




Cancer in relation to occupational exposure to trichloroethylene

Table 3 Occurrence of lymphatic and haematopoetic cancers in thefour cohort studies

NCI study

Cumulative exposure index
Hughes Aircraft

All employees < 5 5-25 > 25 Swedish study Finnish study study

Site of cancer 0 E SMR O E SMR O E SMR O E SMR O E SIR 0 E SIR 0 E SMR

Hodgkin's disease 4 4-6 0 9 - - - - - - - - - 1 0 9 11 3 1-8 1-7 0 1-3 0
Leukaemia 11 150 07 4 5-6 07 0 3-5 0 7 6-0 12 - - - 5 46 11 2 5-4 04
Multiple myeloma 6 5-3 11 3 2-0 1-5 1 1-2 0 8 2 2-2 0-9 1 1-8 0 6 4 2-5 1-6 - - -

Non-Hodgkin's
lymphoma 14 11-2 1-3 6 4-2 1-4 3 2-5 1-2 5 4-4 1-1 5 3-2 1-6 8 44 1-8 6 68 09

Abbreviations as for table 2.

of an increased mortality from cancers of the
oral cavity or oesophagus. (No data for these
sites were presented in the Nordic studies.) In
all four studies, rates of cancers of the stomach,
colon, rectum, and pancreas were similar to
those of the population as a whole. In an inter-
view based case-control study of colon cancer

among residents of the Umea area (Sweden)
during 1980-3,'4 a history of occupational
exposure to TCE was associated with a 1*5-fold
increase in risk, based on a small number of
exposed people (95% CI = 04 to 5 7). A
stronger association was seen in the still smaller
group of people exposed to TCE as dry clean-
ers (odds ratio (OR) = 7 4, 95% CI = 141 to
47 0). The basis for the divergent findings of
this and the Swedish cohort study9 is not
known.

Occurrence of liver cancer was increased, at
least to a small extent, in each of the cohort
studies. Adding the four together (with the
experience only of the occupationally exposed
subset of the Hughes Aircraft cohort) there
were 16 cases (expected = 9 5). In the
National Cancer Institute study, the two deaths
from liver cancer occurred in those employees
with the lowest category of estimated cumula-
tive exposure. In the Hughes Aircraft study, an

increased risk of liver cancer was present in
people with less than 10 years employment
(three cases, SMR = 1 8) and 20 or more years
employment (two cases, SMR = 4 3), but no

deaths occurred in the people who had worked
for 10-19 years (expected = 0 6). Of the four
people in the Swedish cohort who developed
liver cancer, three had worked with TCE for
two or more years, but each of the three were in
the lowest category of concentrations of urinary
trichloroacetic acid. In the Finnish study, three
of the five cases occurred more than 20 years
after the first urinary measurement was

obtained (SIR = 6-1), and two occurred
among people whose mean trichloroacetic acid
concentrations in urine were greater than

16 mg/l (SIR = 2.7). No cases of liver cancer

were identified during 1951-77 among people
involved in the manufacturing of TCE at a

British plant,"5 but only 0 3 would have been
expected based on incidences in the population
in which the plant was located. Case-control
studies of liver cancer conducted in both
Sweden'6 and Finland'7 have obtained informa-
tion through interviews on occupational expo-

sure to organic solvents. Very few people in
these studies cited exposure specifically to
TCE, and it is possible that they already are

represented in the two cohort studies of work-
ers exposed to TCE from those countries.

Mortality from biliary tract cancers occurred
twice as often as expected in the National
Cancer Institute study. This increased rate was,
however, based on only eight deaths, and there
was no suggestion that the size of the increased
risk rose with increasing cumulative exposure

(table 2). In the Finnish study a 60% increased
risk (based on four cases) was observed for bil-
iary tract cancers. No results for these tumours
were presented in the other two studies.

