared to 100% for NBI cystoscopy and an overall
specificity of 85% and 82%, respectively (Herr and Donat 2008). These studies
suggest a possible role for NBI in the detection of NMIBC.

4.2.4 Optical Coherence Tomography

Optical Coherence Tomography (OCT) is an optical signal technique that provides
high-resolution cross-sectional images of the bladder wall. This technique is similar
to B-mode ultrasound imaging except that it measures reflected infrared light
instead of acoustical waves. The amplitude of the backscattered light from struc-
tures within the tissue is displayed as a function of depth. Although the imaging
depth of OCT is limited to a few millimeters (2—-3 mm), the histological resolution
is approximately ten times higher than high-frequency ultrasound. OCT can be eas-
ily incorporated into conventional endoscopes like a cystoscope (Tearney et al.
1997). The amount of backscattering is mainly determined by the nucleus of the
cell. Malignant cells, which have increased nuclear/cytoplasm ratio, show increased
backscattering and can be differentiated from normal tissue. Some studies have
assessed the diagnostic accuracy of OCT for UBC and reported a sensitivity of
84%—-100% and a specificity of 78%—-97% (Goh et al. 2008; Hermes et al. 2008;
Manyak et al. 2005). The current limitations of OCT are the costs, time required for
the procedure (Lee et al. 2008), the inability to measure muscle-invasion due to the
insufficient imaging depth, and virtually the inability to screen the whole bladder
because the field of investigation is very small (Cauberg et al. 2009).

4.3 Transurethral Resection of Bladder Tumor

All patients with suspicious findings at (outpatient) UCS should undergo TURBT.
The TURBT has three important goals: (1) removing all visible tumor; (2) assess-
ment of size, location, aspect, and multiplicity of the tumor; and (3) obtaining
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adequate tissue for pathological assessment to establishing tumor type, stage, and
grade. Small tumors (< 1 cm) can be resected en bloc and larger tumors should be
resected separately in fractions; first the exophytic part and second resection of the
underlying bladder wall (Babjuk et al. 2009). A good TURBT specimen should
include detrusor muscle for adequate assessment of the extent of invasion. Without
underlying detrusor muscle in the specimen, the pathologist will not be able to
differentiate between T1 and T2 tumors. In the past, bladder biopsies were taken
on a routine basis for evaluation of bladder mucosa. Nowadays, this approach is
abandoned in normal looking mucosa. Random biopsies are only recommended
when abnormal areas of urothelium are seen or when cytology is positive but no
lesions are seen in the bladder.

Early recurrence and progression are the most important problems in NMIBC.
Of all Ta/T1 tumors, around 70% will recur and 15%-30% (especially Grade 3
tumors) will progress to MIBC. Other risk factors for progression are size of the
tumor (>3.0 cm), concomitant CIS, multiplicity, and presence of tumor at first fol-
low-up (3 months) after treatment (Michiel Sedelaar and Alfred Witjes 2007).
Patients with progressive cancer, developing from NMIBC to MIBC have a worse
prognosis compared to patients with primary MIBC (Schrier et al. 2004). This
highlights the importance of an adequate diagnosis by TURBT. Another problem is
the highly variable quality of TURBT with a significant risk of residual tumor
(Brausi et al. 2002). Initial TURBT is often incomplete in a significant number of
cases, with persistent disease found in 33%-53% of patients (Brauers et al. 2001;
Divrik et al. 2006a; Grimm et al. 2003; Jakse et al. 2004; Miladi et al. 2003; Schips
et al. 2002). For these reasons a re-TURBT is recommended to achieve a more
complete tumor resection and to identify patients who are at risk for early tumor
progression (Divrik et al. 2006a, b; Herr and Donat 2006; Schwaibold et al. 2006).
The EAU guidelines recommend a re-TURBT (of the primary tumor site) when the
initial resection was incomplete, when the specimen did not contain detrusor mus-
cle, and when a high-grade NMIBC or a T1 was diagnosed. Most authors recom-
mend a resection at 2—-6 weeks after initial TURBT.

4.3.1 New Techniques

As mentioned in Sect. 4.2.2, PDD can improve both the detection of CIS and
papillary tumors that may be missed during standard WLC. This improvement of
tumor detection results in better transurethral tumor resection with more complete
resection and consequently lower recurrence rates by approximately 20% (Jocham
et al. 2005; Babjuk et al. 2005; Denzinger et al. 2007). The improved resection rate
was confirmed in several studies comparing the residual tumor rate at repeat
TURBT 6 weeks after the first TURBT, with either white light or PDD. All studies
showed a significant decrease in residual tumor, if the resection was PDD assisted.
Residual tumor rates varied from 25% to 53% for standard resection with white
light and from 5% to 33% for PDD. The reported decrease in recurrence rate varies
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between 31% and 43% when using PDD assisted resection instead of standard
resection (Cauberg et al. 2009). PDD-assisted resection is promising and may well
become a standard technique (Wilby et al. 2009).

4.4 Bimanual Palpation

Bimanual palpation (BP), rectal or vaginal, before and after TURBT is an integral
part of routine pretreatment evaluation in order to obtain information about
mobility of the tumor. With bimanual examination, NMIBC can be distinguished
from MIBC. No mass felt on BP indicates a nonmuscle-invasive tumor. An
immobile mass, on the other hand, suggests a T4 tumor. Mobile masses felt on BP
only before TURBT indicates a T2 tumor and mobile masses felt before and after
TURBT indicates a T3 tumor (or T2 when the TURBT was not radical). Table 4.1
shows all possible combinations of pre- and postoperative outcomes and the
corresponding T-stages. Although BP is a standard care in patients with bladder
cancer, especially when MIBC is suspected, the exact correlation between T-stage
based on BP and the final pathological T-stage (after cystectomy) is not known
yet. Data of an analysis by Ploeg et al. showed a discrepancy between T-stage
based on BP and the final pathological T-stage in 42% of the patients. A total of 287
patients who underwent BP as well as cystectomy were included. Clinical
overstaging based on BP was observed in around 11% of patients and clinical
understaging in 31%.

4.5 Staging of Bladder Cancer

Bladder tumors are classified using the TNM staging system. The currently used
TNM classification was approved in 2002 (Table 4.2) by the Union International
Contre le Cancer (UICC). The TNM classification defines the extension of invasion
of the tumor (T), the metastatic spread into local or regional lymph nodes (N), and
the presence of distant metastasis (M). Clinical staging is referred to cTNM, and
after histopathological confirmation, the stage is referred to as pTNM.

