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Epidemiology and Etiology of Bladder Cancer
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The incidence of bladder cancer continues to increase, with an estimated 53,000 new cases
diagnosed in the United States in 1996—90% of which are transitional cell carcinomas.The
male-to-femaleratio is 3:1. A number of etiological factors are associated with the develop-
ment of bladder cancer, but in industrialized countries, cigarette smoking is the most impor-
tant. Specificchemicals have also been identified as causing bladder cancer, as have a number
of occupational exposures to less well-defined specific agents. Treatment with cytostatic drugs,
especially cyclophosphamide, is associated with increased risk of bladder cancer, as is treat-
ment with radiotherapy for uterine cancer. In developing countries, especially in the Middle
East and parts of Africa, infections with members of the genus Schistosoma are responsible
for a high incidence of bladder cancer—75% of which are squamous cell carcinomas. Ar-
senic has been indicated as a bladder carcinogenin Argentina, Chile, and Taiwan. The reason
for the high incidence of urinary tract cancer in individuals suffering from Balkan nephropa-
thy has yet to be determined. A careful history of patients with bladder cancer is an important
and useful process in helping to identify causal factor and, in more than one-half the cases, a
known relationship is found. Bladder cancer is a potentially preventable disease, with a sig-
nificant morbidity and mortality in many parts of the world. Semin. Surg. Oncol. 13:291-
298, 1997. © 1997 Wiley-Liss, Inc.
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INTRODUCTION

Bladder cancer is a heterogeneous disease, and its clini-
cal causes are somewhatunpredictable. It was the firstcan-
cer identified as being associated with industrialization.In
1895, Dr. Ludwig Rehn reported on bladder cancer in Ger-
man dye workers who manufactured aniline dyes. Later,
this was shown to be related to the presence of 2-naphthyl-
amine in the dyes. Since then, many additional specific
chemical mixtures, along with environmental agents and
exposures, have been identified as causes of bladder can-
cer [1-31

Bladder cancer is most common in western Europe and
the United States, while Japan has a lower incidence. For
reasons that are unknown, African Americans have a lower
frequency of bladder cancer than Caucasian Americans.
(There continues to be difficulty in defining Caucasian
versus non-Caucasianpopulations.) There is a marked male
predominance in transitional cell carcinoma: the male-to-
female sexratiois at least 3 : 1. Earlierepidemiologic stud-
ies focused predominantly on a comparison of the
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incidencesin men. An estimated 53,000 new cases of blad-
der cancer will be diagnosed in the United Statesin 1996,
at least 90% of which will be transitional cell carcinomas.
Adenocarcinoma, which constitutes about 1% of bladder
cancer, also shows a male predominance. Thus, in a total
of 11 series comprising 247 patients, the sex ratio was
2.7 :1{4]. By contrast, the sex ratio in patients with squa-
mous cell carcinomais significantly lower;in 10series of
squamouscell carcinomacomprising 9 15patients, the sex
ratiowas 1.4: 1[4]. Itis unclear why squamous cell carci-
noma is almost as common in females as in males, but it
may be related to its association with inflammatory pro-
cesses.

Kaye and Lange [5] were the first to point out that blad-
der cancer appears to be two diseases. Most cases are pap-
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illary tumors, usually of low grade and stage. The tumors
are often multiple with a tendency to recurrence. About
15% progress in grade and/or stage over a 10-year period.
These papillary type of tumors comprise approximately
75-80% of bladder cancers, althoughin a recent study from
Holland, only 64.5% were found to be papillary {6]. The
nonpapillary (solid) type of bladder cancer is generally
associated with detrusor muscle or deeper invasion. These
tumors are high grade, often associated with carcinomain
situ, and are principally responsible for mortality in pa-
tients with bladder cancer.

Chromosomal and genetic differences seem to exist be-
tween papillary and nonpapillary carcinoma, including
carcinoma in-situ (CIS), high-grade, nonpapillary transi-
tional cell carcinoma usually contains a defect in chromo-
some 17,which representsan abnormality in the p53 gene.
By contrast, changes in chromosome9 are associated with
superficial papillary tumors [7].

