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Abstract In the United States, over 51,000 new cases of urinary bladder tumors are diagnosed annually. Approxi- 
mately 75-85% of all newly diagnosed cases are superficial transitional cell carcinomas (TCCs). Incidence is highest (80% 
of the cases) in the 50-79 year age group. Recent studies have reported that 21 -25% of risk for bladder cancer among United 
States white males is due to occupational exposure. The DuPont Chambers Works in Deepwater, New Jersey, was a major 
producer of two chemicals now known to be human bladder carcinogens (P-naphthylamine and benzidine) as well as two 
suspected human bladder carcinogens [ortho-toluidine and 4,4'-methylene-bis,2-chloroaniline (MOCAR)]. Between 1954 
and 1982, DuPont screened 1723 exposed employees annually at the Chambers Works using the Papanicolaou test for 
urinary cytology and microscopic urinalysis. A review of the prior screening program found that employees who developed 
bladder cancer during this time period were approximately twice as likely to have had hematuria than those comparably 
exposed who did not develop bladder cancer. 

Building on this finding, a three-year screening study evaluated a home self-test for microscopic hematuria to aid early 
detection of treatable urologic conditions among exposed workers at this chemical plant. Every six months, subjects tested 
their urine at home for 14 consecutive days, for the presence of blood. A high degree of adherence to our protocol (over 92% 
completed and returned the self-testing record) aswell as high compliance with repeat screening (85% returnedfor screening 
in subsequent quarters) demonstrated good acceptance and performance of the recommended schedule of self-testing. 
Through the first 7 periods of screening, two new cases and one recurrence of TCC of the bladder were detected. 
0 1992 Wiley-Liss, Inc. 

Key words: biomarkers, bladder cancer, early detection, hematuria, screening 

In May of 1989, DuPont Chambers Works 
accepted a research proposal from Fox Chase 
Cancer Center to develop, execute and analyze 
a screening program for those in their work- 
force who had been exposed t o  known (P-naph- 
thylamine and benzidme) or suspect [4,4'-meth- 
ylene-bis,2-chloroaniiline (MOCA')] bladder car- 
cinogens. Screening for bladder cancer has an 
extensive history at this particular plant (Ta- 
ble I): from 1929 when the first bladder cancer 
case was identified among workers exposed to 
organic dyes, through the early 1930s when 
cystoscopy was required annually among the 
workforce at risk for bladder cancer, to 1954 
when urinary cytology replaced cystoscopy as 
the primary screening test [ 1-22]. 

Prior to the adoption of our protocol, workers 
at potential risk for occupational bladder cancer 
at this plant had annual microscopic analyses of 
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their urine for the presence of red blood cells, as 
well as urinary cytology. We proposed quarterly 
microscopic analysis of urine specimens, semi- 
annual cytologies, and semi-annual self-testing 
for hematuria lasting 14 consecutive days. Self- 
testing and cytologies were scheduled in alter- 
nating quarters; microscopic analysis was done 
each quarter. Figure 1 presents the protocol 
followed. 

With the publication of Guirguis et al. [ 181 on 
the detection of autocrine motility factor (AMF) 
as a marker for bladder cancer, our then-draft 
proposal to DuPont was expanded to include 
baseline AMF assays, and to include AMF deter- 
minations as part of the diagnostic workup for 
those who test positive. This schedule has been 
followed since the commencement of our pro- 
gram. Urine specimens on all participants are 
banked and will be used to assess the utility of 
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TABLE I. Chronology of Events Which Influenced Screening for 
Bladder Cancer at the DuPont Chambers Works 

