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In 1986, the Drake Health Registry Study initiated bladder
cancer screening for 866 persons at high risk because of
occupational exposure to 3-naphthylamine. The Drake Health
Registry Study screening protocol consists of urinalysis,
Papanicolaou cytology, and quantitative fluorescence image
analysis. A positive screening test qualifies participants for a
full diagnostic evaluation. The screening protocol has been
modified during the first 8 years of the program’s existence
to address unexpected patterns of test results and to incor-
porate advances in screening technology. The current protocol,
which has a two-tiered screening schedule, has been utilized
successfully for 15 months. Of the 26 positive results to date
most have been based on abnormal Papanicolaou cytology and/
or quantitative fluorescence image analysis. Bladder abnor-
malities were cited among most of the 18 study members who
underwent diagnostic evaluation, including chronic cystitis,
inflammation, hyperplasia, and dysplasia. We conclude that
the screening program is detecting very early changes in a
relatively young cohort and that these persons must be moni-
tored over a number of years to ensure adequate medical
surveillance.
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Screening programs for occupationally based bladder
cancer are based on a variety of protocols that
incorporate tests for hematuria and abnormal cytology.

" The emphasis assigned each test and the criteria for

pursuing more invasive diagnostic procedures vary
widely. This paper will describe the development of the
clinical protocol currently in use by the Drake Health
Registry Study (DHRS). The DHRS screens persons
who are at high risk of developing bladder cancer be-
cause of possible occupational exposure to the bladder
carcinogen, S-naphthylamine.

Background

. The Drake Chemical Company and its predecessor,
the Kilsdonk Chemical Company, operated in Lock Ha-
ven, Clinton County, Pennsylvania from 1940 until 1981.
At that time the Drake Company declared bankruptcy
and the surrounding 8-acre area, which had also served
as a disposal site for the two firms, was designated a
hazardous waste site eligible for emergency cleanup
under the Comprehensive Environmental Response,
Compensation, and Liability Act, popularly known as
Superfund.

The Drake plant was one of the few in the United
States where the potent bladder carcinogen, 3-naph-
thylamine (BNA), was manufactured.’ In both Burope
and the United States, BNA has been found to be asso-
ciated with increased incidence of inflammation of the
bladder and/or bladder cancer,®™ with a relative risk
as high as 87 for bladder cancer.? BNA was produced at
Kilsdonk for use as an intermediate in the manufactur-
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ing of dyes and antioxidants between 1947 and 1962,
when its use was banned in Pennsylvania. It is suspected,
however, that after 1962 small amounts of BNA may
have been synthesized by Drake as a residual product
in the manufacture of Broenner’s acid, which was pro-
duced in large quantities until the plant closed. In
addition to BNA, another carcinogenic aromatic amine,
benzidine, was also utilized at the plant.

Several studies have provided evidence that the inci-
dence of bladder cancer in the Drake cohort is higher
than would be expected, due to the use of BNA and/or
benzidine. In 1963 Lieben® found that 11 of 77 cases of
bladder cancer reported by Lock Haven ares hospitals
occurred in relatively young persons working at one of
two local chemical companies (including Kilsdonk). In
1983 the Pennsylvania Department of Health (DOH)
developed a comprehensive health surveillance program
for the Lock Haven area. One component involved an
ecologic study of countywide mortality rates between
1950 and 1979° that showed & significantly increased
number of bladder cancer deaths among white men in
Clinton County. Other components included studies of
morbidity and mortality among local residents and
among former Drake and Kilsdonk employees and their
family members. Although there was no evidence of a
serious health problem related to exposure among the
community at large,” prevalence rates for total cancers
were elevated among BNA-exposed employees.? Finally,
as part of the current study, an analysis of the mortality
experience of the 408 former employees of Drake or
Kilsdonk revealed a greater than 20-fold excess in blad-
der cancer when comparisons were made with local
county rates.’

