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Superficial “non–muscle-invasive” bladder tumors represent a heterogeneous
group of cancers, including those that are (1) papillary in nature and limited
to the mucosa, (2) high grade and flat and confined to the epithelium, and
(3) invasive into the submucosa, or lamina propria. The goal of treatment 
is 2-fold: (1) to reduce tumor recurrence and the subsequent need for
additional therapies and the morbidity associated with these treatments 
and (2) to prevent tumor progression and the subsequent need for more
aggressive therapy. This update reviews important contemporary concepts 
in the etiology, molecular mechanisms, classification, and natural history of
superficial bladder cancer.
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In 2007 it was estimated that 67,160 new patients would be diagnosed with
bladder cancer, with 13,750 projected deaths from the disease. The inci-
dence of bladder cancer is nearly 4 times higher in men than in women.1

Histologically, more than 90% of bladder-cancer cases are transitional cell
(urothelial) carcinoma, approximately 5% are squamous cell carcinoma, and less
than 2% are adenocarcinoma.2
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Transitional cell carcinoma (TCC) of
the bladder is the second most com-
mon malignancy of the genitourinary
tract and the third most common
cause of death among people with
genitourinary tumors.1 Nearly 80% of
patients who initially present with
bladder TCC have tumors confined to
the mucosa or submucosa—so-called
superficial “non–muscle-invasive”
bladder cancers.2 Superficial bladder
tumors represent a heterogeneous
group of cancers that include those
that are (1) papillary in nature and
limited to the mucosa (Ta), (2) high
grade and flat and confined to the
epithelium (Tis), and (3) invasive into
the submucosa, or lamina propria
(T1).3

This article reviews the recent liter-
ature concerning important contem-
porary issues in the management of
patients with superficial bladder TCC.
A brief overview of all aspects of su-
perficial bladder cancer including the
etiology, molecular development, di-
agnosis, and treatment is presented
with a focus on recent advances.

Etiology
Classically, bladder cancer has been
associated with exogenous and envi-
ronmental risk factors. The 2 best
known risk factors for bladder cancer
are smoking and occupational expo-
sure. Compared with the general pop-
ulation, smokers are at 2 to 4 times
greater risk of bladder cancer, and
heavy smokers are at 5 times the risk.4

The exact mechanism by which to-
bacco causes bladder cancer is not
known, but urothelial carcinogens
such as acrolein, 4-amino-biphenyl,
arylamine, and oxygen-free radicals
have been implicated.5-8 Furthermore,
increased duration and intensity of
tobacco exposure and degree of in-
halation contribute significantly to
cancer development, whereas smok-
ing cessation has been associated
with an almost immediate decline in

risk.9 With established tobacco-asso-
ciated superficial TCC of the bladder,
those who continue to smoke after di-
agnosis have a worse recurrence-free
survival rate than those who quit at
the time of diagnosis.10

Occupational exposure to aniline
dyes and aromatic amines such as 2-
naphthylamine and benzidine has
been implicated as the second most
common risk factor for bladder
cancer.11,12 Benzidine, the most car-
cinogenic aromatic amine, has been
primarily used in dye production and
as a hardener in the rubber industry.
The degree of carcinogenesis due to
occupational exposure varies with the

degree of industrialization, but in
heavily industrialized nations, occupa-
tional exposure may account for up to
one fourth of all urothelial cancers.13

The latency period between exposure
and tumor development is usually pro-
longed. Occupational bladder cancer
has also been observed in gas workers,
painters, and hairdressers.14

Other etiologic factors implicated in
the development and progression of
bladder cancer include analgesic
use15; urinary tract infections,16 includ-
ing bacterial, parasitic,17 fungal, and
viral infections18; urinary lithiasis19;
pelvic radiation20; and chemothera-
peutic agents such as cyclophos-
phamide.21 Although caffeine inges-
tion has been implicated as a risk
factor for bladder cancer,22,23 risk esti-
mates for this association decrease
after controlling for concomitant
tobacco use.24 Similarly, saccharin-
containing artificial sweeteners have
been shown to induce bladder neo-
plasms in the rat model,25 but previous
human epidemiological studies have

failed to establish this relationship.26,27

More recently, large case-control
human studies have shown that a dos-
ing association may exist, as “heavy”
use of artificial sweeteners (� 1680
mg/day) was related to an increased rel-
ative risk of bladder cancer but “low”
usage (� 1680 mg/day) was not.28

Molecular Pathogenesis
The large fund of molecular knowl-
edge on carcinogenesis, which has
expanded remarkably in recent years,
has provided evidence and a better
understanding of the genetic alter-
ations that lead to the development of
bladder cancer. Most superficial blad-

der tumors show a loss of heterozy-
gosity (LOH) of chromosome 9.29 In
fact, deletions on chromosome 9 are
the most common chromosomal ab-
normalities in TCC and are found in
more than 50% of all grades and
stages of TCC.30 LOH of chromosome
9 is considered to be the least diver-
gent event, indicating that this is
likely to be an early genetic change,
whereas subsequent events occur dur-
ing independent evolution of differ-
ent tumor subclones (Figure 1).

