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Bladder Cancer* 

William Halperin • Paul A. Schulte 

Occupational exposure to aromatic amines has been known 
to cause bladder cancer since Rehn identified the first few 
cases in workers in the new organic chemical industry in 
1895. Since that time, numerous occupations and specific 
substances have been associated with an increased risk of 
bladder cancer (Tables 8 and 9). Beyond the certainties that 
specific aromatic amines have been demonstrated to be human 
occupational bladder carcinogens, and that a broad range of 
occupations are at risk of bladder cancer, a well-informed 
approach to the prevention and management of bladder can­
cer depends on appreciating various controversies involved 
in its primary and secondary prevention and treatment. The 
reader is referred to a report of a national conference held in 
1989 (Schulte et ai, 1990) to delineate these issues from 
which most of {he material for this chapter is drawn . 

ETIOLOGY 

Epidemiology 

Occupation contributes a substantial fraction of all cases of 
bladder cancer occUlTing in the general population. Tn Mas­
sachusetts, where working with bladder carcinogens in the 
leather industry was common, 20% of bladder cancer was 
attributable to occupation. A more recent study in 10 areas 
in the United States found that 21 % to 25% of white male 
cases and II % of white female cases were attributable to 
occupation. This is a sizable number given that there were 
47.000 new cases and 10,200 bladder cancer deaths in 1989. 
In 1989, bladder cancer represented about 5% of all new 
cancer cases and approximately 2.2% of all cancer deaths. 
Predictably, this attributable fraction may be higher or lower 
in populations with greater or lesser past exposure to occu­
pational bladder carcinogens. This approach addresses the 
contribution of occupational bladder carcinogens to the so­
cietal burden of bladder cancer. 

To assess the effect of exposure to particular bladder car­
cinogens, a cohort or group of workers with that exposure ·in 
the past must be identified and their current health status 
determined. The exposure must have taken place early 
enough to allow for the expression of disease, if it is to occur, 
and the population studied must be large enough to ensure 
that the study does not produce false-negative results. An 
example of a study that inquires into the effect of bladder 
carcinogens on specific populations with known exposures is 
an investigation of the last producer of beta-naphthylamine 
in the United States. 

All workers who ever worked in this facility were identi­
fied and assembled into a cohort . The vi tal status of all 
members of the cohort was determined. Not surprisingly. two 
workers were determined to have died of bladder cancer; 
based on United States mortality rates, 0.7 deaths were ex-

" All material in this chapter is in the public domain. with the exception of 
any borrowed figures or tables. 

pected, yielding a standardized mortality ratio of only 2.9. In 
contrast, when inquiries were made as to whether workers 
ever had a bladder cancer for which they were treated and 
surviving workers were screened, 13 cases were found as 
compared wi th 3.3 expected. Beta-naphthylamine clearly 
causes bladder cancer, but morta lity rates do not always 
clearly reflect morbidity. The risk in populations previously 
exposed to bladder cancer wi ll depend on the degree of their 
exposure and suffici ent time since exposure for the disease 
to develop. 

There is no known disti nctive histologic feature for occu­
pational bladder cancer. However, in heavily exposed co­
horts, cases regularly occur at an age 15 years younger than 
that of the general population, in which the rate of bladder 
cancer increases substantially with age. Usually, the interval 
from first exposure to onset of symptoms is decades long; 
however. occupational cases have occurred surprisingly early 
after exposure, which substantiates the argument that cases 
with only a few years of latency should not be discounted as 
occupationally induced. 

The most important nonoccupational cause of bladder can­
cer in developed countries is cigarette smoking. with a rela­
tive ri sk of about twofold accounting for approximately 30% 
to 40% of cases and, with occupation, explaining part of the 
3: I male predominance. The contributions of coffee drinking 
and alcohol consumption to bladder cancer are equi vocal. In 
developing countries, chronic infection (infection with Schis­
tosoma haematobium, in particular) is important. Exposure 
to bladder carcinogens, such as cigarette smoking, in the 
personal environment does not preclude a contribution from 
occupational exposures, for which the relative risks may be 
substantially higher than for smoking. 