The DOH health surveillance program also included
a bladder cancer screening program for persons who
worked at the Drake Chemical Company for at least 8
months. In 1986, with the implementation of the DHRS,
this screening effort was expanded to include anyone
who ever worked at either Drake or Kilsdonk. The DHRS
is conducted by the University of Pittsburgh and the
Lock Haven Hospital under a cooperative agreement
with the DOH and Centers for Disease Control/National
Institute for Occupational Safety and Health, with funds
from the Agency for Toxic Substances and Disease
Registry. Besides the screening program, the DHRS
includes a comprehensive epidemiologic study and eval-
uation of the notification and screening efforts. Details
concerning the history of the DHRS and results at the
end of its 3rd year are reported elsewhere.?

Screening Program and Development of the Protocol

A total of 408 former Drake/Kilsdonk workers has
been identified. Of these, 42 died before notification. Of
the 366 persons who are considered eligible for the
screening program, 261 have been registered. Like the
cohort as a whole, the registrants are relatively young
(median age 36), and more than 60% were hired after
1970.

Registry participants are provided a battery of
screening tests based on a voided urine specimen. The

screening tests consist of a standard urinalysis to check
for hematuria (both dipstick and microscopic), a Papan-
icolaou (PAP) cytology, and a quantitative fluorescence
image analysis (QFIA), performed at the University of
Oklahoma.'®*® The QFIA is based on the quantification
of DNA contained in the bladder cells collected from the
urine. DNA content of each cell is measured from its
absolute fluorescent intensity after staining with either
acridine orange (AO) or Hoechst dye. The threshold for
a positive test is 5C (where 2C is equivalent to a normal
diploid cell), which is 2 sps beyond the fluorescence level
produced by normal dividing cells.’® Any cell with fluo-
rescence greater than 5C is considered abnormal. The
QFIA is the most experimental component of the pro-
tocol and can measure very early, precancerous cell
changes. Its major strength is its potential for detecting
low-grade tumors that are missed by conventional PAP
cytology.'® Although its efficacy has been established in
clinical practice among persons with a history of cancer,
its sensitivity and specificity as a screening tool in an
asymptomatic population are still being established.

The clinical protocol defining the interpretation and
followup for these tests has been modified over the 8
years of the existence of the DHRS in response to
observed patterns of outcomes and changes in technol-
ogy. At the outset of the program, the criteria for a
“positive” test (ie, warranting an immediate, more in-
vasive diagnostic evaluation) was based on that used to
screen & cohort of BNA-exposed workers in Augusta,
Ga'® and consisted of one or more of the following: (1)
evidence of hematuria in the urinalysis, (2) a PAP
cytology result of class II or above (atypical, suspicious,
or positive), (8) a QFIA in which at least one cell
produced a reading greater than 5C in the AO test.

The diagnostic evaluation consisted of a urological
consult, and, if indicated, an intravenous pyelogram
followed by cystoscopy with random biopsy. In the initial
and all subsequent protocols, the patient is referred for
treatment outside the program when a positive diagno-
sis is made for a tumor.

In the initial protocol, follow-up after the first screen-
ing session was determined according to occupational
risk group. Persons working before 1966 were included
in the high-risk category and were eligible for semi-
annual screening. Persons working longer than 5 years
after 1966 were considered to be at medium risk and
eligible for annual screening. Anyone working for less
than 5 years after 1966 belonged to the low-risk cate-
gory and was eligible for only one screening if the initial
results were negative. If the results of the first screen
were positive, the person was shifted into the medium-
risk group for the remainder of the screening program.

Very early in the program, the protocol was modified
in response to an unusual pattern of screening results.
Results during the first 3 months of the study showed
an unexpectedly high number of positive results among
young, low-risk employees. Most of these positive results
were based on the QFIA. Concern was raised about
pursuing an invasive procedure with these men. At the
same time, newly available developments in the QFIA
technology had made possible finer, more specific defi-
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nitions of a positive QFIA result. The AO test, which
measures all double-stranded nucleic acids, was supple-
mented by the more specific Hoechst test, which meas-
ures DNA only. In addition, the laboratory had perfected
a semiautomated, computerized method of identifying
cells above the 5C threshold, making it possible to
increase both the speed and standardization of the
analysis. As a result, the definition of a positive result
was refined, and a monitor category was added to the
protocol. The latter comprised persons with non-nega-
tive results that warranted more frequent screening
rather than invasive diagnostic evaluation.

