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ORIGINAL ARTICLE

Risk of Selected Cancers due to Occupational Exposure to
Chlorinated Solvents in a Case–Control Study in Montreal

Krista Yorita Christensen, MPH, PhD, David Vizcaya, MPH, PhD, Harriet Richardson, MSc, PhD,
Jérôme Lavoué, MSc, PhD, Kristan Aronson, MSc, PhD, and Jack Siemiatycki, MSc, PhD

Objective: To evaluate the association between exposure to chlorinated sol-
vents and cancer. Methods: We conducted a case–control study of occupa-
tional exposures and cancer in Montreal, Quebec, Canada, including 3730
cancer cases and 533 population controls. Occupational exposures were de-
rived using a combination of subject-reported job history and expert assess-
ment. We examined the associations between two chemical families and six
chlorinated solvents with 11 sites of cancer. Results: The majority of the
associations examined were null, although many were based on small num-
bers. We found two significantly elevated odds ratios (ORs), one between
perchloroethylene and prostate cancer (OR = 4.3; 95% CI: 1.4 to 13) and
another between trichloroethylene and melanoma (OR = 3.2; 95% CI: 1.0 to
9.9). Conclusions: There was little evidence of associations between chlori-
nated solvents and cancer. Limited power precludes strong inferences about
absence of risk. We raise hypotheses about two possible associations: per-
chloroethylene with prostate cancer and trichloroethylene with melanoma.

C hlorinated solvents are some of the most widespread and useful
industrial chemicals. Because of their unique chemical prop-

erties, including good solvency and low flammability, chlorinated
solvents have been used in a wide variety of workplaces since the
beginning of the 20th century. Their most frequent uses have in-
cluded degreaser, paint stripper, dry cleaning solvent, spot remover,
chemical reaction intermediate, aerosol propellant, and anesthetic
gas. Consequently, workers in many occupations and industries may
have significant exposure to chlorinated solvents. Chlorinated sol-
vents as a chemical family are defined as short-chain hydrocarbons
in which one or several hydrogen atoms have been substituted by a
chlorine atom. This substitution increases the boiling point of the
molecule and reduces its flammability. Chlorinated solvents can be
further separated into two main classes: chlorinated alkenes and
chlorinated alkanes. Chlorinated alkanes are saturated molecules;
that is, they do not contain any double bond. Chlorinated alkenes are
unsaturated, which, all other things being equal, renders them more
reactive.

The most widely used chlorinated alkenes are trichloroethy-
lene (TCE) and perchloroethylene (PERC; also known as tetra-
chloroethylene), while the most widely used chlorinated alkanes
are carbon tetrachloride, methylene chloride, 1,1,1-trichloroethane,
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and chloroform.1 The frequency of the use of these compounds has
changed over time in response to various factors, including discover-
ies about toxicity and environmental impact.2–4 For example, the use
of carbon tetrachloride was reduced because of its adverse effects on
kidneys and liver, while 1,1,1-trichloroethane was banned in many
countries because of its adverse effects on the ozone layer.

Experimental evidence suggests that some chlorinated sol-
vents may be carcinogenic. Chlorinated solvents are generally me-
tabolized in the liver via the cytochrome P450 oxidase pathway; this
process generates reactive intermediates that may bind to proteins,
lipids, DNA, RNA, and cell receptors.5,6 Evidence from animal stud-
ies indicates that some chlorinated solvents may cause liver tumors in
some animal models,7,8 and possibly tumors in the kidney, bone mar-
row, and lung.9 Nevertheless, epidemiologic evidence regarding car-
cinogenicity of solvents has been sparse and inconsistent. Although
some studies reported an association between PERC exposure among
dry cleaners and elevated risk of esophageal, lung, tongue, and cervi-
cal cancer,10,11 other studies using different types of exposure assess-
ment did not find increased risk for any type of cancer.12,13 Recent
reviews have generally concluded that TCE exposure increases the
risk of kidney cancer, and possibly also the risk of liver cancer, and
non-Hodgkin’s lymphoma.7,14–16 Among the chlorinated alkanes,
some studies have found an association between occupational expo-
sure and elevated risk of cancer at various sites including multiple
myeloma and the nervous system with 1,1,1-trichloroethane,12,17 the
lymphatic system with carbon tetrachloride,16,18 and liver and biliary
tract cancer with methylene chloride.19 Nevertheless, other studies
have failed to find associations between occupational exposure to
chlorinated alkanes and cancer.20–22

Given the widespread use of chlorinated solvents and the in-
consistent findings on potential carcinogenicity of these substances,
it is important to increase the epidemiologic information base.
A large case–control study was conducted in Montreal, Quebec,
Canada, aiming to detect and describe possible associations between
each of 294 occupational exposures and each of 19 sites of cancer.23