Critical regions of LOH have been
mapped on both 9p and 9q. These in-
clude 1 region of loss on 9p (9p21)
and 3 regions on 9q (9q22, 9q32-q33,
and 9q34).31,32 The region 9p21 con-
tains the cyclin-dependent kinase in-
hibitors CDKN2A and CDKN2B loci,
which contain the genes that encode
for the p16, p14 (on CDKN2A), and
p15 (on CDKN2B) proteins; 9q22 con-
tains PTCH (Gorlin syndrome gene),
9q32-q33 contains DBC1, and 9q34
contains TSC1 (tuberous sclerosis
syndrome gene 1).

Most superficial bladder tumors show a loss of heterozygosity of chromo-
some 9. In fact, deletions on chromosome 9 are the most common chromo-
somal abnormalities in transitional cell carcinoma (TCC) and are found in
more than 50% of all grades and stages of TCC.
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p16 and p14 are key cell-cycle reg-
ulators. The former negatively regu-
lates the retinoblastoma (Rb) pathway,
whereas the latter negatively regulates
the p53 pathway.33,34 The genes for
both proteins are commonly inacti-
vated in bladder cancer by homozy-
gous codeletion. LOH of 9p21 is seen in
both low-grade Ta and invasive blad-
der cancer, and reduced copy number

of 9p21 with or without LOH is present
in approximately 45% of tumors,35 in-
dicating that haploinsufficiency of p16
and/or p14 may contribute to bladder
tumor development. A significant cor-
relation has been shown between the
loss of p16 expression and progression
in T1 tumors.36

Investigators have shown decreased
expression of PTCH mRNA in superfi-

cial tumors with LOH in the 9q22
region compared with normal urothe-
lium, with marked fluctuations of
levels in tumors without deletion.37

DBC1, the ectopic expression of whose
protein product is postulated to induce
a type of cell death that does not fol-
low the classical apoptotic pathway,38

has been shown to be silenced by pro-
moter hypermethylation in bladder
cancer.39 Located on 9q34, the TSC1
gene encodes for hamartin, which
complexes with the TSC2 gene prod-
uct tuberin in the PI3-kinase pathway
to negatively regulate mTOR, a central
molecule in the control of protein syn-
thesis and cell growth.40 Mutations of
TSC1 are found in approximately 12%
of bladder tumors.41 Interestingly,
some of these mutations are in tumors
that retain heterozygosity for TSC1,
again indicating possible haploinsuffi-
ciency.41 Thus, loss of 1 chromosome 9
homologue, a common event in super-
ficial bladder tumors, could possibly
affect haploinsufficient genes on both
9p and 9q.

In addition to LOH of chromosome
9, low-grade papillary tumors gener-
ally exhibit a constitutive activation of
the receptor tyrosine kinase-Ras path-
way, with activating mutations in
the HRAS and fibroblast growth factor
receptor 3 (FGFR3) genes, found in
30% to 40% and 60% to 70% of cases
of the disease, respectively (Figure 1).42

In a recent prospective study report-
ing the prevalence and distribution of
FGFR3 mutations and their association
with outcome in 764 patients with
non–muscle-invasive urothelial carci-
noma, Hernandez and colleagues pro-
vided evidence that mutations of this
gene are significantly more prevalent
among tumors of low stage and grade
and less prevalent among high-grade
T1 tumors.43 FGFR3 mutations are
confined to hot spots in exons 7, 10,
and 15, and all are predicted to cause
constitutive activation of the kinase
activity of the receptor,44 which in turn
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Figure 1. Model depicting potential pathways for urothelial tumorigenesis and progression. This model includes
some key molecular events that occur during bladder tumorigenesis and demonstrates how the less aggressive
papillary carcinomas generally differ in their origin from the more aggressive carcinoma in situ. Most papillary
noninvasive carcinomas do not progress to an invasive phenotype but are more prone to recurrences. Those that
do, however, usually accumulate more genetic abnormalities. *Activating mutations; †Inactivating mutations;
FGFR3, fibroblast growth factor receptor 3; HRAS, transforming protein p21/H-RAS-1 (Harvey murine sarcoma
virus oncogene).
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can activate the mitogen-activated
protein kinase (MAPK) pathway—a
pathway shared with the Ras family of
proteins.42

Interestingly, in a screen of 98
bladder tumors and 31 bladder cancer
cell lines for mutations in FGFR3 and
the Ras genes (including HRAS), both
mutations were found to be ab-
solutely mutually exclusive, suggest-
ing possible biological equivalence.45

This mutual exclusion suggests that
FGFR3 and Ras gene mutations may
represent alternative means to confer
the same phenotype on bladder-can-

cer cells wherein oncogenic activation
of either FGFR3 or HRAS results in
stimulation of the MAPK pathway.