The resulting protocol incorporated a visual cytology
diagnosis to differentiate between “positive” and “mon-
itor” categories. These criteria are listed in Table 1.

This protocol was used throughout the remainder of
the first year of the DHRS.

Current Protocol

At the end of the first year, in October 1987, a critical
evaluation was made of the pattern of outcomes seen to
ensure that the protocol for periodic rescreening of
cohort members was appropriate. Table 2 shows the
pattern of clinical outcomes (positive, monitor, and neg-
ative) at the end of the 1st year cross-tabulated against
occupational risk group. The large proportion of “posi-
tive” and “monitor” outcomes among registrants cate-
gorized as low risk raised serious concerns about the
likelihood of risk-group misclassification. Work records
had been sketchy and the study was relying to a large
extent on self-reports to classify persons into the appro-
priate risk group. It was decided to drop the risk-group
criterion and make periodic rescreening available to all
members of the cohort, regardless of occupational his-
tory, for the remaining 4 years of the registry. These
changes were instituted in February 1988 and remain
as the operating clinical protocol.

The QFIA had undergone further developments that

TABLE

also were incorporated into the protocol. Beginning in
mid-1987, the QFIA was reported in terms of risk groups
1 through & (highest to lowest risk). (These risk-group
definitions are copyrighted 1987, 1988 by Cytodiagnos-
tics, Inc.) The risk groups are based on the ratio of
positive cells to each 500 cells examined, & minimum of
500 cells being required for a reliable sample.

The risk groups are determined according to the
criteria shown in Table 3.

Risk groups 4 and 5 are considered low risk, risk
group 3 is a moderate-risk group, and risk groups 2 and
1 are considered high risk. Under certain circumstances
(eg, papillary clusters or a sample of fewer than 500
cells) the criteria are adjusted according to the judg-
ment of the cytologist and laboratory supervisor (R.
Bass, personal communication, 1989). '

A third change to the protocol was the more precise
definition assigned to hematuria. At the same time, the
role of physician discretion was formally incorporated
into the protocol.

The Figure provides a flowchart of the current DHRS
screening protocol. All registrants start on an annual
screening cycle. At the screening, a medical history is
obtained. If the registrant reports untoward symptom-
atology, he or she is advised to seek urologic consulta-
tion. Hematuria is the second test level. Positive hema-

Visual Cytology Diagnosis Protocol

Positive

TABLE 3
QFIA Risk-Group Criteria
Visual Cells above 5C Threshold
Risk Grou
P Cytology AO  (andfor)  Hoechst
1 Suspicious or =0 per 500 =0 per 500
positive

2 Atypical =2 cells per 500 =2 cells per 500
(=.4%) (=.4%)

3 Atypical 1-<2 cells per <2 cells per 500
500 (.2-<.4%) (<.4%)

4 Atypical <1 cell per 500 0
(<.2%)

5 Negative 0 0

1
Monitor

1. PAP cytology: atypical, suspicious, or positive and/or

PAP cytology normal and

2. Hematuria (dipstick or microscopic) and/or 1. AO: one cell per 500 above the threshold with visual cytology
3. AO: one or more cells per 500 above the 5C threshold with visual atypical and/or .
cytology suspicious or positive and/or 2. Hoechst: one cell per 500 above the threshold with visual cytol-
4. Hoechst: one cell per 500 above the 5C threshold with visual ogy atypical
cytology suspicious or positive or more than one cell per 500
above the 5C threshold.
TABLE 2
Distribution of Urine Cytology Results by Risk Group at the End of Year 01
Risk Cytology Result
Group Positive, n (%) Monitor, n (%) Negative, n (%) Total, n (%)
High 6 (35.4) 4 (19.0) 12 (18.8) - 22 (21.6)
Medium 3 (17.6) 2 (9.5) 10 (15.6) 15 (14.7)
Low 8 (47.0) 15 (71.5) 42 (65.6) 65 (63.7)
Total 17 (100.0) 21 (100.0) 64 (100.0) 102 (100.0)
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Figure. Drake Health Registry Study revised screening/diagnostic protocol. Abbreviations used are as follows. P = PAP (+ = class -1V,