The study was not conducted to test any particular set of hypotheses,
but rather to provide an estimate of risk for each of thousands of
possible associations. In this spirit, the choice of cancer sites was
conditioned by available financial resources and by opportunistic
considerations. Thus, because we had to establish a registry-like case
ascertainment system, we included only those cancer types that, at
the time, were highly likely to be diagnosed in hospital pathology de-
partments (which led to the exclusion of leukemia cases, which were
often diagnosed in hematology laboratories) and we excluded those
types of cancer that often led to communication difficulties (which
led to the exclusion of brain, nasal, tongue, larynx). Nineteen can-
cer sites were eligible for recruitment. Information was collected on
exposure to the six specific chlorinated solvents listed earlier as well
as on the families of chlorinated alkenes and chlorinated alkanes.
The calendar period during which this study population had occupa-
tional activity and, thus, exposure to the evaluated agents, coincides
with the period in which the use of such agents was increasing. This
study describes the associations between these chlorinated solvents
and each of 11 sites of cancer. We exclude lung cancer findings
from the present report because they will be reported separately in
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a pooled analysis including another lung cancer study. In an earlier
report,24 we published selected results from the multisite study, in-
cluding some that overlap with results in this article. The present
results should be taken as the definitive ones for several reasons:
there has been some further refinement and correction of exposure
information; the logistic regression analyses conducted here allowed
for more effective control of multiple covariates than the Mantel–
Haenszel analyses conducted earlier; the selection of covariates was
more targeted here; some associations presented here were not pre-
sented in the earlier report; and there was no discussion of findings
in the earlier report.

MATERIALS AND METHODS

Design and Study Subjects
The Montreal Cancer Case–Control Study is a study of male

Canadian citizens aged 35 to 70 years, living in Montreal. Eligible
cancer cases occurring from 1979 to 1985 were ascertained from the
18 largest hospitals in the Montreal metropolitan area; only incident,
histologically confirmed cancer cases were included.

For the present analysis, we excluded seven sites that had
very small numbers, and lung cancer, which will be the object of a
separate evaluation; the present analysis focuses on the following 11
types of cancer: esophagus (International Classification of Diseases,
9th Revision [ICD-9] code 150), stomach (ICD-9 code 151), colon
(ICD-9 code 153), rectum (ICD-9 code 154), liver (ICD-9 code
152), pancreas (ICD-9 code 157), prostate (ICD-9 code 185), bladder
(ICD-9 code 188), kidney (ICD-9 code 189), melanoma (ICD-9 code
172), and non-Hodgkin’s lymphoma (ICD-9 codes 200 and 202).

Population controls were randomly sampled from population-
based electoral lists, stratified by sex and age to the distribution of
cases. In Quebec, Canada, electoral lists were maintained by means
of active enumeration of households and are thought to represent
nearly complete listings of Canadian citizens residing in the province.
Ethical approval was obtained from each participating hospital and
university. All participating subjects provided informed consent. Ad-
ditional details of subject ascertainment and data collection have
been presented previously.24–26

Data Collection
Among 4576 eligible cancer patients, 3730 (82%) were suc-

cessfully interviewed, whereas among 740 eligible population con-
trols, 533 (72%) were successfully interviewed. Interviews were
divided into two parts: a structured section requested information
on sociodemographic and lifestyle characteristics, and a semistruc-
tured section elicited a detailed description of each job held by the
subject in his or her working lifetime. The sociodemographic and
lifestyle factors assessed included ethnicity, median family income of
the neighborhood of residence, education level attained, residential
history, smoking history, alcohol and coffee consumption, selected
dietary factors, selected medical history conditions, and household
heating and cooking practices. On average, male subjects had held
4.2 jobs each. For each job held, a trained interviewer asked the sub-
ject about the company, its products, the nature of the worksite, the
subject’s main and subsidiary tasks, and any additional information
(eg, equipment maintenance, the use of protective equipment, activi-
ties of coworkers) that could provide clues about work exposures and
their intensity. The job history part of the interview typically lasted
from 20 to 60 minutes. Occupations were coded according to the
Canadian Classification and Dictionary of Occupations (1971) and
the Canadian Standard Industrial Classification (1980). For some
occupations, supplementary questionnaires were used to assist in-
terviewers with detailed technical probing.27 A team of chemists
and industrial hygienists examined each completed questionnaire
and translated each job into a list of potential exposures, using a
checklist of 294 agents.24

Altogether, approximately 16,000 jobs were evaluated. The
team of coders spent about 40 person-years on this project, includ-
ing helping to develop the methodology, monitoring the quality of
the interviewing, conducting background research on exposures in
different occupations, coding the individual participants’ files, and
recoding after the initial complete round of coding was finished. The
final exposure codes attributed to a subject were based on consensus
among the coders. Coders were blind with regard to the subject’s
case or control status. For each substance considered present in each
job, the coders noted three dimensions of information, each on a
three-point scale: their degree of confidence that the exposure had
actually occurred (possible, probable, definite), the frequency of ex-
posure in a normal workweek (less than 5%, 5% to 30%, more than
30% of the time), and the relative level of concentration of the agent
(low, medium, and high). Concentration levels were established with
reference to certain benchmark occupations in which the substance
is found. Specifically, we identified some hypothetical workplace
situations a priori, which would correspond to low, medium, and
high exposure for each substance, and the experts rated each real
job against these benchmarks. Unfortunately, it proved impossible to
reliably estimate absolute concentration values corresponding to the
relative levels coded. Nonexposure was interpreted as exposure up
to the level that can be found in the general environment. If subjects
volunteered information about chemical exposures, this was noted,
but it was not accepted at face value unless our experts concurred that
such an exposure was likely. The exposure assessment was based not
only on the worker’s occupation and industry but also on individual
characteristics of the workplace and tasks as reported by the subject;
an illustrative example is given in the Appendix of Parent et al.28

Periodic tests showed a satisfactory degree of reproducibility among
our experts and between our experts and others.29–31 There was no
evidence that cases provided more complete or more valid job his-
tories than controls, as judged by the numbers of jobs reported per
subject and as judged by the interviewers’ subjective ratings of the
quality of interviews. Because the job histories were collected retro-
spectively, it is very difficult to confirm the validity of the exposure
assessment.

