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1. INTRODUCTION

1.1 BLADDER CANCER

Bladder cancer is any of several types of maliggartsing from the epithelial lining (i.e.,
the urothelium) of the urinary bladder. Rarely thladder is involved by non-epithelial
cancers, such as lymphoma or sarcoma, but thesetoedinarily included in the colloquial
term "bladder cancer.” It is a disease in whichoatmal cells multiply without control in the
bladder. The bladder is a hollow, muscular orga $hores urine; it is located in the pelvis.
The most common type of bladder cancer recapituldtee normal histology of the
urothelium and it is known as transitional cellaaoma or more properly urothelial cell
carcinoma. It is estimated that there are 383.088es of bladder cancer worldwide
Detection and monitoring of bladder cancer is ligudone by urine cytology, cystoscopy
and histolog$. However these methods are highly subjective, esipe, invasive and often
are not able to reveal lograde bladder cancer at the first stage of transdtion (urine
cytology), flat bladder cancer in situ and bladdancer which remain below the mucosa
surface (cystoscopy). Non-invasive methods whiehadnle to compete with cystoscopy and
to implement cytology diagnostic accuracy are sid#leded. In recent years some non-
invasive test performed on voided urine have beeveldped for the early detection of
bladder cancer. However these biomarkers requibe tealidated in further studies. The aim
of this study was to verify the accuracy of new @eolar non invasive test in the diagnosis

of bladder cancer



1.2 EPIDEMIOLOGY

In the United States, bladder cancer is the foumlst common type of cancer in men and the
ninth most common cancer in wonieifrifty thousand new cases with bladder cancer are
diagnosed each year, even if the mortality is rothgh (Figure 1). Smoking can only
partially explain this higher incidence in nferOne other reason is that the androgen
receptor, which is much more active in men tharwomen, plays a major part in the

development of the cancer
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Figure 1. Bladder cancer incidence and mortality2G00).

1.3RISK FACTORS

Tobacco smoking is the main known contributor tonany bladder cancer; in most
populations, smoking is associated with over halbladder cancer cases in men and-one

third of cases among wonferThere is a linear relationship between smoking @sk, and



quitting smoking reduces the rislassive smoking has not been proven to be indblrea
10-year study involving almost 48.000 men, reseancfound that men who drank 1.5 liters
of water per day had a significantly reduced inomieof bladder cancer when compared with
men who drank less than 240 mL (around 1 cup) pgr @ihe authors proposed that bladder
cancer might partly be caused by the bladder dyrembntacting carcinogens that are
excreted in urine, although this has not yet bearfiened in other studisThirty percent of
bladder tumours probably result from occupationg@osure in the workplace to carcinogens
such as benzidine. 2-Naphthylamine, which is founcigarette smoke, has also been shown
to increase bladder cancer risk. Occupations ktatie bus drivers, rubber workers, motor
mechanics, leather (including shoe) workers, blanitts, machine setters, and mechafics
Hairdressers are thought to be at risk as well dmexaf their frequent exposure to permanent
hair dyes. It has been suggested that some geretiomst (i.e HRAS, KRAS2, RB1, and

FGFR3) may be associated with bladder cancer irestases.



1.4ANATOMO-PATHOLOGICAL FEATURES OF BLADDER CANCER

The urinary bladder leis within the pelvic cavifjhe bladder lies behind the symphysis
pubis. It is below the parietal peritoneum. Urim®duced in the kidneys flows into the
bladder via the ureters. The urine is ultimatelgreted from the bladder through the urethra.
The innermost portion of the urinary bladder is thwecosa (Figure 2). The histology of the
mucosa is that it is composed of transitional egitim and connective tissue. The epithelium
lies upon connective tissue called the lamina paopFhe lamina propria is composed of
areolar connective tissue. It contains blood vess#rves, and, in some regions, glands.
Ninety percent of bladder cancers derived fromnditéonal epithelium and then they are
called transitional cell carcinoma (TCC). The oti€% are squamous cell carcinoma,
adenocarcinoma, sarcoma, small cell carcinoma, sewbndary deposits from cancers
elsewhere in the body. The pattern of growth ofld& cancer can be papillary, sessile (flat)

(infiltrating or not infiltrating) or carcinoma situ (CIS).

Copyright & The McGraw-HIll Companies, lnc. Perinis sion required for reproduction of display.
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1.4.1 GRADING AND WHO CLASSIFICATION

Some controversies arose following the introductibthe 1998 WHO/ISUP classification of
bladder tumours, mainly because of lack of valaatireproducibility, and translation
studies. In particular, no sound translation scheoraparing the 1973 with the 1998 (and
2004) classifications has been put forward. Balyicgirade 1 (WHO 1973 classification)
tumours should be subdivided into PUNLMP and lowegr carcinomas, whereas most grade
2 and all grade 3 cases are defined as high grad#nomas. In this scheme, grade 2
tumours, whose morphology borders with that of grdd tumours, become low-grade

carcinoma¥ (Figure 3).

1973 WHO 2004 WHO

Papilloma ———————  Papilloma
Grade 1 » PUNLMP
T
Grade 2 \ > Low Grade
T
Grade 3 > High Grade

Figure 3. Comparison between 1973 and 2004 WHGifileations.



WHO classification*?

Flat Intraepithelial Lesions

Urothelium, the dominant type of epithelium linitige urinary bladder, ureter, and renal
pelvis, has unique characteristics that separdtent all other type of epithelia. The 2004
WHO classification of the flat lesions includes tinaial hyperplasia, reactive urothelial

atypia, atypia of unknown significance, dysplasiad CIS

Urothelial Hyperplasia, Reactive Urothelial Atypia, and Atypia of Unknown
Significance

Urothelial hyperplasia is defined as markedly teiodd mucosa without cytologic atypia.
Flat urothelial hyperplasia historically has beefited as urothelium greater than 7 cells
layers thick. In practice, counting the number aithelial cell layers is not reproducible, as

urothelial cells do not line up in neat rows.

Urothelial Dysplasia

Dysplasia is an intraurothelial lesion with appaéde cytologic and architectural changes felt
to be preneoplastic but that fall short@fS. The morphology of dysplasia generally shows
cohesive cells characterized by mild nuclear/ndalechanges that focally include irregular

nuclear crowding and slight hyperchromasia.

Urothelial Carcinoma in situ
Carcinoma in sitius a nonpapillary flat lesion in which the surfa@thelium contains cells
that are cytologically malignant. The morphologiaghosis of CISequires the presence of

severe cytologic atypia (nuclear anaplasia).

Noninvasive Papillary Urothelial Lesions

This group comprises papilloma, inverted papillompapillary urothelial neoplasm of low
malignant potential, and noninvasive low-grade amgh-grade papillary urothelial

carcinoma.



Urothelial Papilloma
Urothelial papilloma is a benign exophytic neoplasomposed of a delicate fibrovascular

core covered by normal looking urothelium.

Inverted Papilloma
Inverted papilloma is a benign urothelial tumouatthhas an inverted growth pattern with

normal to minimal cytologic atypia of the cells.

Papillary Urothelial Neoplasm of Low Malignant Potential (PUNLMP)
This is a noninvasive papillary urothelial tumotiatt resembles the exophytic urothelial

papilloma but shows increased cellularity exceednagthickness of normal urothelium.

Noninvasive Low-Grade Papillary Urothelial Carcinoma
This is a neoplasm of urothelium lining papillargrids that shows an orderly appearance but

easily recognizable variations in architecture eytologic features.
Noninvasive High-Grade Papillary Urothelial Carcinoma
This is a neoplasm of urothelium lining papillargrids that shows a predominant pattern of

disorder with moderate-to-marked architectural eytdlogic atypia.

Invasive Urothelial Neoplasms

Lamina Propria Invasion
Lamina propria invasion is characterized by thes@nee of neoplastic urothelial nests,
clusters, or single cells within the lamina propoéien associated with prominent retraction

artifact.

Muscularis Propria (Detrusor Muscle) Invasion
The distinction on transurethral resection of miestsi mucosae from muscularis propria

invasion may occasionally be difficult.



1.4.2 STAGING

The definition of the clinical and pathological g¢aof bladder cancer is the evaluation of the
extent of the tumour on the surface, the local msgjon within the mucosa, submucosa or
muscular layers of the bladder, and the distancadjacent areas (Figure 4). Staging is

particularly critical because of the many progrnostriables.

The correct staging allows to:

- determine the spread of the disease to othensrgad systems
- propose the best therapeutic strategy
- provide prognostic information

- compare the results of different treatment ofstion

It is imperative to differentiate between two greupuperficial and infiltrating bladder
cancet?. In fact, the first group, which comprises-80 % of cancers, tends to a local disease
with a chronic high chance of local recurrence aextiept in the forms G3, with low
tendency to progress. The second group compriga®thaining 20-30% and it is a systemic
disease that tends to pose a risk to the patidifeé'sand requires staging and different
therapies.

Clinical staging requires manual palpation undeesimesia before and after resection of
neoplastic masses, and urography, for advancedsf@mequired chest x-ray, ultrasound of
the liver, abdominal and pelvic CT, bone scintignapUrinary cytology is important as it is
able to highlight, with a diagnostic accuracy obward 90%, the in situ carcinoma.