In addition to the general distribution of bladder can-
cers throughout the world, specific areas exist that have
consistently elevated incidence of cancer of the lower uri-
nary tract, often associated with other disease processes.
Individuals in countries where endemic schistosomiasis
exists have a very high incidence of bladder cancer [8].

Furthermore, certain areas of the Balkan countries, in-
cludingthe former Yugoslavia and Bulgaria, have increased
death rates due to nephropathy. The patients also have a
high prevalence of urothelial tumors involving both the
upper and lower urinary tracts. So far, extensive research
has failed to reveal specific etiologic factors responsible
for the carcinogenicity in these patients. A mycotoxin, och-
ratoxin, induces nephropathy in pigs similar to the Balkan
type in humans, but it is unclear whether this compound is
involved in the human disease or is related to their urothelial
malignancies [3].

Certainregions of the island of Taiwan have an increased
incidencein peripheral vascular disease commonly referred
to as “blackfoot disease,” and individuals suffering from
this condition have an increased incidence of urinary tract
carcinomaf3]. Arsenic has been suggested to be the cul-
prit responsible for the vascular disease process and may
also be involved in the development of urothelial cancer.
A similar relationship between high levels of arsenic ex-
posure and bladder cancer have recently been reported from
Chile and Argentina [9].

CHEMICAL AND OCCUPATIONAL
CARCINOGENESIS

The 1895 and 1896 papers by Rehn suggested a rela-
tionship between exposure to specific chemicals used in
the dye industry and bladder cancer (1,2]. However, the
carcinogeniccompound was not aniline, as Rehn suspected,
but 2-naphthylamine, as demonstrated by Hueper and
Wolfe in a dog model 47 years later [1,2]. 2-Naphthylamine

was commonly used in Germany and elsewhere in the
manufacture of various dyes. World War 1I halted the in-
vestigations into the carcinogenic agent. In 1954, Case et
al. [10] published a classic study of the relationship be-
tween exposure to aromatic amines and bladder cancer in
a large number of British industrial workers, not only in
the dye industry but also in the rubber, textile, and chemi-
cal industries. These investigators studied the exposure to
such co’mpounds during 1915-1950 and confirmed the
carcinogenicity of 2-naphthylamine.They also found that
exposure to other aromatic amines, such as 4-amino-
biphenyl and benzidine, was associated with increased risk
for bladder cancer. The mean induction time was 22 years
(range 15-40 years). Although 1-naphthylamine has oc-
casionally been suggested to be associated with bladder
cancer, subsequent investigations have produced consid-
erable evidence that this chemical is not carcinogenic;in-
stead, exposure to 1-naphthylamineis related to bladder
cancer developmentbecause it is often contaminated with
2-naphthylamine. Besides 2-naphthylamine, several other
aromatic amines have been found to be associated with
bladder cancer development (Table ). Exposure to these
chemicalsoccurs in specificindustries; 4-aminobiphenyl,
along with other aromatic amines, is present in cigarette
smoke [1-31.

The results obtained by Case et al. [10] concerning 4-
aminobiphenyl were confirmed by Koss [11], who also
found that the risk of developing bladder cancer after ex-
posure to this compound is not fully dose related. Some
workers suffering from low-level exposure developed
bladder cancer, while in most workers, bladder cancer
did not occur despite massive exposure [11}. These re-
sults supported the existence of powerful detoxifica-
tion mechanisms.

Some carcinogeniccompounds are derivativesof other
aromaticamines and amides, including many azodyes de-
rived from the aromatic amine, benzidine. Exposure to
many of these chemicals has been associated with the de-
velopment of bladder cancer in both humans and animal
models —for example, in a group of kimono painters in

TABLE |. Etiologic Factors for Bladder Cancer
Occupational Nonoccupational

2-Naphthylamine Cigarette smoking

4-Aminobiphenyl Chlornaphazine
Benzidine Phenacetin-containing analgesics
44" Methylenebis(2-chloroaniline) Cyclophosphamide
4-Chloro-o-toluidine Thiotepa“*
_o-toluidine Melphalan®
Methylene dianiline Radiotherapy
Benzidine-derived azodyes Balkan nephropathy
Arsenic
Calculi

“In association with radiotherapy.




