DH, Russell WO. An evaluation of reports of dioxin exposure
and soft tissue sarcoma pathology in U.S. chemical workers.
Scand ] Work Environ Health 1984;10:299-303.

11. Council on Scientific Affairs. Cancer risk of pesticides in agri-
cultural workers. JAMA 1988;260:959-966.

12. Fingerhut M, Halperin W, Marlow D, Piacitelli L, Honchar P,
Sweeney M, Greife A, Dill P, Steenland K, Suruda A. Mortality
among U.S. workers employed in the production of chemicals
contaminated with 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD}).
NIOSH Final Report PB91125971. Springfield, VA: National
Technical Information Service, 1990.

13. Bailar JC. How dangerous is dioxin? N Engl ] Med 1991;324:260-
262.

14. Theiss AM, Frentzel-Beyme R, Link R. Mortality study of
persons exposed to dioxin in a trichlorophenol-process accident
that occurred in the BASF AG on November 17, 1953. Am ]
Ind Med 1982;3:179-189.

15. Cook RR, Bond GG, Olson RA, Ott MG, Gonder MR. Eval-
uation of the mortality experience of workers exposed to the
chlorinated dioxins. Chemosphere 1986;15:1769-1776.

16. Ott MG, Olson RA, Cook RR, Bond GG. Cohort mortality
study of chemical workers with potential exposure to the higher

OLD AND NEW REFLECTIONS ON DIOXIN

chlorinated dioxins. ] Occup Med 1987;29:422-429.

17. Bond GG, Mclaren EA, Lipps TE, Cook RR. Update of mor-
tality among chemical workers with potential exposure to the
higher chlorinated dioxins. ] Occup Med 1989;31:121-123.

18. Melick WF, Naryka JJ, Kelly RE. Bladder cancer due to exposure
to para-aminobiphenyl: a 17-year followup. ] Urol 1971;106:220~
226.

19. Selikoff IJ, Lee DH. Asbestos and Disease. New York: Academic
Press, 1978.

20. Pell S, Fayerweather W. Trends in the incidence of myocardial
infarction and in associated mortality and morbidity in a large
employed population, 1957-1983. N Engl ] Med 1985;312:1005-
1011.

21. Enterline PE. Pitfalls in epidemiologic research: an examination
of the asbestos literature. ] Occup Med 1976;18:150-156.

22. Veys CA. Towards causal inference in occupational cancer
epidemiology. 1. An example of the interpretive value of using
local rates as the reference statistic. Ann Occup Hyg
1990;34:349-359.

23. Rothman K]J, Boice JD. Epidemiologic analysis with a program-
mable calculator. NIH Pub. No. 79-1649. Washington DC:
National Institutes of Health, 1979.

Old and New Reflections on Dioxin

Marilyn A. Fingerhut, Kyle Steenland, Marie Haring Sweeney, William E. Halperin,
Laurie A. Piacitelli, and David A. Marlow

What is “old” and what is “new”? As with most things
epidemiologic, it depends on your definition.

The paper by Collins et al' claims that a recent
study’ of dioxin-exposed workers by the National In-
stitute for Occupational Safety and Health (NIOSH) is
a mixture of “old” (that is, previously studied) and
“new” findings, which are internally inconsistent. We
present the historical context in which the NIOSH
study was conducted to point out the erroneous as-
sumptions of Collins et al regarding “old” and “new.”
We also explore the question of how to evaluate
“consistency” in an epidemiologic study.

From the U.S. Department of Health and Human Services, Public
Health Service, Centers for Disease Control, National Institute for
Occupational Safety and Health, Industrywide Studies Branch, Di-
wision of Surveillance, Hazard Evaluations and Field Studies, Cincin-
nati, OH.

Address correspondence to: Marilyn A. Fingerhut, U.S. Department
of Health and Human Services, National Institute for Occupational
Safety and Health, 4676 Columbia Parkway, Cincinnati, OH 452126.

© 1992 Epidemiology Resources Inc.