There are three classifications used: the Jewstti§Marshall, the Union Internationale
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Contre le Cancer (TNM) and the American Joint Cottenj although currently the TNM
system is the most used in all countries. The dieagon of JewettStrong Marshall defines
the extent of the disease according to five categdd to D), while the other two, with slight

variations, define the parameters (T, N, M).

T (Primary tumour)

« TX Primary tumour cannot be assessed

« TO No evidence of primary tumour

- Ta Non-invasive papillary carcinoma

« Tis Carcinoma in situ (‘flat tumour’)

« T1 Tumour invades subepithelial connective tissue

« T2a Tumour invades superficial muscle (inner half)
« T2b Tumour invades deep muscle (outer half)

« T3 Tumour invades perivesical tissue:
« T3a Microscopically
« T3b Macroscopically (extravesical mass)

« T4a Tumour invades prostate, uterus or vagina
« T4b Tumour invades pelvic wall or abdominal wall

N (Lymph nodes)

« NX Regional lymph nodes cannot be assessed

« NO No regional lymph node metastasis

« N1 Metastasis in a single lymph node 2 cm or laggéatest dimension

« N2 Metastasis in a single lymph node more than Dbatmot more than 5 cm in
greatest dimension, or multiple lymph nodes, nooneenthan 5 cm in greatest
dimension

+ N3 Metastasis in a lymph node more than 5 cm iatgst dimension

M (Distant metastasis)
« MX Distant metastasis cannot be assessed

« MO No distant metastasis
« M1 Distant metastasis.

11



T CATEGORIES OF TNM CLASSIFICATION

1: epithelium; 2: connective tigsu

3: muscle; 4: perivescical fat

Figure 4. T Categories proposed by TNM classifarati

1.5 MOLECULAR GENETICS

The molecular mechanisms of occurrence and deveopof transitional cell carcinomas of
the bladder include interactions between tumourpsegsor genes, oncogenes, growth
factors, adhesion molecules and angiogenic facltrs resultant of these interactions is the
acquisition of the malignant phenotype by normahsitional cells. The initiation and the
development of the tumour is the result of an ahitlamage that involves a genetic disorder
both as negation of a tumour suppressor gene imdgtion of oncogenes. Tumour

progression follows the acquisition by the normaell ¢ransformed further development
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capability (growth factors and angiogenic), a#l @e the ability to invade and overcome the
lamina propria (adhesion molecules and motilitytdes) with the result of the diffusion
distance. Repeated and sequential stages of imitiand promotion to the selection of cell
populations increasingly affected. It is thoughdattthe development of bladder cancer is a
process resulting from the evolutionary stagessipgshrough the stages of hyperplasia and
dysplasia to malignant urothelial cell transforred
Cytogenetic studies have revealed both chromosabrarmalities and specific correlations
between genetic alterations and biological behawabrthe tumour. The most frequent
combinations of genetic and epigenetic alteratitvas lead to the development of bladder
cancer have been already acquirkthlecular pathology could have a role in the furthe
refinements of the classification system. The gersttidies so far published have classified
tumours according to the 1973 WHO scheme, anddugtudies are needed to link available
genetic information to the 2004 WHO scheme. Currelatta suggest 2 genetic
subtypes/pathways that correspond to morphologidafined entities (Figure 5).

The genetically stable category includes low-gradeinvasive papillary tumours (pTa, G1,
and G2), whereas the genetically unstable categmmiains high-grade (including pTa, G3,
and CIS) and invasively growing carcinomas (stag&-4). Noninvasive lowgrade bladder
neoplasms have only few genomic alterations andherefore viewed as genetically stable.
Invasively growing and higlgrade neoplasms appear to be genetically unstaiolehave
several chromosomal aberrations. There are twandisholecular pathways that lead to the
development of low-grade non-invasive and muscl@sive tumours.

The origin of high-grade papillary Ta tumours id get clear, it is thought to be caused by

dysplasia or low-grade papillary tumours. Similartiie way of the development of T1
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tumours is unclear, but it could be the acquisitodninvasive capacity on the part of high-
grade Ta or carcinoma in situ (Figure 5).
The most common alterations of lawade, norinvasive tumours include the deletion of
chromosome 9 and the point mutation of the receptbbroblast growth factor (FGFR3).
The musclanvasive bladder tumours show a broad spectrumeoktic alterations: some
implicated known genes but also a large numbereoiegc alterations and changes in the
number of copies in the regions of the genome p&hown. Many studies have identified
the RB1 and TP53 tumour suppressor genes, whichalégeed in the majority of these
tumours. The involvement of TP53 is perhaps thennufiference between this group of
tumours and the low-grade Ta, in fact, have beemtilied many different mutations of
TP53*

In conclusion numerous deletions on chromosome &@asllp, 17p) characterize bladder
carcinomas. There are also correlations betweendégeee of malignancy and specific
deletions (3p, 17p). The stadium is associated detbtions of 3p, 17p , and with the altered
expression of the gene RB (retinoblastoma), andulas invasion correlates with the 17p
deletion. Recent studies demonstrated that ittdrature p53/p21 alterations appear to play
a prognostic predictor of recurrence and diseasgrpssiofralthough the results obtained so

far are still controversial, and further studies @verefore needed.
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Figure 5. Current genetic data suggest two majotypes/pathways of bladder urothelial

tumours.

15



1.6 SIGNS AND SYMPTOMS

Bladder cancer characteristically causes bloodngss) in the urine. This blood in the urine
may be visible to the naked eye (gross/macroscbpimaturia) or detectable only by
microscope (microscopic hematuffa)Hematuria is the most common symptom in bladder
cancer. Other possible symptoms include pain duwrigation, frequent urination, or feeling
the need to urinate without being able to do s@s€hsigns and symptoms are not specific to
bladder cancer, and are also caused by-aamgerous conditions, including prostate
infections, over-active bladder and cystitis. Tharme many other cause of hematuria, such as
bladder or ureteric stones, infection, kidney disgakidney cancers and vascular

malformations.

1.7PREVENTION

A 2008 study commissioned by the World Health Orzgtion concluded that "specific fruit
and vegetables may act to reduce the risk of bladdecer®*’. Fruit and yellow-orange
vegetables, particularly carrots and those contgiseleniunf, are probably associated with
a moderately reduced risk of bladder cancer. Cifiruiss and cruciferous vegetables were
also identified as having a possibly protectiveefff However, an analysis of 47.909 men in
the Health Professionals follow-up study showeitelitorrelation between cancer reduction
and high consumption of fruits and vegetables diveva yellow or green leafy vegetables
specifically, compared to the statistically sigedgfint reduction among those men who

consumed large amounts of cruciferous vegetables.
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Several studies have suggested that the bladdeneasof the most responsive organs to
induction of detoxification enzymes by extract. §hwas evident in human bladder cancer
cellsin vitro and in animal models vivo. Sulforaphane and broccoli sprout extract were
also observed to induce apoptosis and cell cyckstin human bladder cancer ceatisitro,

an anti-cancer effect attributed to the sulforaghpmtential in the sproufs™
1.8 DIAGNOSIS

Many patients with a history, signs, and symptoospgious for bladder cancer are referred
to a urologist or other physician trained in cystysy, a procedure in which a flexible tube
bearing a camera is introduced into the bladdeyuyin the urethra. Suspicious lesions may
be biopsied and sent for pathologic analysis. Tokl gtandard for for the diagnosis of
bladder cancer is biopsy obtained during cystoscGmynetimes it is an incidental finding
during cystoscopy. Urine cytology can be obtainedseided urine or at the time of the
cystoscopy ("bladder washing"). Cytology is notweensitive especially for low grade and
stage tumours (a negative result cannot reliabljluele bladder cancéf{Table 1). The
diagnosis of bladder cancer can also be done witlexvix/Cysview guided fluorescence
cystoscopy (blue light cystoscopy, Photodynamigultsis), as an adjunct to conventional
white-light cystoscopy. This procedure improves die&ection of bladder cancer and reduces
the rate of early tumour recurrence, compared witite light cystoscopy alone. Cysview
cystoscopy detects more cancer and reduce recerr€ysview is marketed in Europe under
the brand name Hexvix However, visual detection in any form listed abovs not
sufficient for establishing pathological classifioa, cell type or the stage of the present

tumour. A secalled cold cup biopsy during an ordinary cystosc@pgid or flexible) is not
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sufficient for pathological staging. Hence, a visdetection needs to be followed by
transurethral surgery. The procedure is called stresthral resection (TUR). Further,
bimanual examination should be carried out befokaiter the TUR to assess whether there
is a palpable mass or if the tumour is fixed ("¢éetld") to the pelvic wall. The pathological
classification obtained by the TUR-procedure, isusfdamental importance for making the

appropriate choice of ensuing treatment and/oofellip routine¥’.
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Table 1. Diagnostic accuracyogtology in the different studigs

Number Sensitivity Specificity
of Cases (%) (%)
Case-control
studies
Weikert et al. 400 34 93
23]
Halling et al. 265 58 98
[12]
Babjuk et al. 218 33 100
[22]
Eissa et al. 200 75 94
[55]
Sarosdy et al. 176 26 -
[11]
Eissa et al. 168 44 100
[28]
May et al. 166 71 84
[15]
Saad et al. 120 48 87
[23]
Adb El Gawad et al. 86 54 100
[21]
Placer et al. 86 64 as
[13]
Varella-Garcia et al. 19 43 100
[14]
Symptomatic
patients
Grossman et al. 1331 16 99
[27]
Sarosdy et al. 497 a8 =
[20]
Laudadio et al. 300 34 93
[18]
Sharma et al. 278 56 93
[24]
Kavaler et al. 151 51 98
[43]
Landman et al. 7 40 94
[23]
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1.9 TREATMENT