LYMPHATIC AND HAEMATOPOETIC CANCERS

(TABLE 3)
In none of the cohort studies was there any sug-
gestion of an increased risk of Hodgkin's dis-
ease or leukaemia associated with occupational
exposure to TCE. The occurrence of non-

Hodgkin's lymphoma was slightly increased in
the National Cancer Institute and Swedish
cohorts, and increased by a factor of two in the
Finnish study. There was no corresponding
increase among Hughes Aircraft employees
who had worked with or around TCE, nor

among the southern California aircraft work-
ers.'3 In neither the National Cancer Institute,
the Swedish, nor the Finnish study did the
modest excess of occurrence of non-Hodgkin's
lymphoma increase with increasing exposure to
TCE.
A case-control study of people with non-

Table 4 Occurrence of cancers of the urinary tract in the four cohort studies

NCI study

Cumulative exposure index
Hughes Aircraft

All employees < 5 5-25 > 25 Swedish study Finnish study study

Site ofcancer 0 E SMR 0 E SMR 0 E SMR 0 E SMR 0 E SIR 0 E SIR 0 E SMR

Kidney 8 7-5 11 5 2-8 18 0 17 0 3 2-9 10 6 5-2 1-2 6 6-9 0 9 3 3-3 0-9
Bladder 11 7 9 14 4 2-9 14 3 18 17 4 3-2 13 8 7 9 10 5 6-1 0-8 3 3-5 0 9

Abbreviations as for table 2.
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Table S Occurrence of other cancers in the four cohort studies

NCI study

Cumulative exposure index
Hughes Aircraft

All employees < 5 5-25 > 25 Swedish study Finnish study study

Siteof cancer 0 E SMR O E SMR O E SMR O E SMR O E SIR 0 E SIR 0 E SMR

Lung 64 67-9 0-9 25 26-7 0 9 14 16-3 0 9 25 25-0 1-0 9 13-2 0-7 25 27-2 0 9 41 44-6 0-9
Breast 9 11-5 0-8 3 2-8 1-1 2 1-7 1-2 4 70 0-6 - - - - - - 8 11-3 07
Prostate 22 27-6 0-8 7 10-3 0 7 3 6-2 0 5 12 11-1 1 1 26 20-7 1-3 13 9 4 1-4 12 8-6 1-4
Centralnervoussystem 9 11-5 0-8 3 4-5 07 4 2-7 1-5 2 4-3 05 - - - 9 8-3 1 1 1 4-1 0-2

Abbreviations as for table 2.

Hodgkin's lymphoma (n = 109) and
Hodgkin's disease (n = 60) combined, sought
information through interviews about exposure
to organic solvents.'8 Continuous TCE expo-
sure for at least one week, or intermittent expo-
sure totalling at least one month, was reported
by seven of the cases compared with only three
of 338 controls (crude ORs = 4-8). Although
the results of this study support the hypothesis
that exposure to TCE is associated with either
or both of non-Hodgkin's lymphoma and
Hodgkin's disease, the potential for differential
reporting of exposure between cases and con-
trols-especially given that for 37% of subjects
the data were obtained from a surrogate
respondent-argues for caution when interpret-
ing the results.

CANCERS OF THE URINARY TRACT (TABLE 4)
In the National Cancer Institute cohort only,
deaths from bladder cancer were somewhat
more common than expected (SMR- I 4), but
there was no indication of a particularly high
rate in people most heavily exposed to TCE.
Cancers of the kidney were as common in each
of the four cohorts exposed to TCE as in the
general population.

In a fifth cohort, consisting of 169 male
employees exposed to TCE in a German card-
board factory in which the incidence of only
renal cancer was described,'9 a different result
was obtained. During a follow up period aver-
aging 34 years, five cases of kidney cancer
occurred, compared with no cases in 190 non-
exposed workers, and an expected incidence
(based on population rates) of approximately
0-6. Although no measurements of TCE con-
centrations were made at this factory, a descrip-
tion of the ways in which TCE was used there,
along with anecdotal reports of the frequency of
acute symptoms of TCE toxicity, suggest that
the exposure of these workers was relatively
high compared with that of the other cohorts
studied. Although the increased incidence of
kidney cancer that was seen could be indicative
of an adverse effect of very high occupational
exposure to TCE-especially given that muta-
genic metabolites of TCE may be preferentially
formed in renal tubular cells'9-this finding
should be interpreted cautiously. Abdominal
sonography was performed on all study partici-
pants (exposed and non-exposed), suggesting
that the identification of a suspected altered
risk of renal cancer in the plant-perhaps on
the basis of a recognised cluster of cases among
members of this workforce-had occurred
before the start of the study. Thus, the meaning

of these results will not be clear until a study
has been conducted among employees of one
or more other factories that had similar expo-
sure conditions.