Table 4.1 All possible findings and matching T-stages after BP

After TURBT Mass Mass not

before TURBT Negative mobile mobile Mass NOS Unknown
Negative TO/T1/CIS - - - TO/T1/CIS
Mass mobile T2 T3a - T3a T2 or T3
Mass not mobile - - T4 T4 T4

Mass NOS T2 T3a T4 >T3a -
Unknown <T2 T3a T4 >T3a Tx

20r T2 if TURBT was not radical
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Table 4.2 TNM classification of the urinary bladder, UICC 2002

T-primary tumour Disease extend

Tx Primary tumor cannot be assessed

TO No evidence of primary tumor

Ta Non-invasive papillary carcinoma

Tis Carcinoma in situ: “flat tumor”

T1 Tumor invades subepithelial connective tissue

T2 Tumor invades detrusor muscle

T2a Superficial muscle (inner half)

T2b Deep muscle (outer half)

T3 Tumor invades perivesical tissue

T3a Microscopically

T3b Macroscopically

T4a Tumor invades prostate, uterus, vagina, pelvic, or abdominal wall
Prostate, uterus, or vagina

T4b Pelvic or abdominal wall

N-lymph nodes

Nx Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis

NI Metastasis in a single lymph node<2 cm in greatest dimension

N2 Metastasis in a single lymph node>2 cm but <5 cm in greatest
dimension, or multiple lymph nodes<5 cm in greatest dimension

N3 Metastasis in a lymph node>5 cm in greatest dimension

M-distant metastasis

Mx Distant metastasis cannot be assessed

MO No distant metastasis

M1 Distant metastasis

4.5.1 T-Category

A complete and correct TURBT is essential to determine the extension of invasion
into the different layers of the bladder wall. Normal bladder epithelium consists of
a transitional cell lining, called the urothelium. Just beneath the urothelium is the
subepithelial connective tissue (lamina propria or submucosae), which contains
some smooth muscle fibers. Adjacent to the lamina propria is the detrusor muscle
(muscularis propria), which is surrounded by perivesical fat tissue. The most
superficial tumor, limited to the bladder urothelium, is classified as pTa (noninvasive).
A tumor invading the lamina propria is classified as pT1 (superficially invasive).
CIS or pTis is a flat high-grade tumor confined to the urothelium (Fig. 4.2). In CIS,
the mucosa appears erythematous. These pTa, pT1, and pTis tumors are termed
nonmuscle-invasive bladder cancer (NMIBC). Tumors infiltrating the detrusor
muscle are classified as pT2. The extent of a muscle-invasive tumor cannot be
determined by TURBT, but only in the cystectomy specimens. Superficial exten-
sion of the tumor in the detrusor muscle (inner half of the detrusor) are termed pT2a
and deep extension into the second half of the detrusor are called pT2b. pT3 tumors
invade microscopically (pT3a) or macroscopically (pT3b) into the perivesical fat
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tissue. If the tumor invades the adjacent organs like the prostate, uterus, and vagina,
it is termed pT4a and if it invades the pelvic or abdominal wall it is called pT4b.
Tumors >pT2 are termed muscle-invasive bladder cancer (MIBC).

4.5.2 N-Category

The N-stage can be determined by the assessment of the lymph nodes (LN) by
imaging techniques such as CT and MRI (see Sect. 4.6.2) or by pathological assessment

PDD Blue ALA (C)

PDD Blue ALalL W) PDD Blue ALA (C)

PDD Bliue ALA (CO

Fig. 4.1 Photodynamic diagnosis (PDD): detection of carcinoma in situ with standard white light
(on the left) and blue light (on the right) cystoscopy
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of the LNs obtained by pelvic lymph node dissection (PLND), which is a standard
procedure when performing a radical cystectomy. Lymphatic spread occurs most of
the time, first into the anterior and lateral pelvic LNs followed by the hypogastric,
obturator, and internal and external iliac nodes. Eventually, the spread to the
common iliac and paraaortic LNs is noted (Vikram et al. 2009; Kundra and
Silverman 2003).

4.5.3 M-Category

Most common locations of blood borne metastases of bladder cancer are the lungs,
liver, and bone. The M-stage can be determined by imaging, e.g., X-ray or CT of the
thorax, ultrasound, CT or MRI of the liver, and skeletal scintigraphy. Around 50%
of patients with MIBC already have occult distant metastases at time of diagnosis.

4.6 Role of Imaging

Imaging techniques like CT and MRI play an important role in accurate staging of
bladder cancer, especially in muscle-invasive disease.

4.6.1 Local Staging

The primary tumor in the bladder may be detected on cross-sectional imaging (CT
or MRI) either as a thickening of the bladder wall or as an intraluminal mass, which
may appear plaque-like or papillary (Kundra and Silverman 2003). Calcifications
may also be seen, in around 5% of UC and 50% of adenocarcinomas (Moon et al.
1992). Small bladder tumors can be difficult to assess on CT and MRI; underdisten-
sion of the bladder causes the appearance of bladder wall thickening, which can be
falsely considered as a tumor and overdistension of the bladder can flatten some
small bladder tumors (Vikram et al. 2009).

On CT, the tumor can be visualized in either the early and late scanning phase.
In the early phase, before IV contrast materials reaches the bladder, the enhancing
tumor is seen against a background of low-attenuation urine in the bladder. On
delayed scanning the tumor is visualized against a background of high-attenuation
contrast material in the bladder. In addition, the mass may invade the ureteral
orifice, resulting in hydroureteronephrosis (Kundra and Silverman 2003). CT
shows a sensitivity in detecting bladder cancer of 79%—89.7% and a specificity of
91%-94% (Knox et al. 2008; Sadow et al. 2008).

On MRI, the tumor is slightly hyperintense relative to muscle on T2-weighted
sequence and isointense on T1-weighted sequence (Vikram et al. 2009). For staging
with MRI, similar results have been found as with CT. The accuracy with MRI
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ranges from 72% to 96%. UBC enhances after gadolinium injection with improvement
of staging. However, there is no evidence yet in literature that MRI is superior to
CT (Kundra and Silverman 2003). Better availability makes CT still the primary
imaging modality for cancer of the urinary bladder.

A serious limitation of current CT and MRI in local tumor-staging is the inabil-
ity to resolve the various layers of the bladder wall. This means that distinguishing
between T1, T2, and T3 tumors is difficult. However, some signs seen on CT and
MRI can be helpful to distinguish between the different T-stages. Retraction of the
outer bladder wall is indirect evidence of MIBC (Vikram et al. 2009). T2a and T2b
tumors can occasionally be differentiated on MRI; the hypointense band of muscle
is preserved in T2a tumors. Microscopic fat invasion cannot be detected (T3a) and
macroscopic extravesical extension (T3b) is seen on CT and MRI as an irregular,
ill defined outer bladder wall (Vikram et al. 2009).

Another important limitation of CT and MRI is the inability to distinguish tumor
spread from fat stranding from TURBT (Vikram et al. 2009). Therefore, imaging for
local staging can best be performed before TURBT (Levy and Grossman 1996). Other
confounders for CT and MRI include inflammation, history of radiation therapy, or
intravesical instillations with chemo or Bacillus Calmette-Guérin (BCG), which can
mimic tumor by circumferential wall thickening (Kundra and Silverman 2003).