Japan who licked their paint brushes to obtain the fine
points needed for the delicate paintings on the fabrics, the
dyes were metabolized rapidly by cleavage of the diazo
bond, resulting in free benzidine [3].

During the 1990s, additional aromatic amines and chemi-
cally related compounds have been identified that appear
to be associated with the development of bladder cancer in
humans, including 4,4-methylene bis(2-chloroaniline)
(MBOCA) and o-toluidine [3]. MBOCA is a compound
related to benzidine, found to produce low-grade papillary
tumors in exposed workers [11]. The carcinogenicity of
these compounds is no surprise, as the metabolism is simi-
lar to that of established carcinogenic aromatic amines.
However, it is often difficult to pinpoint a specific etio-
logic agent because workers are often exposed to multiple
chemicals, many of which are chemically related.

A large number of occupations are associated with an
increased risk of bladder cancer development, without any
identifiable specific chemicals responsible. The risk is es-
pecially increased for workers in the chemical, dye, rub-
ber, and textile industries. An estimated 20-25% of the
male population in the United States develop bladder can-
cer as a result of occupational exposure [3].

Researchers in the field of chemical carcinogenesis be-
lieve that elucidation of the metabolic processes that lead
from the activation of chemicals on to DNA adduct for-
mation, and ultimately on to cancer can provide a better
understanding of the carcinogenesis [7]. This, in turn, could
permit identification of high-risk individuals and allow the
development of methods to prevent cancer. There are two
main routes of metabolism of aromatic amines: (1) N-acety-
lation, and (2) N-hydroxylation (the routes are not mutu-
ally exclusive). In general, it is considered that the
N-acetylated arylamide is not carcinogenic to the
urothelium, while the N-hydroxylated metabolites formed
in the liver are further metabolized by N-glucuronidation
and excreted in the urine. The acid environment leads to
the formation of the highly reactive and mutagenic
arylInitrenium ion. Alternatively, N-hydroxylation or other
metabolic steps may occur directly within the bladder epi-
thelium [7].

A result of this hypothesis is that N-hydroxylated de-
rivatives should be more carcinogenic to the bladder
urothelium than their parent amines. This has been dem-
onstrated for the human carcinogen 4-aminobiphenyl.

Humans express different metabolic phenotypes for
xenobiotics, including aromatic amines, which could be
associated with different susceptibilities for the develop-
ment of bladder cancer. For example, since aromatic amines
can be inactivated by acetylation, individuals who are slow
acetylators would be expected to be more susceptible to
bladder cancer development than rapid acetylators —and
this has been found to be the case. Two N-acetyltransferase
genes (NAT1 and NAT2) have been cloned, and the basis
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for the slow acetylator phenotype is the homozygous ex-
pression of the slow acetylator allele of the NAT2 gene.
Patients who are heterozygous or homozygous for the fast
acetylator allele express fast acetylator phenotype.
Cartwright etal. [12] demonstrated the risk of bladder can-
certobe 17times higher in slow acetylators. Furthermore,
96% of the patients with occupationally related aromatic
amine-induced bladder cancer were found to be slow
acetylators. Several studies have confirmed the excess per-
centage of slow acetylators in bladder cancer patients, es-
pecially in patients with documented exposure to aromatic
amines [7]. In addition, a review of a number of case-con-
trolled studies suggeststhat slow acetylators are also asso-
ciated with more invasive disease. The relationship between
acetylator phenotype, smoking, and bladder cancer is less
clear, and some studies have failed to demonstrate any
correlation. It is interesting, however, that studies have
shown that smokers of black tobacco have a higher risk of
bladder cancer than smokers of blonde tobacco (the type
most commonly used in the United States). Bartsch et al.
[13] demonstrated that the level of 4-aminobiphenyl ad-
ducts was highest in smokers of black tobacco who were
also slow acetylators.

Investigations on aromatic amines have focused particu-
larly on chemicals related to occupational and cigarette
smoke exposure, but during the past 25 years evidence has
mounted to suggest that aromatic amines may be of more
general relevance than previously realized. During the pro-
cessing of foods at high temperatures, for example, carci-
nogenic heterocyclic aromatic amines are formed,
especially during grilling or barbecuing of meat {3].

