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Urothelial carcinomas are well known to feature multifocal
development in the urinary tract, both synchronously and
asynchronously. This phenomenon can be explained by either
seeding of cancer cells in the urinary tract or field cancerization.
As there are two characteristic morphological patterns of
urothelial carinomas, papillary and nodular, published papers
were here reviewed to understand the development and
progression of urothelial carcinoma regarding multifocality due
to seeding or field changes with reference to the type of
urothelial carcinoma. From animal experiments using rats, mice
and dogs treated with N-butyl-N-(4-hydoroxybutyl) nitrosamine,
and from pathological observation of human cystectomy
specimens on step-sectioning and molecular analysis, nodular
carcinomas appear to either develop via papillary carcinomas or
de novo. Clinical aspects of multifocal tumor development are
outside of the scope of this review, although an understanding
of the mechanisms underlying multifocality and the papillary/
nodular morphological relationship is important to determine
follow-up strategies for patients treated for primary urothelial
carcinomas and for reconstruction of the urinary tract after
cystectomy. (Cancer Sci 2006; 97: 821-828)

T he urothelium (also known as the transitional cell
epithelium) covers the luminal surface of almost the
entire urinary tract, extending from the renal pelvis, through
the ureter and bladder, to the proximal urethra. Typically it is
composed of three to seven layers of cells, that is, basal cells,
intermediate cells and superficial cells. The superficial cells
are large and binucleated, with a flat characteristic shape
leading to the term ‘umbrella cell’. Their luminal surfaces are
covered with an asymmetric unit membrane, which functions
as the permeability barrier between the urine and blood
vessels in the urothelium.®

Worldwide, there are approximately 336 000 new cases of
urothelial carcinoma and 132 000 deaths annually.® The
majority of lesions are bladder carcinomas, and urothelial
carcinomas of the renal pelvis and ureter account for only
approximately 7% of the total.®) In Japan and western coun-
tries, more than 90% of bladder carcinomas are urothelial
carcinomas, and squamous cell carcinomas and adenocarci-
nomas are rare. Risk factors include tobacco smoking,
occupational exposure to aromatic amines, consumption of
arsenic-laced water, radiation therapy of neighboring organs
and chemotherapeutic drugs such as alkylating agents. In
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contrast, in Egypt, where the dominant etiology is schistosomiasis
infection, squamous cell carcinomas are the most prevalent
bladder carcinoma. Here the focus of attention is urothelial
carcinoma in its papillary and nodular forms. Squamous cell
carcinoma and the clinical relevance of metaplasia will not
be covered.

Multifocal development of urothelial
carcinomas

The clinical aspects of multiple urothelial carcinomas need
to be emphasized:®
1 There are patients in which lesions in the renal pelvis,
ureter and bladder are observed simultaneously (Figs 1a, 2).
2 When standard nephrectomy is performed for renal pelvic
and ureteral carcinomas, approximately one-third of the
lower ureter is left intact. In this remaining ureter, urothelial
carcinomas develop subsequently in 20-50% of the patients
(Fig. 1b). Consequently, at the present time, the state of the
art surgery for renal pelvic and/or ureteral carcinomas is total
nephroureterectomy, including removal of a small portion of
the bladder with the ureteral orifice (bladder cuff) in the
affected side.
3 Even if total nephroureterectomy is carried out, however,
15-50% of patients exhibit subsequent carcinomas in the
bladder (Fig. 1c).
4 When superficial papillary urothelial carcinomas of the
bladder are resected transurethrally (TUR), the rate for sub-
sequent development of urothelial carcinomas of a similar
biological nature in the normal-appearing bladder mucosa is
reported to be 50-80% (Fig. 1d).
5 When cystoprostatectomy (i.e. removal of the bladder and
prostate) is carried out for male bladder cancer patients, 4—
17% incidences of urothelial carcinomas in the remaining
urethra have been described® (Fig. le). In female bladder
cancer patients, involvement of the urethra is reported to
occur in 1.4-36% of cases.©

After surgical treatment of bladder carcinomas, the incid-
ence of subsequent upper urinary tract carcinomas (of the
renal pelvis or ureter) ranges from 0.7 to 4%.” Most of these
carcinomas are diagnosed 4—6 years after the initial appearance
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Fig. 2. A case of renal pelvic, ureteral and vesical carcinomas who
underwent right nephroureterocystectomy.

of the bladder carcinoma.®” However, the risk is reported to
increase to the level of 6-20% (15-22-fold) if the patients
suffer from vesico-ureteral reflux.!?