Conventional ultrasound is a commonly used technique to screen the diagnosis
of UBC due to its availability, low costs, noninvasiveness, and as there is no need
for contrast agents. The diagnosis relies on the detection of bladder wall thickening
or the presence of focal masses protruding into the bladder lumen (Nicolau et al.
2010). Accurate T-staging is not possible when using ultrasound because of the
limited resolution of the different layers of the bladder wall. Intravesical sonogra-
phy, although reported to be superior to transabdominal ultrasound, provides no
added value over cystoscopy and is, therefore, abandoned (Vikram et al. 2009). The
ultrasound technology has improved in recent years. Transabdominal ultrasound
with newer sonography machines showed a good diagnostic accuracy of 88.2% for
focal lesions of the bladder wall found on cystoscopy (Francica et al. 2008). Newer
techniques such as 3D, virtual sonography, and contrast enhanced ultrasound may
become useful tools in the diagnosis and staging of UBC (Nicolau et al. 2010).

4.6.2 Lymph Node Involvement

The incidence of nodal metastases is around 30% for tumors limited to the bladder
wall and around 60% for tumors with extravesical extension (MacVicar 2000). CT
and MRI rely on size of the LNs for detecting nodal involvement. LNs > 1 cm in
size in the short axis are considered suspicious (Vinnicombe et al. 1995). However,
this is not a reliable indicator since small LNs can contain tumor and enlarged LNs
can be reactive without the presence of tumor inside. Sometimes the shape of the
LN can be helpful—round nodes are more likely to be metastatic compared to
ovoid nodes (Jager et al. 1996). Confounders are benign hyperplasia and infection
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resulting in LN enlargement. The accuracy for nodal staging of standard CT and
MRI is equal, ranging from 70% to 97% and 73% to 98%, respectively (Hofer et al.
2001; Husband 1995). Gadolinium-enhanced MRI, useful for local staging, is not
helpful in detecting nodal metastases due to similar enhancement shown by normal
sized metastatic LNs as well as nonmetastatic LNs (Deserno et al. 2004). A tech-
nique that does detect metastases in normal-sized LNs is “Ferumoxtran-10-
enhanced MRI.” This technique uses ultrasmall superparamagnetic particles of iron
oxide (USPIO) (ferumoxtran-10) as a contrast agent for MRI to obtain different
signal intensities between normal LNs and affected LNs containing metastases. The
uptake of USPIO by macrophages in normal LNs gives a decrease in signal on
MRI. This difference allows detection of metastases even in normal sized-nodes,
which results in increased sensitivity from 76% to 96% in comparison with nonen-
hanced MRI (Deserno et al. 2004).

4.6.3 Distant Metastasis

As mentioned before, most common sites of hematogenously spread are liver,
bones, and lungs. Chest radiography is most of the times sufficient for detecting
lung metastases. Bone scintigraphy is only indicated in patients with symptoms and
signs of bone metastases, like pain or elevated alkaline phosphatase.

4.6.4 Upper Tract Imaging (Brief Reference)

Bladder cancer is characterized by a high cumulative incidence of recurrence.
They involve any part of the urothelium, which suggests that the entire mucosa is
primed to become malignant (“field defect”). The reported rate of upper tract
tumors (UTT) is 0.8%—7% (Sanderson et al. 2007; Wright et al. 2009; Palou et al.
2005). Palou et al. found in a group of 1529 patients with primary NMIBC, 28
(1.8%) patients with synchronous UTT. Of these UTI, 46% were invasive and
>80% were grade 2 or 3. This implies that once a urothelial tumor is diagnosed
in the bladder, evaluation and surveillance of the upper tract urothelium is essen-
tial. Risk factors for upper tract tumors are stage, high—grade, and location near
ureteral orifice, bladder neck, or trigone at the time of primary bladder cancer
diagnosis. Patients with tumor in the trigone are at almost sixfold higher risk for
a synchronous UTT (Palou et al. 2005). Other risk factors are CIS and urethral
UC (Sanderson et al. 2007; Wright et al. 2009). Traditionally, intravenous urog-
raphy (IVU) is used for the diagnosis of UTT. More recently, CT urography
(CTU) has emerged as a technique for screening of the upper urinary tract. CTU
has a higher sensitivity and specificity compared to IVU (Gray Sears et al. 2002;
Lang et al. 2003, 2004).
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4.7 Summary

The gold standard in the diagnosis of UBC is the combination of urinary cytology
combined with UCS and followed by TURBT for removing the tumor and obtaining
tissue for pathological assessment. New techniques for the improvement of tumor
visibility during UCS and TURBT are PDD, NBI, and OCT. These new tools are
promising, and since the use of PDD is expanding rapidly, PDD-assisted resection
may well become a standard technique in the near future. For local staging of UBC
bimanual palpation, TURBT, and imaging techniques play an important role.
However, the accuracy of BP in this staging process is still questionable. CT, MRI,
and transabdominal ultrasound are the techniques most commonly used for local
staging; however, serious limitations occur. For LN involvement, CT and MRI rely
on size of the LNs only, which is not a reliable indicator, since there is a considerable
overlap in size between benign and malignant LNs. USPIO-enhanced MRI solves
this problem by detecting metastases even in normal sized-nodes, which results in
an increase in sensitivity of 20% compared with nonenhanced MRI. Enhancement
of current techniques and development of new techniques is still needed for further
improvement of the detection of primary and recurrent bladder tumors.
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Chapter 5
Urine Cytology, DNA Ploidy and Morphometry

Eva M. Wojcik

Abstract Urothelial cancer is a challenging condition to be detected by urine
cytology. The main challenge is to recognize low-grade lesions. By definition, the
nuclear differences between low-grade urothelial carcinoma and normal urothelium
are subtle and very subjective. Additionally, reactive processes, due to treatment,
litiasis of the urinary tract and viral infections are difficult to distinguish from
neoplastic processes.

A sensitive, noninvasive test to detect bladder cancer remains an elusive but
desirable goal. Although urine cytology is highly sensitive for detection of high-
grade urothelial cancer, its sensitivity for low-grade cancer remains unacceptably
low. Consequently, invasive cystoscopy continues to be used to detect bladder
urothelial carcinoma and to monitor patients with high-risk for recurrence and pro-
gression. Therefore, there is an obvious need for a development of additional more
sensitive tests that could detect urothelial neoplasia. In this context, a number of
techniques, including DNA ploidy, morphometry, immunohistochemistry, cytoge-
netics, urine chemical assays, and lately, molecular techniques have been proposed
to be used either in conjunction with cytologic examination or even to completely
replace cytology.

5.1 Introduction

Urine cytology is one of the most common type of nongynecological cytology
pathologists encounter in their daily practice. At the same time, it is one of the most
difficult and frustrating type of specimen they deal with. The main challenge is to
detect low-grade lesions and recognize numerous pitfalls, including cellular
changes induced by instrumentation, treatment, lithiasis, and viruses.
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Despite its inherent limitations, urinary cytology in conjunction with cystoscopy
remains a mainstay technique for detecting urothelial malignancies. Although there
are numerous noninvasive tests and markers for bladder cancer, these tests are still
adjuvant to urine cytology. Until now, cytology has the highest specificity for detec-
tion of urothelial cell carcinoma. However, in conjunction with additional tests,
high sensitivity and specificity can be achieved.

