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This industry-wide epidemiologic study to evaluate the
human carcinogenicity of the chloromethyl ethers (CME) in-
cluded 1827 CME-exposed workers and 8870 controls.
Duration and relative intensity of exposure were classified by
job description in the personnel records. This information per-
mitted assigning relative magnitude of exposure scores for
each job category at several plants, with allowance for tem-
poral changes in the plant processes. Social security records
were used for the ascertainment of deaths among separated
employees. Death certificates were obtained for virtually all
known deaths, and hospital pathology reports were obtained
where possible for the cancer-related deaths. No differences in
noncancer death rates were found. An increased risk of respi-
ratory cancer death in CME-exposed workers was found at

only one firm where high exposures are known to have oc-

curred. A clear dose-response relationship with risk ratios ex-
ceeding ten for the longest duration and greatest exposure
subgroups was demonstrated for this firm.

Chloromethyl-methyl ether (CMME) has been used for about
25 years by the chemical industry as a chemical intermediate in
organic synthesis; e.g., as a crosslinking agent in the manufacture
of ion-exchange resins. Commercial grades of CMME contain
about 1-8% of bis-chloromethyl ether (BCME) as a contaminant,
and we shall hereafter refer to the two of them as chloromethyl
ethers (CME). Both CMME and BCME are alkylating agents and
were shown to be mutagenic in bacterial test systems, and to be
carcinogenic in skin application and inhalation studies by investi-
gators at our Institute.'? Under the auspices of the National In-
stitute for Occupational Safety and Health (NIOSH), we initiated
an industry-wide retrospective cohort study to evaluate the
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human carcinogenicity of these compounds. A preliminary report
of this work has been published.® Here we will present the final
report of the study based on ascertainment of vital status through
December 31, 1972. (Note that Firm 1 in the preliminary report is
called Firm 2 in this report and vice versa) '
Methods h :

Sample Characteristics. — Records were obtained from six of
the seven U.S. producers of CME on 1827 CME-exposed workers
and 8870 non-CME-exposed (“controls”) workers at the same
firms during the same time period (1948-1972). The control
workers entered the study on the date of first employment or the
date at which CME was first used at the company, whichever was
later. The number of studied workers at each firm is shown in
Table 1 according to exposure group. ‘

The duration’ of exposure was coded for all exposed workers,
except for a small number of workers at one company (Firm 2)
who were known to have filled in occasionally for others in CME
work areas, but the frequency or dates of such CME exposure
could not be determined from company records. Several com-
panies had information by which the relative CME exposure inten-
sities could be quantified for workers by job category. However,
only one company had a large enough cohort of exposed workers
to make it worthwhile to analyze mortality by weighted cumula-
tive CME dose (i.e, X intensity x duration across all exposure
periods). o -

Ascertainment of Vital Status, — Table 1 shows the status of
the workers as of December 31, 1972, the termination date of the
study, according to company records. Workers whose vital status
was not definitely known by the companies (i.e., the separated
employees) were followed by a variety of means to establish their
mortality experience. The Social Security Administration (SSA)
identified all the deaths known to them. In a sample of 300 known
deaths sent to the SSA, 94% were detected by them, thus in-
dicating that the sensitivity of this method is quite good.

The separated workers not identified as deceased by the S5A
were further traced by a number of other vital status resources:
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motor vehicle bureaus, post office address confirmations, Internal
Revenue Service records, voter registration records, alumni asso-
- ciations and telephone directories. No one resource is entirely ac-
curate; therefore, several were usually tried. Table 2 summarizes
the number of follow-up resources which successfully verified the
vital status of the separated workers by exposure group and com-
pany. One company (Firm 4) did not permit us to obtain iden-
tifying information on their workers, so follow-up other than
through the SSA was not possible at that company. If this com-
pany is deleted from the tabulations, then of the separated
workers, 99% of the CME-exposed and 98% of the controls had at
least one verification of vital status. Similarly, 66% of separated
CME-exposed workers and 71% of controls had at least two verifi-
cations of vital status.

For the five companies with follow-up, 99.8% of the CME-

exposed and 99.7% of the controls had vital status known from:

either company records, SSA death records, or at least one
verification on follow-up. If Firm 4 is also included, then the
corresponding figures are 89.8% of CME-exposed and 99.7% of
controls. If the SSA system is considered to be 90% efficient in
detecting deaths (a reasonable assumption in view of the 94% ef-
ficiency we found in a sample of deaths), then only about 10% of
the deaths among the 10.2% of workers not verified in the CME-
exposed group would have been missed. Thus it can be estimated
that only about 1% of deaths were missed.