Exposure to Bladder Carcinogens 

Many more chemicals have been associated with bladder 
tumors in animal studies than have been shown to be human 
carcinogens by epidemiologic study or regulated as such 
(compare Tables 8 and 9). NIOSH maintains a Registry of 
Toxic Effects of Chemical Substances (RTECS), which lists 
approximately 200 animal bladder carcinogens. When this 
list is cross-indexed with sample surveys of industry that 
were conducted from 1972 to 1974 and again from 1981 to 
1983, a large number of workers were found with greater 
than 4 hours per day of potential exposure to the cited chem­

. icals; it is estimated that 700,000 persons were exposed in 
the 1980s. When the requirement for exposure is relaxed to 
some potential, the numbers increase to 1.8 million in the 
1970s and 3.5 million in the 1980s. Caution must be used in 
extrapolating information from the surveys because they are 
based on inspection and interview, and no sampling was 
performed. Also, these estimates may be high in that not all 
animal bladder carcinogens (Table 9) may have the same 
effect in humans. The reciprocal caution also is in order 
because human bladder carcinogens may not similarly affect 
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566 SECTION THREE: EVALUATION AND TREATMENT 

TABLE 8 Occupations Associated with Increased Risk of Bladder Cancer in Males' 

Increased Increased 
morbidity mortality 
relative risk relative risk Other risks 

Occupation Industry (CI) (CI) controlled for Reference 

Announcers Communications 1.5 (0.8-2.7) 1 1 Smoking Silvennan et ai, 1989 
Anned services 1.8 (1.2- 2.7) Howe et ai, 1980 
Blasters 1.7 (0.9- 3.3) 1 1 Smoking Silverman et ai, 1989 
Bootblacks 1.9 (0.8-4.4) 1 1 Smoking Silverman et ai, 1989 
Butchers Meat processing 1.3 Malker et ai, 1987 
Carpenters 11.1 (3.3- 37.0) Current smokers Schumacher et ai, 1989 
Carpenters 1.4 0 .1- 1.8) Smoking Silverman et ai, 1989 
Checkers Manufacturing 1.4 (1.1 - 1.8) 1 1 Smoking Silverman et ai, 1989 
Chemical workers Manufacturing 2.2 0.7-3.0) Boyko et al, 1985 
Cleaners 3.5 (1.6-7.7) Age, alcohol, Brownson et aJ, 1987 

smoking 
Construction workers 1.6 (1.1-2.5)) 1 Smoking Silverman et ai, 1989 
Dental technicians 2.5 Malker et al. 1987 
Drill press operatives 1 1 Silverman et ai, 1989 
Dri vers Transportation 5.3 (2 .3- 12.2) Isovich et ai, 1987 
Drivers Railroad 6.5 (2.5-16.9) Among smokers Isovich et al, 1987 
Drivers Transponation, road 1.3 (1.1-1.6) Sex, age, smoking Hense n et ai, 1987 
Drivers 1.2 (1.1-1.4) Smoking Silverman et al. 1989 
Dri vers, locomotive Transponation, rail 3.0 (1.2-8.8) Claude el ai, 1988 
Drivers, taxi Transportation, road 1.5 (1.2- 2.0) 1 1 Smoking Silverman el ai , 1989 
Dri vers, taxi Transportation, usual 6.3 (1.6-29.3) 1 1 Age, smoking Silverman el ai, 1986 

occupation 
Drivers, truck 2.5 (1.4-4.4) Age, smoking Si lvennan et ai, 1983 

2. 1 1 i 
Drivers, truck Transponation, road 1.2 (1.0-1.4) 1 1 Smoking Silverman et ai, 1989 
Drivers, truck Transportation, road 1.8 (1.1 - 2.8) 1 1 Smoking Claude et ai, 1988 
Drivers, truck Transportation, road 1.5 (1.1-2.0) Age, smoking Silverman et aI, 1986 
Drivers, truck Transportation 2.0 (p<0.05) Baxter and McDowall, 1986 
Dry cleaning workers Dry cleaning plants 3.0 (1.3-5.9) Brown and Kaplan, 1987 