— = class l); Q = QFIA (+ = risk category I-lll, — = risk category IV-V); H = hematuria (+ = RBC 5 +, — = RBC < 5 [high power field]). Test
definitions: PAP: | = negative, Il = atypical but benign, Il = suggestive for malignancy, IV = strongly suggestive for malignancy, V = conclusive
for malignancy. QFIA: 1 = high risk for high-grade malignancy, Il = high risk for low-grade malignancy, Il = moderate risk for low-grade

malignancy, IV = Jow risk for malignancy, V = no evidence of malignancy.

turia is defined by trace hematuria on the urinalysis
dipstick or a microscopic reading of 5 or more cells per
high powered field. If a tumor is ruled out (ie, the
hematuria is due to infection or kidney stones) the
patient is referred for treatment. If a tumor is not ruled

out during the urologic consult, persons with 15 or more .

cells/high power field are eligible for immediate diag-
nostic evaluation. Appropriate follow-up for others is
determined by the physician, who may elect to recom-
mend cytoscopy if indicated. Any person with hematuria,
including those with trace hematuria, who does not
undergo the diagnostic evaluation, is put on a 6-month
screening cycle.

The third level of the testing cycle includes PAP
cytology, the primary component, and QFIA, the sec-
ondary component. An abnormal PAP test is defined as
class Il or above (atypical, suggestive, suspicious, or
positive). All persons with class III, IV, or V are referred

for immediate diagnostic evaluation. A class II PAP is
repeated within a month. If the repeated test is class II
or above, diagnostic evaluation is advised. If the re-
peated test reverts to class I, the registrant is placed
on a semiannual screening cycle. The QFIA levels that
motivate referral for immediate diagnostic evaluation
are risk group 1 or 2. A risk group 3 or risk group 4
(with one positive cell) qualifies a registrant for sem-
iannual screening, and risk groups 4 (with no positive
cells) or 5 results are considered negative.

Anyone with negative results on all tests is asked to
return for annual rescreening. Persons are placed on
semiannual screening for one or more of the following:
any hematuria not followed up by cystoscopy, any class
II PAP not followed up by cystoscopy, QFIA risk group
8, or having had a diagnostic evaluation with a negative
diagnosis. If a registrant on a semiannual screening
cycle has three non-negative QFIA tests in 18 months
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(or, to allow for persons who do not adhere to scheduled
appointments, two non-negative tests in 24 months) he
or she is then advised to undergo a diagnostic evalua-
tion. Registrants stay on a semi-annual screening cycle
until all tests are negative on four consecutive screening
visits.

Diagnostic evaluations (intravenous pyelogram and
cystoscopy) are performed on the same person no less
than 12 months apart, and random biopsies are sepa-
rated by 24 months (biopsies of suspicious tissue are
still performed as indicated).

Screening Status at Month 36 of the DHRS

Table 4 presents the screening status of those cur-
rently enrolled according to the number of visits they
have completed. At the onset of the 4th year of the
registry, 172 persons were assigned to annual screens
based on negative test results. For 84 persons, this
assignment is based on one screen only, 79 have had two
screens, and 9 have returned for a third screening
session. Another 47 persons have had at least one test
with a monitor level result and are on a 6-month screen-
ing cycle. Of the 47, 12 persons had only one screening
session, 21 have had two visits, and 14 completed three.
(Six persons have been dropped from the screening cycle
entirely either because they have died or because of a
previous cancer diagnosis).

A total of 26 persons had positive test results on one
or more screens since the beginning of the registry. Of
these, 18 completed the diagnostic evaluation (one per-
son has undergone two procedures) and now are as-
signed to semiannual screening. Another seven persons
were placed on semiannual screening either because
they had refused the cystoscopy or because an invasive
procedure was contraindicated by another medical con-
dition. An additional person has since died from an
unrelated illness. Table 5 shows the distribution of these
positive screening test results according to the protocol
criteria. Of the 26 positive results, one was due to
untoward symptomatology, one to gross hematuria, and
the remaining 24 to PAP cytology or QFIA results. Only
three positive results were based solely on an abnormal
PAP. Another eight were based on abnormal PAP plus

TABLE 4
Screening Status at Month 36

Screening Category
No. of Screens

Completed Ever Ever Always

omplete Positive  Monitor*  Negative Total
1 8t 12 88+ 108
2 11 21 79 116
3 7 15t 9 31
Total 26 48 176 250
Droppedt 1 1 4 6
Currently enrolled 25 47 172 244

* Includes those ever “monitor” and never “posltlve "
+ Six persons were dropped from the screening program because
of death or prior diagnosis of cancer.