High-grade and high-stage cancers,
on the other hand, are more com-
monly associated with p53 alter-
ations.46,47 Similarly, abnormal RB
gene expression, as detected by im-
munohistochemical analysis of the Rb
protein, has been seen in aggressive,
higher stage/grade tumors.48,49 Ad-
vanced bladder cancers have also
been shown to have decreased ex-
pression of p21, a protein that inhibits
cell-cycle progression downstream of
p53.50,51 In fact, a combined analysis
of the expression of p53, p21, and Rb
has suggested that with increasing
number of alterations of these pro-
teins, the final prognosis of the patient
worsens considerably.52

Diagnosis
The diagnosis of superficial bladder
cancer can be elusive. The presenting
symptoms of bladder cancer may
mimic those of other common uro-
logic conditions such as urinary tract
infection and general lower urinary

tract symptoms. Approximately three
fourths of patients with bladder can-
cer present with painless, intermittent
hematuria.53 It is estimated that ap-
proximately 20% of patients being
evaluated for gross hematuria will
subsequently be diagnosed with blad-
der cancer.54,55 Similarly, of patients
presenting with microscopic hema-
turia, up to 10% will be diagnosed
with bladder cancer.56 Microscopic
hematuria in patients with bladder
cancer tends to be unpredictable and
inconsistent; therefore, a single nega-
tive urinalysis does not exclude the

possibility of cancer.57 The Best Policy
Panel of the American Urological As-
sociation has accounted for this in its
recommended definition of asympto-
matic microscopic hematuria as
“three or more red blood cells per
high-power field on microscopic eval-
uation of urinary sediment from two
of three properly collected urinalysis
specimens.”58

The panel recommended that all pa-
tients without risk factors for primary
renal disease should have a urologic
evaluation including radiographic
imaging of the upper urinary tract fol-

lowed by cystoscopy. Although urine
cytology is best utilized in patients
with known bladder cancer, bladder
washings should also be sent at the
time of cystourethroscopy in patients
with significant risk factors or a high
index of suspicion for bladder cancer.
Characteristic cytologic abnormalities

that are highly specific for TCC in-
clude increased cell size and nuclear-
cytoplasmic ratio, nuclear pleomor-
phism, and nucleolar prominence. It
should be noted that irrigated bladder
cytology is more sensitive than
voided cytology in diagnosing blad-
der cancer.59

One fourth of patients with bladder
cancer will present with irritative void-
ing symptoms of urgency, frequency,
and dysuria.60 In the primary care set-
ting, these symptoms are frequently
misinterpreted as signs of a urinary
tract infection but may signify either
trigone involvement with tumor or the
presence of carcinoma in situ (CIS).61

Although the incidence of metastatic
bladder cancer with superficial disease
is low,62 patients may present with
bone pain or flank pain due to
retroperitoneal adenopathy or ureteric
obstruction. Patients with ipsilateral
hydronephrosis should be considered
to have muscle-invasive disease.63

The initial evaluation and manage-
ment of patients with suspected blad-
der cancer involves cystoscopic eval-
uation of the bladder, transurethral
resection (TUR) of visible tumor, and
assessment of the appearance of the
uninvolved bladder and prostatic
urethra. When urinary cytology is
positive and no grossly visible tumor
is apparent on cystoscopy, directed
bladder biopsies, including cold-cup
biopsies of the prostatic urethra, to

evaluate for the presence of CIS are
indicated on initial evaluation or dur-
ing follow-up. Note that the upper
urinary tracts must also be evaluated
in this situation.

In addition, directed bladder biop-
sies are indicated during TUR of any
visible tumor associated with positive

Approximately three fourths of patients with bladder cancer present with
painless, intermittent hematuria. It is estimated that approximately 20% of
patients being evaluated for gross hematuria will subsequently be diagnosed
with bladder cancer.

Microscopic hematuria in patients with bladder cancer tends to be unpre-
dictable and inconsistent; therefore, a single negative urinalysis does not
exclude the possibility of cancer.
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cytology to map the bladder for con-
comitant CIS, the presence of which
imparts a more aggressive pathology
and may influence treatment decisions.
Prostatic urethral resection biopsy may
be indicated when visible abnormalities
of the prostatic urothelium exist. Al-
though physical examination rarely
delineates any abnormalities, a biman-
ual examination should be performed
at the time of cystoscopy, preferably
under general anesthesia. Palpation of
a mass is unusual, but a fixed mass
typically represents more advanced
disease. Small and/or flat lesions suspi-
cious for CIS can be sampled with cold-
cup biopsy forceps, and larger lesions
should be completely resected, if possi-
ble, using loop electrocautery.

During TUR, attempts also should
be made to obtain muscle in the spec-
imen while avoiding bladder perfora-
tion. The fact that only 23% of pa-
tients classified as having high-grade
Ta tumors on local pathology are con-
firmed by review pathology64,65 and
that approximately 30% of patients
with T1 tumors are upstaged after
repeat TUR and even higher if muscle

is not present in the initial TUR spec-
imen, argues that standard repeat TUR
should be performed in patients with
high-grade Ta or T1 tumors.66,67

In addition, a well-trained
uropathologist may be an important
component in the accurate histopatho-
logical diagnosis of patients with
bladder cancer undergoing TUR for
superficial disease. The presence of
smooth muscle in the pathologic
specimen is an important indicator
for an adequately performed resec-
tion. A small asymptomatic bladder

perforation after TUR that is not ap-
parent cystoscopically may occur
more frequently than believed, but
fortunately, these do not seem to im-
pose a significant risk for extravesical
tumor seeding.68

Radiographic evaluation of the
upper urinary tract should also be
performed if not done during the ini-
tial assessment of hematuria. Clearly,
up to 4% of patients with superficial
bladder cancer are at risk for syn-
chronous and metachronous tumors
of the upper urinary tract.69-71 Patients
with a history of CIS, tumors adjacent
to the ureteral orifices, or persistently
unexplained positive cytologies might
be at increased risk for an upper tract
tumor and prostatic urethral tumor
involvement. Accurate clinical stag-
ing is important, because prognosis
and therapy are directed by various
clinical and histopathologic factors.