With upper urinary tract carcinomas, simultaneous bilat-
eral lesions are rare, the estimated incidence being 1-5%.)
Approximately 2-3% of patients with unilateral upper
urinary tract carcinoma experience subsequent contralateral
upper urinary tract carcinoma.'? These clinical data should
be taken into serious consideration when we decide on
nephroureterectomy or cystectomy and plans for follow up
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Fig. 1. Clinical findings indicating multifocal
tumor development in the urinary tract.
Black lesions are original tumors and red
lesions are recurrent tumors.

after surgery, and the upper and lower urinary tract and the
contralateral upper urinary tract should be assumed to con-
stitute a single clinical unit from the renal pelvis to the urethra.

Field cancerization versus clonal expansion

To explain multifocal carcinoma development in the urinary
tract, two theories have been proposed.!>!'® The first is field
cancerization, proposed in 1953 by Slaughter et al., which
was based on observations of the multicentric development of
cancers in the oral cavity, with the high impact of carcinogens
and promoting agents being associated with some lifestyle
factors.!> A similar understanding is possible for the urinary
tract as the entire urothelium is exposed to carcinogens
contaminating the urine. The second hypothesis is that multiple
carcinomas in the urinary tract are the result of intraluminal
spread from a single lesion, originating from a single
transformed cell, namely seeding or implantation of cancer
cells at different sites. This phenomenon is also called clonal
expansion of multifocal carcinomas. Debates on multiple
cancer development have been similar for cancers of the
oral cavity,'® respiratory tract,'” head and neck,'® breast,”
ovary® and cervix.?®? Recently, strong molecular evidence
has been presented in support of clonal expansion in the
epithelium of oral cavity and respiratory tract cases.%??
Many urologists and pathologists have supported the field
cancerization hypothesis in the urinary tract, but recent
molecular studies have also pointed to a clonal origin for
most multifocal urothelial carcinomas. Various molecular
analyses have been applied. Sidransky et al. investigated X-
chromosome inactivation in multiple bladder carcinomas of
four female patients and proved that the same allele of the X-
chromosome was inactivated in all lesions within the single
bladder.®® Subsequently, Lunec et al.*¥ and Habuchi er al.®>
examined patients having heterotopic synchronous or recur-
rent urothelial carcinomas in the bladder or upper urinary
tract. These carcinomas had identical mutation sites and
patterns of p53 gene alteration, indicating the metachronous
carcinomas to be derived from the original carcinoma cells
due to clonal expansion. Habuchi also reviewed the origin of
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multifocal carcinomas of the bladder and upper urinary tract.®
Other genetic features that can be used to assess clonal origin
are loss of heterozygosity (LOH) and microsatellite alteration
patterns, both commonly used as markers of neoplasia.

Stoehr et al. analyzed primary carcinomas in 14 cystec-
tomy specimens for p53 protein overexpression by immuno-
histochemistry and p53 gene mutation by genomic sequencing.”
They reported detection of p53-mutant cells in histologically
normal adjacent or remote mucosa and in preneoplastic
urothelial areas in four patients with invasive bladder carci-
noma, concluding extensive intraurothelial tumor cell spread.

Evidence of a monoclonal origin and intraepithelial spread
has also been provided by Simon et al. from comparative
genomic hybridization in 32 bladder tumors originating from
six cystectomy specimens.®® Identical TP53 mutations and
protein overexpression were found in tumors from the same
individual, as well as in mucosal samples from the continuous
areas. The sequence of genomic changes apparently acquired
during progression of bladder carcinomas was highly
complex and varied within each patient and from tumor
to tumor. Early changes included alterations in —17p, +20p,
-9p, —9q, +2q34-qter, +12q14-q21, +1q22-q25, —8p22-pter,
-5q31-qter and +17q. Subsequent tumor progression was
characterized by accumulation of changes in +11q14, -21q,
-5q13-q14, +8q22, +10p, —10g22qter and —11p. Cytogenetic
variety in multifocal tumors has also been described in
support of intraluminal tumor seeding.®®

It is conceivable that widespread p53-mutated cells in the
normal urothelium are generated in the bladder due to carcin-
ogen exposure, and that from these, new tumors later develop
with surrounding normal-appearing mucosa having p53
mutations. However, there is no mechanistic explanation
for the intraepithelial spread of carcinoma cells to remote
normal-appearing mucosa, and it is unrealistic to consider
a mechanism due to cell motility.

Although the clonal theory now dominates in explanations
of multifocality of urothelial carcinomas, there are also
conflicting observations. Cheng et al. collected cancer cells by
microdissection from 18 cystectomy specimens from female
patients and analyzed the X-chromosome-linked human
androgen receptor gene.®” Only 11 of the 18 specimens were
informative, with nine exhibiting non-random inactivation of
the target locus and seven showing different patterns,
indicating field change in these cases. Paiss et al. examined
X-chromosome inactivation in 45 archival or fresh frozen
bladder tumors obtained from 27 female patients using a poly-
merase chain reaction-based procedure.®" Polyclonal patterns
were observed in 16 of the 45 tumors. Stoehr et al. examined
multiple samples from four cystectomy specimens for
LOH at chromosomes 8p, 9p, 9q and 17p and they observed
oligoclonality in two patients.?” Thus, both hypotheses
continue to be discussed, although clonal expansion by
intraluminal spread of primary carcinoma appears the dominant
explanation for multifocality.