Death Certificate Ascertainment and Coding. — Ninety per-
cent of the death certificates were obtained for the CME-exposed
group and 99% for the control group. (However, of the 13 deaths
without death certificates in the exposed group, ten were from
Firm 5; death certificates were, therefore, obtained for 97% of the
deceased among the CME-exposed at other companies.) Table 4
details the follow-up experience for deceased persons. After it
became apparent that many hospitals were uncooperative or
charged large fees for medical records, the hospital verification at-
tempts were restricted to cases in which cancer was listed any-
where on the death certificate. (In addition, it was generally not
possible to obtain hospital information on deaths at Firm 1.) Very
little ‘change occurred in the coding of primary cause of death
because of the hospital information. Table 5 presents a tabulation
of detailed causes of death according to the primary cause of
death on the death certificate, and according to adjusted cause:
assigning the cause as cancer whenever it was listed anywhere on
the death certificate or hospital record, and with corrected cause
whenever the hospital record differed from the death certificate as
to primary cancer site. Presented in Table 5 are the frequencies,
and proportional mortality rates (PMR = the proportion of total
verified deaths attributable to a particular cause). The table shows
that there are no substantial differences between the CME-
exposed and control groups in causes of death, except respiratory
cancer.
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Results

Comparison of Mortality Experience with U.S. General
Population. — The mortality experience in the CME-exposed and
control groups was compared to that in the U.S. white male
population, using mortality rates generated from the annual Vital
Statistics of the United States. The rates were specific to cause,
race, sex, and quinquennia of age and calendar year. The stan-
dardized mortality ratios (SMR =100 x observed/expected deaths)
for the CME-exposed - and control groups were calculated
separately by company and summed across all companies. Table 6
gives a summary of observed and expected deaths and SMR’s for
21 causes. As is typical of occupational cohorts, the total mortality
was less than expected from U.S. rates, the SMR being about 60.
Ninety-five percent confidence limits? on the SMR's showed that
the only elevated death rates in the CME-exposed group were for
respiratory cancer at Firm 2 and at all companies, plus all malig-
nant neoplasms at Firm 2. These three elevated rates are all at-
tributable to excess respiratory cancer at Firm 2. No SMR's were
significantly elevated in the control group.

Detailed tabulations of mortality experience by five-year in-
tervals since the onset of CME exposure {entry into the study)
were also obtained but are not presented here. There were no
time periods with excess mortality for any diseases except respira-
tory cancer. The respiratory cancer rate at Firm 2 was elevated in
the CME-exposed group throughout the period 6-25 years after
the onset of exposure.

Internal Comparisons of Mortality Experience. — Each man-
year contributed by CME-exposed fand controll workers was
characterized by duration of CME exposure, attained age and

elapsed years since first exposure (entry into study). Thus the man-

years of a given worker could be distributed among several ex-
posure categories. Analyses were then performed by duration of
CME exposure using an adaptation of the Mantel-Haenszel com-
bination chi-square procedure'® controlling for age (strata of:
<35, 35-44, 45-54, 55-64, 65-74, 75+), five-year intervals since
onset of exposure, and company. Since the man-years at risk of a
given worker were shifted into appropriate exposure categories,
the analyses are based on comparisons among exposure cate-
gories with equivalent times since onset of exposure. This results
in eliminating the bias in estimating exposure-response relation-
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ships which are inherent in other methods of analysis."! The test
for a linear trend in the exposure duration-response relationship
was by the method of Tarone.’? Analyses were performed for re-
spiratory cancer, digestive cancer, other cancer, diseases of the
circulatory system, all other diseases, and accidental and traumatic
deaths. The results are shown in Table 7.

For respiratory cancer there is a highly significant difference be-
tween groups, reflecting a strong linear trend with duration of ex-
posure. However, for the other causes of death in Table 7 there is
no systematic difference by exposure duration. (The significant
combination chi-square for heart disease does not reflect a
systematic trend by duration of exposure.)