2.7 White males 
5.0 Black males 

Dyers, printers Textile 4.4 (1.2-16.8) Smoking Silverman et al, 1989 
Dyers Textile 4.6 (1.1 - 3 1.6) Latency ~ 8 yrs Risch et aI, 1988 
Dye mfg. workers Dyeworks 3.5 (2.2-5.3) Smokers. Cartwright, 1982 

4.6, 1.9 nonsmokers 
Dye mfg. workers Dyeworks 2.7 (1.9-3.8) Boyko et al. 1985 
Entertainers Communications 1.5 (0.8-2.7) 1 1 Smoking Si lverman el ai, 1989 
Exam iners Manufacturing 1.4 ( 1.1- 1.8) 1 1 Smoking Silvennan et al. 1989 
Firemen 1 ! Si lvennan et ai, 1989 
Food counter or 2.6 0 .4-5 .1) Age, smoking Schoenberg el aI, 1984 

fountain workers 
Food counter or 1.4 (0.9-2.1) 1 1 Smoking Silverman el ai, 1989 

fountain workers 
Furnace operator 11 Silvennan et al. 1989 
Guards 4.00 .3-16.4) Howe et ai, 1980 
Inspectors Manufacturing 1.4 (1.1-1.8) 1 1 Smoking Silverman et aI, 1989 
Janitors 3.5 (1.6-7.7) Age. alcohol. Brownson et aI, 1987 

smoking 
Janitors 3.5 (1.2- 9.9) Smoking. exposure Claude et al. 1988 
Laborers Manufacturing 12.3 i 1 Silverman et al. 1989 
Lumbennen J.3 (1.0-1.5) i 1 Smoking Silverman et al, 1989 
Machinists 1.2 Malker et ai, 1987 
Machinists, metal 1.1 (1.0-1.3) Smoking Silvennan et al. 1989 
Machinists, metal 2.7 (1.1- 7.6) Howe el ai, 1980 
Machinists 1.3 (1.0-1.7) Smoking Silverman et ai, 1989 
Mechanics 3.5 (1.4- 9.1) Age. alcohol. Brownson et ai, 1987 

smoking 
Mechanics 1.2 Malker et ai, 1987 
Mechanics 1.2 (1.0-1.4) Smoking Silvennan el ai, 1989 
Mechanics 1.8 (1.2-2.8) Smoking Silvennan et ai, 1989 
Mechanics, auto Trucking service 10.2 (2.1-68.6) Smoking Silvennan et ai, \989 
Metal filers, 1.5 (1.0- 2.2) 1 1 Smoking Silverman et ai, 1989 

polishers, sanders, 
buffers 

Metal workers 1.2 (1.0-1.4) Smoking Silverman et ai, 1989 
Mining machine ops Mining 2.9 (1.1 - 7.5) Age, alcohol, Brownson el ai , 1987 

smoking 
Mining workers Mining 2.0 (1.2- 3.3) Smoking Claude et aI, 1988 

3.2 (10-19 yrs) 
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TABLE 8 Occupations Associated with Increased Risk of Bladder Cancer in Males' (Continued) 

Occupation Industry 

Operators (dusty Chemical 
jobs) manufacture 

Painters 

Paimers 
Painters, artistic 
Painters 
Petroleum processors Petroleum extraction 
potroom workers Aluminum sme lling 
Powdermen 
Printers Printing 
Printers 
Print machine ops Printing 