Relationship between papillary carcinoma
and nodular carcinoma

Urothelial carcinogenesis has been investigated in various
species of animal. A particular focus has been on the
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histogenesis of lesions in rats treated with the carcinogen
N-butyl-N-(4-hydroxybutyl) nitrosamine (BHBN).? Normal
urothelium of rats is composed of two to three layers of
urothelial cells and when BHBN is given in the drinking
water, the mucosal layer becomes hyperplastic at 4 weeks. If
BHBN administration is stopped at this point, mild
hyperplastic mucosal lesion regresses to the normal state.
However, if BHBN treatment is continued, mucosal hyperplasia
progresses to papillary growth and papillary carcinomas
develop via papillomas (Fig. 3). Large papillary carcinomas
may occasionally invade the bladder wall. Usually, papillary
carcinomas are multifocal but superficial, indicating bladder
carcinoma in rats to be a good model for human papillary
bladder carcinoma. With progression, urinary bladders become
filled with multifocal urothelial carcinomas and rats die due
to massive bleeding. Papillary carcinomas are always induced
in rats, irrespective of the strain of animal, the concentration
of BHBN, or the carcinogen, with similar findings being
reported with N-(4-[5-nitro-2-furyl]-2-thizolyl)formamide and
N-methyl-N-nitrosourea.

Urinary bladder carcinogenesis in mice treated with
BHBN in the drinking water originates in the normal mucosa
(composed of two to three layers of urothelium) and progresses
through mild hyperplasia, dysplasia and carcinoma in sifu, to
form large nodular invasive carcinomas® (Fig. 4). Bilateral
ureters are frequently obstructed due to invasion of carci-
nomas into the bladder wall, and when advanced, mice
die because of renal insufficiency due to hydronephrosis.
Because of these features, the bladder carcinomas induced by
BHBN in mice offer good models for human nodular inva-
sive bladder carcinoma. Of interest, it has proven impossible
to induce multiple papillary carcinomas in any strain of
mouse, not with any concentration of BHBN nor any other
carcinogen. Thus, there is a clear contrast between the
biological and morphological characteristics of bladder
carcinomas in rats and mice.

Bladder carcinogenesis in female dogs has been studied
extensively by Okajima et al. who used these animals to
periodically observe the surface of the bladder epithelium
directly by cystoscopy.®¥ They made capsules of BHBN
(80-500 mg/capsule), which were administered once a day.
After 4-5 years, papillary superficial bladder carcinomas
were induced (Fig.5), and when these were examined by
cystoscopy without further BHBN treatment after more than
10 years, the bladders of the dogs were full of multifocal
papillary carcinomas. When dogs were given 500 mg of
BHBN daily, nodular invasive carcinomas were induced after
approximately 1 year. These findings indicate that bladder
carcinogenesis in dogs can be controlled by the concentration
and period of BHBN administration in terms of the type of
carcinoma (i.e. papillary superficial and nodular invasive
bladder carcinoma). Thus, in the various animal species, rats,
mice and dogs, the relationship between papillary and
nodular carcinomas in the bladder appears to differ.

Morphological and pathological characteristics of human
urothelial carcinomas, mainly bladder carcinomas, are a
combination of papillary (P), papillonodular (PN), nodular
(N) and carcinoma in situ (C). On careful analysis of cancer-
ous lesions and normal-looking mucosa of 186 cystectomized
specimens by step-sectioning,”> we classified 17 as C and 80

CancerSci | September2006 | vol.97 | no.9 | 823

© 2006 Japanese Cancer Association



- .

L ™= e

- o] = -
e~ e

AR e
%a‘w-‘- e
- £ _'li.’r‘.i.j.é_\,':":.-r-ui o .
e R
normal simple hyperplasia

carcinoma

Fig. 3. Histogenesis and progession of papillary carcinomas in rats. (Reproduced with permission from Medical view Co., T. Kakizoe,
Development and Progression of Bladder Cancer, 1995.)
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Fig. 4. Histogenesis and progression of nodular invasive carcinoma in mice. (Reproduced with permission from Medical view Co., T.
Kakizoe, Development and Progression of Bladder Cancer, 1995.)
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Fig. 5. Development and progression of papillary and nodular

carcinomas depending on the concentration and period of
administration of N-butyl-N-(4-hydroxybutyl) nitrosamine (BHBN) in
female dogs.®* (Reproduced with permission from Medical view Co.,
T. Kakizoe, Development and Progression of Bladder Cancer, 1995.)

as P and P+ C. Fifty-seven cases featured apparent early
changes from P to a mixture of P and N, whereas six showed
late development of N with repeated recurrence of P. The
findings thus indicated some N to have developed from P as
more anaplastic cell populations within a pre-existing low-
grade lesion, whereas others arose directly de novo from C
(Fig. 6). Topographic relationships between P and N in the
pT3 group are illustrated in Fig. 7. Figure 8 demonstrates

G3, pT3b

; q

Fig. 7.