Successful urine cytology depends upon many factors. One of the most important
is the availability of clinical information such as sex, age, type of specimen, symp-
toms, cytoscopic and radiographic findings, and the patient’s previous history.

5.2 Cellular and Noncellular Components
of Normal Urine Specimens

A specialized type of epithelium (transitional epithelium or, currently recom-
mended name, urothelium) is lining a lower collecting system, which includes
bladder and urethra and upper collecting system comprising of renal pelvis,
calyceal system, and ureters. Urothelium is a multilayer epithelium, composed of
six to seven layers of cells. The main role of the urothelium is to form a blood/
urine barrier.

Cells normally occurring in urine are mainly urothelial cells. These include
basal cells, intermediate cells, and superficial (umbrella) cells. The superficial cells
form the top layer of the urothelium. These cells are large with abundant cytoplasm,
characteristic scalloped borders and are often bi- or multinucleated. Superficial
cells can range markedly in size, however, this feature should not be interpreted as
a neoplastic process. Intermediate cells are much smaller and they are often
arranged in loosely cohesive clusters seen particularly in instrumented urines
(Fig. 5.1). In addition to urothelial cells, urine specimens often contain squamous
cells. The most common origin of squamous cells, especially in women, is contami-
nation from the genital track. However, squamous cells can also originate from the
bladder trigone or from squamous metaplasia.

Other cells, less commonly occurring in urine, include inflammatory cells, such
as leukocytes and lymphocytes. Occasionally, glandular cells can be encountered in
urine specimens and they may originate from prostatic, endometrial, or paraurethral
glands, as well as from cystitis glandularis. The presence of renal tubular cells
indicates renal parenchymal disease and should be reported to prompt further
workup. Sporadically, degenerated seminal vesicle cells can be seen in urine speci-
mens, particularly from older patients. Seminal vesicle cells in urine specimens
often have a bizarre appearance, with greatly enlarged nuclei and foamy, frag-
mented cytoplasm. Often, spermatozoa accompany seminal vesicle cells. These
cells commonly have an abnormal DNA content (Wojcik et al. 1999).

A variety of noncellular elements can also be seen in urine specimens. These
include crystals, renal casts, spermatozoa, corpora amylacea, lubricant, mucus,
fibrin, and pollen.
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Fig. 5.1 Loosely cohesive cluster of urothelial cells. Notice large umbrella cells at the periphery.
Variation in nuclear size and binucleation are NOT sign of malignancy

5.3 Types of Urinary Specimens

Voided urine is the most convenient and easily obtained urine specimen. Fresh,
randomly voided urine is the simplest and the most appropriate specimen
obtained in patients who do not require catheterization. These specimens usually
contain few urothelial cells. However, they commonly contain contamination
from external genitalia, particularly in women. In addition, urothelial cells in
voided specimens often show marked degeneration. In contrast, catheterized
urine lacks contamination from external genitalia, the specimens are much more
cellular and often contain pseudopapillary fragments. Bladder washings are
generally cellular and show better preservation. In these specimens numerous
superficial cells and intermediate cells are arranged in monolayered sheets and
loose clusters. In addition, there are also pseudopapillary fragments and single
cells. Similar morphologic findings are seen in patients with low-grade urothelial
carcinoma. In patients who underwent cystectomies, urine specimens obtained
from ileal conduit/pouch/neobladder are usually hypercellular and contain
numerous degenerated cells of ileal origin in a dirty background of mucus and
bacteria. In these specimens, the urothelial cells originating from the upper
urinary tract often show marked degeneration.

5.4 Cytology of Urothelial Carcinoma

The main purpose of performing cytologic evaluation of urinary specimens is to
detect bladder cancer. Most cases of high-grade urothelial carcinoma can be
diagnosed accurately, and there is a good interobserver agreement among
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pathologists. The overall sensitivity and specificity for high-grade urothelial
carcinoma are very high and approaching 95%—-100% (Bastacky et al. 1999).
However, with the recent trend to classify former TCC grade II as high-grade
urothelial carcinoma the sensitivity in recent years appear to be lower (Curry and
Wojcik 2002).

In general, the sensitivity of urine cytology depends upon tumor differentiation,
and as previously stated, it is high for high-grade lesions. However, for low-grade
tumors, the sensitivity is much lower and show great variation in published litera-
ture, ranging from 0% to 50% (Raab et al. 2007).

5.4.1 Cytology of High-Grade Urothelial Carcinoma

Specimens obtained from patients with high-grade urothelial carcinomas are
usually very cellular and composed of loose clusters and single cells, showing
moderate to marked pleomorphism. The nuclear to cytoplasmic (N/C) ratio is
increased, nuclei are eccentrically located, and show irregular nuclear mem-
brane and coarse chromatin (Fig. 5.2). In addition, high-grade urothelial carci-
noma may show squamous differentiation and, less commonly, glandular
differentiation.

In general, the same morphologic features are seen in both invasive and nonin-
vasive high-grade papillary urothelial carcinomas as well as in carcinoma in situ
(CIS). Therefore, urine cytology cannot be used to stage the tumor.

Fig. 5.2 Cluster and single malignant urothelial cells. Notice high nuclear/cytoplasmic ration,
coarse chromatin, and irregularity of nuclear membrane
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5.4.2 Cytology of Low-Grade Urothelial Carcinoma

Instrumented urine specimens obtained from patients with low-grade urothelial
carcinomas also show increased cellularity and presence of papillary, cohesive
clusters. Cells demonstrate only mild to moderate pleomorphism, mildly
increased N/C ratio and eccentric placement of nuclei. The nuclear membrane is
slightly irregular and chromatin is even and finely granular. The overall morpho-
logic changes are minimal and similar findings can be seen in any instrumented
urine. Therefore, the diagnosis of low-grade urothelial carcinoma is very chal-
lenging and most of the time impossible, particularly in instrumented urine speci-
mens. Occasionally, a positive identification can be made if a significant number
of tumor cells shed from a large bladder tumor are present (Fig. 5.3). In addition,
there are numerous reactive processes that can further confound the ability to
make an appropriate diagnosis. Since instrumentation, inflammation, infection,
recent surgical manipulation, radio/chemotherapy, and presence of calculi can
affect the cellularity and cytomorphology of the specimen, it is difficult, even for
trained cytologists, to reliably discriminate malignant cells. Many of these cases
are, therefore, categorized as atypical. However, reporting the presence of atypi-
cal cells in urine cytology, although common occurrence in a daily practice, does
not provide meaningful information for the clinician. Therefore, it is important to
limit this category to relatively few cases. The reported rate of atypia ranges from
1.9% to over 23.2% (Brimo et al. 2009). In our institution the rate of atypia is in
the range of 6%, and in our recent study, we have shown that the significance of
atypical cells in voided urine is much higher than in instrumented ones (Kapur
et al. 2008).