1919 
1929 
1931 

1932 
1933 

1934 

1934 

1936 

1937 

1938 
1948 

1954 
1956 
1962 

1967 
1977 

1979 
1984 

1987 

1988 

May 1989 
Sept 1989 

Nov 1989 

Dec 1989 

Production of p-naphthylamine began. 
First bladder cancer case identified at DuPont Chambers Works. 
3 new cases identified. Cystoscopic exam required as part of routine physical 
examination. 
12 new cases identified. 
Corporate acceptance of responsibility for all medical and surgical bills as well as 
any resultant disability started at this time. 
J Ind Hyg Toxicol WC Hueper. Cancer of the urinary bladder in workers of chemical 
dye factories and dyeing establishments: A review. 
J Urol GH Gehrmann recognized possible association with 0-naphthylamine and 
benzidine, and described industrial hygiene practices, which resulted in a marked 
reduction in exposure to 6-naphthylamine. 
JAMA GH Gehrmann reported on the time-dependent characteristics of 24 cases of 
carcinoma of the bladder and 39 cases of papilloma. Discussed preventive measures, 
plant operative and medical, which were predicted to  eliminate the incidence of 
these tumors. 
J Urol EE Evans, HD Wolfe, DM Gay, VD Washburn, RS Ferguson report on 
causative agents, routine cystoscopic examination as a control measure, pathology, 
treatment and the clinical significance on 83 cases of bladder tumors. 
Arch Pathol WC Hueper A General Review: “Anilin tumors” of the bladder. 
Proc IX Intl Congr Ind Med GH Gehrmann presented the findings of 15 years of 
clinical and experimental research of the problem of bladder tumors among workers 
of the DuPont Chambers Works. 
Urinary cytology replaces cystoscopy as primary screening test. 
Production and handling of 0-naphthylamine discontinued. 
4,4’-methylene-bis,2-chloroaniline (MOCA@) manufacturing begun, continuing until 
1979. 
Benzidine production discontinued. Use in manufacturing continued through 1972. 
State-of-the-Art Conference on Bladder Cancer Screening sponsored by the U.S. 
National Cancer Institute (NCI). DuPont Medical presents findings from the 
cytology screening program which started in 1954. 
NCI negotiates a collaborative research agreement with DuPont. 
Conference on Medical Screening and Biological Monitoring for the Effects of 
Exposure in the Workplace. 
NCI and DuPont present an update on the ongoing cytology program of the 
Chambers Works. Between 1954 and December 1982, 142 developed bladder cancer, 
1581 did not. 
J Urol IM Thompson found 4% of 2005 men over age 40 had asymptomatic 
microhematuria, 22% of whom had significant urologic disease. 
J Urol EM Messing et al. reported on the screening characteristics of a reagent strip 
for the presence of blood in the urine in comparison to the usual microscopic 
urinalysis. 
J Natl Cancer Inst R Guirguis et al. detected an Autocrine Motility Factor (AMF), a 
cytokine which stimulates motility in human tumor cells, in urine of patients with 
bladder TCC. 
Am J Ind Med E Ward reports on 2 bladder tumors found in men under age 30 
exposed to MOCA@. 
Agreement between DuPont Chambers Works and Fox Chase Cancer Center. 
Screening protocol presented at NIOSH-sponsored International Conference on 
Bladder Cancer Screening in High-Risk Groups. 
FCCC screening program begun at Chambers Works with employees who worked 
with MOCA@. 
J Urol EM Messing found 19% of 235 men age 50 and over had hematuria detected 
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TABLE I (Continued) 

by weekly dipstick testing. Fifteen of these 44 patients (34%) had significant 
urologic disease. 
NIOSH releases preliminary report on 14 cases of bladder cancer among Goodyear 
Tire and Rubber Company workers. o-toluidine is said to be the "most likely cause." 
o-toluidine-exposed workers invited to participate in screening program. 

Dec 1989 

May 1990 

AMF as well as other assays, most notably epi- 
dermal growth factor, tumor cell collagenase 
stimulating factor, and p53 as markers for blad- 
der cancer. Guirguis has patented a specimen 
collection and concentration system (CDI Shut- 
tle System'") which is being utilized in our new 
studies (Fig. 2). 

Each Cyto-Shuttle contains a specially lami- 
nated 25-mm membrane enclosed in a two-piece 
plastic housing and comes with a debris-filtering 
Shuttle device. Used together, these devices 
form a proprietary dual filtration system that 
removes debris and collects cells onto the mem- 
brane inside the Cyto-Shuttle. The LC-Shuttle 
is the only flow-rate independent batch chroma- 
tography system, i.e., one that allows the resins 
t o  mix freely with the clinical sample. This 
eliminates operator preparation variability and 
ensures reproducible results. 

During the planning and development phase 
of our protocol, we initiated an information 
campaign at the plant which utilized articles in 
the plant union and community newspapers, as 
well as electronic mail messages which were 
transmitted plant-wide. We met with and ad- 
dressed the concerns of the Chemical Workers 
Association, many of whose officers were pro- 
duction line workers early in their careers and 
are now participants in the screening program. 

Once the protocol was finalized, a number of 
worksite information meetings targeted small 
groups of workers in convenient work areas. 
The high participation rate among these work- 
ers is partly due t o  the effort which was expend- 
ed during the recruitment phase. Workers ex- 
posed to MOCA@ were recruited first. Although 
MOCA@ is classed as a potential human carcino- 
gen, workers were made aware of renewed con- 
cerns about exposure to this chemical. 