Produce graders, Food processing 
packers 

Salesmen Service, construction 
Tailors Textile 
Tailors 
Telephone and Communicati ons 

telegraph operators 
Turners 
Upholsterers Textile 
Watchmen 

Watchmen 
Weavers Textile 
Weavers Textile 
Welders 
Welders, Shipyards 

oxyace(y lene 
Woodworkers 
Writers Communications 

. 001)' occupat ions explici tly menlioned In a siudy arc included. 

t 1 . Dose rcspon~e demonstrnted 

Increased 
morbidity 
relative risk 
(CI) 

1.4 (0.8-2.7) 

1.4 ( I.! -1.9) 

1.5 (1.2-2.0) T T 
2.4 (1.1-5.5) 
5.9 (2.4-14 .3) 
1.7 (0.9-l.3) T T 
l .1 (1.4-6.8) 
2.1 (1.0-4.3) 

3.2 (1.1 -9.3) 

2.2 (1.2-4.1) T T 
2.7 (1.1 - 6.6) 
3.9 (1.3- 14.2) 
1.9 (0.9-4.0) T T 

2.3 (1.0-5.6>1 T 
2.7 (1.1 -6.6) 
3.5 (1 - 10 years) 
12.3 (10-19 yrs) 
4.0 (1.3-16.4) 
2.7 (1.1 - 6.6) 
l.50.3-9.3) 
2.8 (1. 1- 8.8) 

1.3 (1.0-1.5) 1 T 
1.5 (0.8- 2.7)1 T 

animals, and the number of chemicals thai have been tested 
and hence have any potenlial for being on the RTECS list is 
small. These estimates also do not consider turnover among 
employees, which would lead to a greater number of persons 
exposed than is suggested by estimates from specific points 
in time. 

CLINICAL ASPECTS 

Pathology 

One problem in the pathology of bladder tumors is the some­
what ambiguous line between the benign and the malignant. 
This distinction should be viewed as a region where borders 
shift between pathologists, between institutions, and given 
the circumstances, even of the patient who is biopsied. Sev­
eral problems have been defined; most notably distinguishing 
between a papilloma, a papillary tumor with delicate fibro­
vascular stroma covered by a layer of epithelial cells indistin­
guishable from normal bladder mucosa, and a papillary car­
cinoma. Some so-called benign papillomas display effects of 
inflammation and reactive or regenerative conditions so that 
they are classified by some pathologists as anaplastic, al­
though most of them do not behave as malignant tumors. To 
make the situation more complicated. some tumors do be-

Increased 
mortality 
relative risk Other risks 
(CI) controlled ror Reference 

Age, smoking, Zahm et ai, 1987 
location 

1.7 (1.0-2.7 ) Guberan et aI , 1988 
2. 1 (1.0-3.9) 

Sex, age, smoking Jensen et a!. 1987 
2.6 (1.5-4 .4) Miller et ai, 1986 

Smoking Silverman el a!. 1989 
Smoking Silverman et ai, 1989 

Annstrong ct ai, 1986 
Smoking Si lverman et ai, 1989 

Cartwright. 1982 
Smoking Silverman et ai, 1989 

l.1 (1.1 - 8.9) Age, alcohol, Brownson el al. 1987 
smoking 

Smoking, eduCt Si lvennan et ai , J 989 

Smoking Silverman et al. J 989 
Claude et al. 1988 

Latency 2':: 8 yrs Risch el al. 1988 
Smoking Silverman el al. 1989 

Smoking Claude et al, 1988 
Claude el al . 1988 

Smoking Claude el al, 1988 

Howe et ai, 1980 
Claude et ai, J 988 

Smoking Silvcnnan e( al. 1989 
Howe el ai , 1980 

3.7 (1.2-8.6) Merlo e( al. 1989 

Smoking Silverman e( at. 1989 
Smoking Silvennan e( al. 1989 

come aggressive. Second, differenl pathologists observing 
the same anaplastic findings may have different inlerpreta­
tions of the grade of the tumor, which is an estimate of its 
likely aggressiveness. Third, there can also be variation be­
tween clinical and pathologic systems used for staging blad­
der tumors, which reflects the depth of infiltration of the 
tumor. Another problem in pathology is consislency and ac­
curacy in distinguishing carcinoma in situ from atypia or 
dysplasia among nonpapillary, noninfiitrating, or flat lesions. 
The use of biochemical, molecular, and genetic characteris­
tics of cells is beginning to provide pathologists wilh a way 
to reduce these uncertainties. Strong associations of various 
markers with progression, invasiveness, and metastatic po­
tential may provide a way to distinguish between pathologic 
subtypes of bladder cancer in the future . 