Other environmental pollutants have been identified in
diesel exhaust. These chemicals include aromatic nitro
compounds, which have been shown to be mutagenic and
carcinogenic in several experimental models, producing
tumors of several different organs, including the urinary
bladder. These compounds are metabolically activated to
reactive intermediates identical to analogous aromatic
amines.

Animal testing, especially in rodents, has shown that
other compounds produce bladder tumors, but it remains
unclear whether these compounds contribute to the devel-
opment of human bladder cancer. Included in this contro-
versy are nitrosamines, which are ubiquitous in the
environment and can also be formed endogenously under
acidic conditions, such as in the stomach or urine, by ni-
tration of secondary amines. Several nitrosamines have
been shown to produce bladder cancer in animal models
[14]. Different nitrosamines have also been identified in
the urine, especially in association with lower urinary tract
infections.

Epidemiologic studies have demonstrated increased risk
of bladder cancer in individuals with chronic urinary tract
infection, and urinary tract infection enhances experimen-
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tal bladder cancer carcinogenesis. The mechanisms impli-
cated are formation of nitrosamines or other carcinogenic
compounds in the urine or increased cell proliferation, or
both. Itisinteresting to note that certain nitrosamines, upon
direct instillation into the bladder, do not cause bladder
cancer, and exposureto other nitrosaminesin the urine can
result in systemic distribution of the nitroso compounds
with induction of tumors in other organs[14]. This is likely
to be related to absorption of nitrosamines from the urine
as a result of increased permeability or damage to the
urothelium, which may occur in humans with urinary tract
infection. The role of nitrosaminesin human bladder can-
cer, however, remains to be defined [3].

CIGARETTE SMOKING

Several epidemiological studies have shown a strong
association between cigarette smoking and the develop-
ment of bladder cancer. The relative risk is increased, is
dependent on the number of pack-years smoked, and var-
ies between 2-10 in different studies [1--3]. The risk is
increased not only in patients with transitional cell carci-
noma, but also in individuals with squamous cell carci-
noma and adenocarcinomaf3]. It is estimated that cigarette
smoking accounts for 25-60% of all cases of bladder can-
cer cases in industrialized developed countries, making it
the single most important cause of bladder cancer.

The risks seem to vary, depending on which type of to-
bacco is smoked. Thus, smokers of black tobacco have a
higher risk of bladder cancer than do smokers of blonde
tobacco (the type most commonly used in the United States
[13]). The risk of bladder cancer appears to be small in
pipe and cigar smokers.

The precise mechanismby which smoking causes blad-
der cancer has yet to be determined, although it seems most
likely that it is related to some of the large number of chemi-
cals present in smoke. Smoke contains,among other chemi-
cals, polycyclic aromatic hydrocarbons, aromaticamines,
and unsaturated aldehydes. All these major classes of
chemicals have been investigated with respect to bladder
cancer [1-3]. Although polycyclic aromatic hydrocarbons
have been associated with tumor development in various
organs, there is little evidence to support their involvement
in the etiology of human bladder cancer. They are metabo-
lized at the site of exposure and excreted in the urine in
metabolically inactive forms. By contrast, aromatic amines,
especially 4-aminobiphenyl, are associated with the de-
velopment of bladder cancer [3]. Other aromatic amines,
including pyrolysis products, are possible contributors.
Nicotine and its metabolites and tobacco-specific nitro-
samines are implicated in lung and oral cancer but do not
seem to play arole in experimentalor human bladder can-
cer. Acrolein is the simplest of the o,3-unsaturated alde-
hydes-compounds that are ubiquitous in the environment.
A cigarette contains approximately 100 g of acrolein, the

simplest of these aldehydes. These aldehydes are toxic,
mutagenic, and possibly carcinogenic. Systematic admin-
istration of acrolein to rats results in diffuse urothelial hy-
perplasia of the bladder, and acrolein has been shown to
be an initiator in bladder carcinogenesisin rats [15].