TABLE 5
Distribution of 26 Positive Results According to Protocol Test Results

Symptomatology 1
Hematuria 1
PAP only 3

(PAP =class IH) m
PAP and QFIA 8

(PAP =class ll) 3)
QFIA only 13

a positive QFIA result, and 13 on QFIA only. There
have only been four instances of PAP scores above class
II.

Two persons have had positive results on two consec-
utive screening visits. One, after his first visit, under-
went a cystoscopy with a negative diagnosis. His cytol-
ogy results have been abnormal for two subsequent
screening sessions and he will be scheduled for a second
cystoscopy.

With the initiation of third and fourth screens, the
protocol determines clinical management based on the
pattern of screening results seen over time. Thirty-one
persons have completed three screening sessions and
four were scheduled for a fourth. Two of these persons
had monitor-level or positive results at their first session
with two subsequent negative tests. They will revert to
annual screening if their next two tests are negative.
Conversely, two persons who have had two consecutive
monitor-level screening results will be eligible for a
diagnostic evaluation with a third.

As noted above, 18 study members have been referred
for diagnostic evaluation since the beginning of the
DHRS program. In most cases, the diagnosis was of
some type of bladder abnormality, including chronic
cystitis, inflammation, and hyperplasia. Cytologies per-
formed on bladder wash specimens remained abnormal
in eight cases. Two of these procedures were performed
after the month-36 cutoff and resulted in one diagnosis
of dysplasia and one of carcinoma in situ. Review of
these cases by two outside pathologists failed to confirm
the diagnosis of carcinoma in situ. The changes seen in
the patient diagnosed with dysplasia were considered
hyperplasia by the outside reviewers. Nevertheless, both
patients are being considered to have had non-negative
biopsy outcomes and are being watched closely. ‘

In addition to these suspicious cases based on diag-
nostic evaluation, the DHRS has identified three de-
ceased and three living study members who were diag-
nosed with bladder cancer by their personal physicians.

Discussion

At the outset of year 04, the revised clinical protocol
had been utilized for 15 months. As noted (Table 5),
only 11 positive results were based on PAP cytologies
(two additional class II PAPs are yet to be confirmed),
including four above class II. Most of the abnormal
findings have been based on QFIA scores, which may be
detecting very early changes that cannot be trea.ted
therapeutically.
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In the absence of any confirmed bladder tumors di-
agnosed at cystoscopy, it is not possible to evaluate the
sensitivity and specificity of the screening tests in this
cohort. Given the young age of the cohort, however, the
absence of detectable cancer is not surprising. It is likely
to take several years for symptomatic disease to occur.
In fact, for more than 60% of the current registrants,
the latent period (hire date at Drake/Kilsdonk until
diagnosis or death) has not reached 20 years, the mean
latent period of the six bladder cancer cases identified
among the cohort. With the initiation of second and
third screening sessions, it has been possible to begin
identifying persons with consistently abnormal tests
who are presumably at high risk for bladder disease,
and who should be monitored closely. It should be noted
that the two abnormal biopsy results cited above were
detected on the basis of their third screening sessions.

The protocol described here was developed to balance
the need for early detection of bladder cancer with
caution regarding the unnecessary performance of in-
vasive procedures. The two-tiered screening cycle en-
ables the registry to closely monitor persons with ab-
normal test results without performing a diagnostic
evaluation that might be premature in terms of detect-
ing treatable disease. The fact that most abnormalities
detected to date are based on the QFIA underscores the
long-term nature of the screening process. The use of
an early marker like the QFIA in a relatively young
cohort enables the early identification of persons at high
risk, but also necessitates the commitment to follow
these persons throughout the years it may take for them
to develop symptomatic disease. As the DHRS ap-
proaches the final year of its current funding cycle, an
overriding task will be to develop strategies for main-
taining screening services beyond the initial 5-year pilot
phase.
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