Included among the agents assessed were chlorinated alkanes
as a family as well as each of four specific ones: carbon tetrachloride,
methylene chloride, 1,1,1-trichloroethane, and chloroform. Also on
the list were chlorinated alkenes as a family as well as each of two
specific ones: TCE and PERC. The assignment of exposure to a fam-
ily was not simply the sum of assignments to component agents, be-
cause we sometimes assigned exposure to the family without enough
information to designate the specific agent.

Statistical Analysis
The study design involved a population control series and a

number of cancer case series. In the analysis of each case series,
we thus had the opportunity to use the population control group and
we also had the opportunity to fashion a control group consisting of
other cancer patients (a cancer control group). There are pros and
cons with cancer controls and population controls and we cannot
affirm that one is necessarily more valid than the other.32,33 For each
case series, we created a distinct cancer control group, using the
following principles: (1) exclude contiguous sites as controls for the
index cancer series (eg, do not use stomach as control for esophagus
and vice versa), (2) exclude lung cancer from the pool of controls,
and (3) subsample so that no cancer site constitutes more than 20%
of any cancer control series. Thus, for any solvent-site association,
the odds ratio (OR) estimate would not be greatly biased except
in the implausible scenario that a solvent is a risk factor for most
cancer sites, in which case it should be detectable by the analysis
using population controls.

Unconditional logistic regression was used to estimate ORs
and corresponding 95% confidence intervals (CIs) for risk of each
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cancer site, in relation to each control group. We first carried out
analyses by comparing the cases separately with population controls
and with cancer controls. To maximize precision of estimates, we also
conducted an analysis including both cancer controls and population
controls but weighted them equally, in consequence of our prior
belief that the two control groups are equally likely to represent the
study base. Operationally, this was done by assigning weights to the
cancer controls so that in aggregate the cancer control group would
carry the same statistical weight as the population control group with
533 subjects. For example, for the esophagus cancer series, we had a
population control group of 533 and a cancer control group of 2299.
To give equal weight to the two control series, we implemented a
regression routine that gave each population control a weight of 1
and each cancer control a weight of 0.232 (ie, 533/2299). For each
agent-cancer association, we thus estimated ORs separately with
three distinct sets of controls: (1) population controls, (2) all eligible
cancer controls, and (3) pooled controls, with cancer controls given
equal weight to population controls.

For each job in which the subject was exposed to a solvent, we
expressed the duration in years and a set of ordinal values for confi-
dence, frequency, and concentration. In the analyses for each solvent,
two measures of exposure were used. The most basic measure was
ever/never exposed; because of latency considerations, exposures oc-
curring within 5 years of diagnosis or interview were excluded. The
second was a simple cumulative exposure measure that combined du-
ration, confidence, frequency, and concentration into categories as
follows: unexposed, exposed at nonsubstantial level, and exposed at
substantial level. To be classified as exposed at the substantial level,
a subject had to have been exposed at a confidence level of probable
or definite, a concentration and frequency of medium or high, and a
duration greater than 5 years. All other exposed subjects were then
classified in the nonsubstantial category. We consider this nonsub-
stantial/substantial dichotomy to be a simple proxy for cumulative
exposure. If a subject was exposed in two or more jobs, then lifetime
values of confidence, frequency, and concentration were calculated
by taking averages, weighted by the durations of the various jobs in
which exposure occurred. For each cancer site, the reference group
for analyses consisted of those subjects who were never exposed
to any of the six chlorinated solvents evaluated as well as to any
of the two generic families of chlorinated hydrocarbons. Thus, for
each cancer site, there is a single reference category for association
analyses. Each solvent was treated the same way.

To control for the effect of potential confounders, multivari-
ate models were constructed. Specific confounders were selected
separately for each cancer site. All models were adjusted for age,
ethnicity (French Canadian or other), socioeconomic status (median
family income of the neighborhood of residence), and proxy/self-
respondent. In addition, the following covariates were adjusted for in
cancer-site-specific models: esophagus—smoking, coffee, tea, and
alcohol intake; stomach, colon, and liver—smoking and alcohol
intake; rectum—smoking and beer intake; pancreas and kidney—
smoking, coffee, and alcohol intake; prostate—smoking, alcohol
intake; bladder—smoking, coffee intake, and aromatic amine expo-
sure. Smoking was accounted for in the models as cigarette-years.

RESULTS
Table 1 presents selected sociodemographic characteristics of

study participants by control status and cancer site. The study partic-
ipants had a median age of approximately 60 years. The proportion
of interviews completed by proxy respondents varied by cancer site,
from a low of 11.6% (melanoma) to a high of 60.4% (liver cancer);
12.6% of population control interviews were completed by proxy.
The majority of study participants were French Canadian, and the
majority reported a medium level of family income and less than 13
years of education. Nearly all study subjects were current or former
smokers, with the proportion of never smokers ranging from 7.1%

(esophageal cancer) to 20.8% (liver cancer). Among ever smokers,
the largest proportion had been smoking for 40 years or more; the
median number of cigarettes smoked per day was 25.