Besidesthe fact that many compounds in cigarettescan
cause genotoxic events in the urothelium, cigarette smok-
ers have been found to have an increased proliferative
response, as evidenced by hyperplasia of the bladder
epithelium. This appears to be dose-related and may
have a synergistic effect, along with the genotoxic ef-
fects, on the bladder carcinogenicity of cigarette smok-
ing [14].

CAFFEINE

Considerable controversy existsas to whether coffee and
other caffeine-containing beverages are involved in uri-
nary tract carcinogenesis[3]. The results of epidemiologi-
cal studies show marked variation, with studiesindicating
either no risk or a slight increase in relative risk. Interpre-
tation of the studies is often difficult because of the pres-
ence of confoundingfactors, especiallycigarette smoking,
but also occupational exposure and diet, which can be con-
trolled only to a variable extent in the different studies.
Experimental studies have failed to demonstrate that caf-
feineis carcinogenicto the urinary bladder. Thus, both long-
term carcinogenicity studies and multistage studies have
been negative for caffeine. The genotoxicity of caffeine
also remains problematic and is largely dependent on the
type of assay being used and the caffeine concentrations
attained in the assay system.The evidence strongly favors
the conclusion that caffeine is not mutagenic in humans.

TREATMENT-RELATED CARCINOGENESIS

Chlomaphazine is an alkylating agent that was origi-
nally used in the treatment of hematologic malignancies.
It was quickly discontinued when a large percentage of
patients treated with the compound developed bladder can-
cer after only a few years. The explanation was simple:
chlornaphazine is an alkylatingagent that is metabolically
converted in the body to 2-naphthylamine, a known hu-
man bladder carcinogenic aromatic amine [3].

The intake of phenacetin-containinganalgesicswas ini-
tially associated with the development of renal papillary
necrosis and chronic interstitial nephritis. Later studies
demonstrated that such patients also had an increased risk
of developing urinary tract tumors, particularly in the re-
nal pelvis but also in the ureter and bladder. The relative
risk (RR) varied from 2.3 to 12.2in differentseries[3,16].
The patients had consumed several kilograms of analge-
sics, and the induction time was similar to that of occupa-
tional bladder cancer caused by other aromatic amines and
amides. Phenacetin is an aromatic amide that can be me-
tabolized to N-hydroxyphenacetin, which is carcinogenic
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in animal models. In addition to phenacetin, the drugs used
also contained caffeine, antipyrine, or acetylsalicylicacid.
Experimentation has provided evidence supporting the
association of phenacetin with urothelial cancer, but it is
not completely conclusive. The data suggest that the pro-
cess and interactions are complex and may not be the re-
sult of a single agent. Exposure of rats to phenacetin results
in significant hyperplasia of renal pelvic and renal papil-
lary epithelium, as well as increased cell proliferation of
the renal pelvis and bladder urothelium. Occasional renal
pelvic tumors are produced [3].

Cyclophosphamideand related chemotherapeuticagents
induce bladder cancer in humans and in rodent models[3].
The first human case attributed to cyclophosphamideex-
posure was reported 25 years ago [17]. Cyclophosphamide
is currently used to treat both neoplastic and non-neoplas-
tic diseases in approximately 500,000 patients worldwide
annually [18]. In a recent study of 6,171 2-year survivors
of patients with non-Hodgkin’s lymphoma who were
treated with chemotherapy, including cyclophosphamides,
48 patientsdeveloped urinary tract cancer. The overall RR
for these patients to develop bladder cancer was 4.5. It is
important to note that for the first time the authors were
able to demonstrate a dose-responserelationship{18]. Thus,
if the total dose was less than 20 g, the RR was 2.4; if the
dose was 20-50 g, the RR was 6.3; and if the dose was
over 50 g, the RR was 14.5. In a recent case-controlled
study of patients with ovarian cancer treated with cyclo-
phosphamide alone, it was found that these patients had a
four-timeshigher relative risk for bladder cancer [19]. Blad-
der cancer following cyclophosphamide therapy appears
to be unrelated to drug-induced hemorrhagiccystitis, which
is a toxic manifestation of acrolein (a major metabolite of
cyclophosphamide){20]. The length of exposure has var-
ied from months to a few years, and tumors develop faster
from cyclophosphamide than after exposure to aromatic
amines. Thus, in one study, the mean latency time for blad-
der cancer developmentafter cyclophosphamide treatment
was initiated was 8.5 years, with a range of 3-21 years.
Similar results were presented by Kaldor et al. [19], who
found that after chemotherapy with cyclophosphamide,
tumors appeared before 10 years and continued to increase
in frequency thereafter. Data from experimental studieson
urinary bladder carcinogenesis show that acrolein, a ma-
jor toxic metabolite of cyclophosphamide, is the likely
carcinogenic intermediary [L9]. The tumors appearing in
patients exposed to cyclophosphamide cover the entire
histological spectrum of those appearing normally in the
bladder, although most are of high grade and high stage.