The treatment of bladder cancer depends on how theepumour invades into the bladder
wall. Superficial tumours (those not entering thesoie layer) can be "shaved off" using an
electrocautery device attached to a cystoscope;hnihi that case is called a resectoscope.
TUR serves primarily for pathological staging. bBse of non-muscle invasive bladder cancer
the TUR is in itself the treatment, but in casemafscle invasive cancer, the procedure is
insufficient for final treatmert. Immunotherapy by intravesicular delivery of Bhl
Calmette—Guérin is also used to treat and preventrécurrence of superficial tumotis
Bacillus Calmette—Guérin is a vaccine against tuildesis that is prepared from attenuated
(weakened) live bovine tuberculosis bacillus, Myacterium bovis, that has lost its
virulence in humans. BCG immunotherapy is effectiveip to 2/3 of the cases at this stage,
and in randomized trials has been shown to be muper standard chemothergfy The
mechanism by which BCG prevents recurrence is unkndut the presence of bacteria in
the bladder may trigger a localized immune reactidrich clears residual cancer cells.
Instillations of chemotherapy, such as valrubidfialétar) into the bladder, can also be used
to treat BCG-refractory CIS disease when cystectmpot an optiod”. The drug Urocidin

is currently in Phase IlI of trials for this proced®®. Patients whose tumours recurred after
treatment with BCG are more difficult to treat. Mgohysicians recommend cystectomy for
these patients (Figure 6). This recommendation &ccordance with the official guidelines
of the European Association of Urologists (EAt8Nnd the American Urological Association
(AUA)?°. However, many patients refuse to undergo thésdtianging operation, and prefer
to try novel conservative treatment options befopéng to this last radical resort. Device
assisted chemotherapy is one group of novel teogred used to treat superficial bladder

20



cancet’. These technologies use different mechanismscititée the absorption and action
of a chemotherapy drug instilled directly into tbkadder. Another technology uses an
electrical current to enhance drug absorpfioAnother technology, thermotherapy, uses
radio-frequency energy to directly heat the bladslall, which together with chemotherapy
shows a synergistic effect, enhancing each otleafsacity to kill tumour cells. This
technology has been studied by different invesiget>?
Untreated, superficial tumours may gradually beginnfiltrate the muscular wall of the
bladder. Tumours that infiltrate the bladder reguimore radical surgery where part or all of
the bladder is removed (cystectomy) and the uristmgam is diverted into an isolated bowel
loop (ileal conduit or urostomy). In some casesllesk surgeons can create a substitute
bladder (neobladder) from a segment of intestirue, but this largely depends upon
patient preference, age of patient, renal functeord the site of the disease. A combination
of radiation and chemotherapy can also be usegk#b invasive disease. It has not yet been
determined how the effectiveness of this form @&atment compares to that of radical
ablative surgery. Photodynamic diagnosis may im@reurgical outcome on bladder
cancet’. For muscle invasive urothelial urinary bladdenasr there are a number of
treatment options. Gold standard is radical cystagtas mentioned. In males this usually
includes also the removal of the prostate and imafes, ovaries, uterus and parts of the
vagina. In order to address the problem of micrastatic disease which in itself has
implications on longtime survival, new treatmentiops are dearly needed. Micrometastatic
dissemination is often not treatable with only nnagargery and the concept of neoadjuvant

chemotherapy has evolved.
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2. NEW MOLECULAR NON INVASIVE APPROACHES

2.1 TUMOUR MARKERS

The availability of more accurate diagnostic andgiloly non-invasive tests has been a major
objective pursued intensively in recent years. denl diagnostic marker should have both a
high sensitivity and specificity, and also be ableletect well-differentiated and early stage
tumours. The method must also be simple, and serftly inexpensive to facilitate the
analysis of a large number of urine samples inagaeable amount of time. In recent years,
several markers of diagnostic relevance have bdentified and a number of reagents
directed against molecular targets have been deseloommercialfy (Table 2). The most
intensively investigated are chromosome alteratiolesected by fluorescence in situ
hybridization (FISH), urinary human complement ¢acH related protein (BTA stat and
BTA TRAK), nuclear matrix protein (NMP22) and cytmratin 8 and 18 fragments (UBC
rapid, and UBC immunoradiometric assay, UBC ELISAYith regard to the most
intensively investigated markers, consistent reshiive been obtained for FISH, with a
sensitivity of approximately 80%, and a specificigtween 90 and 100% in casantrol
studies. However, the test is expensive, canngebermed in all laboratories, and accuracy
strongly decreases when it is used for symptomaditents. FISH requires specialized
personnel to ensure a correct morphologic evalnagamilar sensitivity and specificity have
been reported for NMP22 in case control studidseialwith lower accuracy, especially in
terms of sensitivity in symptomatic patients. Fhrtleese molecular tests, sensitivity ranges

from 40 to 100% in different case-control studiesd from 40 to 82% in symptomatic
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patient series. Specificity also varies markedignt 64 to 100% in the former, and from 65
to 86% in the latter subgroups (Tablé'2)

Moreover, intra-assay variability is often highéam inter-assay variability, indicating a
potential lack of standardization of technical aspand pre-analytical phases.

Indeed, specific protocols and standards often tedidpy individual laboratories determine a

wide range of results which are not easily comparab

Table 2. Diagnostic accyratdifferent non-invasive assay.

Number Type of Sensitivity Specificity

of cases assay (%) (%)
Case-control studies

Halling et /.04 265 FISH a1 96
Skacel et a/."! 120 FISH 85 97
Placer et a/ [® 86 FISH 80 85
Riesz et al.l"! 55 FISH 87 100
Varella-Garcia et af "l 19 FISH 87 100
Halling et al.l'®l 265 FISH 81 96
BTA stat 78 74
Sarosdy et al1™ 176 FISH 71 100
BTA stat 50 -

Saad et al.[**] 120 NMP22 81 87
BTA stat 63 82

Babjuk et a/.l*] 218 BTA stat 74 87
BTA TRAK 76 73

UBC rapid 49 79

UBC IRMA 70 64

May et al.l'5! 166 FISH 53 74
UBC 40 75

Eissa et af.[2%] 168 NMP22 85 01
UBC &7 81

Adb El Gawad et al.l1 86 NMP22 9 a7
BTA 100 92

Symptomatic patients

Sarosdy et al.12l 497 FISH 69 78
Laudadio et a/.l"™ 300 FISH 73 65
Grossman et al.1] 1331 NMP22 56 86
Sharma et al 124 278 NMP22 82 82
BTA stat 68 82

Atsii et al.128 82 NMP22 78 66
Landman et a/.1*1 77 BTA 40 73
NMP22 a1 77

FISH = fluorescence in situ hybridization, BTA = bladder tumor antigen,
NMP22 = nuclear matrix protein, UBC = urinary bladder cancer
Tabulated according to size of case-series within each marker
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2.2 THE ROLE OF TELOMERASE

Among the markers most recently proposed to impmegnostic accuracy, especially in
terms of sensitivity, increasing attention has befatused on the role of the
ribonucleoprotein, telomerase. This enzyme consithiree subunits: an RNA component
(hTR), which acts as a template for DNA replicatfora telomerase associated protein
(TP1Y® of as yet unknown function, and the telomerasensstranscriptase (nTERT), which
is responsible for catalytic activity Telomerase activity (TA) has been detected inoatm
all malignant cells and tissues, and only very simally in normal somatic ceff5*’. The
telomeric repeat amplification protocol assay (TRA® polymerase chain reaction (PCR)
based method for detection of TA, has been availaice 199%.The introduction of this
method is an important milestone in telomerasearebeand has become the standard
method for studying the diagnostic relevance of #rizyme (Table 3y*> TA has also been
determined qualitatively and quantitatively usingdified TRAP assays, for example TRAP
scintillation proximity assay, TRAP-ELISA, fluoremat TRAP assay, TRAP hybridization
assay, and bioluminescence linked with TRAP. Othethods have focused on the detection
of the telomerase subunits, hTR and hTERT, usimgrédverse transcriptase polymerase
chain reaction (RT-PCR). Real-time PCR methods hdse permitted a quantitative and
reproducible determination of these subunits.