Epidemiology January 1992, Volume 3 Number 1

This study was initiated in 1978 by NIOSH to
include all (5,172) chemical workers in the United
States who had work records verifying assignment to
the production of 2,4,5-trichlorophenoxyacetic acid or
its precursor 2,4,5-trichlorophenol, both contaminated
with  2,3,7,8-tetrachlorodibenzo-p-dioxin  (TCDD),
commonly referred to as dioxin.? By 1978, toxicity and
teratogenic and carcinogenic effects had been seen in
animals, but only limited epidemiologic investigations
had been conducted.’* The NIOSH study was initiated
because of the animal data and out of concern about
potential effects on the Vietnam veterans exposed to
Agent Orange, which contained dioxin, and the work-
ers who produced the products contaminated with
dioxin.

All of the Monsanto and Dow studies cited by
Collins et al' as “previously published” were actually
published after the 1978 initiation of the NIOSH
study. Table 1 lists key aspects of four studies of
Monsanto and Dow workers published in the early
1980s.*7 Since most of the workers fit the NIOSH
protocol definitions and were included in the NIOSH

69



FINGERHUT ET AL

study, these four studies should be viewed as small
subsets of the large NIOSH study of all U.S. workers,
with the vital status of the workers updated through
1987. Table 1 shows that the total of 444 workers
identified in the four early Monsanto and Dow studies
constitute 17% of the 2,544 dioxin-exposed workers
identified by NIOSH at the Monsanto and Dow plants
and less than 9% of the 5,172 workers in the full
NIOSH study of 12 U.S. plants. This number is well
below the 49% cited by Collins et al,' who erroneously
suggest that the large Dow cohort studied in the late
1980s°'® is independent of the NIOSH study. That
cohort was actually the NIOSH cohort of Dow work-
ers identified for the NIOSH study by NIOSH re-
searchers with the active collaboration of Dow epide-
miologists (Table 1). The Dow researchers, however,
published several mortality analyses of this cohort®°
before publication of the full NIOSH study.? Conse-
quently, since Monsanto and Dow published studies
of fewer than 20% of the workers exposed to dioxin
at the two plants, we cannot agree with the premise of
Collins et al that “the Fingerhut et al [NIOSH] study
is a combination of previously published data. . . from
two plants and data from 10 additional plants that were
not studied previously.”

A more substantive issue regarding the re-analysis
of published studies is raised by consideration of the
paper by Collins et al.! What is an appropriate epide-
miologic rationale for splitting a multiplant study con-
ducted from a single protocol to look for internal
consistency? What is the definition of “internal con-
sistency”? Collins et al appear to be seeking similar
cause-specific standardized mortality ratios (SMRs) in
the various plants. We suggest that this standard is not
appropriate in the absence of thoughtful consideration
about age distributions, levels (or duration) of expo-
sure, latency (time since first exposure), and power.

In our study,’ as in other multiplant studies, there
are a number of reasons why one might not expect to
find similar SMRs across plants. For example, all work-
ers at two of the 12 plants in the NIOSH study had
been first exposed less than 20 years earlier, so cancers
may not have had time to develop. Several plants had
only about 100 exposed workers, leading to few deaths,
limited statistical power, and unstable numbers. We
found that the excess cancer was concentrated in
workers with more than 1 year of exposure. Thus, at
two plants, where most workers were exposed for less
than 1 year, the overall risk would be lower than at
the plants where workers were exposed for many years.
The intensity of exposure also differed at the plants.
The NIOSH study utilized years of assignment to
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dioxin-contaminated processes as a measure of cumu-
lative exposure for all workers. We are currently de-
veloping an industrial hygiene-based exposure matrix
to estimate relative exposures of the workers in the
cohort. The planned re-analysis of the cohort will
further examine the question of exposure-response,
using an internal comparison.

Collins et al' expressed concern that the “recent
[NIOSH? and Zober et al''] studies focus attention on
a new group of cancers not previously reported.” We
agree that our finding of an excess of total cancers was
unexpected, since it is unusual in studies of chemical
workers. Earlier studies of dioxin-exposed animals,
however, are consistent with our finding in that they
have found tumors in a number of organs.!*"’ The
Zober study of German workers, although small and
limited in its assessment of exposure, reported a similar
finding of excess total cancers in a subgroup with
chloracne who had been exposed 20 or more years
earlier.!!