Classification
Normal Histology
The normal urothelium consists of 3
to 7 layers of transitional cells resting
on a basement membrane composed

of extracellular matrix. The most su-
perficial layer consists of flat “um-
brella” cells. The configuration of
these cells varies from flat to
cuboidal, depending on distention or
contraction of the bladder. Below the
basement membrane, the lamina pro-
pria, or submucosa, consists of loose
connective tissue and can occasion-
ally have scattered smooth muscle
fibers (muscularis mucosae). The mus-
cularis propria forms the next layer
and comprises the (smooth) muscular
wall of the bladder. Its muscle fibers

are arranged in 3 bundled layers:
middle circular, surrounded by inner
and outer longitudinal fibers.

Dysplasia
The term dysplasia denotes architec-
tural cell crowding and loss of polar-
ity with sparse or absent mitotic
figures. These features are usually
limited to the basal and intermediate
layers of the urothelium and are less
pronounced than the changes seen in
CIS. Dysplasia is a marker for cancer
risk and progression and may be a
precursor for invasion.72,73 High-grade
dysplasia should be considered CIS.

CIS
Urothelial CIS, or flat intraepithelial
carcinoma, is characterized by flat,
disordered proliferation of cells with
marked cytologic abnormalities. On
cystoscopy, it may appear as a vel-
vety, reddish patch of urothelium in
proximity to an exophytic lesion, as a
focal lesion in a patient without
macroscopic tumors, or be endoscop-
ically invisible. Overall, 50% of pa-
tients with CIS have multifocal le-
sions with a predilection for the
trigone, lateral wall, and dome.

By definition, CIS is a high-grade
tumor and comprises about 10% of all
cases of bladder cancer; 20% to 30%
occur as an isolated lesion (primary
CIS). Additionally, CIS can emerge
during follow-up surveillance in the
absence of grossly visible tumor
(secondary CIS) or present initially or
during follow-up associated with
concurrent papillary tumors (con-
comitant CIS).74-78 In general, con-
comitant CIS is much more difficult to
treat than primary CIS.

The fact that with CIS, the mucosa
may appear entirely unremarkable cys-
toscopically reinforces the importance
of urine cytology in diagnosing this
entity.60,79 In addition, fluorescence-
guided cystoscopy using hexaminole-
vulinate (HAL) has been noted to

A well-trained uropathologist may be an important component in the accu-
rate histopathological diagnosis of patients with bladder cancer undergoing
transurethral resection (TUR) for superficial disease. The presence of smooth
muscle in the pathologic specimen is an important indicator for an ade-
quately performed resection.
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increase the detection rate of CIS.80

In a prospectively controlled trial of
211 patients with superficial bladder
cancer, HAL fluorescence detected
approximately 30% more cases of CIS
than standard white-light cystoscopy
alone.

Unfortunately, the routine applica-
tion of fluorescence cystoscopy has
yet to gain wide clinical acceptance
despite an improvement in the detec-
tion rate of CIS.81 The routine clinical
use may be limited in part because
HAL fluorescence cystoscopy does
suffer from the potential for false-
positive results in the setting of in-
flammatory conditions. Nevertheless,
directed bladder mapping of areas
contiguous to and remote from the
primary tumor areas remains impor-
tant in the diagnosis and manage-
ment of patients with CIS.

Histological Grading
Much controversy surrounds the
grading of bladder tumors, and no
uniformly accepted grading system
exists at present. Arising from the
need to develop a commonly accepted
classification system that patholo-
gists, urologists, and oncologists
could use, a new classification of
noninvasive urothelial tumors was
proposed at the 1998 World Health
Organization (WHO) and the Interna-
tional Society of Urological Pathology
(ISUP) consensus meeting.82 This new
classification system for grading
urothelial neoplasms was subse-
quently published by the WHO in
2004.83 Unfortunately, the 2004 WHO
grading system lacks validation based
on long-term follow-up data. Even
today, many published reports rely on
the older WHO classification from
1973.84,85 Therefore, a histological
grading description based on both
classification systems will be dis-
cussed here.

A papillary lesion with little or no
variation in nuclear size, shape, or

spacing when compared to normal
urothelium is called a papilloma in
both classification systems. The
urothelium has an intact superficial
umbrella layer with no mitotic activ-
ity. Patients with urothelial papillo-
mas have a low incidence of recur-
rence and rarely progress to develop
urothelial carcinoma.86 It may be rea-
sonable not to consider this entity as
urothelial cancer.