OTHER CANCERS (TABLE 5)
Occurrence of lung cancer was no more com-
mon in members of the four cohorts than in the
population at large. Similar findings20 were
obtained in a study of people employed in a
manufacturing plant in northern Illinois that
had used TCE as a degreasing agent. During
1957-83, nine deaths from lung cancer
occurred, in contrast to 12-1 expected. In none
of the studies was there an increase in the
occurrence of tumours of the breast or central
nervous system. A case-control study of astro-
cytic brain tumours2" also found no association
with employment that potentially involved
exposure to TCE. Occurrence of prostate cancer
was increased to a small degree in all but the
National Cancer Institute study. In the Finnish
study, although the excess incidence of prostate
cancer was confined to the period after 20 years
from the time of the first measurement of
trichloroacetic acid, it was also confined to the
men in the lower exposure category.

Discussion
Data from the epidemiological studies com-
pleted to date suggest that, with the possible
exceptions of cancers of the liver, non-
Hodgkin's lymphoma, biliary tract, and kidney,
no type of cancer seems to develop more com-
monly in people occupationally exposed to
TCE than in members of the population at
large.

Rates of liver cancer were increased, but in
all four cohort studies only a total of 16 cases
were identified, and the size of the increase was
modest and failed to grow with increasing esti-
mated exposure to TCE. Despite the ability of
TCE to produce liver cancer in several mouse
strains, the absence of a clear increase in the
risk of this disease associated with occupational
exposure to TCE has a possible explanation.
Among experimental animals, the development
of liver cancer correlates closely with concen-
trations of the metabolite trichloroacetic acid
produced after TCE exposure (high in mice,
low in rats (and in humans)), and with the abil-
ity of trichloroacetic acid to stimulate the pro-
duction of peroxisomes (a cellular organelle).
The presence of peroxisomes seems to be a link
between trichloroacetic acid and the develop-
ment of liver cancer in mice,22 but peroxisomes
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are not induced by trichloroacetic acid in
humans.23

Only the National Cancer Institute and
Finnish studies reported on the occurrence of
cancers of the biliary tract. The failure of the
other two studies to provide corresponding data
could well be due to the absence of any
observed cases, or the absence of any associa-
tion with this site based on but one or two
cases. This, in conjunction with the lack of a
graded increase in risk of biliary tumours with
increasing cumulative exposure in the National
Cancer Institute study argues for caution when
trying to interpret these results.

Rates of lung cancer among cohort members
exposed to TCE were very close to those
expected. An explanation for the lack of rela-
tion of lung cancer to exposure to TCE in
humans, in contrast to a positive finding in two
strains of mice, may lie in differences in the
prevalence and nature of Clara cells across
species. Clara cells are unusually common in
the respiratory tract of mice, and they
metabolise TCE primarily to chloral,24 a geno-
toxic substance. In humans (and in rats, who
also do not develop lung tumours in response
to TCE), Clara cells are far less numerous than
in mice, and human Clara cells seem
to lack the metabolic capacity to produce
chloral.2425
Each of the four principal cohort studies

measured or estimated the degree of exposure
to TCE, at least in qualitative terms. Therefore,
they were able to exclude from some analyses
the mortality experience of people with little or
no contact with TCE. In the three studies that
sought to estimate absolute concentrations of
exposure (all but the National Cancer Institute
study), those concentrations generally were
found to be low, within current recommenda-
tions for a threshold limit value of 50 ppm rec-
ommended by the American Conference of
Governmental Industrial Hygienists.26 It is
unclear to what extent the results obtained to
date would pertain to more heavily exposed
people.

In February of 1995, a working group of the
International Agency for Research on Cancer
(IARC) concluded that there was limited evi-
dence from studies in humans that TCE expo-
sure could cause cancer-that is,
''a positive association has been observed
between exposure to the agent ... and cancer
for which a causal relationship is . .. credible,
but chance, bias or confounding could not be
ruled out with reasonable confidence".27

This conclusion was based primarily on the
results for cancers of the liver and biliary tract
and for non-Hodgkin's lymphoma. (Given the
IARC guidelines for combining results from
epidemiological studies with positive results in
experimental animals, a judgment of limited
evidence produced an overall evaluation of
TCE exposure as being probably carcinogenic
to humans.) It is clear from a review of the data
that, both in terms of the small relative
increases seen and the small number of obser-
vations upon which those increases are based,
the evidence currently available in support of a
causal hypothesis is quite limited. Continued

follow up of existing cohorts of people occupa-
tionally exposed to TCE, and the assembly of
new cohorts, is very much in order.
This work was supported by the Halogenated Solvents Industry
Alliance.
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