Kaldor et al. [19] also showed an association between
bladder cancer and administrationof the alkylatingagents,
thiotepa and melphalan. However, the relative risk was
much higher in patients also receiving radiotherapy than
in patients treated with radiation alone. The apparent in-
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teraction between radiotherapy and these two alkylating
agents is surprising and could not be explained, either by
methodological bias or by biological mechanisms. Addi-
tional studies are needed to verify these results. Other drugs
used in intravesical treatment of bladder cancer include
mitomycin C and Adriamycin. In the preliminary study by
Soloway et al., two animals (9%) treated with intravesical
mitomycin C developed bladder tumors, and one devel-
oped carcinoma in situ (MS Soloway, RB Matheny, WM
Murphy, personal communication).Ohtani et al. [21] found
that mitomycin C and adriamycin acted as strong promot-
ers in N-butyl-N-(4-hydroxybutyl)nitrosamine (BBN) in-
duced two-stagecarcinogenesis in the Fischer rat, but there
are no data to support the carcinogenicity of these sub-
stances in the human bladder. In a more recent study evalu-
ating the effect of intravesical instillation of thiotepa,
mitomycin C, and Adriamycin on normal rat bladder
urothelium, 8%, 46%, and 0% of the rats, respectively,
treated with these drugs, showed urothelial atypia. No blad-
der tumors were identified [22].

Radiotherapy to the pelvis for benign disease increases
the RR of bladder cancer about 2.5 times, while treatment
with higher doses (30-60 Gy) in patients with cervical
carcinoma increased the relative risk four times [22]). In
the study by Travis et al. [18] of patients with non-
Hodgkin’s lymphoma, radiotherapy alone was associated
with a statisticallynonsignificant increased RR of 2.8[18].
In a study of ovarian carcinomaby Kaldor et al. [19], ra-
diotherapy was found to increase the risk of bladder can-
cer 1.9 times; however, the figures were not statistically
significant. The RR of radiotherapy for cervical cancer,
which resulted in a mean bladder dose of about 45 Gy,
was 4.0, in contrastto a RR of 1.3 with a mean dose of 35
Gy among women treated for ovarian cancer[19,23]. Apart
from chance variation and differing dose distributions, the
explanationsforthe discrepantrelativerisk may have been
a longer follow-uptime among the cervical cancerpatients
than among the women with ovarian cancer, or differences
in the reference bladder tumor rates in the two studies re-
lated to geographical, temporal, or other factors in the study
populations.Another difference may have been in the qual-
ity of the radiotherapy.

In the study by Kaldor et al. [19], cyclophosphamide
produced a relative increase in bladder tumor risk about
twice as high as that due to radiation. There was no evi-
dence of a synergisticeffect between radiation to the blad-
derand cyclophosphamide.The risk of bladder cancerwas
slightly higher among the women who had received cy-
clophosphamide alone, as compared to those who had re-
ceived cyclophosphamideas well as radiotherapy involving
exposure to the bladder. Patients receiving cyclophospha-
mide alone had an increased RR of 4.2-5.2, and the route
of cyclophosphamideadministrationdid not seemto mat-
ter [18,191. 1t is interesting that the combination of cyclo-
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phosphamide and radiotherapy did not further increase the
risk of developing bladder cancer significantly, compared
to either alone. These results did not substantiate a prior
report that cyclophosphamide-inducedurothelial prolifera-
tion contributes to an early expression of radiation injury
[24]. Rather, it appears that cyclophosphamide by itself is
carcinogenic.