Well-differentiated tumors, or
grade 1 tumors based on the WHO
1973 classification, have an orderly
arrangement of normal cells lining
delicate papillae. They have minimal
architectural abnormalities with min-
imal anaplasia or pleomorphism. Mi-
totic figures are rare or absent. Fur-
thermore, WHO 1973 grade 1 lesions
that show no cytologic atypia and
merely thickened urothelium with, at
most, nuclear enlargement are called
papillary urothelial neoplasms of low
malignant potential (PUNLMP) in the
WHO/ISUP system. However, WHO
1973 grade 1 lesions with definite, yet
slight cytologic atypia, would be di-
agnosed in the WHO/ISUP system as
low-grade urothelial carcinomas.83

Moderately differentiated tumors,
or WHO 1973 grade 2 lesions, retain
some of the orderly appearance and
maturation of grade 1 carcinoma but
have some focal variation in nuclear
appearance. The WHO 1973 grade 2
category is very broad, and most
pathologists grade cases of urothelial
cancer as WHO 1973 grade 2 by de-
fault. In an attempt to avoid using an
intermediate category, the WHO/ISUP
system classifies bladder papillary
urothelial cancers into only 2 cate-
gories: low-grade or high-grade papil-
lary urothelial carcinoma.

WHO 1973 grade 2 lesions that
demonstrate an overall orderly ap-
pearance but have minimal variability
in architecture and/or cytologic fea-
tures and are easily recognizable at
scanning magnification would be

considered low-grade urothelial carci-
nomas in the WHO/ISUP system.
When WHO 1973 grade 2 lesions dis-
play more of a disorderly appearance
because of marked architectural and
cytologic abnormalities, recognizable
at low magnification, they are consid-
ered high-grade urothelial carcinomas.
Poorly differentiated tumor lesions
called WHO 1973 grade 3 are, by
definition, high-grade urothelial car-
cinomas in the WHO/ISUP system.
They demonstrate the most extreme
nuclear abnormalities. There is an ob-
vious disorder, loss of polarity, and
frequent mitotic activity.

Pathologic Staging
Pathologic staging is most important
regarding risk assessment and in dic-
tating patient management. The cur-
rent 2002 TNM classification of blad-
der cancer describes Ta tumors as
noninvasive and papillary confined to
the mucosa, Tis tumors as flat CIS
confined to the mucosa, and T1 tu-
mors as invasive tumors that invade
the subepithelial connective tissue.3

Overall, Ta tumors account for ap-
proximately 70% of superficial TCC.
These tumors are composed of
branching fibrovascular cores with
more than 8 cell layers that display
features of anaplasia. This arrange-
ment provides their morphologic pap-
illary appearance. In general, Ta tu-
mors are low-grade cancers.

T1 tumors, by definition, invade the
submucosa (also called lamina pro-
pria) and account for approximately
30% of all superficial bladder tumors.
T1 lesions may have either a papillary
or a broad-based appearance and are
generally of higher grade than Ta
tumors.87 T2 and higher lesions, by de-
finition, are muscle-invasive tumors.
The management of muscle-invasive
disease is beyond the scope of this
manuscript, but it should be men-
tioned that these patients should be
treated with more aggressive options
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(ie, radical cystectomy) because they
are at an increased risk of lymph-
node and distant metastases, as well
as death from bladder cancer.88,89

Although the topic is not addressed
in the current TNM staging system,
several studies have proposed fur-
ther substaging of T1 lesions.90 Data
suggest a significant difference in
prognosis and survival based upon
the depth of submucosal invasion,
with a worse prognosis associated
with increasing invasion of the

submucosa.91,92 A T1 substaging has
been based on the following system:
T1a, invasion of connective tissue su-
perficial to the level of the muscularis
mucosae; T1b, invasion to the level of
the muscularis mucosae; T1c, inva-
sion through the level of the muscu-
laris mucosae but superficial to the
muscularis propria. Opponents of this
subclassification argue that it is often
difficult to consistently and accu-
rately assess the TUR tissue for the
presence and actual depth of invasion
because of orientation and artifactual
changes. Similarly, it is argued that
muscularis mucosae cannot be consis-
tently identified with certainty in all
TUR or biopsy specimens.93,94

The precise definition and staging
of prostatic involvement with bladder
cancer is another topic of consider-
able debate. In the current TNM stag-
ing system, bladder tumors involving
the prostate are considered T4a.3

However, it is well documented that
the survival rate of patients with su-
perficial TCC of the prostate (urethra
or ducts) in the context of superficial
bladder cancer is much better than
that of those with involvement of the
prostatic stroma, either through direct
extension through the bladder wall or

through urethral extension beyond
the ducts (T4a proper).95,96 With this
in mind, the 2002 TNM classification
has recognized TCC of the prostatic
urethra as a separate entity.97

Natural History
The natural history of superficial
bladder cancer is difficult to predict
because of tumor heterogeneity. The 2
features that characterize superficial
bladder cancer are disease recurrence
and disease progression. The risks

for both recurrence and tumor pro-
gression are related to multiple
histopathologic factors including his-
tologic grade, depth of invasion, mul-
tiplicity, tumor size, tumor morphol-
ogy, presence or absence of vascular
or lymphatic invasion, and presence
or absence of CIS. Although these
conventional measures provide some
prognostic information, they ulti-
mately fail to clearly evaluate each

individual tumor’s malignant poten-
tial. These shortcomings with tradi-
tional clinical and histopathologic
features have therefore led to signif-
icant efforts to better define a
tumor’s true biological potential on
a molecular level.98-100 Unfortu-
nately, molecular markers do not
have significant clinical application
at present.