Fig. 5.3 Numerous cells originating from a large low-grade urothelial carcinoma. Notice minimal
pleomorphism of individual cells
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5.5 Cause of Atypical Urine Cytology

5.5.1 Urinary Tract Calculi (Nephrolithiasis)

Nephrolithiasis remains to be a number one pitfall in urinary cytology. Patients
usually present with hematuria and/or filling defects. Cytology specimens may be
cellular and three dimentional (3D) fragments composed of cells exhibiting signifi-
cant pleomorphism may be seen. Inflammation, blood, and cellular debris may be
present in the background. Clinical history is crucial to avoid a false positive
diagnosis.

5.5.2 Therapeutic Effects

Radiation treatment and many chemotherapeutic agents can induce marked cyto-
logic changes in urothelial cells. Particularly, the agents that concentrate in the
urine or the agents that are used for intravesical treatment often produce morpho-
logic changes that may be easily mistaken for malignancy.

One of the most common agents used to treat urothelial carcinoma is Bacillus
Calmete-Guérin (BCG) vaccine. Intravesical BCG immunotherapy is one of the
most widely used approaches to manage superficial bladder cancer. In cytologic
specimens, we can find free histiocytes, histiocytic aggregates—granulomas
(Fig. 5.4), and multinucleated histocytic giant cells.

Fig. 5.4 Collection of epithelioid histiocytes and lymphocytes (granuloma) obtained from a
patient treated with intravesicle BCG. These unexpected finding in urine cytology may be inter-
pret as low-grade malignancy
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Fig. 5.5 Large cell at the center shows polyoma virus changes. Notice large intranuclear
inclusion

5.5.3 Human Polyoma Virus

Human polyoma viruses are small, nonenveloped, double-stranded DNA viruses
that are classified into two main strains, BK and JC. Classically, the JC strain of the
virus is associated with progressive multifocal leukoencephalopathy. The BK strain
of the virus affects the kidney and can be detected in the urine. Infection occurs
during childhood and is usually subclinical. Over 90% of adults are seropositive.
The virus generally remains latent in the kidney, but intermittent viruria is demon-
strable in 0.3% of healthy adults. The infection is reactivated in individuals with
various degrees of immunological deficiencies. In 2%—-5% of renal transplant
recipients, polyoma virus can cause polyonephrapathy. Patients who develop
polyoma virus nephrapathy are in significant risk of losing graft. In these patients,
the immunosuppression should be significantly lowered (Cimbaluk et al. 2009). In
cytology specimens, there are usually single cells with large homogenous, baso-
philic inclusions occupying most of the enlarged nuclear area, so called “decoy
cells” (Fig. 5.5). Occasionally, significant numbers of urothelial cells can be
affected by the virus. It has been demonstrated that urothelial cells affected by the
virus have an abnormal DNA content (Wojcik et al. 1997a).

5.6 DNA Ploidy

Cytometric assessments of the nuclear DNA content in urothelial carcinoma cells either
by flow cytometry (FCM), static image analysis, or laser scanning cytometry have been
extensively performed for more than 30 years (Tribukait and Esposti 1978, Koss et al.
1989). These techniques measure a total amount of DNA and are only able to detect a
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CONDITIONS AFFECTING RESULTS OF DNA
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Fig. 5.6 Operator-dependent and independent factors that can affect the results of DNA ploidy

significant and numerous chromosomal changes. DNA ploidy has been used for both
diagnostic and prognostic purposes. However, an abnormal DNA ploidy is not auto-
matically associated with malignancy since low-grade urothelial carcinomas are diploid
and only high-grade tumors are aneuploid (Wojcik et al. 1997b). As a result, aneuploidy
is a strong indicator of high-grade malignancy as well as CIS. Also aneuploidy in
conjunction with suspicious cytology is highly predictive of tumor recurrence. In addi-
tion, it has been shown that DNA ploidy analysis provides independent prognostic
information. However, there are numerous operator-dependent and independent factors
that can affect the results (Fig. 5.6). We have shown that superficial cells (Wojcik et al.
2000a), seminal vesicle cells (Wojcik et al. 1999), and cells infected with polyoma virus
(Wojcik et al. 1997a) may cause false positive results. In addition, specimen fixation,
preparation, and condition during transport may affect results (Wojcik et al. 2000b).

5.6.1 DNA Ploidy by Flow Cytometry

Flow cytometry (FCM) was the first method applied to study bladder washings from
patients with urinary carcinomas (White De Vere and Deitch 1985). Numerous early
studies reported the usefulness of this technique in the management of bladder cancer.
However, FCM requires a large tissue sample for analysis (Bakhos et al. 2000), there-
fore, only bladder washes are suitable urinary specimens. In addition, in this technique
there is no option to visually assess what cells are being measured. The advantages of
FCM, however, are its speed, accuracy of quantitation, and automation.

5.6.2 DNA Ploidy by Static Image Analysis

The alternative technology to evaluate a DNA ploidy in urine specimens is image
analysis (IA). IA is a broad term, encompassing morphometry, densitometry, and
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even neural networks. Typically, the term is used to describe an integrated, interactive
computer-based system in which measurements of specific cellular features,
including the amount of DNA, are analyzed. In this method, cells (100-200) are
visually selected by operator. All urine specimens are suitable for analysis. Nuclear
DNA ploidy is evaluated on Feulgen-stained slides. In the DNA staining method,
developed by Feulgen and Rossenbeck (1924), hydrochloric acid is used to hydro-
lyze the ribose-purine bonds in the DNA to give sugar aldehyde residues, and a dye
is then coupled stoichometrically to the sugar aldehyde. The staining intensity
becomes a measure of the DNA content in the nucleus. The absorption spectrum
maximum for the Azure A stain is 620 nm. The IOD is assumed to be equivalent to
the amount of DNA present in the nuclei. This technique, because it allows for the
visual selection of morphologically abnormal cells by a trained operator, has the
ability to detect small aneuploid cell populations. The disadvantages of IA include
the potential for sampling error, since selection of cells depends on the operator’s
experience (Wojcik et al. 2000a) and because a relatively small number of cells are
being analyzed. The analysis, in general, is slower and labor-intensive.

5.6.3 DNA Ploidy by Laser Scanning Cytometry

The laser scanning cytometer (LSC) is highly suited for DNA ploidy analysis. The
LSC combines features of both flow and image cytometry and is capable of measur-
ing multicolor fluorescence, light scatter, and location of cells fixed to a micro-
scopic slide. It is capable of rapid and automatic measurements of a large number
of cells. In addition, cell location is recorded so the cells of interest can be relocated
for a morphologic examination and classification.

For DNA analysis, the cells are stained with propidium iodide (PI) and cytokera-
tin conjugated with fluorescein isothiocyanate (FITC). PI stoichiometrically inter-
calates with the nucleic acids on the DNA strand. The fluorescence signal from a
cell is proportional to its DNA content. PI-stained nuclei emit fluorescence light at
wavelengths between 580 and 650 nm. The emission color is red. FITC emits light
at wavelengths between 488 and 525 nm. The emission color is green.