Expression of the hTERT protein has also been aadlipy immunocytochemistry using

anti-hTERT monoclondf**>and polyclonal antibodies
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Table 3. Diagnostic accuracy of telomerase-bassalyas

NMumber  Type of Sensitivity Specificity

of cases  marker %) (%)
Zase-control studies

Halling et ai.l*8 265 T 44 M
Sanchini et a7 218 Ta* 20 as
Bravaccini et al.¥'] 212 Tax g7 ]
Sanchini et a1 200 Ta* 02 81
Saad et al.l 120 Ta* 84 93
Fedriga et /.12 106 Ta* g9 68
Adb El Gawad et &/ =1 8o Ta* 80 95
Eissa ef al.l™ 200 TA* 75 92
hTERT 98 96
HTR 02 g9
Waikert et al.[*¥ 400 nTR 77 72
hTERT 55 85

Symptomatic patients
Kavaler et a4 151 T 85 ]
Landman et a1 77 TA* 80 80

‘TA performed by TRAP assay

2.2.1 TELOMERASE EVALUATION
2.2.1.1 ENZYMATIC ACTIVITY
TRAP assay

The detection of TA in bladder washing and voidethels has been investigated for its
diagnostic potential. Since this technique det@®s and not only the presence of the
enzyme, viable cells are a prerequisite. In fagossible limitation of the TRAP assay is the
potential vulnerability and inactivation of the gne by external factors. Bladder washings
are obtained by mechanical irrigation of the emytypary bladder using saline solution at
physiological pH. However, in native urine, suspsthdtumour cells are exposed to
destructive substances such as proteases, uresaasd) usually, acid pH, for variable times.
All of these factors may lead to early inactivatiendegradation of the enzyme that could
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explain the lack of reproducibility of results angotie different studies. Moreover, bladder
washings are obtained through the use of a catleteystoscope, which are both invasive
instruments. For this reason, voided urine has Ibleemost widely used biological sample
for the TRAP assay. The first reported TRAP asdagliss were based on qualitative, and
thereafter with semi-quantitative TA determinatitngo obtain more accurate and reliable
results, a quantitative TRAP assay was developedladder washings and voided urine,
based on exponential amplification of the pristedomeric repeats generated in the
telomerase reactih*’* Several case-control studies have also confirthatlthis test is
more accurate in males than fem&esvith a higher specificity in younger than older
individuals'. A recent study by the same authors suggestedhése results could be due to
the presence of inflammatory cells, which are almmisvays positive to telomerd3e
Furthermore, the diagnostic accuracy of TA wasralated to the tumour stage or grade, and
was as high in both early stage and low grade tuspdncluding in situ carcinom@s in
contrast to what has been reported by other adthétewever, before introducing this test
in routine clinical practice, in combination withr, as an alternative to invasive cytoscopy, its
potential, in terms of sensitivity and specificitgust be further investigated and defined in a

consecutive series of symptomatic individdals

2.2.1.2 EXPRESSION OF hTR AND hTERT

RT-PCR

It has been shown that transcriptional regulatibtihe catalytic component of the telomerase
complex is a major determinant in the control of X Meanwhile, hTR seems to be

ubiquitously expressed in most cells indeperfdesftenzyme activity. Studies have pointed
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out that high hTERT mRNA expression is associatéith \wmalignancy in many tumour
histotypes, and has shown great potential for ezatcer detection in body flutisndeed,
the expression of hTERT and hTR mRNA, both in &8land in voided urine samples,
seems to correlate positively with tumour stage gradie, even if these data have not, as yet,
been confirmetf. Moreover, a good concordance has been shown eetm&NA of both

telomerase subunits and telomerase actitity

IMMUNOHISTOCHEMISTRY

Many studies have shown that the TRAP assay dakeethhave some drawbacks, the most
important being the rate of false positives duthpresence of inflammatory néumour

cells in voided urine and bladder washifigs It is therefore important to carry out a
morphological analysis to identify the true natofeurothelial telomerase expressing cells
(Figure 7) and to unmask any false TRAP positivegure 8). The availability of both
monoclonal (Mab tel 3 36-10 DIESSE Diagnostica Senkaly, commercialized by the
Alexis Corporation, Lausanne, Switzerland; NCL hTIERovocastra, Newcastleijpon Tyne
UK) and polyclonal antibodies (TERT-2B1: se7212, Santa Cruz Biotechnology Inc, Santa
Cruz, CA, USA; hTERT EST21A Alpha Diagnostic Intational, San Antonio, TX), able to
detect hTERT protein expression, has opened updbsibility of studying the different cell
components. The diagnostic accuracy of the TRAByassuld be improved by considering
the percentage of nemmour hTERTFexpressing cells in the same urine sample. Howdver,
still needs to be demonstrated that the two mar&ke¥sequivalent. In fact, there is evidence

that some tissues may be positive for "\TERT mRNA not for TA.
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Figure 7:Immunoreactivity of bladder tumour cells to MabidmfERT tel 3 3610 Diessé"

= =_;EI.

Figure 8: Immunoreactivity of inflammatory cellstab antihTERT tel 3 3610 Diess&™.
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2.3 FLUORESCENCE IN SITU HYBRIDIZATION (FISH)

Bladder cancer progression is accompanied by isetkachromosomal instability and
aneuploidip. Cytogenetic studies reveal frequent alteratiohsa @ariety of chromosomes
including chromosomes 1, 3, 7, 9, 17, and othef®iese chromosomal alterations can be
detected with fluorescence in situ hybridizationSH)*"*. FISH utilizes fluorescently
labeled DNA probes to chromosomal centromeres aquenloci to detect cells with
numerical or structural abnormalities indicative mélignancy. Studies have demonstrated
that FISH, using the UroVysi6rprobe set, has similar specificity to and betens#ivity
than routine cytology for detecting bladder carinaurine. Vysis UroVysiofi is a molecular
cytology test that detects aneuploidy of chromosoB)e7, and 17 and deletion of the 9p21
locus via fluorescence in situ hybridization (FISkY) urine specimens. Presently, as
approved by the US Food and Drug Administration Al;0he UroVysiofi assay is simply
reported qualitatively as 'positive’ or 'negatif@ abnormality. However, recent studies
indicate that assessing FISH quantitatively (ipattern of chromosomal abnormality and
percentage of abnormal cells) may help better pteudhich patients will recur and progress
to muscle invasive diseaseResearchers have found that increased chromosostability
and aneuploidy, such as that detected by the Mysid/ysion test, are characteristic of
bladder tumour progression. Due to its high spatyfi(~96%) and increased sensitivity
(Table 2), the Vysis UroVysion test is useful farlg detection of bladder cancer recurrence
when used in conjunction with cystoscopy. When\tlgsis UroVysion test is positive and
cystoscopy is negative, cancer recurs on averagerths earlier than when both tests are
negative; thus, a positive Vysis UroVysion test miaglicate a need for increased

surveillance in these cases.
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Given this quantitative information, patients wdh anticipated uneventful clinical course
and/or recurrent low-grade papillary tumours candistinguished from those who are at a
high risk of tumour progression. Accordingly, suliagce strategies could be tailored for

individual patients on the basis of the biologisadperties of their disease.

2.4 DNA INTEGRITY

The presence of circulating cell-free DNA in plasoraserum has been reported to be a
suitable marker of prostaf® and lung cancef'®* but few studies have focused on the
potential of urine celfree (UCF) DNA to detect bladder can&&f® It is very important to
assess whether DNA integrity is able to distinguadder cancer patients from from
healthy individuals or from those with benign umgitodisease. This hypothesis is based on
the well-known fact that DNA from normal cells ipaptosis is highly fragmented, while
DNA from necrotic cancer cells maintains its intggf®. It has been demonstrated that urine
cell-free DNA fragments longer than 250 bp of 3rbérkers frequently amplified in bladder

cancer arec-Myc(8q24.21) HER2(17q12.1), andBCAS1(20q13.2f"%°
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3. AIM OF THE STUDY

RATIONAL AND INTRODUCTION FOR THE EXPERIMENTAL WOR K

The early diagnosis of urogenital tumours has angtrimpact on the probabilities of
recovery and survival of patients affected withsth@athologies. Therefore the identification
of accurate and sensitive tumour markers abledgrdise these neoplasms early is essential
for non invasive diagnostic approaches.

Cystoscopy is the standard approach to the diagmestk-up of urinary symptoms. It has
high sensitivity and specificity for papillary tumms of the bladder but suboptimal sensitivity
and specificity for flat carcinomas. It is also ergive and may cause discomfort and
complications. Urine cytology, in contrast, has éldwantage of being a noninvasive test with
high specificity but suffers from low sensitivitpgsibly due to the low number of exfoliated
cells in urine, and particularly in low-grade andrlg-stage tumours. Numerous new
noninvasive tests have been proposed but up to theve are no diagnostic markers in
clinical practice for non-invasive urogenital carscthat are sufficiently accurate in terms of
sensitivity and specificity. For bladder cancererth are numerous studies aimed at
identifying new molecular markers in urine of diagtic relevance, but, so far, none of these
have an optimal accuracy (both in terms of sensjtand specificity).

Important results on the diagnostic relevance ofeutelomerase have been published by our
group in pilot and confirmatory case-control stgd{@able 4) but its role in symptomatic

individuals is not well known.
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In particular, the objective of tHest study, was to determine whether combining cytology
and the TRAP assay for the detection of TA with HFl&nalysis improves the diagnostic
performance of cytology alone in patients with ogital symptoms consecutively enrolled
(symptomatic patients), which represent the tamydiset for the activation of screening
programé”.

It would also be interesting to consider other apphes to see whether diagnostic accuracy
and costeffectiveness can be further improved. The presehceculating cell-free DNA in
plasma or serum has been reported to be a suitarleer of prostat€’and lung cancét®?

but few studies have focused on the potential imieucellfree (UCF) DNA to detect bladder
cancet*®

In the second study the capability of DNA integrity in urine superaat in distinguishing
cancer patients from healthy individuals or fronogé with benign urologic diseases was
assessed. This hypothesis is based on the well+kragt that DNA from normal cells in
apoptosis is highly fragmented, while DNA from r@a@ cancer cells maintains its
integrity®®. To this end urine cell-free DNA fragments longlean 250 bp of 3 biomarkers

frequently amplified in bladder cancec:Myc (8924.21),HER2 (17g12.1), andBCAS1

(20q13.25"*°were analyzed.
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Table 4. Studpesblished by our research group on telomerase.