Among the population controls, 12.4% were deemed to have
been exposed, at some time in their careers, to any chlorinated
alkane, while 4.7% were assigned exposure to any chlorinated
alkene. Among the alkanes, the most prevalent exposure was carbon
tetrachloride (5.2%), followed by methylene chloride (2.2%), 1,1,1-
trichloroethane (1.9%), and chloroform (0.9%). Among the alkenes,
more controls were exposed to TCE (2.8%) than to PERC (0.7%).
In our data set, as coded by our experts, it was possible to discern
that exposure prevalence of most of these agents increased steadily
from the 1930s to the 1970s. The main exceptions were carbon tetra-
chloride, which peaked and then decreased sharply in prevalence
after 1960, and chloroform, which exhibited a quite uniform trend in
time. For each agent, Table 2 shows the top-five occupations in terms
of the numbers of subjects who were exposed to that agent, using
the three-digit occupation classification as the unit of observation.
For these agents, the top five (three-digit Canadian Classification
and Dictionary of Occupations) accounted cumulatively for between
50% and 75% of all subjects exposed. Metalworking occupations
represented the most important sector in terms of numbers exposed
to these agents.

Table 3 describes the adjusted OR between each of the eight
agents and each of the 11 types of cancer, at two exposure levels—
any exposure and substantial exposure. The majority of ORs were
close to the null or were based on very small numbers, providing
very low power to detect risks. Only two of the OR estimates in
Table 3 were significantly elevated at the P = 0.05 level, while none
were significantly less than 1.0.

On the basis of reasonably large numbers, we found an associ-
ation between PERC exposure and prostate cancer (OR = 2.2, 95%
CI: 0.8 to 5.7, for any exposure; OR = 4.3, 95% CI: 1.4 to 13, for
substantial exposure). Melanoma was associated with the exposure
to TCE (OR = 3.0, 95% CI: 1.2 to 7.2, for any exposure; and OR
= 3.2, 95% CI: 1.0 to 9.9, for substantial exposure), and, in general,
with substantial exposure to chlorinated alkenes (OR = 2.6, 95% CI:
1.0 to 7.1). Based on only two exposed subjects, there was an OR of
10.6 (95% CI: 1.2 to 93) between pancreatic cancer and substantial
exposure to chloroform. For other associations that have been previ-
ously reported in other studies, we found no statistically significant
or suggestive evidence of excess risks.

To evaluate the possibility that the higher proportion of proxy
respondents among cases than among controls might have led to
differential quality of information, we conducted a series of analyses
restricted to self-respondents; the results (not shown) were similar
to those shown in Table 3.

DISCUSSION
We used data from a large case–control study to explore the

association between exposure to chlorinated solvents, and risk of
11 different sites of cancer (Supplemental Digital Content Table 1,
http://links.lww.com/JOM/A111). According to our results, there is
an indication of increased risk of prostate cancer among people
highly exposed to PERC. Likewise, those subjects with high oc-
cupational exposure to TCE presented a threefold risk of having
melanoma. On the contrary, we found no noteworthy association
between any other agent and the 11 evaluated cancers. The few sta-
tistically significant results must be interpreted in light of the multiple
comparisons context. We note that there is no marked departure from
the global null hypothesis of no true associations.

Findings from previous studies on the human carcinogenicity
of chlorinated solvents have been mixed. There have been scat-
tered reports of excess risk related to PERC for esophageal, lung,
tongue, and cervical cancer.10,11 We were not able to evaluate the
association between PERC and cancer of the esophagus in this study
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TABLE 2. Occupations (3-digit CCDO) With the Highest Exposure Prevalence* to Six Chlorinated Solvents and Two
Chemical Families

Chemical Occupation With Highest Prevalence of Exposure
Number
Exposed % Exposed

Cumulative
% Exposed

Chlorinated alkenes (N = 419) Mechanics and repairmen 80 19.1 19.1

Metal machining occupations 55 13.1 32.2

Fabricating, assembling, installing, and repairing occupations:
electrical, electronic, and related equipment

48 11.5 43.7

Metal shaping and forming occupations, except machining 37 8.8 52.5

Personal service occupations 25 6.0 58.5

Perchloroethylene (N = 76) Apparel and furnishings service occupations 20 26.3 26.3

Mechanics and repairmen 13 17.1 43.4

Metal machining occupations 6 7.9 51.3

Metal shaping and forming occupations, except machining 5 6.6 57.9

Printing and related occupations 4 5.3 63.2

Trichloroethylene (N = 207) Mechanics and repairmen 53 25.6 25.6

Metal machining occupations 38 18.4 44

Fabricating, assembling, installing, and repairing occupations:
electrical, electronic, and related equipment

26 12.6 56.5

Metal shaping and forming occupations, except machining 22 10.6 67.1

Fabricating and assembling occupations metal products 9 4.3 71.5

Chlorinated alkanes (N = 704) Mechanics and repairmen 142 20.2 20.2

Metal machining occupations 79 11.2 31.4

Fabricating, assembling, installing, and repairing occupations:
electrical, electronic, and related equipment