For many years we used LSC to evaluate DNA ploidy and we have found LSC
to be a suitable instrument for a rapid and reliable evaluation of DNA ploidy in
routine urine specimens (Wojcik et al. 2001).

5.7 Fluorescence In situ Hybridization

Fluorescence in situ hybridization (FISH) has been demonstrated to be a viable
method for determination of chromosome specific anomalies in cells obtained from
urine specimens. A multicolor FISH Probe Mixture designed for interphase cell
analysis for detection and quantification of chromosome 3, 7, 17, and the 9p21 region
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has been commercially available (UroVysion Bladder Cancer Kit, Abbott Molecular,
Inc., Des Plaines, IL). In the initial study performed by Sokolova et al. (2000), a
number of potential probes were studied. The four probes with the greatest sensitivity
for urothelial carcinoma detection were selected. In addition, the definition of a posi-
tive FISH result has been proposed in the Sokolova’s study. Accordingly, a specimen
was considered FISH positive for bladder cancer if at least one of the following
criteria were met: 1/5 or more cells with gain of more than one chromosome, 2/10 or
more cells with gain of a single chromosome or 3/10 or more cells with homozygous
loss of the 9p21 locus (both copies lost). The following study by Bubendorf et al.
(2001) proposed another cut off criteria. According to these authors, a FISH positive
specimen is a specimen containing more than two abnormal cells. Abnormal cells
were defined as nontetrasomic cells showing at least three copies of any of the signals
for chromosomes 3, 7, 17, and the 9p21 locus, or if there was heterozygous or
homozygous loss of 9p21 (one copy or both copies lost). The change in the definition
was based on the presence of a significant number of cases containing tetraploid cells
in a negative control group. Similarly, we documented that umbrella cells can be
associated with abnormal signals (Wojcik et al. 2002). Based on our study, we recom-
mended to correlate the results of FISH with cytologic findings and, in rare cases,
with numerous reactive umbrella cells, the results should be reevaluated.

Since the FDA approval, the UroVision FISH test has gained significant popu-
larity and is being used by numerous laboratories. Also, by now there is an impres-
sive body of literature validating this test. It has been shown that 95% of high-grade
urothelial cell tumors show gain of at least two of these three chromosomes. Skacel
et al. (2003) demonstrated, in a retrospective study, that cases that were cytology
negative or atypical but biopsy positive for urothelial carcinoma could be positively
diagnosed by UroVysion FISH in the majority of cases. However, at this time it is
not entirely clear if a positive FISH may indicate frank neoplastic urothelial trans-
formation or is an indicator of unstable urothelium capable of, or primed for, malig-
nant transformation, thus detecting patients at significant risk.

5.8 Morphometry

Morphometry has been defined as the “quantitative description of a structure.” In
practice, this term is usually applied to quantitative techniques that measure features
of size, shape, and texture in two dimensions and/or spatial relationships from cells
or other tissue structures (Marchevsky and Erler 1999). The need for measurement
comes from the recognition that interobserver and intraobserver diagnostic decisions
are poorly reproducible. Morphometry has several advantages over conventional
visual assessment: objectivity, reproducibility, and the ability to detect changes too
subtle to be visually appreciated in individual cells. Therefore, morphologic diag-
nostic accuracy and precision can be improved by applying this technique.
Application of nuclear morphometry to distinguish normal urothelial cells from
the malignant ones has a long history. Kern and his coworkers (1967) were the first
to apply morphometric features in UC. Their original studies were based on the visual
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description of the nuclear shape, size, number of nucleoli, nuclear density, and
chromatin structure. Even using early, unsophisticated methods, authors found sig-
nificant quantitative differences between normal urothelial cells and cells from mod-
erately and poorly differentiated carcinomas. At the same time Koss et al. (1975)
demonstrated the usefulness of computer assistance in the discrimination of normal
and malignant urothelial cells. Since that time numerous studies demonstrating diag-
nostic and prognostic applications of morphometric analyses have been published.

A practical application of morphometry has been utilized by a group from the
Netherlands that developed a quantitative karyometric cytology system. The
QUANTICYT is a system based on evaluation of DNA content and nuclear shaped
features and it determines a scoring spectrum—Iow-risk, intermediate-risk, and high-
risk for urothelial carcinoma. By using this approach, the sensitivity for detection of
tumor of 95.2% and specificity of 65% were achieved (van der Poel et al. 1996).

We evaluated the application of computer-assisted quantitative nuclear grading in
differentiation between normal urothelium, reactive atypical changes, low-, and high-
grade urothelial carcinoma. In each cytologic category, 38 nuclear morphometric
descriptors were analyzed. Backward stepwise logistic regression analysis was applied
to assess which of the descriptors contributed to statistical models that differentiated
between these categories. Receiver operating characteristics (ROC) and area under the
curves (AUC) were determined to define these differences. We found that there are
significant morphometric differences between all four cytologic groups. We concluded
that quantitative nuclear grading can be especially useful to differentiate inconclusive
atypical cases from low-grade urothelial carcinoma (Wojcik et al. 1998).

5.9 Conclusion

As presented, urothelial cancer continues to be a challenging condition to be
detected by urine cytology. The main challenge is to identify low-grade lesions.
Morphologic changes in these tumors are so minimal that practically preclude their
visual detection by a human eye. However, these changes can be detected on a
molecular level as well as by morphometric techniques. Urine cytology, in conjunc-
tion with new adjuvant tests, continues to be a very powerful test to detect and
monitor patients with bladder malignancies.
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Chapter 6
Molecular Signatures of Bladder Cancer

Brian K. McNeil, Obi O. Ekwenna, and Robert H. Getzenberg

Abstract Molecular signatures can be defined in many ways but are basically the
characteristic features of the molecular composition of a cell or its surroundings.
Crucial differences exist between normal and cancer cells that stem from discreet
changes in specific genes that control tissue proliferation, apoptosis, invasion, as
well as homeostasis (Harris 1996). There are a multitude of cancer related genes
that have been discovered and implicated in the natural history of various malignan-
cies. With our increased understanding of disease mechanisms and molecular tech-
niques, the number of molecular signatures of cancer has increased exponentially
with several signatures serving as both diagnostic and therapeutic targets.

In this chapter, we will explore molecular signatures of bladder cancer. During
preparation of this section, we had several goals in mind. In addition to discussing
molecular signatures of bladder cancer that are currently in use, it is important to
be aware of those in development and foster critical thinking regarding signature
investigation and bridging the gap between basic research and clinical application.

6.1 Molecular Signatures

Molecular signatures can be defined in many ways but are basically the characteristic
features of the molecular composition of a cell or its surroundings. Crucial differ-
ences exist between normal and cancer cells that stem from discreet changes in
specific genes that control tissue proliferation, apoptosis, invasion, as well as
homeostasis (Harris 1996). There are a multitude of cancer related genes that have
been discovered and implicated in the natural history of various malignancies. With
our increased understanding of disease mechanisms and molecular techniques, the
number of molecular signatures of cancer has increased exponentially with several
signatures serving as both diagnostic and therapeutic targets.
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In this chapter, we will explore molecular signatures of bladder cancer. During
preparation of this section, we had several goals in mind. In addition to discussing
molecular signatures of bladder cancer that are currently in use, it is important to
be aware of those in development and foster critical thinking regarding signature
investigation and bridging the gap between basic research and clinical application
(Table 6.1).