Nearly 60% to 90% of patients
with superficial disease will have a
tumor recurrence if treated by TUR
alone.101 A retrospective analysis of
176 patients with superficial TCC
from Sweden, who were followed up

until death or for at least 20 years
(with no adjuvant therapy), provides
some insight into the natural history
of this disease left untreated. An over-
all recurrence rate of 80% was re-
ported, and 22% of patients (11% and
30% of Ta and T1 patients, respec-
tively) died from the disease.102 In this
study, death was directly related to
tumor grade, number of tumors, and
volume of recurrences.

Grade
Several studies have investigated the
role of tumor grade on tumor recur-
rence, progression, and mortality.
Most reports have suggested that
grade is a better prognostic indicator
of progression and mortality than re-
currence.102-105 In a cohort analysis of
1529 patients with superficial bladder
cancer from Barcelona (Spain), grade
did not correlate with tumor recur-
rence. The main predictor of progres-
sion and mortality in this study, how-
ever, was the presence of grade 3
disease.103 Similarly, Heney and asso-
ciates reported tumor progression
rates of 2%, 11%, and 45% for grade
1, 2, and 3 disease, respectively.106

Furthermore, when stratified by stage
of disease, tumor grade continued to
correlate with patient mortality. In
another study, Jakse and associates
reported the following 10-year sur-
vival rates for patients with initial
stage Ta or T1 disease: 95% for TaG1
compared with 84% for TaG3 and
78% for T1G2 compared with 50% for
T1G3.107

Stage
Because Ta tumors are, by definition,
confined to the basement membrane
without access to lymphatics and
vessels, these lesions tend to remain

Data suggest a significant difference in prognosis and survival based upon
the depth of submucosal invasion, with a worse prognosis associated with
increasing invasion of the submucosa.

Nearly 60% to 90% of patients with superficial disease will have a tumor
recurrence if treated by TUR alone.
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localized. The National Bladder Can-
cer Cooperative Group studies of the
1970s have provided some insight
into the natural course of superficial
bladder cancer with regard to stage
following TUR and no adjuvant in-
travesical therapy. Recurrence with
progression to muscle invasion was
found within 3 years in only 4% of
patients with initial Ta tumors (with-
out associated atypia or CIS) and 11%
of patients with Ta tumor with associ-
ated atypia.108

Patients with low-grade Ta disease
have a propensity for tumor recur-
rence despite low progression rates. In
a long-term follow-up study of 255
patients with low-grade Ta disease,
approximately 70% of patients had
repeat resections for tumor recur-
rence, whereas only 2% of patients
progressed to muscle-invasive dis-
ease.109 When these patients were
subclassified on the basis of the new
WHO/ISUP classification system; 37%
had PUNLMP and 63% had low-grade
urothelial carcinomas. As expected,
recurrence rates of PUNLMP were sig-
nificantly lower than those of low-
grade urothelial carcinoma: 35% ver-
sus 71%, respectively.

The incidence of high-grade Ta le-
sions is rare and varies between 2%
and 9% of all cases of superficial
bladder cancer.106,107 Despite the rela-
tively low malignant potential com-
ponent of being Ta, it is the high-
grade component that has significant
impact on progression and poses a
considerable problem for the clini-
cian. Even with intravesical treat-
ments, nearly 50% recur and 25% of
these high-grade tumors progress to
muscle-invasive disease.110 A recent
review showed that as many as 20% of
patients with high-grade Ta lesions
may die of bladder cancer.111 Therefore,
these lesions should be regarded as
malignant and demand vigorous treat-
ment and follow-up. Furthermore,
there must be a high index for clini-

cal understaging in patients report-
edly having high-grade Ta tumors,
and these patients should be consid-
ered for repeat TUR to ensure appro-
priate staging.

Most T1 bladder cancers are high-
grade lesions with potential for recur-
rence, progression, and death. These
lesions are frequently understaged or
misclassified.64,65 van der Meijden and
colleagues assessed pathology results
from 1400 patients treated in the
European Organization for Research
and Treatment of Cancer (EORTC)
randomized trials, comparing various
treatment strategies for superficial
bladder cancer.64 In this study, 10%
of patients originally staged T1 by
local pathologists were found to have
evidence of muscle invasion simply
on re-review. Furthermore, tumors
that lack detrusor smooth muscle in
the initial resected specimen are sub-
sequently associated with residual
tumor burden or muscle-invasive dis-
ease at repeat resection in up to 50%
of cases.66,112,113

Importantly, a second TUR for T1
tumors is recommended because at
least 30% of patients with T1 disease
will be upstaged at the time of a sec-
ond TUR. The percentage will be even
higher if no muscle is present in the
original TUR specimen. The risk of
residual tumor on second TUR is also
significant. Therefore, for patients
with T1 disease, a second TUR should
be performed within 1 to 4 weeks fol-
lowing the initial resection.