67 9.5 40.9

Metal shaping and forming occupations, except machining 42 6.0 46.9

Protective service occupations 40 5.7 52.6

1,1,1-Trichloroethane (N = 109) Mechanics and repairmen 37 33.9 33.9

Metal machining occupations 14 12.8 46.8

Fabricating, assembling, installing, and repairing occupations:
electrical, electronic, and related equipment

11 10.1 56.9

Metal shaping and forming occupations, except machining 8 7.3 64.2

Occupations in physical sciences 5 4.6 68.8

Carbon tetrachloride (N = 304) Mechanics and repairmen 54 17.8 17.8

Metal machining occupations 44 14.5 32.2

Protective service occupations 39 12.8 45.1

Fabricating, assembling, installing, and repairing occupations:
electrical, electronic, and related equipment

35 11.5 56.6

Metal shaping and forming occupations, except machining 13 4.3 60.9

Chloroform (N = 59) Nursing, therapy, and related assisting occupations 12 20.3 20.3

Other occupations in medicine and health 7 11.9 32.2

Occupations in physical sciences 6 10.2 42.4

Health diagnosing and treating occupations 6 10.2 52.5

Chemicals petroleum, rubber, plastic, and related
materials-processing occupations

5 8.5 61

Methylene chloride (N = 102) Other construction trades occupations 39 38.2 38.2

Mechanics and repairmen 11 10.8 49

Chemicals petroleum, rubber, plastic, and related
materials-processing occupations

10 9.8 58.8

Fabricating, assembling, and repairing occupations, wood
products

8 7.8 66.7

Other product fabricating, assembling, and repairing
occupations

7 6.9 73.5

CCDO, Canadian Classification and Dictionary of Occupations.
*Percentages reflect the proportion of individual jobs that were assigned as exposed to each chlorinated solvent over the total number of individual jobs with assigned

exposure to that particular chlorinated solvent.
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TABLE 3. Association Between Different Cancers and the Exposure-Chlorinated Solvents Using Population* and Cancer† Controls in Two Studies From Montreal

Bladder Cancer Prostate Cancer Colon Cancer

Npcon
(533)

Ncacon
(2299)

Ncas
(484)

OR
(95% CI)*

OR
(95% CI)†

Ncacon
(1550)

Ncas
(449)

OR
(95% CI)*

OR
(95% CI)†

Ncacon
(2050)

Ncas
(496)

OR
(95% CI)*

OR
(95% CI)†

Never exposed- 403 1398 372 1 1 1158 335 1 1 1542 365 1 1

chlorinated solvents
Chlorinated alkenes

Any exposure 25 100 17 0.8 (0.4–1.5) 0.7 (0.4–1.2) 71 23 1.3 (0.7–2.3) 1.2 (0.7–2.1) 95 27 1.2 (0.7–2.2) 1.2 (0.7–2.0)

Substantial exposure 14 46 8 0.6 (0.2–1.5) 0.6 (0.3–1.4) 29 14 1.3 (0.6–3.0) 1.5 (0.8–3.1) 47 12 1.0 (0.4–2.1) 1.0 (0.5–2.0)

Perchloroethylene

Any exposure 4 32 2 0.5 (0.1–3.0) 0.3 (0.1–1.4) 17 9 2.9 (0.8–9.9) 2.2 (0.8–5.7) 26 7 2.3 (0.7–8.3) 1.5 (0.6–4.1)

Substantial exposure 2 20 2 0.9 (0.1–7.3) 0.5 (0.1–2.5) 9 9 6.0 (1.2–30) 4.3 (1.4–13) 21 3 1.8 (0.3–11) 0.9 (0.2–3.7)

Trichloroethylene

Any exposure 15 57 10 0.7 (0.3–1.7) 0.7 (0.3–1.4) 42 14 1.3 (0.6–2.8) 1.3 (0.7–2.6) 56 14 1.0 (0.5–2.2) 1.0 (0.5–2.0)

Substantial exposure 9 30 5 0.6 (0.2–1.7) 0.6 (0.2–1.5) 21 7 1.1 (0.4–3.1) 1.2 (0.5–3.1) 30 9 1.1 (0.4–2.9) 1.2 (0.5–2.7)

Chlorinated alkanes

Any exposure 66 190 48 0.7 (0.5–1.1) 0.8 (0.6–1.2) 155 50 1.0 (0.6–1.5) 1.1 (0.8–1.6) 205 46 0.8 (0.5–1.1) 0.9 (0.6–1.2)

Substantial exposure 34 73 21 0.6 (0.3–1.1) 0.8 (0.5–1.4) 68 18 0.7 (0.4–1.3) 0.8 (0.5–1.4) 85 21 0.7 (0.4–1.2) 0.8 (0.5–1.4)

1,1,1-trichloroethane

Any exposure 10 21 5 0.6 (0.2–1.8) 0.7 (0.2–1.9) 19 5 0.7 (0.2–2.1) 0.8 (0.3–2.4) 28 5 0.6 (0.2–1.7) 0.6 (0.2–1.7)