Molecular changes that lead to the development of bladder cancer can be
broadly classified into three interrelated categories (Vrooman and Witjes 2009).
The first are chromosomal alterations, which trigger the initial carcinogenic event,
followed by tumor proliferation caused by loss of cell-cycle regulation, and
derangements in apoptosis. This can result in metastases in which there is angio-
genesis and loss of cell adhesion (Quek et al. 2003). The investigation of molecular
signatures involved in cancer has employed molecular biology techniques evaluat-
ing the three basic pathways of gene expression: the gene, mRNA produced by the
gene, and the protein coded by the mRNA.

Several genomic advances over the last decade have led to the identification
of molecular signatures of bladder cancer. One of the more promising develop-
ments has been the advancement of gene expression microarray technology.
Gene microarray chips have made it possible to measure mRNA expression
levels for thousands of genes from a tissue sample by hybridizing fluores-
cently labeled complementary DNA from tissue to the chip (van de Rijn and
Gilks 2004).

Proteomics is the characterization of molecular and cellular dynamics in protein
expression and function on a global scale. Proteomic techniques have identified the
functioning units of expressed genes providing a protein fingerprint (Pandey and
Mann 2000). This fingerprint reflects the intrinsic genetic program of the cell and
the impact of its immediate environment, making it a valuable resource for bio-
marker discovery. Proteomic technologies have been used to study cancers of vari-
ous organs and advances in proteomic techniques have led to the discovery of
several molecular signatures of bladder cancer (Wu et al. 2008; Shen et al. 2006;
Lee et al. 2005; Ornstein and Tyson 2006; Li et al. 2005; Vlahou et al. 2001; Wang
et al. 2005; Zhou et al. 2005).

6.2 Bladder Cancer

The 2010 estimated incidence of bladder cancer in the United States is 70,530 with
approximately 14,100 deaths resulting from the disease (American cancer society:
cancer facts and figures 2010). Despite what appears to be a relatively low inci-
dence rate, the worldwide prevalence of bladder cancer is believed to be over one
million (Lerner 2005). A majority of bladder cancers are superficial and respond
well to local resection and adjuvant intravesical therapy, if required. Unfortunately,
recurrence rates for superficial bladder cancer are high (50%—-70%), with 10%—15%
of these tumors progressing to muscle-invasive disease (Prout et al. 1992).
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Cystoscopy, aided by cytology, is the mainstay for diagnosis of bladder cancer.
Voided urine cytology has been utilized as a screening test for bladder cancer, since
1945, yet many studies have demonstrated its low sensitivity in screening popula-
tions (Fradet 1996; Rife et al. 1979). Cystoscopy is invasive, relatively expensive,
and oftentimes inconclusive, especially in individuals with indwelling catheters or
active inflammation because of the abnormal appearance of the bladder urothelium.
High-grade carcinoma in situ can be missed by cystoscopy alone in some instances,
delaying diagnosis and the initiation of treatment. These factors have led scientists
to evaluate other methods to detect bladder cancer and predict its behavior.

While the death rate for bladder cancer has been relatively stable, or even
increased slightly over the last decade, the mortality rate from prostate cancer has
decreased, largely a result of screening measures, public awareness, and the ability
to identify patients with aggressive disease in need of curative therapy. A dramatic
stage migration has occurred with prostate cancer with most patients now present-
ing with low stage disease (Hankey et al. 1999; Han et al. 2003). In addition to
urinary cytology, a number of markers have been available for the diagnosis of
bladder cancer with a positive predictive value as good as, if not better than PSA,
leading one to question why the mortality rate from bladder cancer has not fallen,
mirroring that of prostate cancer (Araki et al. 2007). Investigators at the University
of Miami reviewed radical cystectomy and radical retropubic prostatectomy data-
bases during two consecutive 7-year periods to analyze the changes in pathologic
stage (Araki et al. 2007). Patients were divided into two consecutive groups:
group 1 (1992-1998) and group 2 (1999-2000). No differences were found in the
clinical or pathologic staging between the two groups of patients undergoing
radical cystectomy, with similar 5-year overall and disease-specific survival
rates. Molecular signatures could aid in identifying patients with aggressive
tumors with a higher likelihood of progression and cancer-specific mortality.
Identification at earlier points in the natural history of the disease could impact
observed mortality rates.

Bladder cancer treatment accounts for the greatest lifetime cost for cancer care
among Medicare recipients, ranging from US$96,000 to US$187,000 per patient in
2001 (Botteman et al. 2003). With life expectancies increasing along with inflation,
the cost of treating bladder cancer will continue to rise, presenting yet another
incentive for the discovery and clinical implementation of reliable molecular signa-
tures, which could assist caregivers in tailoring treatment regimens to individuals
based on their risk profile. This could decrease healthcare costs associated with the
treatment of bladder cancer, which is necessary, considering that increase in annual
costs observed for treating cancer of the bladder and upper urinary tract between
1994 and 2000 outpaced inflation during the same period (Konety et al. 2007).

Radical cystectomy remains the most common treatment for patients with
muscle-invasive bladder cancer. Despite advances in surgical technique, 5-year
disease-specific survival remains 50%—-60% (Shariat et al. 2006; Stein et al. 2001).
There is significant morbidity associated with the treatment of muscle-invasive
bladder cancer with complication rates of 17%—32% reported in contemporary series
and a perioperative mortality rate of 1%—-2% (Yafi et al. 2008; Rosario et al. 2000).
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Molecular signatures that could predict disease progression and response to therapy
could result in more patients being treated with bladder sparing modalities, reduc-
ing the morbidity associated with radical cystectomy.

6.3 Molecular Signatures of Bladder Cancer:
A Historical Perspective

The search for molecular signatures of bladder cancer began over a decade ago to
improve upon pathologic staging of bladder tumors. An appropriate staging is critical
to a sound decision making regarding bladder cancer management because of the
involved morbidity and cost of treatment.

Traditional pathologic staging of bladder cancer relies on pattern recognition and
nomenclature, which can be subjective and lead to inter- and intraobserver variability
(Mitra et al. 2005). The absence of muscle in some biopsy specimens and inappropri-
ate sampling of the tumor base in large, exophytic tumors can also affect pathologic
staging. This has led to the widespread acceptance of restaging TURBT prior to mak-
ing decisions regarding radical surgery. There is also no uniformly accepted definition
for micro-invasion, which could alter prognosis. These factors, among others, have
stimulated interest in molecular signatures that could predict tumor behavior.