URINARY TRACT INFECTIONS INCLUDING
SCHISTOSOMIASIS

Although members of the genus Schistosoma may in-
fect some 300 million people worldwide, the resultant pa-
thology depends on the species and the number of parasites.
Since most individuals harbor few worms, the actual num-
ber suffering from urinary schistosomiasis is much less.
Infection with Schistosoma hematobium, an organism en-
demic to the Nile River valley in Egypt and many parts of
Africa, has been linked to bladder neoplasia for almost a
century {3,8]. The eggs of the parasites are deposited in
the bladder wall, and the morbidity and mortality of the
disease are associated with intensity and duration of the
infection, as well as the activity of the disease. In sites of
recent oviposition, granulomatous inflammation results in
large polypoid masses protruding from the bladder mu-
cosainto the lumen. This is followed by fibrosis and calci-
fication and is often associated with squamous or glandular
metaplasia. The proliferation rate of the epithelium is much
higher than that of normal urothelium. The tumors formed
are mainly squamous cell carcinomas (75%) and adeno-
carcinomas (6%); the remaining tumors are transitional cell
carcinoma or undifferentiated carcinoma [8]. The squa-
mous cell carcinomas are often of low grade, but due to
patient delay, tumors often present at a high stage, with a
5-year survival rate of approximately 30% [8]. The mean
age of patients with schistosomiasis-associatedsquamous
cell carcinoma is 46 years—approximately 20 years
younger than bladder squamous cell carcinoma patients in
the United States and western Europe.

The mechanism by which Schistosoma induces bladder
cancer is yet to be determined, but two factors appear to
be important. First, there is increased cell proliferation of
the epithelium as a result of inflammatory and regenera-
tive processes. Chronically increased cell proliferation has
been suggested as a mechanism providing an increased risk
of spontaneous genetic mistakes, which may result in
higher incidences of cancer in the bladder as well as other
organs {25,26]. Second, many patients have coexistent uri-
nary tract infectionsand nitrosamines, including volatile ni-
trosamines and BBN (a bladder carcinogen for rodents and
dogs), have been identified in urine from such patients [27].

Epidemiologic studies support the association between
urinary tract infection and bladder cancer, especially in
women [3]. A similar effect has been observed in paraple-
gic patients with indwelling catheters [28]. These patients

invariably suffer from chronic urinary tract infection.
Analysis of urine from such patients reveals the presence
of significant levels of volatile nitrosamines, which have
also been found in patients with schistosomiasis [29,30].
The similarities suggest that endogenous nitrosamine for-
mation, which occurs in the urinary tract of paraplegics
and individuals with schistosomiasis, plays an etiological
role in the carcinogenesis of squamous cell carcinoma of
the bladder.

OTHER CHEMICALS

A number of agents and processes have been associated
with inhibition or enhancement of the rate of bladder can-
cer in humans. Based on a number of experimental stud-
ies, there has been a suggestion that artificial sweeteners,
especially sodium saccharin and cyclamate, are associated
with increased risk of the development of bladder cancer
[3]. Male rats fed high doses of these compounds, gener-
ally 5% of their diet, develop a higher rate of bladder can-
cer, especially if the sweeteners are administered for two
generations or begun at birth and continued for the life-
time of the rat. A large number of epidemiologic studies
have been performed to evaluate the relationship between
exposure to these sweeteners and the development of blad-
der cancer in humans but have failed as yet to find such a
relationship. There is also one report suggesting that not
only is there lack of epidemiologic evidence for tumor for-
mation in individuals who consume saccharin, but there is
no increase in urothelial proliferation in individuals ex-
posed to artificial sweeteners [31]. Detailed studies have