Substantial exposure 6 14 3 0.5 (0.1–2.2) 0.6 (0.2–2.4) 12 5 1.3 (0.4–4.6) 1.6 (0.5–5.1) 18 4 0.7 (0.2–2.7) 0.8 (0.3–2.6)

Carbon tetrachloride

Any exposure 28 88 21 0.8 (0.5–1.5) 0.8 (0.5–1.4) 73 25 1.1 (0.6–2.0) 1.2 (0.7–2.0) 88 27 1.0 (0.6–1.8) 1.2 (0.7–1.9)

Substantial exposure 11 28 13 1.3 (0.6–3.1) 1.5 (0.7–3.0) 31 11 1.3 (0.6–3.1) 1.3 (0.6–2.8) 38 12 1.1 (0.5–2.5) 1.2 (0.6–2.5)

Chloroform

Any exposure 5 15 3 0.6 (0.1–2.5) 0.7 (0.2–2.4) 8 6 2.3 (0.7–8.4) 2.9 (0.9–8.9) 16 2 0.4 (0.1–2.4) 0.5 (0.1–2.3)

Substantial exposure 1 5 1 1.4 (0.1–23) 1.0 (0.1–10) 4 1 4.5 (0.3–76) 2.5 (0.2–29) 5 1 1.5 (0.1–25) 1.1 (0.1–12)

Methylene chloride

Any exposure 12 36 9 0.7 (0.3–1.8) 0.8 (0.3–1.8) 24 10 0.9 (0.4–2.3) 1.2 (0.5–2.7) 41 7 0.7 (0.3–1.9) 0.7 (0.3–1.7)

Substantial exposure 4 14 3 0.6 (0.1–3.1) 0.8 (0.2–3.0) 8 1 0.3 (0.0–3.4) 0.5 (0.1–4.0) 11 3 1.0 (0.2–4.4) 1.0 (0.3–3.9)

(continues)

C
opyright©

2013
LippincottW

illiam
s

&
W

ilkins.U
nauthorized

reproduction
ofthis

article
is

prohibited.

C©
2013

A
m

erican
C

ollege
ofO

ccupationaland
E

nvironm
entalM

edicine
203

Case 7:23-cv-00897-RJ     Document 479-10     Filed 08/24/25     Page 7 of 12



Christensen et al JOEM � Volume 55, Number 2, February 2013

TA
B

LE
3.

(C
on

tin
ue

d)

St
om

ac
h

C
an

ce
r

R
ec

tu
m

C
an

ce
r

N
on

-H
od

gk
in

’s
L

ym
ph

om
a

N
ca

co
n

(2
27

9)
N

ca
s

(2
51

)
O

R
(9

5%
C

I)
*

O
R

(9
5%

C
I)

†
N

ca
co

n
(1

29
5)

N
ca

s
(2

48
)

O
R

(9
5%

C
I)

*
O

R
(9

5%
C

I)
†

N
ca

co
n

(2
34

1)
N

ca
s

(2
15

)
O

R
(9

5%
C

I)
*

O
R

(9
5%

C
I)

†

N
ev

er
ex

po
se

d-
40

3
17

10
19

5
1

1
97

4
19

2
1

17
75

15
5

1
1

ch
lo

ri
na

te
d

so
lv

en
ts

C
hl

or
in

at
ed

al
ke

ne
s

A
ny

ex
po

su
re

25
11

2
8

0.
8

(0
.3

–1
.8

)
0.

7
(0

.3
–1

.5
)

68
16

1.
4

(0
.7

–2
.7

)
1.

3
(0

.7
–2

.3
)

10
5

14
1.

6
(0

.8
–3

.3
)

1.
5

(0
.8

–2
.9

)

S
ub

st
an

ti
al

ex
po

su
re

14
53

3
0.

5
(0

.1
–1

.8
)

0.
5

(0
.1

–1
.7

)
32

4
0.

6
(0

.2
–1

.9
)

0.
6

(0
.2

–1
.8

)
50

4
0.

8
(0

.2
–2

.5
)

0.
8

(0
.3

–2
.5

)

Pe
rc

hl
or

oe
th

yl
en

e

A
ny

ex
po

su
re

4
28

4
2.

2
(0

.5
–9

.3
)

1.
5

(0
.5

–5
.0

)
19

4
2.

1
(0

.5
–8

.7
)

1.
5

(0
.5

–5
.0

)
28

3
2.

2
(0

.5
–1

0)
1.

7
(0

.5
–6

.2
)

S
ub

st
an

ti
al

ex
po

su
re

2
22

2
2.

1
(0

.3
–1

7)
1.

0
(0

.2
–5

.1
)

15
1

1.
1

(0
.1

–1
3)

0.
6

(0
.1

–4
.8

)
21

2
2.

6
(0

.4
–1

9)
1.

7
(0

.3
–8

.5
)

T
ri

ch
lo

ro
et

hy
le

ne

A
ny

ex
po

su
re

15
67

4
0.

6
(0

.2
–2

.1
)

0.
6

(0
.2

–1
.8

)
37

13
1.

8
(0

.8
–4

.0
)

1.
8

(0
.9

–3
.6

)
65

7
1.

3
(0

.5
–3

.4
)

1.
2

(0
.5

–2
.9

)

S
ub

st
an

ti
al

ex
po

su
re

9
34

2
0.