T1 bladder tumors have a high in-
cidence of progression. Between 35%
and 48% of patients with T1 tumors

progress to muscle-invasive disease
within 3 years when treated by TUR
alone.106,114,115 Furthermore, as men-
tioned earlier, the depth of submu-
cosal invasion may be prognostically
significant. The prognosis of high-
grade T1 tumors is variable and mul-
tifactorial, based on additional tumor
histopathologic characteristics. The
presence of concomitant CIS confers a
particularly worse prognosis, with up
to 80% progressing to muscle-invasive
disease.106,116 Clearly, high-grade T1
disease represents a potentially lethal
disease class that may warrant early
radical cystectomy, particularly when
conservative management with in-
travesical therapy fails.

CIS
The presence of associated CIS may be
ominous, as patients are at increased
risk for progression and death from
bladder cancer with this pathologic en-
tity. In 1 study, the presence of CIS sig-
nificantly increased the 3-year risk of
disease progression to 31% compared

with only a 7% progression rate in
patients without CIS.73 Nearly one
half of patients presenting with CIS
that is either diffuse and symptomatic
or associated with superficial papillary
lesions of any grade progress to mus-
cle-invasive disease.117,118 Patients who
present with marked urinary symptoms
generally have a shorter interval pre-
ceding the development of muscle-
invasive cancer.

Reliable prognostic factors that
predict the course of CIS, unfortu-
nately, do not exist. However, some
studies have suggested that response

Nearly one half of patients presenting with carcinoma in situ that is either
diffuse and symptomatic or associated with superficial papillary lesions of
any grade progress to muscle-invasive disease. Patients who present with
marked urinary symptoms generally have a shorter interval preceding the
development of muscle-invasive cancer.
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to intravesical chemotherapy or im-
munotherapy can be used to predict
progression and death from the dis-
ease. With bacillus Calmette-Guérin
therapy, a complete response rate of
about 70% to 80% can be achieved.119

Despite this complete response rate,
however, as many as 20% of patients
will ultimately die of metastatic dis-
ease, and a significant proportion will
develop both intravesical and extra-
vesical recurrences.74 This implies that
a durable and complete response is
not always achieved and underscores
the importance of lifelong surveil-
lance in patients with this disease.
Although the bladder remains the
most common site for recurrence, the
upper urinary tract and the prostatic
urethra must be closely monitored in
patients with CIS.

Number
The number of tumors is thought to be
an important risk factor for recur-
rence.106,120,121 Recurrences for solitary
bladder tumors vary from 18% to 60%,
whereas rates for multiple tumors
range from 40% to 90%. In a multi-
variate analysis of prognostic variables,
Herr reported in a series that the factor
most predictive of recurrence is tumor
multifocality, whereas tumor stage and
grade correlated to a lesser degree.122

Size
Tumor size may be a prognostic fac-
tor for superficial bladder cancer.
Heney and associates reported that
progression to muscle invasion was
seen in 35% of patients with superfi-
cial tumors larger than 5 cm, com-
pared to only 9% of patients with
small bladder tumors.106 Others report
that tumor size may influence tumor
stage, but not progression.123

First Recurrence/Previous 
Recurrence Rate
The time for the first bladder-cancer
recurrence may also be an important

variable.120,124 In a group of 414 peo-
ple with Ta tumors, it was reported
that if no recurrence occurred at the
first follow-up cystoscopy, 79% of
patients had no further recurrence for
the remainder of the follow-up
period. In patients with a follow-up
recurrence at 3 months, however,
only 10% were without any recur-
rence during the remainder of the fol-
low-up period. Thus, in patients with
a prior tumor history, previous recur-
rence rate predicts future recurrences.
Specifically, for patients with low-
grade Ta tumors, a previous recur-
rence rate of more than 1 per year
imparts an increased risk of future
recurrences.

Other Prognostic Factors
The patient’s age at diagnosis is
thought to be associated with progno-
sis, particularly in patients with pri-
mary CIS. In a study of 138 patients
with primary CIS from the Mayo
Clinic, patients’ age of 65 years or
less was a significant predictor for
improved progression-free and over-
all survival.125 In addition, the pres-
ence of vascular or lymphatic invasion
has been identified as a poor prog-
nostic sign.106,126 Although lympho-
vascular invasion may be difficult to
ascertain because of interobserver
variability and the fact that it could
be confused with retraction artifact,
it has been shown to increase the risk
of death to as high as 70% when
present.126,127

Lastly, various laboratory parame-
ters have also been evaluated for
prognostic significance. Specifically,
blood group antigens, tumor-associ-
ated antigens, proliferation antigens,
oncogenes, peptide growth factors
and their receptors, cell adhesion
molecules, tumor angiogenesis and
angiogenesis inhibitors, and cell
cycle regulatory proteins have been
identified recently.99,128 Furthermore,
an actual gene signature to predict

clinical outcomes of superficial dis-
ease has also been identified through
the use of full-genome expression
analysis.129

The prognostic value of the most-
studied molecular marker, p53, has
been a topic of considerable discus-
sion. Meta-analysis results of more
than 3700 patients in 43 trials have
shown that p53 correlates with tumor
stage and grade, but it is unclear
whether this molecular marker has in-
dependent prognostic information.130

Despite these scientific advances, the
potential application of molecular
markers/genes is only beginning in
clinical trials and, unfortunately, is
not yet ready for clinical practice.