The history of soft tissue sarcoma studies described
by Collins et al requires clarification. Although a case
report about soft tissue sarcoma'* was published before
the NIOSH study was initiated in 1978, all of the other
epidemiologic studies of soft tissue sarcoma in various
countries were conducted during the period when the
NIOSH study of dioxin-exposed U.S. production
workers was under way. Thus, the claim of Collins et
al® is incorrect that the 1978 initiation of the NIOSH
study was motivated by the soft tissue sarcomas re-
ported in the Swedish case-control studies and the
U.S. occupational cohorts of the 1980s.

The difficulties of studying soft tissue sarcoma from
death certificates have been described, including the
problem of misclassification of cause of death™*'® The
NIOSH mortality analysis® included four deaths iden-
tified from death certificates as soft tissue sarcoma
deaths. Based on tissue review, two of these were found
not to have died of soft tissue sarcoma. Misclassification
in the opposite direction also occurred. Two other
men in the NIOSH cohort of Monsanto workers died
of soft tissue sarcoma, based upon medical records and
tissue review. They were not counted as soft tissue
sarcoma deaths in our study, however, because soft
tissue sarcoma was not listed on their death certifi-
cates.?' Misclassification is also known to occur in the
coding of death certificates for the U.S. population."’
Thus, the usual practice is to conduct the cohort
analysis using the data on the death certificate, without
attempting any correction for misclassification, and to
add a discussion if additional information is known
about the deaths in the cohort.
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What is truly “old” in the paper by Collins et al is
the listing of possible confounders in the NIOSH
study. All of these were discussed in some detail by
Fingerhut et al.>*¢ Collins et al' have omitted several
balancing considerations presented in these papers. For
example, they point out that we used a smoking survey
conducted at two plants to estimate the possible influ-
ence of smoking on the observed lung cancer excess
in the entire cohort of 12 plants. This survey indicated
little difference in smoking between these two plants
and the U.S. referent population. In drawing our
conclusions, we also considered other factors, includ-
ing an evaluation of mortality from other diseases
known to be associated with smoking. We found that
mortality from nonmalignant respiratory disease was
lower than expected (15 deaths, SMR 96, 95% CI 54-
158) in the subcohort with over 1 year of exposure
and more than 20 years of latency. This is the subco-
hort in which the excess respiratory cancer was found
(43 deaths, SMR 142, 95% CI 103-192). Additionally,
the subcohort with over 20 years of latency, but with
less than 1 year of exposure, did not have an excess of
respiratory cancer (19 deaths, SMR 103, 95% CI 62-
161). Consequently, it did not seem to us that smoking
would have fully accounted for the respiratory cancer
excess in the subcohort with long exposure.

Collins et al' suggest that regional rates should have
been used in the NIOSH study. The choice of com-
parison rates, always a judgment call, has to address
the limitations in the use of local rates, such as the
instability of small numbers, the question of whether
the workers actually live within the region, the prob-
lem that some cohorts may influence the local rates,
and the locations of the 12 plants in 10 states across
the country. Because of the limitations of local rates,
we chose to use national rates, as did the authors of
the Dow and Monsanto studies listed in Table 1.1

One new suggestion can be drawn from the Collins
et al paper', namely, that future epidemiologic mortal-
ity studies compare workers exposed to dioxin-contam-
inated products with unexposed workers at the same
plant. Studies with internal comparisons would indeed
be helpful, particularly if exposure to dioxin-contami-
nated chemicals is carefully characterized. Internal
comparisons at the plants could address several poten-
tial confounders not fully addressed in the NIOSH
multiplant study of mortality.

In summary, we differ with the views of Collins et
al.! We consider the NIOSH study to be a “new”
study, which followed a single protocol to identify all
workers in the United States assigned to the manufac-
ture of products contaminated with dioxin. The study
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utilized standard epidemiologic methods and found an
overall 15% excess of all cancers, which was more
pronounced (46% excess) in a subcohort with more
than 1 year of exposure and over 20 years of latency.
In this subcohort, a 42% excess of respiratory cancer
and a ninefold excess of soft tissue sarcoma were also
found. Although the NIOSH study could not com-
pletely exclude the possible contribution of other oc-
cupational carcinogens or smoking, we conclude that
the results are consistent with TCDD being a carcin-
ogen.
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