5
(0

.1
–2

.5
)

0.
5

(0
.1

–2
.4

)
18

3
0.

7
(0

.2
–2

.6
)

0.
7

(0
.2

–2
.6

)
30

3
0.

9
(0

.2
–3

.4
)

1.
0

(0
.3

–3
.5

)

C
hl

or
in

at
ed

al
ka

ne
s

A
ny

ex
po

su
re

66
22

9
25

0.
8

(0
.5

–1
.3

)
0.

9
(0

.6
–1

.4
)

14
1

31
1.

0
(0

.6
–1

.6
)

1.
0

(0
.7

–1
.6

)
23

3
20

0.
7

(0
.4

–1
.3

)
0.

9
(0

.5
–1

.4
)

S
ub

st
an

ti
al

ex
po

su
re

34
99

8
0.

5
(0

.2
–1

.1
)

0.
6

(0
.3

–1
.3

)
59

11
0.

7
(0

.3
–1

.4
)

0.
8

(0
.4

–1
.5

)
96

10
0.

8
(0

.4
–1

.7
)

1.
0

(0
.5

–1
.9

)

1,
1,

1-
T

ri
ch

lo
ro

et
ha

ne

A
ny

ex
po

su
re

10
27

4
1.

1
(0

.3
–3

.8
)

1.
2

(0
.4

–3
.8

)
25

2
0.

4
(0

.1
–2

.0
)

0.
4

(0
.1

–1
.8

)
29

5
1.

2
(0

.4
–4

.0
)

1.
5

(0
.5

–4
.3

)

S
ub

st
an

ti
al

ex
po

su
re

6
19

2
0.

8
(0

.2
–4

.3
)

0.
9

(0
.2

–4
.4

)
16

2
0.

6
(0

.1
–3

.3
)

0.
6

(0
.1

–3
.0

)
21

2
0.

8
(0

.1
–4

.0
)

0.
9

(0
.2

–4
.2

)

C
ar

bo
n

te
tr

ac
hl

or
id

e

A
ny

ex
po

su
re

28
11

5
5

0.
5

(0
.2

–1
.3

)
0.

5
(0

.2
–1

.2
)

58
19

1.
5

(0
.8

–2
.8

)
1.

6
(0

.9
–2

.8
)

11
0

6
0.

6
(0

.3
–1

.6
)

0.
6

(0
.3

–1
.5

)

S
ub

st
an

ti
al

ex
po

su
re

11
50

0
..

.
..

.
23

3
0.

6
(0

.2
–2

.2
)

0.
6

(0
.2

–2
.2

)
45

2
0.

6
(0

.1
–3

.0
)

0.
6

(0
.1

–2
.5

)

C
hl

or
of

or
m

A
ny

ex
po

su
re

5
18

2
0.

7
(0

.1
–4

.2
)

1.
0

(0
.2

–4
.7

)
11

4
1.

7
(0

.4
–6

.5
)

1.
8

(0
.5

–6
.2

)
19

1
0.

4
(0

.0
–3

.5
)

0.
5

(0
.1

–3
.9

)

S
ub

st
an

ti
al

ex
po

su
re

1
7

0
..

.
3

2
4.

5
(0

.4
–5

2)
4.

0
(0

.5
–3

1)
7

0
..

.

M
et

hy
le

ne
ch

lo
ri

de

A
ny

ex
po

su
re

12
45

4
0.

6
(0

.2
–2

.1
)

0.
7

(0
.2

–2
.0

)
30

7
1.

3
(0

.5
–3

.4
)

1.
2

(0
.5

–2
.9

)
47

3
0.

6
(0

.1
–2

.1
)

0.
6

(0
.2

–2
.2

)

S
ub

st
an

ti
al

ex
po

su
re

4
14

1
0.

4
(0

.0
–3

.9
)

0.
5

(0
.1

–4
.2

)
7

5
2.

6
(0

.7
–1

0)
2.

7
(0

.8
–9

.3
)

17
0

(c
on

ti
nu

es
)

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

204 C© 2013 American College of Occupational and Environmental Medicine
Case 7:23-cv-00897-RJ     Document 479-10     Filed 08/24/25     Page 8 of 12



JOEM � Volume 55, Number 2, February 2013 Cancer and Occupational Exposure to Solvents

TA
B

LE
3.

(C
on

tin
ue

d)

K
id

ne
y

C
an

ce
r

M
el

an
om

a
P

an
cr

ea
s

C
an

ce
r

N
ca

co
n

(1
99

9)
N

ca
s

(1
77

)
O

R
(9

5%
C

I)
*

O
R

(9
5%

C
I)

†
N

ca
co

n
(2

52
5)

N
ca

s
(1

03
)

O
R

(9
5%

C
I)

*
O

R
(9

5%
C

I)
†

N
ca

co
n

(2
44

8)
N

ca
s

(1
16

)
O

R
(9

5%
C

I)
*

O
R

(9
5%

C
I)

†

N
ev

er
ex

po
se

d-
40

3
14

97
13

4
1

1
18

95
69

1
1

18
34

95
1

1

ch
lo

ri
na

te
d

so
lv

en
ts

C
hl

or
in

at
ed

al
ke

ne
s

A
ny

ex
po

su
re

25
10

3
9

1.
1

(0
.5

–2
.5

)
1.