N° tot N° Cases Males Females Global Series
Cases
% % % % % %
Males Females| Sens. Spec.| Sens. Spec.| Sens. Spec.
Neoplasia 200 140 60 93 90 86 7L 29 81
Sanchini
2004
JAMA 218 218 - 90 88 - - 90 88
Sanchini
2005
J UROL 212 - 212 - - 87 66 87 66
Bravaccini
2007
1JBM 515 465 50 88 70 79 6p 7 8 70
Casadio
2009
1JU (review) - - - - -
Bravaccini
2009

Sens.: Sensitivity

Spec.: Specificity
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4. MATERIALS AND METHODS

4.1 Case series

First study

The following diagnostic procedures were compared densitivity and specificity with
cytology alone: TRAP assay alone; cytology and TR&g3ay in parallel, with subjects
positive at either test being classified as posjtigytology in parallel with the in-series
combination of TRAP assay and FISH analysis, withjects positive at cytology and those
positive at both TRAP and FISH being classifiegbasitive; and the in-series combination of
TRAP and FISH, with subjects positive at both témmg classified as positive. The use of
TRAP assay alone was aimed to confirm that thidirtegie is more sensitive than
cytology*'*2 Combining cytology and TRAP in parallel was desig to increase the
sensitivity of cytology. The use of cytology in pHel with the in-series combination of
TRAP assay and FISH analysis reflected the assomgpthat cytology is fairly specific and
does not need in-series testing; the specificityf RAP may be improved with an-series
combination with the FISH analyfsand thus, cytology in parallel with the TRAP—FISH
sequence could maximize sensitivity while retairangacceptable specificity. Finally, the in-
series combination of TRAP and FISH was expectegrdduce the greatest specificity. All
study patients were submitted to cytology testing aRAP assay. TRAP-positive patients
underwent FISH analysis. All patients underwenttaysopy, and biopsy if appropriate.
cystoscopy (and biopsy, if any) was consideredytild standard.

Patients who were seen in the Urology DepartmenhefMorgagni-Pierantoni Hospital in

Forli” (the only public general hospital in a catent area of about 80.000 people in
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northern Italy) between January 2007 and June,3f@8ented with urinary tract symptoms,
reported no history of bladder cancer, underwestasgopy, and had conclusive results for
cytology, TRAP assay, and FISH analysis were diditr the study.

Three hundred consecutive patients were enrollddth® 120 TRAP positive patients
submitted to FISH analysis, 11 (9%) (9 with candesd inconclusive results and were
excluded from analysis, leaving 289 assessablestshf238 men, 51 women; median age 70
years; range 28-92 years).

One hundred thirteen patients reported micro/masratiuria, and 176 (61%) irritative
symptoms alone. Sevenrtyur patients (62 men, 12 women; median age 74syeange 47—
92 years) were diagnosed with bladder cancer, 3858 whom had micro/macrohematuria.
Urine test was carried out blindly to histologidagnosis. Eighty patients underwent biopsy.
All cases of bladder cancer were histologically feomed. In accordance with the 2004
World Health Organization guidelines, tumour saraplere classified as high or low grade.
Patients diagnosed with benign disease were fotlemgefor at least one year using clinical
data from hospital records, and their status wasirtoed. There were no losses to follow-
up. The local ethics committee approved the stuayopol and all participants provided
written informed consent to take part in the study.

Second study

A total of 129 individuals (51 bladder cancer patiseat first diagnosis, 46 symptomatic
patients with benign urogenital diseases, andezittny individuals; Table 5) were recruited
from the Urology Department of MorgagRierantoni Hospital (Forli). All participants
provided written informed consent to take parthe study and the local Ethics Committee

reviewed and approved the study protocol.
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Patients with bladder cancer or benign urogenitséabes were submitted to cystoscopy,
after which those with malignancies or suspiciceesdns underwent transurethral resection
of the bladder (TURB). The final diagnosis of canaas based on histologic results from
TURB. Tumour type and differentiation were based2@®4 World Health Organization
criteria. Symptomatic patients were diagnosed wvdifferent benign diseases: prostatic
adenomas or benign hyperplasia (14 cases), kidi@es (3), cysts (13), lithiasis (3),
prostatitis (3), bladder edema (1), and bladdeerdisula (1). Eight patients did not have any
disease.

Twenty-eight percent of symptomatic patients hachdteria at the time of urine collection.
The control group of healthy individuals with neepious urogenital diseases or cancer was
matched to patients by gender and age. UCF DNAjiityeanalysis was performed blindly
in all individuals and was evaluable for the entoase series. Cytologic results were
available for 76 patients (41 cancer cases ang@pt®matic individuals).

Table 5. Case series.

Sem Aga (years) Grade Stage
o Male Famale <70 =70 High Low Ta-T1 T2-T3
Healthy individuals 32 2] 11 1& 14 — — — —
Symptomatic patients 46 EE] 13 7 19 — — — —
Bladder cancer patinta 51 £ 15 15 26 22 pal 36 4

4.2 Urine collection

First study

Urine samples were collected immediately befordaseopy. For the TRAP assay, 3 ml of
urine was used and cells were pelleted by centtfag (850 g for 10 min at 4°C) within 3 h
of urine collection, washed once in phosphate-batfesaline (1X), resedimented by
centrifugation (2300 g for 5 min at room temperajurand stored at -80°C until use
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(maximum of 12 months). Pelleted cells were thegpended in 200 ul of lysis reagent and
left on ice for 30 min. Cell lysates were centriédgat 10.000 g for 20 min at 4°C and the
supernatant was stored &@0°C. The results of the cytological evaluation tkiBégy
Department, MorgagsRierantoni Hospital, Forli) were reported in a dggive manner and
were classified as negative and positive by lalboyabiologists at our institution. Dubious
findings were considered a positive result.

For the FISH test, in accordance with the manufacs instructiond’ (UroVysion™;
Abbott/'VVysis, Downers Grove, IL), at least 33 ml of urimas used and cells were collected
by cytospin centrifugation (1200 g for 5 min). Gellere fixed in Carnoy’s fixative for 20
min and dehydrated for 2 min each in ethanol sadlations (70%, 85%, 100%), after which
the slides were heated at 45°C-50°C for 2—-3 min stackd at 4°C for a maximum of 1

month.

Second study

First morning voided urine samples for UCF DNA as& were collected from healthy
individuals about 1 week after cytologic examinafiand from symptomatic individuals and
bladder cancer patients immediately before cysimsc@ll patients and controls were
instructed to give clean-catch urine samples, raaiat at 4°C for a maximum of 3 hours.
Thirty milliliter aliquots of urine were centrifugeat 850g for 10 minutes and the

supernatants were transferred to cryovials and ietely stored at80°C until use.
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First study

4.3 TRAP assay

Urine sample aliquots containing 1 pg of proteisale were used for the TRAP assay. As
previously™*? telomerase products were evaluated on fluoresteatropherograms and the
area underlying the different peaks was calculafed.internal telomerase assay standard
(ITAS; 25 attograms) amplified by the same two mmismused for TA determination was
included in the TRAP buffer to obtain a semiquanitie evaluation. Protein concentrations
corresponding to 10, 30, 100, 300, 1000, and 3@U8 of a human bladder cancer cell line
(MCR) were analyzed in each assay and used aseftBeemce curve. The areas of each
sample were also normalized to the 1&e pair ITAS peak to obtain quantitative TA
evaluations. The relative TA per cell for each skEmp expressed as the percentage of the
ratio of TRAP ladder/ITAS per cell versus the valfleMCR and expressed in arbitrary
enzymatic units.

TRAP assay was carried out on the entire casess€@)% feasibility). All experiments
were carried out blindly in duplicate and, wheniations were >15% (observed in about

10% of cases), a third analysis was carried outwBA& expressed as a continuous variable.

4.4 FISH analysis

Hybridization was carried out according to the nfanturer's instructiord (UroVysion;
Abbott/Vysis). The probe mixture consisted of flescently labeled probes targeted to the
pericentromeric regions of chromosomes 3 (CEP3 tBpacRed), 7 (CEP7 Spectrum
Green), and 17 (CEP17 Spectrum Aqua), and to bp@d Bcus (LSI 9p21 Spectrum Gold)

over each target area (Figure 9); 3 ul of the prabesolution was applied. Target DNA and
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FISH probes were co-denatured at 73°C for 2 mingiai commercial hybridization system
(HYBrite; Abbott/Vysis) and subsequently incubatd39°C overnight. '46-diamidine2-
phenylindole was used for counterstaining and celése viewed using a fluorescent
microscope (Axioscope; Zeiss, Goéttingen, Germamdl). slides were scanned and the
number of CEP3, CEP7, CEP17, and 9p21 signalsircéhs was determined. The presence
of at least 25 cells per slide was required to ictarsa sample as evaluable, and two signals
for each chromosome were indispensable to considetl as normal. The presence of four
or more cells with gains for two or more chromoser(® 7, or 17) in the same cell, or 12
cells or more with zero 9p21 signals was the d¢dteto consider a specimen as positive.
Slides were evaluated independently by two explelitsdled to the patient’s history and

histological findings.