\ N+C
6
N+C 57

26

Fig. 6. Conceptual progression routes of papillary (P), papillonodular
(PN) and nodular (N) carcinoma, and carcinoma in situ (C), in 186
cystectomized specimens examined by step-sectioning.®

findings for patients having a previous history of repeated
recurrence of papillary carcinomas treated by TUR. At the
time of cystectomy, all the cystectomized specimens showed
a variable degree of coexistence of P, N and C.

Molecular pathways of urothelial
carcinogenesis

With papillary superficial and nodular invasive carcinomas,
there appear to be differences in molecular pathways as well

G3, pTaa

G2-3,
pT3a

Cases of pT3 cystectomized specimens indicating coexistence of papillary (P; blue), papillonodular (PN; yellow) and nodular (N; red)

carcinoma together with oblique line area (C) and shaded area (dysplasia).®®
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Fig. 8.
showing variety of stages and morphology in a single bladder.®®

as morphology®®3® (Fig.9). The most common genetic
alterations in low-grade papillary urothelial carcinomas are
LOH of chromosome 9 and activating mutations of fibroblast
growth factor receptor 3 (FGFR3).%%4® Over 70% of low-grade
papillary carcinoma exhibit FGFR3 mutations, but only 10—
20% of high-grade invasive carcinomas have FGFR3 mutations,
implying a key role for FGFR3 together with mutations of 9p
and 9q, specifically for the induction of low-grade papillary
carcinomas. Invasive carcinoma is frequently associated with
p53 mutations.“=49

In addition to the above-mentioned genomic abnormalities
associated with urothelial carcinoma, epigenetic alterations
also occur during urothelial carcinogenesis. Almost all cells
in the human body contain the same sequence of DNA, but
cells in different organs during different developmental
stages express different genes by epigenetic control of cellu-
lar function. This expression control of DNA is achieved by
DNA methylation, chromatin structure and transcription
factors. DNA can be methylated at cytosine residues adjacent
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Eleven cases of cystectomized specimens having histories of multiple transurethral resection for papillary recurrent carcinomas

to guanine residues (CpG) and CpG sites are distributed
non-randomly throughout the genome, being found as islands
in the promoter and exonic regions. Inactivation of tumor
suppressor genes is known to occur via promoter hypermethy-
lation, frequently due to DNA methyltransferase 1 (DNMT1).
Expression of DNMTI is increased in tumors and even
during the precancerous stages of the urothelium with the
development of flat carcinomas in situ.“*Y Hypermethylation
in urothelial carcinogenesis has also been observed in the
promoter region of the E-cadherin gene, indicating an
association with carcinoma in situ and detachment of cells or
clusters of carcinoma cells in the urine.“>

Development and progression of urothelial
carcinoma

As is shown in Fig. 1, multifocal transitional cell carcinomas
may develop in any region of the urinary tract, from the renal
pelvis/ureter to the bladder/urethra.““® Whereas upper urinary
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Fig. 9. Presumed molecular pathways of development of papillary

and nodular carcinoma. (Modified from Wu.®®) CIS, carcinoma in
situ; FGFR3, fibroblast growth factor receptor 3; MMPS, matrix
metal proteinases; RB, retinoblastoma gene; VEGF, vascular
endothelial growth factor.

tract carcinomas occur infrequently after transurethral
management of bladder carcinomas, the incidence is much
greater in patients with vesico-ureteral reflux,'” suggesting
seeding or implantation of primary urothelial carcinoma cells
after spread via the urine rather than field cancerization. In
addition, recent molecular analyses using X-chromosome
inactivation,® p53 mutation,***® LOH®"*® and comparative
genomic hybridization® have provided compelling evidence
that multifocal urothelial carcinomas are monoclonal in
origin, despite some discrepancies.®03D

Comparing the basic morphological patterns of urothelial
carcinomas, namely low-grade, superficial papillary carcino-
mas and high-grade, invasive nodular carcinomas, these two
patterns of urothelial carcinomas are clearly separated in rats©?
and mice.®® However, in dogs,®® papillary carcinomas and
nodular carcinomas can both be induced, depending on the
concentration and period of carcinogen administration. In
humans, papillary carcinomas and nodular carcinomas may
originally develop separately, but coexistence of the two
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