shown that the mechanism in rodents appears to be related

to the urinary formation of silicate-containing calcium
phosphate crystals or precipitate, mainly in male rats, which
have a high level of c2u-globulin in the urine. These crys-
tals or precipitates appear to be cytotoxic to the urothelium,
resulting in a chronic proliferative state, and ultimately, the
formation of tumors. Similarfactors necessary for the devel-
opment of silicate-containingcrystals and precipitate are not
present in human urine; therefore, it seems highly unlikely
that sodium saccharin or any other salt form of saccharin is
related to the development of human bladder cancer [3].
Some 40 years ago, it was suggested that the amino acid
tryptophan-especially its aromatic amine metabolites—
is associated with an increased risk of development of blad-
der cancer in humans [1,2]. Studies indicated that the
increased risk might be related to increased cell prolifera-
tion in individuals who have a high intake of tryptophan in
the diet, but this idea has not been corroborated in subse-
quent studies {3]. The relationship between tryptophan
metabolites and bladder carcinogenesis has not been com-
pletely resolved, however, it does not appear to be an im-
portant factor in the development of human bladder cancer.
Individuals who are immune-suppressed as a result of
disease, such as genetic immunodeficiencies or acquired




immunodeficiency syndrome (AIDS),or asaresult of treat-
ment, such as transplant patients, have an increased risk of
developing malignancies. However, most of these tumors
seem to be related to viral etiology. Further, the majority
of those tumors that develop in immune-suppressed pa-
tientsare hematologic malignancies, although there are also
a number of epithelial malignancies often associated with
viruses, especially human papillomavirus (HPV).There is
no evidence that immune suppression increases the risk of
bladder cancer development [32]. Patients undergoing
treatment with cyclophosphamide become immune-sup-
pressed, but the carcinogenic effect of this drug is more
likely to be secondary to metabolic activation, rather than
immune suppression, as discussed earlier.

Dietary factors in experimental animals and humans have
been observed to influence the development of bladder
cancer, although the specific relationships remain poorly
defined [3]. There is some support for the observation that
individuals with greater vitamin A or carotene ingestion
have a lower rate of bladder cancer than is found in indi-
viduals who consume lower amounts of these substances.
To some extent, experimental studies have supported this
contentionand have formed the basis for the use of retinoids
as potential chemopreventive agents in patients with a pre-
vious papillary transitional cell carcinoma. Epidemiologi-
cally, there is some evidence that high doses of vitamin C
reduce the development of bladder cancer. However, ex-
perimental studies have failed to lend support to that ob-
servation. Administration of extremely high doses of
sodium ascorbate (5% in the diet) results in enhancement
of bladder carcinogenicity in the rat [3]. However, the
mechanism is likely to be similar to that for sodium sac-
charin and is unrelated to the antioxidant properties of vi-
tamin C, and thus not relevant to human exposure.

Exposure to drinking water in areas with a high pes-
ticide usage is associated with an increased risk of the
development of bladder cancer [3], although the rea-
son for this is unclear. These findings may explain the
regional differences in the distribution of bladder can-
cer in the United States; however, because bladder can-
cer is more prevalent in parts of the country where there
is heavy industrialization, the regional differences more
likely would appear to be related to industrial expo-
sure, rather than to the drinking water. From time to
time there have been suggestions of an association be-
tween development of bladder cancer and different vi-
ruses such as retroviruses, papillomavirus, herpes virus,
and adenoviruses, but there is little evidence to support
such an association.

Urinary tract calculi have also been associated with a
relatively slightincreased risk of bladder cancer [33]. This
is likely due to repeated abrasion of the urothelium with
regenerative hyperplasia and is frequently associated with
squamous cell carcinoma rather than transitional cell car-
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cinoma. In rats and mice, calculi are much more commonly
associated with the development of bladder cancer.

Other circumstances, such as bladder diverticuli, neu-
rogenic bladder, and paraplegia, are associated with uri-
nary stagnation in humans and are related to an increased
risk of bladder cancer. These circumstances are usually
associated with chronic urinary infections, a known risk
factor for human bladder cancer.

Finally, arelationship between bladder extrophy and the
development of bladder adenocarcinoma has been shown
for some time, although the mechanism by which this oc-
curs remains unknown [4].

CONCLUSIONS

Several causal factors of bladder cancer have been iden-
tified, including specific chemicals, occupations, infections,
and environmental exposures. A careful history of patients
with bladder cancer is an important and useful process in
helping identify causal factors, with a known relationship
identifiable in more than one-half of cases. Additional in-
quiry should help us to identify additional factors.
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