Therapy 

Strategies for diagnosis and therapy of bladder cancer do not 
differ from the general knowledge of therapy of bladder 
cancer resulting from nonoccupational etiologies. There are 
some promising advances in therapeutic approaches. These 
include newer surgical techniques that preserve sexual func­
tion, systemic chemotherapy, intravesicular instillation of 
chemotherapeutics, and instillation of Bacille Calmene-
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TABLE 9 Known, Suspected, and Possible Bladder Carcinogens Based on Animal Studies and Human Epidemiology 

Evidence of carcinogenicity Evidence of carcinogenicity 

NCU NCU 
Compound name EPA NTP fARC Compou nd name EPA NTP fARC 

acenapnlhcne. 5-nitro + Group 28 2-imidazolidinone. 1-(5-nhro-2- + Group 2B 
acetamide, N-fluoren-2-yl- + + thiazo!yl)-
acetamide, N· (4-(5 -nitro-2- furyl)-2- + Group 28 isothiocyanic acid. allyl ester + Group 3 

thiazotyl)- melamine + Group 3 
acetic acid, nitril otri- + + mcthanesulfonic acid, methyl ester + Group 3 
acetic acid, nilrilOlri- trisodium salt + 2,7-naphthalenedisulfonic acid, 4- + + Group 2A 

acetic acid. (2,4 .5-lrichlorophenoxy)- + Group 28 amino-3-«4' -«2,4-
acetohydroxamic acid, N-ftuoren-2-yl- + diaminophenyl)azo)( I, I ' biphenyl)· 

p-acelophenetidide + + Group 2A 2,7-naphthalenedisulfonic acid, 3,3'- + + Group 2A 

ammonium, (4-bi s(p- + « 4.4' -biphenylylene )bis(azo ) bis(5-
dimethylamino)pheny]) methylene)- amino-
2,5-cyclohexadien-I -yli 2.7-naphtha]enedisul fonic acid , 3- + Group 28 

aniline + Group 3 hydroxy-4-«2,4,5-
aniline. N,N-dimethyl-p-phenylazo- + + Group 28 lri melhylphenyl)azo)-.D 
anili ne. 4,4 ' -(imidocarbonyl)bis (N.N- + 2-naphthol. 1-«2,5- + Group 28 

dimethyl-Hel di methoxyphenyl)azo)-
o-anisidi ne. He] + + Group 28 2-naphthol, I-(phenylazo)· + Group 3 

o--anisidine. 5-methyl- + + Group 2B 2· naphlhol, l·(o- tolylazo)· + Group 28 

p-anisidine. 2-methyl- + Group 3 2-naphthyl amine + + Group 1 

2-anthracenamine + 2-naphthylamine, N,N-his(2- + + Group I 

9. ID-anthracenedione. 1.4,5.8- + ch loroclhyl)-
telraamino- I 9-nor- 17-alpha-pregna- 1 J.S( 1 0)- + + Group 2A 

bcnzlalanthracene + + Group 2A triene-20-yne-3, J7-diol 
benzidine + + Group 1 2H-1.3.2-oxazaphosphorine. 2-(bis (2· + + Group I 

benzidine. 3,3' -dichlora- + + Group 28 chlorocthyl)amino)tetrahydro-.2-
benzidine, 3.3' -dimethoxy- + + Group 2B oxide 
benzisothiazolin-3 one. I. I-dioxide + Group 28 phenol, 4-amino-2-nitro- + + Group 3 