Analyses' of respiratory cancer by duration of exposure and by
weighted cumulative exposure were performed for the data at
Firm 2, controlling for interval since onset of exposure by single
year and age by decade. Man-years at risk were again shifted to
appropriate exposure categories as described above. These results
are presented in Tables 8 and 9. Both tables show a highly signifi-
cant CME exposure-response relationship, which further substan-
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tiates that CMME and BCME are human respiratory tract car-
cinogens.

Discussion

This study did not detect excess respiratory cancer at Firms 1, 3,
4,5, and 6 (Table 6) where indications are that exposure levels
were lower than at Firm 2, or among the groups with the lowest
exposure levels at Firm 2 (Tables 8 and 9). This may indicate one

of several possibilities: (a) a practical threshold of carcinogenic ef-

fect at some low dose level; (b) too small a sample to detect a
small effect; or (c) too short a period of observation, since there is
an apparent inverse relationship between exposure level and
latency.® 13 The available data do not permit one to exclude any
of these possibilities. However, given the inverse relationship be-
tween exposure level and latency and the refatively small number
of persons with low exposure who have been observed for 20 or
more years ( < 10% of man-years at risk at Z 220 years since onset
of exposure for low exposure workers at Firm 2; < 5% of man-
years at risk similarly defined at all other firms combined), it would
be imprudent to view the data as supporting a threshold effect at
this time.

The cases independently identified in our study included four-
teen cases located by a separate approach by Figueroa et al,”* and
nineteen cases reported by Defonso and Kelton.’ The 27 cases
we had identified as occurring prior to January 1, 1973 in our over-
all study, with an additional one subsequently identified during
1973, but not included in the tables, and the six reported from a
West Coast plant’® give a total of 34 cases of lung cancer
associated with exposure to these compounds in the United
States. There have been two reports from other countries, one
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from Germany reporting eight cases of lung cancer {of which five
involve worker exposure and three, Iaboratory exposure)'? and a
report from Japan that describes five cases of lung cancer in
laboratory workers.’8 All in all, it appears that there have been at

- least some 47 cases of lung cancer in association with these com-

pounds. Both of these compounds, BCME and CMME, have now
been included in the NIOSH list of carcinogens.

One feature of the excess respiratory cancer risk at Firm 2 was
the early age at death. The respiratory cancer SMR for ages 15-44
among CME-exposed workers was 1200 (seven observed, 0.58 ex-
pected), while for ages Z 45 the SMR was smaller SMR = 357; 14
observed, 3.92 expected). The difference in SMR’s is. statistically
significant, p < .05.%

It should be noted that the predominant histologic type of bron-
chogenic cancer reported in CME-exposed workers has been
small cell-undifferentiated or oat cell carcinomas.!? 14 17 18 19 A
similar predominance of this histologic type has been noted for
bronchogenic cancers associated with radon daughters? and with
nitrogen mustard.?' By way of contrast, the predominant type
associated with cigarette smoking is squamous cell carcinoma.

it is also noteworthy that most, but not all, of the men who
developed lung cancer had smoked cigarettes. The fact that some
nonsmokers are in the group and that the lung cancers occur at
much younger ages and are of a different cell type than normally
found with cigarette-induced lung cancers provide further
evidence that BCME is the primary agent, rather than cigarette
smoke. 2 23

Until a short time ago, it appeared that BCME was an occupa-
tional health problem and not a general environmental health
problem for the entire population. This was because most of the
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production of the compound was utilized by the corporation
manufacturing it; little was sold outside the plant. However,
gaseous mixtures of hydrochloric acid and formaldehyde may be
present in a large number of biological and chemical laboratories,
~ and these may combine to form BCME under certain conditions.
The extent of hazard from the combination of formaldehyde and
HC! to form BCME is unknown at present. Measurable concentra-
tions of BCME have been found in atmospheric reaction mixtures
containing the two reactants.2* 25

The present data provide evidence that the duration and inten-
sity of exposures sharply increase the carcinogenic risk (Tables 8
and 9). However, owing to the apparent inverse relationship be-
tween dose and latency period, the exposed population has not
yet been followed long enough to adequately establish the risk
associated with low level exposures. It is this which is of greatest
concern today. The high-level exposures have been eliminated by
the firms producing CMME, and the biological and chemical
laboratories would have only low-level, chronic exposures. Thus
the most important questions concerning BCME-CMME require
further study of the exposed population.
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