Combined Risk Factors
On the basis of previously estab-
lished data, a risk group classifica-
tion system combining the afore-
mentioned prognostic factors has
been suggested. In a multivariate
analysis of 1529 patients with super-
ficial bladder cancer, risk groups
were assessed by combining stage
and grade. Risk groups were classi-
fied as low (grade 1 stage Ta disease
and a single grade 1 stage T1 tumor),
intermediate (multiple grade 1 stage
T1 tumors, grade 2 stage Ta disease,
or a single grade 2 stage T1 tumor),
and high (multiple grade 2 stage T1
tumors, grade 3 stages Ta or T1 dis-
ease, and any stage disease associ-
ated with CIS). Recurrence, progres-
sion, and overall survival were
significantly different among the 3
groups.131 Low-risk and intermedi-
ate-risk patients demonstrated 37%
and 45% risk of recurrence, respec-
tively, without significant risk for
progression or death from bladder
cancer. On the contrary, in the high-
risk category, the incidence of recur-
rence, progression, and mortality was
54%, 15%, and 9.5%, respectively
(Table 1). Similarly, a combined
analysis of about 2600 patients from
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7 EORTC  trials has allowed Sylvester
and colleagues to calculate short-
and long-term risks of recurrence
and progression based on multiple
factors including stage, grade, pres-
ence of CIS, multifocality, size, and
history of prior recurrence.116 It is
hoped that these tables will afford
the urologist accurate prognostic in-
formation based on routinely as-
sessed clinical and pathologic vari-
ables in an effort to focus on adjuvant
therapy and optimize follow-up
protocols.

Conclusion
In this article we have discussed the
etiology, molecular mechanisms, clas-
sification, and natural history of
non–muscle-invasive TCC of the
bladder. The natural history of super-
ficial bladder cancer is difficult to
predict because of tumor heterogeneity.

Main Points
• Transitional cell carcinoma (TCC) of the bladder is the second most common malignancy of the genitourinary tract. More than

90% of bladder cancer cases are TCC.

• The 2 best established risk factors for development of TCC of the bladder are tobacco use and occupational exposure to aniline
dyes and aromatic amines.

• Superficial “non-muscle-invasive” bladder tumors represent a heterogeneous group of cancers that include those that are (1) papillary
and limited to the mucosa (Ta, approximately 70% of all tumors), (2) high grade and flat and confined to the epithelium (Tis, 5%
to 10%), and (3) invasive into the submucosa, or lamina propria (T1, 20% to 25%).

• Most superficial bladder tumors exhibit a loss of heterozygosity of chromosome 9 and activating mutations in the HRAS and
FGFR3 genes.

• Initial evaluation and management for patients with suspected bladder cancer involves cystoscopic evaluation of the bladder,
transurethral resection (TUR) of visible tumor, and assessment of the appearance of the uninvolved bladder and prostatic urethra.

• Directed bladder biopsies, including cold-cup biopsies of the prostatic urethra, to evaluate for the presence of carcinoma in situ
(CIS) are indicated when urinary cytology is positive and no grossly visible tumor is apparent on cystoscopy. The upper urinary
tracts must also be evaluated in this situation.

• The risks for both recurrence and tumor progression are related to multiple histopathologic factors including grade, depth of
invasion, multiplicity, tumor size, tumor morphology, presence or absence of vascular or lymphatic invasion, and presence or
absence of CIS.

• Between 35% and 48% of patients with T1 bladder tumors progress to muscle-invasive disease within 3 years when treated by
TUR alone. Patients with T1 bladder tumors mandate repeat TUR to assure accurate staging and removal of any residual tumor
burden.

• Molecular markers as a means of predicting a tumor’s true biologic potential do not have significant clinical application at present
but hold potential to identify more aggressive tumors and influence therapeutic decisions in the future.

Table 1
Recurrence, Progression, and Mortality 40 Months After TUR 

in Patients With Primary, Superficial TCC of the Bladder

Recurrence Progression Mortality 
Risk Group (%) (%) (%)

Low risk
• Grade 1 stage Ta 37 0 0
• Grade 1 stage T1, single tumor

Intermediate risk
• Grade 1 stage T1, multiple tumors

45 1.8 0.7• Grade 2 stage Ta
• Grade 2 stage T1, single tumor

High risk
• Grade 2 stage T1, multiple tumors
• Grade 3 stage Ta 54 15 9.5
• Grade 3 stage T1
• CIS association

Overall 48 7.5 4.6

TUR, transurethral resection; TCC, transitional cell carcinoma. Adapted from Millan-Rodriguez F
et al.131
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Traditional clinical and histopatho-
logic features gathered from biopsy or
TUR are not without shortcomings
and have thus led to significant
efforts to better define a tumor’s true
biological potential on a molecular
level. Although molecular markers do
not have significant clinical applica-
tion at present, their utilization to
predict more aggressive tumors and
influence therapeutic decision making
is likely to be realized in the near
future.
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