LSI 9p21 SpectrumGold
CEP 3 CEP 7

SpectrumRed SpectrumGreen
CEP 17
SpectrumaAqua
Chromosome 3 Chromosome 7 Chromosome 9 Chromosome 17

@ @ O O

Figure 9. Correspondence between fluorescent sigmal chromosome.
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Second study

4.5 UCF DNA analysis

DNA was extracted and purified from 2 ml of supéamé by Qiamp DNA minikit (Qiagen,
Milan, Italy) according to the manufacturer's insgttions. At the same time, DNA was
extracted from a human bladder cancer cell line RYI@sing the same minikit. DNA was
guantified by spectrophotometry (NanoDrop ND-1006lbio, Milan, Italy). Real Time PCR
reactions were carried out by Rotor Gene 6000 tetesystem (Corbett Research, St.
Neots, UK) using IQ SYBR Green (Bio-Rad, Milan,lyja Sequences longer than 250 bp,
corresponding to 3 oncogenes were analyzeMyc (locus 8924 and 21,amplification
product 264 bp)BCAS1(locus 209.13.2, amplification product 266 bigER2 (locus 17912
and 1, amplification product 295 bp). A short 126flagment oSTOX1(locus 10g21 and 3)
was analyzed to check for potential PCR inhibitiBrimer sequences were as follows:
c-Mycfw TGGAGTAGGGACCGCATATC, rev ACCCAACACCACGTCCTAAC;

BCASIfw GGGTCAGAGCTTCCTGTGAG,rev CGTTGTCCTGAAACAGAGCA,

HER2fw CCAGGGTGTTCCTCAGTTGT, rev TCAGTATGGCCTCACCCTTC;

STOX2fw GAAAACAGGGCAGCAAGAAG, rev CAGACAGCATGGAGGTGAGA.

PCR conditions for the oncogenes were as follov@C9for 3 minutes, then 45 cycles at
94°C for 40 seconds, 56°C for 40 seconds, and 7@f@ minute. PCR conditions for the
short STOX1sequence were as follows: 95°C for 90 seconds, 4betycles at 94°C for 40
seconds, and 54°C for 1 minute. All real time P€&ctions were performed in duplicate on
10 ng of each UCF DNA sample.

Various amounts of DNA from the MCR cell line (0,@.1, 1, 5, 10 and 20 ng) were also

analyzed to construct a standard curve. The UCF Dhl&e for each sample was obtained
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by Rotor Gene 6000 detection system software ustagdard curve interpolation. The
analysis was repeated if the difference betweericip samples was greater than 1 cycle
threshold. The final UCF DNA integrity value wastaibed by the sum of the 3 oncogene
values. Real time experiments were performed imégetly in duplicate on the same 8
samples to test assay imprecision. The coefficiehtariation (CV) were then calculated for

c-Myg HER2 BCAS andSTOX1
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5. STATISTICAL ANALYSIS

First study

The study end points were sensitivity (the proportdof cancer patients who were correctly
identified by the test or procedures) and spetyfiihe proportion of healthy individuals
who were correctly identified, with their 95% confidence intervals (CIs).

The negative and positive predictive values andralveccuracy are not presented for
reasons of brevity. However, the reference diagnasd the results of all tests are cross-

tabulated to allow the reader to calculate thesasores (Table 6).

Table 6. Distribution of patients according toereince diagnosis, cytology, telomeric repeat
amplification protocol (TRAP) assay, and FISH asay

Bladder cancer,” FISH Benign disease,” FISH Total
Negative  Positive  Notcaried out®  Total  Nepative  Positive  Not carried out”  Total

TRAP, negative cytology

Negative ] ] 16 16 ] 0 129 129 145

Positive ] 29 0 29 39 10 ] 49 78

Total 0 29 1a 45 9 10 129 178 223
TRAP, positive cytology

Negative ] ] 9 9 ] 0 26 26 35

Positive 1 19 0 20 5 ] ] 11 3l

Total 1 19 9 29 5 ] 26 37 66
Total 1 48 25 74 4 16 155 215 289

a. Diagnosis based on cystoscopy and biopsy (iheéeeappropriate).
b. In accordance with the study protocol, FISH gsialwas carried out only if the result of the TRA$3ay was
positive.

Subgroup analyses were carried out to determinghghé¢he results differed by patient and
tumour characteristics. Urinary bleeding was cogr®d to encompass microhematuria and

macrohematuria.
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The McNemar test was used to compare sensitividlyspecificity rates. A P value of <0.05
was considered significant. To quantify the diffexe between two rates, their ratio and 95%
Cls were calculatéd To compare changes in sensitivity or specifiditg ratio of the above
ratios was calculatéd’®

Second study

The relationship between UCF DNA integrity valuedahe different subgroups (healthy
individuals, symptomatic individuals, and cancertiggds) was analyzed using a
nonparametric ranking statistic test. The mostraignating cutoff values between healthy
individuals, symptomatic individuals, and cancetigrgs were identified using receiver
operating characteristic (ROC) curve analysis. Tiue positive rates (sensitivity) were
plotted against the false positive rates (1 spatjjifor all classification points. Accuracy

was measured by the area under the ROC curve (AWBich represents an average
probability of correctly classifying a case chos¢mandom. Study endpoints were sensitivity
(the proportion of cancer patients who were colyadentified by the test or procedures) and
specificity (the proportion of healthy individualgho were correctly identified), with their
95% confidence intervals (CI) Spearman’s nonparametric test was used to eeathat
correlation between total DNA value and DNA intégri

The McNemar test was used to compare sensitivity specificity ratesP values < 0.05
were considered statistically significant. Statistianalyses were performed using SPSS

statistical software (ver. 12.0; SPSS GmbH Softjvare
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6. RESULTS

First study

Total sensitivity and specificity

Of the 300 enrolled patients, 120 were TRAP posiand FISH was performed as second
level approach. FISH had inconclusive results ogdskes (Figure 10).

The TRAP assay as well as the combination of cgilkand TRAP and of cytology, TRAP,
and FISH were more sensitive and less specific tyawlogy (Table 7). The combination of
cytology, TRAP, and FISH provided the best tradebetween sensitivity and specificity. It
showed the same high level of sensitivity as thenlioation of cytology and TRAP in
parallel (0.78) and a more moderate decrease itifgty (0.78 versus 0.60, P = 0.000). It
also had greater sensitivity than the TRAP assagea(0.78 versus 0.66, P = 0.004) and a
comparable level of specificity (0.78 versus 0F 2 0.136).

The combination of TRAP and FISH exhibited the legthlevel of specificity, with
sensitivity almost identical to that of TRAP alone.

The figures 11 and 12 represent urothelial celth whromosomal aneuploidy and normal

cells form healthy individuals on fluorescent mgeope (Zeiss Germany).
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FigutO. Flow chart of the first study.
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64 (21%) Positive Tests
48 (75%] Bladder 16 (25%) Bladder

28 (12%) Bladder
Cancers Present
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Table 7. Total sensitivity and specificity of thiaghostic procedures.

Cytology alone
n
Rate (95% Cl)
TRAP alone
i
Rate (95% CI)
P value®
Cytology + TRAP®
i
Rate (95% CI)
P value®
Cytology + TRAP + FISH®
i
Rate (95% CI)
P value®
TRAP + FISH®
i
Rate (95% CI)
P value®

;&nmrtr—. - ..--_

29/74
0.39 (0.28-0.51)

49/74
0.66 (0.54-0.77)
0.002

58/74
0.78 (0.67-0.87)
0.000

58/74
0.78 (0.67-0.87)
0.000

48/74
0.65 (0.53-0.76)
0.003

Specificity

178/215
(.83 (0.78-0.88)

155/215
0.72 (D.66—0.78)
(.011

129/215
0.60 (0.553-0.66)
(.000

168/215
0.78 (0.73-0.84)
0.002

199/215
0.93 (0.88-0.96)
0.001

a. For comparison with cgtpf alone (McNemar test).

b. Cytology and TRAP in dbela Subjects positive at either test were clasdifis positive
c. Cytology in parallel withe in-series combination of TRAP and FISH.

Subjects positive at cytolgdus those positive at both TRAP and FISH were
classified as positive.

d. TRAP and FISH in serigabjects positive at both tests were classifiedos#ive.

Cl, confidence interval; TRAtelomeric repeat amplification protocol.
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Figure 11. Urothelial Cells (big magnification) éitients with chromosomal aneuploidy
and normal cells of healthy individuals.

Normal _

-*

Normal

# = patient N°
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Figure 12.a) invasive squamous cell carcinoma of the blad@ematoxylin-eosin).

b) d) urothelial tumour cells of patients FISH piv® (note the loss of the gold signal
corresponding to the locus 9p21 and numerous aoieligd of chromosomes 3,7,17).
c) urothelial cell tumour of patient FISH positiy& higher magnification) with aneuploidy

of chromosome 7 and chromosome 17 (note 6 copidsedfpots green and blue).

95.8844 E5
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Sensitivity and specificity according to patient characteristics

Subsequent analyses were focused on the combisaifdasts that included both TRAP and
FISH. The relative increase in sensitivity ass@tatvith the combination of cytology,
TRAP, and FISH was greater among patients witkativie symptoms because non-bleeding
cancers were especially difficult to detect by tyty alone (Table 8). A 3.5f0ld increase
(from 0.20 to 0.71) in sensitivity was observed ampatients with irritative symptoms, and
a 1.50-fold (from 0.56 to 0.85) increase amongguaisi who reported bleeding. Conversely,
the relative loss in specificity was virtually tsame in both groups, i.e. 0.95 (from 0.88 to
0.84) among patients with irritative symptoms ver&83 (from 0.73 to 0.68) among those
who experienced bleeding.