(saccharin) phenol. (1. I-dimethylethyl)-4- + Group 2B 

benzisothiazolin-3-one. I. I-dioxide + Group 2B methoxy-
sodium salt (sodium saccharin) m-phenylcnediamine.4-chloro- + Group 3 

p-bcnzoquinane. dioximc + Group 3 a-phenylenediamine,4-chloro- + Group 2B 

4-biphenylamine + Group I phosphorodiamidic acid, N,N-bis(2- + 
4-biphenylamine, 3.2' -dimethyl- + chlorocthyl)-N ' -(3-hydrox ypropyl)-
bipheny l, 4-nitro + Group 3 I-propanol. 2_3 -dibromo-, phosphate + + Group 2A 

2-hiphenyI01. sodium salt Group 2B (3, ) 

bracken fe rn Group 28 propene. 1.3-dichloro-- + Group 2B 

I-butanamine, N-bulyl-N-ni troso + + Group 28 purine. 6-« l -methyl-4-nitroimidazol- + Group I 

l-butanol, 4-( bulylnilrosoami no)- + Group 28 5-yl)lhio)- + 
p-cresol, 2,6-di -tert-bulyl- + Group 3 SH-pyrido(4,3-b)i ndoJe. 3-amino-l.4- + Group 28 

cyclohexanesu lfa mic acid. Group 3 dimethyl-
monosodium sail (cyclamate) SH-pyrido(4,3-b)indoJe. 3-amino-J- Group 2B 

dibenz(a,h)anthracene + + Group 2A methyl-
7H-dibenzo(c.g)carbazole + Group 28 serine, diazoacetate (ester) + Group 28 

dimethy lamine. N-nitroso- + + Group 2A 4,4' -slilbenediol, alpha,alpha' -diethyl-, Group 2B 

diphenylamine. N-nitroso- + + Group 3 dipropionate. (e)-
dipropylamine, N-nitroso- + + Group 28 toluene, 2.4-dinitro- ± Group 28 

estradiol + + Group 2A o-toluidine + + Group 2A 

flavone, 3,3' .4 ' ,S.7-pcntahydroxy- + Group 3 o-toluidine, hydrochloride + + Group 28 

Buoren-2-amine ± o-toluidine.4-(o-lOlylazo)- + Group 28 
formamide. N-(5 nitro-2-furyl)-2 + undecanoic acid, II -amino- + Group 3 

thiazolyl)- urea, N-methyl-N-nitroso- + + Group 2A 
fo rmic acid, 2-(4-(S-nitro-2-furyl)-2 - + Group 2B vincaleukoblastine + 

Ihiasolyl)hydrazide 
hydroxylamine, N-2-naphthyl- + 

An RTECS search for substances associated with bladder tumors produced this lis\. Notlltions indicate how compounds were rated by the EPA Gene-Tox Program, NCVNTP 
Carcinogenesis Bioassays, and IARC Monographs. IARC Classification: Group I, defini te human bladder carcinogen; Group 2A, probable human bladder carcinogen; Group 2B, 
possible human bladder carcino~en or animal carcino~en , lacking data in humans; Group 3, lacking evidence. 

From Ruder A, Fine L, Sundin D. National estimates of occupational exposure to animal bladder lumorigens. J Occup Med 1990; 32:191-805. 

Guerin (BCG) vaccine. Technology also is advancing with 
the advent of flexible cystoscopes and lasers. However, vari­
ations in pathologic grading and staging, as well as variations 
between studies in the means of identifying cases, make 
evaluation of alternative therapeutic techniques difficult. 
Cases found by screening may inherently be more indolent 
than those that are clinically apparent; hence, trials with the 

same approach in these different groups may suggest survival 
differences that are artifactual. Patients with bladder cancer 
require particularly thorough follow-up because these pa­
tients are at increased risk of developing subsequent tumors. 
A difficult situation requiring frequent and thorough follow­
up is the asymptomatic patient with abnormal cytology with 
no discernible lesion. The one difference in populations with 



bladder cancer due to an occupational exposure is the ability 
to control further exposure and to identify co-workers simi­
larly exposed for screening and education. 