Knudson hypothesized that two independent mutations in the same gene could
result in childhood retinoblastomas (RB) (Knudson 1971). This gene was later
called the retinoblastoma (RB) gene. It is located at chromosome 13q14 and its
protein product is a nuclear phosphoprotein, which has a critical role in senescence,
cell-cycle regulation, and apoptosis (Knudson 1978; Mitra et al. 2007). Several
reports have suggested RB’s role in bladder cancer recurrence, progression, and
survival, yet it alone cannot predict the behavior of bladder cancer.

The p53 protein is widely accepted as the most crucial molecule involved in
cell-cycle regulation in bladder cancer. p53 is a tumor suppressor protein encoded
by the TP53 gene on chromosome 17p13.1 (Mitra et al. 2006). It inhibits phase-
specific cell-cycle progression (G1-S) through the transcriptional activation of p21
(Livingstone et al. 1992; el-Deiry et al. 1993). pS3’s prognostic potential lies in its
association with recurrence, progression, survival, and possible resistance to che-
motherapy. There have been several reports detailing pS3’s role in bladder cancer,
yet, like RB, it alone is not sufficient as a predictor of tumor behavior.

Some investigators have utilized a polymerase chain reaction based assay for
the detection of microsatellite DNA, which are 2—6 base pair short tandem
repeats identified throughout the human genome (Shirodkar and Lokeshwar
2008). Loss of heterozygosity (LOH) and microsatellite instability form the
basis of detection in microsatellite analysis. Several locations of microsatellite
alterations, thought to play a role in bladder cancer, have been identified involv-
ing chromosomes 4p, 8p, 9p and q, and 11p (Karran 1996; von Knobloch et al.
2001). While microsatellite analysis has been shown to have a high sensitivity
throughout the various grades and stages of bladder cancers, it is technically
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difficult, expensive, and a consensus panel of patterns have not been agreed upon
for detection. Further studies are in process to identify ideal panels for diagnosis
and prognosis.

Innovative high-throughput microarray analysis has provided a new tool for the
identification of genomic and proteomic signatures of bladder cancer. Thus far,
microarray analysis has shown the potential to differentiate molecular subgroups
with different clinical outcomes but most studies have been limited by less than
ideal numbers of archived samples and their retrospective nature (Modlich et al.
2004; Sanchez-Carbayo et al. 2006; Blaveri et al. 2005). Investigators are also using
proteomic techniques to identify novel signatures of bladder cancer (Munro et al.
2006). The discovery of more sensitive and specific markers of bladder cancer will
expand with gene expression analysis and proteomic technologies.

6.3.1 Proteomics

Proteomics is among the technologies of the future in early diagnosis, surveil-
lance, and prognosis of cancer (Jain 2008) referred by some authors as “oncopro-
teomics.” The techniques involve extraction of proteins from blood or tissue, and
analysis with high-resolution 2D electrophoresis (2-DE), or surface-enhanced
laser desorption ionization (SELDI), or electrospray ionization (ESI), or mass
spectrometry (MS).

Celis and Gromov et al. have published extensively using proteomic technology
in urothelial (UC) and squamous cell carcinoma (SCC) of the bladder (Gromov
et al. 2002; Celis and Gromov 2003; Celis et al. 2002). In a recent article, Gromov
et al. showed using 2-DE that FG/FDPs as a biomarker has an accuracy of 99%,
97%, 96% for patients withsuperficial, early invasive, and highly invasive bladder
cancer respectively. The results are particularly encouraging in the detection of
low-grade, noninvasive tumors. Other proteomic markers such as, TIF (Tissue
interstitial fluid), S100 (SCC), and A-FABP (adipocyte-type fatty acid binding
protein) are also under investigation as molecular signatures in bladder cancer
(Wu et al. 2007a).

Monro et al. and Wittke et al. have demonstrated using SELDI and antibody
arrays, respectively, to detect with high accuracy differences in patients with
urothelial carcinoma compared to healthy individuals (Munro et al. 2006; Wittke
et al. 2007; Wittke et al. 2005). Proteomic technology has a great potential to
decipher the heterogeneity of bladder cancer, and will help with development of
novel noninvasive methods for diagnosis and monitoring of both primary and recurrent
bladder tumor.

These techniques remain expensive, with variable sensitivity, specificity, and
reliability in detecting urothelial carcinoma.

While several signatures have been identified, prospective validation studies are
necessary to determine the true clinical utility of genomic and proteomic signatures
of bladder cancer.
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6.4 Epigenetic Signatures of Bladder Cancer

6.4.1 Introduction to Epigenetics

The concept of epigenetics was first introduced by C.H. Waddington in 1939 when
he investigated the development of wings in normal and mutant strains of droso-
phila. He described it as “the casual interactions between genes and their products,
which bring the phenotype into being” (Esteller 2008; Waddington 1939).
Epigenetics was later defined as heritable changes in gene expression that are not
due to any alterations in the DNA sequence (Holliday 1987).

There are several proposed epigenetic mechanisms, the best known of which is
DNA methylation (Esteller 2008). The revelation that substantial DNA hypomethy-
lation was found in genes of cancer cells compared with their normal counterparts
led to other studies that identified hypermethylated tumor suppressor genes
(Feinberg and Vogelstein 1983; Greger et al. 1989; Sakai et al. 1991; Herman et al.
1994; Merlo et al. 1995; Herman et al. 1995). It is now evident that DNA methyla-
tion occurs in a complex chromatin network and is influenced by modifications in
histone structure (Bernstein et al. 2007; Kouzarides 2007; Fraga et al. 2005;
Seligson et al. 2005). Other proposed epigenetic mechanisms include ATP depen-
dent remodeling, RNA interference, and changes in local and higher order confor-
mation of DNA (Atkinson and Armstrong 2008).

DNA methylation serves a critical role in the control of gene activity and nuclear
architecture (Esteller 2008). DNA methylation occurs in humans in cytosines that
precede guanines, otherwise referred to as dinucleotide CpGs (Herman and Baylin
2003; Weber et al. 2007). Dinucleotide CpGs exist in CpG-rich regions known as
CpG islands, which span the 5’ end of the regulatory region of many genes. DNA
methylation has a variable role in tumorigenesis. The degree of hypomethylation of
genomic DNA increases as some tumors progress from benign proliferations of
cells to invasive cancers. Three mechanisms proposed to describe the contribution
of hypomethylation to tumor development are the generation of chromosomal
instability, reactivation of transposable elements, and the loss of imprinting
(Feinberg and Vogelstein 1983). DNA hypermethylation can also alter the expres-
sion of tumor suppressor genes resulting in tumorigenesis.

Histones are the main protein component of chromatin. There are four core his-
tones (H2A, H2B, H3, and H4), which assemble to form the nucleosome that winds
around 146 base pairs of DNA. Modification of histones is another, less well-
characterized, mechanism of epigenetic modification. Acetylation and methylation
of histones can have a direct effect on gene transcription, DNA repair, DNA replica-
tion and chromosomal organization.

Micro RNAs are short, 22 nucleotide, noncoding RNAs that regulate gene expres-
sion by sequence specific base pairing in the 3