Table 11 presents the number of individuals 
recruited into the At-Home Screening Program 
by quarter. The large number of individuals 
recruited during the third quarter reflects an 

TABLE 11. Accrual by Quarter 

Quarter Number Accrued 

764 

31 

93 

23 

26 

2 

0 

Total Number Accrued: 939 

influx of workers exposed to ortho-toluidine 
following the release of a preliminary NIOSH 
report on cases of bladder cancer among Good- 
year Tire and Rubber workers exposed to this 
chemical. 

Table Ill presents a summary of our screen- 
ing activities at the DuPont Chambers Works 
through the first 7 quarters. As evidenced by 
the return compliance of those participating in 
our protocol, workers have readily accepted our 
recommendations. We predicted that 15% of the 
participants would test positive during the odd- 
numbered quarters which require self-testing 
for 14 consecutive days. This held for quarters 1 
and 3, and has subsequently diminished. In the 
even-numbered quarters, in which the partici- 
pants provide a single urine specimen for micro- 
scopic analysis as well as cytology, the number 
of individuals with abnormal tests is consider- 
ably smaller than the number who are found 
with multi-day testing. The last column of Ta- 
ble I11 further refines these numbers to provide 
an assessment of numbers and percents of indi- 
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Home Screen /\ Cytology 

and ME 

positive 

Physical exam 
Urinalysis 
Blood tests 

IV Urogram 
Cytology 

AMF 

Negative Positive 

Biopsy 

ME 
IVP 
AMF 
Urinalysis 
Blood tests 

microscopic analysis 
intravenous pyelogram 
autocrine motility factor 
routine analysis, culture and sensitivity 
complete blood count, serum creatinine, 

blood urea nitrogen, prothrombin time, 
partial thromboplastin time, glucose 

Alternating 
Every 3 mos. 

Fig. 1. Protocol for bladder cancer screening. 
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n 

Anach Cyto-Shuttle 
to Collection Cap 

Draw Sample into Detach Cyto-Shuttle 
and Ship to the lab syringe through 

Cyto-Shuttle 

Draw Sample into Empty syringe Detach LC-Shuttle 
through the LC- and Ship to the lab syringe through LC- 

Shuttle Shuttle 

Fig. 2. CDI Shuttle System’” 
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TABLE IV. Results of Urologic Evaluation-Subjects With Hematuria 
and/or Abnormal Cytology 

Diagnoses of NEW Conditions Number 

Transitional Cell Carcinoma 

Renal Calculi 

Ureteral Calculi 

Prostatitis 

Bladder Outlet Obstruction/Stricture 

Benign Prostatic Hypertrophy 

Urinary Tract Infection 

Testicular Edema Due to Trauma 

Cystitis 

Bladder Dysplasia 

Chronic Myelocytic Leukemia 

2 

3 

1 

5 

4 

13 

5 

1 

16 

2 

1 

Medullary Sponge Kidney 1 

Mass in Epididymis 

Prostatic Urethritis 

Bladder Irritation Due to Crystals 

Renal Cyst 

Unknown Etiology 

TOTAL 

1 

1 

1 

1 

32 

90 
- 

TABLE V. Bladder Tumor Case A 

+ 59 year old college-educated white male manager 

Risks: -Began at  DuPont in 1954; had exposure to benzidine 
-Non-smoker; has never used any tobacco product 
-Cup-a-day coffee drinker; has lived in Wilmington for 36 years 

sx: Microscopic urinalysis: 2 4  RBC/HPF 
Hemastix@' testing: 
Cytology: 
No other signs or symptoms 

hematuria on 9 of 14 days (trace to I+) 
Class I (no evidence of dysplasia) 

Dx: 1. Grade I1 superficial transitional cell carcinoma (TCC) of the 
bladder 

2. Benign adenomatous hyperplasia of the prostate with focal 
prostatic intraepithelial neoplasia 

Tx: April 1990, Transurethral Resection of Bladder Tumor 

Status: January 1992, NED by cystoscopy 
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TABLE VI. Bladder Tumor Case B 

+ 49 year old high-school educated white male chemical operator 

-Began at DuPont in 1973; had exposure to or-naphthylamine only 
-1/2 pack-a-day cigarette smoker 
-4 cups-a-week coffee drinker; life-long So. New Jersey resident 
-Previous exposure while working as a hair-dresser 

Risks: 

Hx: March 1985, Resection of Grade I1 papillary TCC of the bladder 
January 1990, Transurethral prostatectomy for BPH 

August 1990, Microscopic u/a: no RBCs seen 
Cytology: Class 0 (acellular) 