Survival 

The survival of patients with bladder cancer depends on the 
grade of anaplasia of the tumor and the stage of tumor inva­
sion at time of diagnosis. Five-year survival rates range from 
88% for localized disease in whites to 8% for distant disease 
in blacks. Blacks fare more poorly than whites for each grade 
and stage and usually are diagnosed at a more advanced 
stage. The survival of bladder cancer cases has increased by 
45% over the past 35 years and is probably not due to better 
early detection because survival has increased for each cate­
gory of stage as well. On the other hand, early detection may 
be contributing to the 51 % increase in the disease over the 
past 35 years. 

PREVENTION 

Techniques lor Early Detection 

Urine cytology is the accepted technique for detection of 
bladder cancer in asymptomatic individuals. Cytology for 
bladder cancer has a sensitivity of about 67% and a specific­
ity of 96%, which is comparable to screening tests for cervi­
cal cancer, breast cancer, and colon cancer. These data do 
not distinguish between different forms of bladder cancer. 
Essentially, two forms of bladder cancer have been de­
scribed-an indolent form and an aggressive form. Indolent 
tumors begin as superficial, noninvasive growths and remain 
so, although some become more aggressive. At the first rec­
ognition of clinical symptoms, 60% to 80% of tumors are of 
advanced stage; hence, the importance of preclinical detec­
tion. Bladder cytology is effective in detect ing preclinical 
stages of aggressive tumors and is substantially less effective 
in detecting low-grade tumors. There is widespread agree­
ment that superficial well-differentiated papillary tumors 
rarely can be diagnosed definitively from voided urine cytol­
ogy. In summary, cytology may be used to detect aggressive 
tumors, but these tumors may be advanced by the time they 
are discovered by this method. Cytology is less effective for 
low-grade tumors, which although they are less aggressive, 
would be desirable to find. 

Hematuria screening, by urinalysis or by dipstick, may be 
a more effective method than cytology for detecting early 
stage bladder tumors. The dilemma with testing for hematu­
ria is that although almost all bladder tumors eventually 
cause hematuria, an infrequent examination may not be ade­
quately sensitive. Although more frequent examinations in­
crease the sensitivity of the test for bladder cancer, this 
method decreases the specificity of the test because other 
nonmalignant conditions causing hematuria wil1 be detected. 
The debate then focuses on the predictive value of a positive 
test result for hematuria or the probability that a positive test 
result will reflect bladder cancer rather than another problem. 
It has been suggested that 5% to 10% of patients with he­
maturia have bladder cancer and 10% to 20% have some 
other serious urinary tract disease. As a condition becomes 
more prevalent in a population, the predictive value of a 
positive test increases. Exposure of an individual to an oc-
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cupational carcinogen, as well as the individual' s age and 
other risk factors for bladder cancer, should ensure a higher 
underlying prevalence of bladder cancer and thus increase 
the predictive value of a screen for hematuria. 

Cystoscopy was used in the 1930s and 1950s as a screen­
ing test for bladder cancer in occupational groups at high 
risk for bladder cancer due to exposure to aromatic amines. 
In the group studied in the 1930s, 4.7% were found to have 
bladder cancer; II % were found to have bladder cancer in 
the group studied in the 1950s (Prout 1990). A higher yield 
would be expected on the first screening, when old and new 
tumors would be detected (prevalent cases), than on subse­
quent screenings, when only new or incident tumors would 
be found. In comparison to other noninvasive screening tests, 
cystoscopy is more onerous in terms of cost and personal 
discomfort. Current use of cystoscopy should be reserved as 
a diagnostic test in individuals who had positive results on 
cytology and hematuria in a high-risk population. 