The same pattern of improvement in sensitivity eéfation to patient clinical status was
observed for the combination of TRAP and FISH, illa¢ lower absolute levels. This
combination brought about an increase in spegifict comparable magnitude among
patients in both groups.

Changes in sensitivity and specificity were alsonpared between age (<70 verst&)

years) and gender groups, with nonsignificant céifiees observed.
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Table 8. Sensitivity and specificity of cytologyoak and of combinations of cytology,
telomeric repeat amplification protocol (TRAP) agsand FISH analysis in patients
reporting irritative symptoms alone and those witimary bleeding.

Cytology alone
n
Rate (95% CI)
Cytology + TRAP + FISH
n
Rate (95% CI)
P value®
TRAP + FISH?
n
Rate (95% CI)
P value®

Sensitivity
Irritative symptoms Urinary bleeding®
7135 22/39

0.20 (0.08-0.37)

25/35
0.71 (0.54-0.85)
0.000

2235
0.63 (0.45-0.78)
0.001

0.56 (D.40-0.72)

33/39
0.85 (0.69-0.94)
0.001

26/39
0.67 (0.50-0.51)
0.48

a. Including microhematuria and macrohematuria.

b. Cytology in parallel with the in-series combioat of TRAP and FISH. Subjects positive
those positive at both TRAP and FISH were clag$ifie positive.

c. For comparison with cytology alone (McNemar)test
d. TRAP and FISH in series. Subjects positive & bests were classified as positive.

Cl, confidence interval.

Sensitivity according to tumour characteristics

Spedificity
Irritative symptoms Urinary bieeding
124/141 54/74
0.88 (0.83-0.93) 0.73 (0.61-0.83)
118/141 50/74
0.84 (0.78-0.90) 0.68 (0.56-0.78)
0.031 0.125
134/141 6574
0.95 (0.90-0.98) 0.88 (0.78-0.94)
0,052 0.019

at cytolquys

Table 9 shows the relation between tumour grade sdage and the sensitivity increase

obtained using the two test combinations aboveceSihe sensitivity of cytology was greater

for high-grade cancers, the gain obtained by comginytology with TRAP and FISH was

higher among low-grade cancers (ratio 2.47; 95.8844.53). There was also a significant

increase in sensitivity among early-stage caneehng;h was not observed among late-stage

cancers. The relative sensitivity performance o tombination of TRAP and FISH

followed a similar pattern.
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Table 9. Sensitivity of cytology alone and of condiions of cytology, telomeric repeat
amplification protocol (TRAP) assay, and FISH as@yaccording to tumour grade and

stage.

Grade Stage
Low High Ta, Tis, T1 22
Cytology alone
n 11/41 16/29 23/64 6/9
Rate (95% CI) 0.27 (0.14-0.43) 0.55 (0.36-0.74) 0.36 (0.24-0.49) 0.67 (0.30-0.92)
Cytology + TRAP + FISH"
n 34/41 20/29 51/64 719
Rate (95% CI) 0.83 (0.68-0.93) 0.69 (0.49-0.85) 0.80 (0.68-0.89) 0.78 (0.40-0.97)
P value® 0.000 0.125 0.000 LO0D
TRAP + FISH®
n 30/41 15/29 44/64 4/9
Rate (95% CI) 0.73 (0.57-0.86) 0.52 {0.32-0.71) 0.69 (0.56-0.80) 0.44 (0.14-0.79)
P value® 0.000 1.00 0.001 0.62

Tumour grade was unknown for 4 of the 74 cancetkércase series, and tumour stage for one.

a. Cytology in parallel with the in-series combioatof TRAP and FISH. Subjects positive at cytolqiys
those positive at both TRAP and FISH were clagsiéie positive.

b. For comparison with cytology alone (McNemar)test

c. TRAP and FISH in series. Subjects positive &l bests were classified as positive.

Cl, confidence interval.

Second study

Total free DNA was quantifiable by spectrophotomeshowing a median value of 6 pg/
(range 2—-138 ngl).UCF DNA integrity analysis was feasible and leswere evaluable for
all 129 individuals. The 125 bTOX1sequence was amplified in all samples, excludieg th
presence of PCR inhibitors. CVs were calculatedsitiering 2 measurements of each gene
in a series of 8 samples, to test the interim imigien of each assay. CVs wet@.12 for

HER2 BCAS1 and STOX1 and<0.23 for c-Myc. No significant correlation was found
between total free DNA and DNA integrity, thus seggng that they are independent

variables. Median values of UCF DNA integrity wesggnificantly different in the
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subgroups; the value was significantR<( 0.0001) lower (0.004 ngl, range 0-1.883) in
healthy individuals, more than 3-fold higher in gytomatic individuals (0.014 ngl, range
0-0.864), and about 40-fold higher (0.15uigrange 0—4.460) in cancer patients

(P< 0.0001). The AUC for UCF DNA integrity was 0.83%6%9 CI 0.739-0.930) for cancer
patients and healthy individuals, and 0.796 (95%0CD7— 0.885) for cancer patients and
symptomatic individuals (Figure 13 and Figure lAhalysis of sensitivity and specificity at
different UCF DNA integrity cutoff values (0.04—@.1hgful) showed a sensitivity ranging
from 0.78 (95% CI 0.67— 0.89) to 0.53(0.39-0.6pedficity varied from 0.81 (95% ClI
0.67-0.95) to 0.91 (95% CI 0.81-1.00) in healthyividuals and from 0.63 (95% CI 0.49—
0.77) to 0.87 (95% CI 0.77— 0.97) in symptomatitgrdas (Table 10). The best cutoff value
was 0.1 ngll, providing the best trade-off between loss ins#arity (0.73, 95% CI 0.61-
0.85) and gain in specificity in both healthy indwals (0.84, 95% CI 0.71- 0.97) and
symptomatic patients (0.83, 95% CI 0.72-0.94). Mparison of diagnostic performance
between conventional cytology and UCF DNA integstyowed an increase in sensitivity
from 0.53 (95% CI 0.35-0.71) to 0.70 (95% CI 0.6268) P= 0.132), while specificity was
slightly but not significantly reduced from 0.925¢% CI 0.81-1.03) to 0.75 (95% CI 0.72—
0.94) P = 0.102) (Table 11). In a breakdown analysis of tiffergence in clinical pathologic
subgroups, we observed an improved performanceGF DNA integrity compared with
that of cytology, more evident in males and indelgen of age. More importantly, sensitivity
of UCF DNA integrity increased for low grade tumsufrom 0.15 (0-0.34) to 0.72 (0.53-
0.91) P=0.008), and for early stage -Td tumours, from 0.50 (0.30-070) to 0.72 (0.57—
0.87) P=0.058). There were too few patients with advanceaours to permit such analysis.

Specificity of UCF DNA integrity did not vary sidingantly with respect to cytology as a
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function of gender, age, or any other clinical p&tlgic variables. To improve diagnostic
performance, we constructed a flow diagram for mlwoed analysis of cytology and UCF
DNA integrity (Figure 15). In the diagram we assuntieat all cytologypositive individuals
would not be subjected to further diagnostic eviadna and would therefore be considered
as “positives.” Conversely, all individuals with lWlaus or negative cytology would be
submitted to UCF DNA integrity analysis. With thegembined analysis, we obtained 0.81
sensitivity (95% CI 0.69-0.93), higher than thataifred with cytology (0.53) or UCF DNA
integrity alone (0.73), and 0.77 specificity (95% @63— 0.91).To verify the role of each
single gene in determining test accuracy, we alfopmed ROC curve analysis for each
gene and obtained the following AUCs: 0.762 d¢eyc 0.861 forBCAS, and 0.757 for
HER2 In symptomatic patients vs. cancer patients, AUM@re as follows: 0.763 fa-Myc
0.764 forBCAS1 and 0.708 foHER2 c-Myc andHER2 amplification in a subgroup of 36
patients was also analyzed. FISH analysis showedhacorrelation between the quantity of
urinary DNA fragments and amplification in tissuer HER2 gene P= 0.004), but no
correlation forc-Myc (P = 0.140) (data not shown). As far as we know thereno
commercially available probe for FISH analysis BCAS1 an immunohistochemical
approach which highlighted high expression of teaeyin all tumour samples, confirming

the potential role of this marker in bladder caogienesis was used.
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Figure 13. ROC curve of UCF DNA integrity for cangatients and healthy individuals.
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Figure 14. ROC curve of UCF DNA integrity for canpatients and symptomatic patients.
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Table 10. Sensitivity and specificity of differenitoffs of UCF DNA integrity in detecting

bladder cancer.