No other signs or symptoms 

sx: 

Class I11 (atypical transitional cells) 

Dx: Severe dysplasia with foci of carcinoma in situ 

Tx: Sept 1990, Transurethral Resection of Bladder Tumor 
1990-1991, Intravesical Bacillus Calmette-Guerin therapy 

Status: March 1992, NED by cystoscopy 

TABLE VII. Bladder Tumor Case C 
~ ~~ 

+ 60 year old high-school educated white male pipefitter 

Risks: -Began working at  DuPont in 1974 
-Had exposure to o-toluidine (6000 hours), claims benzidine 
-Former smoker; smoked 25 cigarettes a day for 34 years 
-20 cups-a-week coffee drinker; lived in S.E. Penna. for 30 years 

sx: May 1991, Microscopic u/a: no RBCs seen 
Hemastix@' testing: 
Cytology: 
Aug & Nov 1991, Feb 1992: 

hematuria on 8 of 13 days (trace to 3+)  
Class I (no evidence of dysplasia) 
All Screening Negative! 

Dx: Grade I1 papillary TCC of the bladder, lamina propria and muscular 
invasion absent 

Tx: March 1992, Transurethral Resection of Bladder Tumor 

viduals who test positive for the first time in 
a given quarter. These data will be used to  
determine how many periods of self-testing for 
microhematuria are required to  identify individ- 
uals with persistent hematuria. 

Table IV provides a distribution of individuals 
identified with abnormal screening tests for 
whom new conditions were diagnosed. Diagnos- 
tic evaluation of all persons who have had ab- 
normal test findings has not been completed; 

however, our preliminary findmgs are consis- 
tent with the available literature. Referring to 
Thompson's earlier paper [ 161, the "serious but 
treatable" conditions identified at the DuPont 
Chambers Works were found in a comparable 
percentage of this workforce. These conditions 
include bladder cancer, urinary calculi, urethral 
stricture, chronic pyelonephritis, polycystic 
hdney disease, and mycobacterial cystitis. 

Characteristics of the bladder cancer cases 
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identified as a result of our screening program 
are presented in chronologcal sequence (Ta- 
bles V, VI, VII). Case A (Table V) was positive 
after Hemastu' testing for 9 of the 14 days; 
microscopic urinalysis was positive [ 2 4  red 
blood cellsihigh power field (RBC/HPF)I and 
cytology was Class I. Transurethral resection 
was performed in April 1990, and as of January 
1992 there was no evidence of disease (NED) by 
cystoscopy. 

Case B (Table VI) had a prior history of blad- 
der cancer. A negative cystoscopy was recorded 
three months before discovery of Class I11 cytol- 
ogy. The participant's prior history influenced 
the urologist to perform random biopsies, even 
though the cystoscopy had not identified a spe- 
cific lesion. As of March 1992, this participant 
is disease free. 

Case C (Table VII) tested positive by Hema- 
stix@ on 8 of 13 days, but delayed diagnostic 
evaluation for almost ayear. During this period, 
continued screening tests were negative. Final- 
ly, after reminders from our nursing staff, he 
agreed to accept our recommendation for diag- 
nostic evaluation and a papillary transitional 
cell carcinoma (TCC) of the bladder was identi- 
fied. 

FUTURE DIRECTIONS 

Given the number of new cases of bladder 
cancer identified each year in the United States, 
and estimates that approximately 25% of those 
are attributable to occupation [23,24], we are 
concentrating our efforts on identifying and 
enrolling persons at risk for occupationally 
related bladder cancer into similar screening 
programs. Our experience to date suggests that 
multi-day testing is appropriate and readily 
acceptable. 

These modified protocols provide an oppor- 
tunity to evaluate recent improvements in bio- 
logic specimen collection and banlung proced- 
ures. The CDI Shuttle SystemTM, which was 
developed and patented by Guirguis, will be 
evaluated. This device facilitates evaluating the 
utility of a number of assays (autocrine motility 
factor, epidermal growth factor and receptor, 
tumor-cell collagenase stimulating factor, and 
p53 protein) in the identification and medical 
management of bladder cancer. 

Our present activities at the DuPont Cham- 

bers Works will continue through May 1993, 
when recommendations will be made for subse- 
quent screening activities. For purposes of 
chemoprevention, serious consideration should 
be given to using screening programs as effi- 
cient platforms for fielding chemoprevention 
trials which incorporate biomarkers in the iden- 
tification of persons at increased risk for blad- 
der cancer as well as predict their likelihood of 
experiencing recurrent disease. 
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