Individual variation in metabolism of bladder carcinogens 
may identify some workers at particularly high risk. In a 
series of studies in England (Cartwright et ai, 1982), a dis­
proportionate number of cases of bladder cancer were found 
among dye workers who also were slow acetylators. Acety­
lator status is recognized as affecting the metabolism of some 
therapeutic drugs such as isoniazid but has nor been con­
firmed to affect metabolism of occupational carcinogens. If 
acetylator status is confirmed as a risk factor for bladder 
cancer, simple tests for acetylator status may be used, along 
with history of occupational exposures to carcinogens. age, 
and smoking status as predictors of risk in determining who 
should be screened for bladder cancer or screened with a 
different frequency. 

Other tests for screening and diagnosis of bladder cancer 
are now being developed or evaluated. In addition to varia­
tions in metabolic phenotypes such as N-acetyltransferase, 
there are other genetic factors and acquired factors, such as 
recessive alleles for oncogenes, mutated tumor suppressor 
genes, and growth factors, that may place individuals at in­
creased risk for bladder cancer independent of occupational 
exposure. These genetic factors could add to other occupa­
tional risks for bladder cancer or multiply those risks. It is 
likely that the rapid pace of research will result in the iden­
tification of new predictive or prognostic markers in the near 
future. 

A number of new teChniques are being tested for use in 
bladder cancer screening. Quantitative fluorescence image 
analysis, which measures DNA, has been used as a screening 
technique in various high-risk groups. This approach uses 
exfoliated bladder cells. Flow cytometry is an automated 
technique for detecting bladder cancer based on abnormal 
DNA content of bladder cells. Flow cytometry may be im­
proved by combining its use with monoclonal antibody 
markers, which could be used to distinguish bladder cancer 
cells from other cells and distinguish tumor cells among 
other bladder cells. Flow cytometry generally requires blad­
der washings, but attempts are being made to use voided 
urine, which will enhance its utility as a screening test. 

Screening Programs 

There are two reasons for screening a population exposed to 
a known or suspect bladder carcinogen. First, individuals 
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may be screened so that their tumors can be detected early 
when they are more readily treated, resulting in less morbid­
ity and higher survival rates. This type of screening is for the 
personal benefit of the individuals. The second rationale for 
screening is to detect disease in a population at the earliest 
time possible in order to ensure that more primary methods 
of disease prevention. such as engineering controls and use 
of personal protective devices. are effectively incorporated to 
prevent exposure. The two motivations should be kept in 
mind in appreciating a consensus view that was reached at 
the end of the 1989 conference on screening for bladder 
cancer in high-risk groups. For populations exposed to 
known carcinogens at high levels, cytologic examination and 
testing for hematuria was recommended at 6-month intervals , 
The rationale for including hematuria was to ensure the ac­
ceptability of the screening program by ensuring that low­
grade tumors are detected that otherwise may be missed by 
cytology. For low-exposure groups, as may be found in pa­
tients suffering from conditions as a result of environmental 
exposures, cytology was recommended 2 years after the first 
exposure. then every 5 years thereafter. For a suspect carcin­
ogen, at high-exposure levels, cytology was recommended 
every 6 months, as well as measurement of hematuria -to 
detect low-grade tumors. The argument for detecting low­
grade tumors, even though there may be limited personal 
benefit for the individual because most such tumors are less 
aggressive, is to provide information that exposure has not 
been adequately controlled. The panel was not enthusiastic 
about any recommendations for a suspect carcinogen at low 
levels of exposure. 

When weighing the benefits of a strategy of early detec­
tion, be it for the personal benefit of the worker or for the 
benefit of the workforce, it is necessary to consider the extent 
to which false-positive findings will be involved. A screening 
modality that leads to a disproportionate number of unnec­
essary follow-up and diagnostic procedures may not be cost 
effective or personally desirable. Moreover, the lengthening 
of the lead time, although possibly providing an extended 
opportunity for therapeutic intervention, also could provide a 
longer period of anxiety and distress for the worker. 
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