Cutoff (ng/ul) Sensitivity Specificity
Healthy individuals Symptomalic patients

0.04

n 451 26/32 29/46

Rate (95% CD) 0.78 (0.67-0.89) 0.81 (0.67-0.95) 0.63 (0.49-0.77)
0.06

n 3851 26/32 3346

Rate (95% CI) 0.75 (0.63-0.83) 0.81 (0.67-0.95) 0.7210.59-0.85)
0.08

n 3751 2132 38746

Rate (95% CI)
010

0.73 (0.61-0.85)

0.84 (0.71-0.97)

0.83 (0.72-0.94)

n 3751 21132 3R/46

Rate (95% CI) 0.73 (0.61-0.85) 0.84(0.71-0.97) 0.83 (0.72-0.94)
0.12

n 32151 28132 39746

Rate (95% CT) 0.63 10.3-0.21) 0.88 (0.77-0.99) 0.85 (0.75-0.95)
0.14

n 2151 29132 40746

Rate (95% CI)

0.53 (0.39-0.6T)

0.91 (0.81-1.00)

0.87 (0.77-0.97)

Table 11. Sensitivity and specificity of cytologycaUCF DNA integrity in detecting bladder

cancer.
Sensitivity Specificity
Healthy individuals Symptomatic patients

Cytology*

n 16/30 nd 22124

Rate (95% CI) 0.53 (0.35-0.71) 0.92 (0.81-1.00)
UCF DNA integrityf

n 21430 27132 1824

Rate (95% CI) 0.70 (0.62-0.78) 0.84 (0.71-0.97) 0.75 (0.66-0.84)

2 0.132 - 0.102

Sensitivity and specificity were evaluated in samples for which the results of both cytology and UCF DNA integrity analysis were available (30 cancer
patients and 24 symptomatic individuals).

nd = not done; UCF = urine cell-free.

* Suspicious resulls were not included.

+ Cutoff 0.1 ng/pl.

+ McNemar test.
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Figure 15. Flow diagram of sequential cytology &€ DNA analysis.
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7. DISCUSSION

First study

The rationale for this study was the recognizeddrneeimprove the performance of urine
cytology in the diagnosis of bladder cancer. Usinghultimodal approach, we combined
cytology with TRAP assay and FISH analysis on tesueption that while using tests in
parallel increases sensitivity but at the experspecificity, an in-series combination results
in the opposite. The sensitivity of cytology andAHRRassay in parallel was greater than that
of cytology alone. As expected, however, this desgic algorithm brought about a marked
loss in specificity. We thus designed a mixed pdoce including cytology in parallel with
the in-series combination of TRAP assay and FIS&lysis, which provided the best trade-
off between increase in sensitivity and loss iecgjity. The increase in sensitivity was
twofold, whereas specificity decreased only margmna

Two essential findings suggested that TRAP assdy8H analysis may play a role in the
diagnosis of bladder cancer. First, it rarely haygpéhat carrying out two tests in series
improves specificity while leaving unchanged sevityt This was the case for the TRAP
assay and the FISH analysis. All cancer patienth wegative cytology who were TRAP
positive (n = 29) were also FISH positive (Tablevgich means that the FISH analysis is an
ideal adjunct to the TRAP assay. The TRAP assayth@basic function of increasing the
sensitivity of cytolog§*“?*?and the FISH analysis decreases the false-poJiR&P results
without missing any cancer.

Secondly, we found that the above combination dea greater increase in sensitivity among

patients with irritative symptoms versus those répg urinary bleeding, and among low-
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grade and early-stage cancers. In other words;ahwination of cytology, TRAP assay, and
FISH analysis had a greater impact on resultsasdltonditions in which the sensitivity of
cytology was lower.

The ability of the FISH analysis to complement TiRRAP assay was also evident from the
results of their irseries combination without cytology, which reachespecificity as high as
0.93. Furthermore, as all but one of the 49 TRBItive cancer patients were also FISH
positive, the sensitivity of the combination renenvirtually the same as that of TRAP
alone (0.65 versus 0.66).

Some methodological issues in this study need taadidressed. First, we excluded 11
patients with inconclusive FISH analysis. As suebults do not modify the result of the
basic test (TRAP), patients with inconclusive Fi@&ta could theoretically be considered as
positive at the combination of cytology, TRAP assapd FISH analysis. In this way,
however, the rate of patients with inconclusive Hrl&nalysis would become a direct
determinant of sensitivity and an inverse determiired specificity. To overcome this bias,
we evaluated only those patients with valid results

Secondly, it is worthy of note that the specifiaitfyroutine cytology in this study was lower
than expected. We can exclude that there werenpatieported to have benign bladder
disease who were subsequently diagnosed with cafberstatus of al of such patients was
checked and confirmed after at least 1 year ob¥elip. Low cytology specificity was most
likely due to dubious results being reclassified pasitive. Suspect cytology in Italian
patients with urinary bladder symptoms, albeit pppredictive of cancer, is generally taken

seriously from a clinical point of view.
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The study design was not suitable for drawing aasiohs on the potential relevance of the
FISH analysis as a basic diagnostic test for bladdecer. This technique is very expensive,
especially if both direct and indirect costs ar&eta into account. Thus, cost-utility
considerations would seem to limit, a priori, igitine use for the characterization of the
disease. Having said that, data presented in Thlaee of interest on theoretical grounds.
FISH analysis was carried out in 109 patients, 48hmm had cancer and 60 benign disease.
Although this was a small, highly selected minoofypatients, sensitivity of 0.98 (48 of 49)
and specificity of 0.73 (44 of 60) were observele Diological and medical implications of
these circumstantial observations warrant furtbeearch using a formal study design.

In conclusion, the present study provides furthadence of the fact that TRAP assay and
FISH analysis play a potential role in the diagimostork-up of urinary symptoms. Further

research is needed to develop an effective multahapproach.

Second study

Numerous articles have been published on the fol2NA alterations, such as genetic and
epigenetic modifications in urine sediment, as ladwmrs for early bladder cancer
diagnosié’ut very few studies have investigated the poteride of DNA in urine
supernatafit

Cell-free DNA can easily be detected in very smalumes of urine and, unlike RNA or
enzymes, has good stability. Secondly, cell-freeADN body fluids is suitable for multiple
analyse&', such as mutations, microsatellite loss of hetggosity (LOH), and epigenetic
alterationf® . In this study, DNA integrity, a specific markef nonapoptotic cancer cells

was evaluated. As demonstrated by Chang and coveoike200?* and confirmed by

Zancan et al. in 2069 cellfree DNA is not sufficiently accurate to correctlistinguish
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between bladder cancer patients and healthy indisd Then, DNA integrity a specific
marker of nonapoptotic cancer cells, was concesdraand only long DNA fragments was
analyzed. Moreover, to increase the diagnosticracguof the test, the analysis on 3 specific
sequences longer than 250 bp located at loci: 2428-My9, 17q12.1 HER2, and 20q13.2
(BCAS) was performed. These regions were selected becthey are known to be
amplified during bladder cancer development andygssio™”> UCF DNA integrity in
urine is a determining feature for bladder cancetection, with a higher sensitivity than
conventional noninvasive cytology, especially fmwvigrade tumours. Such a characteristic is
important for a new marker aimed at early bladdercer diagnosf& This line of research
has already been pursued by our group in healtfiyidtuals and cancer patieft§"**and in

a clinical setting of symptomatic patiefftsThe symptomatic subgroup and individuals
exposed to industrial chemicals are the main caesfor a screening program of low
prevalence tumour histotyp@g® Interestingly, in the present study, we found samil
specificity in healthy individuals and symptomapiatients, suggesting that the test can also
accurately identify tumours among benign diseask ailow number of false positives. The
high percentage of true positives is probably astiie to the analysis of DNA integrity at 3
genomic regions specifically amplified in bladdancer.

DNA status index (DSI) i.e., the ratio between Di#egrity of the 3 genes{Myg HER2,
BCAS]) and the short fragmer8TOX1were analyzed. As expected, a positive correlation
was found between the DSI and the presence of &lacahcer (data not shown). These
results seem to indicate that in cancer sample#y pigdominantly exists as long fragments,

suggesting that its origin is mainly from nonapdigtoells.
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It has recently been demonstrated that the combmatf 2 or more urine assays improves
the detection of urothelial cancétsTherefore, in an attempt to increase sensitivity,
diagnostic algorithm in which cytology and UCF DN#egrity were tested sequentially was
constructed. In our series of symptomatic individuahis combination demonstrated
improved sensitivity compared with that of eacht takbne. Moreover, sensitivity and
specificity were similar to those obtained usihg tombination of urine telomerase activity,
cytology, and FISH. Our results have an importaddittonal value in terms of the
cost/benefit ratio. In fact, in the present studgly 2 tests were combined rather than 3;
secondly, UCF DNA integrity analysis is easier terform and to interpret than FISH
UroVysion, which requires the consensus of 2 espé&esults for UCF DNA integrity are
obtainable in a relatively short time (about 2 wigkdays) and, most importantly, this
approach costs less than one-third of the costt®HRJroVysion. In addition, only small
volumes (2 ml) of urine are required for the evabraof cellfree DNA integrity and this
analysis, unlike TRAP assdy is not affected by the presence of contaminasush as
inflammatory cells, as shown by the high specifiait symptomatic patients. Important
limitations of the present work are the relativeiyall case series and the fact that both
cytology and UCF DNA results were not available dfirpatients. However, such limitations
are acceptable in a pilot study of a new diagnaagpiproach. A confirmatory study on a

larger case series is ongoing to validate thesdtses
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8. CONCLUSIONS

In conclusion, these preliminary results are pramgisand pave the way towards new
molecular approaches for the early noninvasiverdiais of bladder cancer, which could be
used in combination with or as an alternative taded cytology. In particular, these
diagnostic biomarkers appear to show great pialahused in high risk subgroups such as

symptomatic patients.
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