0
(0

.5
–2

.1
)

12
0

9
2.

3
(1

.0
–5

.7
)

1.
9

(0
.9

–4
.2

)
11

5
3

0.
8

(0
.2

–3
.0

)
0.

7
(0

.2
–2

.4
)

S
ub

st
an

ti
al

ex
po

su
re

14
50

4
0.

9
(0

.3
–2

.8
)

0.
9

(0
.3

–2
.5

)
51

6
2.

8
(0

.9
–8

.5
)

2.
6

(1
.0

–7
.1

)
55

0
..

.
..

.

Pe
rc

hl
or

oe
th

yl
en

e

A
ny

ex
po

su
re

4
31

2
1.

6
(0

.3
–9

.4
)

1.
0

(0
.2

–4
.5

)
32

2
3.

4
(0

.5
–2

2)
2.

8
(0

.6
–1

4)
30

0
..

.
..

.

S
ub

st
an

ti
al

ex
po

su
re

2
20

2
3.

1
(0

.4
–2

4)
1.

6
(0

.3
–8

.1
)

22
1

2.
6

(0
.2

–3
3)

2.
2

(0
.2

–1
9)

22
0

..
.

..
.

T
ri

ch
lo

ro
et

hy
le

ne

A
ny

ex
po

su
re

15
63

5
1.

0
(0

.3
–2

.9
)

0.
9

(0
.4

–2
.4

)
68

8
4.

0
(1

.5
–1

1)
3.

0
(1

.2
–7

.2
)

69
2

1.
0

(0
.2

–4
.9

)
0.

8
(0

.2
–3

.6
)

S
ub

st
an

ti
al

ex
po

su
re

9
34

2
0.

7
(0

.1
–3

.2
)

0.
6

(0
.1

–2
.8

)
32

5
4.

0
(1

.1
–1

4)
3.

2
(1

.0
–9

.9
)

36
0

..
.

..
.

C
hl

or
in

at
ed

al
ka

ne
s

A
ny

ex
po

su
re

66
19

4
20

0.
9

(0
.5

–1
.5

)
1.

0
(0

.6
–1

.7
)

25
8

11
0.

9
(0

.4
–2

.0
)

1.
0

(0
.5

–2
.0

)
25

5
8

0.
5

(0
.2

–1
.1

)
0.

6
(0

.3
–1

.3
)

S
ub

st
an

ti
al

ex
po

su
re

34
76

12
1.

1
(0

.5
–2

.2
)

1.
3

(0
.7

–2
.6

)
11

0
3

0.
5

(0
.2

–1
.9

)
0.

6
(0

.2
–1

.9
)

10
3

6
0.

6
(0

.2
–1

.5
)

0.
8

(0
.3

–2
.1

)

1,
1,

1-
T

ri
ch

lo
ro

et
ha

ne

A
ny

ex
po

su
re

10
26

4
1.

1
(0

.3
–3

.7
)

1.
3

(0
.4

–4
.0

)
31

2
0.

9
(0

.2
–4

.5
)

0.
9

(0
.2

–4
.3

)
31

1
0.

6
(0

.1
–5

.7
)

0.
8

(0
.1

–6
.0

)

S
ub

st
an

ti
al

ex
po

su
re

6
19

3
1.

2
(0

.3
–5

.0
)

1.
5

(0
.4

–5
.3

)
21

1
0.

5
(0

.1
–4

.8
)

0.
6

(0
.1

–5
.3

)
20

1
0.

8
(0

.1
–7

.5
)

1.
1

(0
.1

–8
.8

)

C
ar

bo
n

te
tr

ac
hl

or
id

e

A
ny

ex
po

su
re

28
90

9
1.

0
(0

.4
–2

.1
)

1.
0

(0
.5

–2
.2

)
11

7
7

1.
7

(0
.7

–4
.3

)
1.

6
(0

.7
–3

.8
)

12
1

3
0.

5
(0

.1
–1

.9
)

0.
6

(0
.2

–2
.0

)

S
ub

st
an

ti
al

ex
po

su
re

11
31

5
1.

3
(0

.4
–4

.0
)

1.
6

(0
.6

–4
.4

)
50

1
0.

5
(0

.1
–4

.2
)

0.
5

(0
.1

–4
.1

)
50

1
0.

3
(0

.0
–2

.7
)

0.
4

(0
.0

–3
.1

)

C
hl

or
of

or
m

A
ny

ex
po

su
re

5
14

1
0.

5
(0

.1
–4

.8
)

0.
7

(0
.1

–5
.3

)
19

1
0.

5
(0

.0
–4

.4
)

0.
6

(0
.1

–5
.2

)
18

2
1.

7
(0

.2
–1

2)
2.

3
(0

.4
–1

2)

S
ub

st
an

ti
al

ex
po

su
re

1
5

0
6

1
3.

0
(0

.2
–5

0)
2.

1
(0

.2
–2

5)
5

2
9.

9
(0

.7
–1

48
)

10
.6

(1
.2

–9
3)

M
et

hy
le

ne
ch

lo
ri

de

A
ny

ex
po

su
re

12
38

6
1.

5
(0

.5
–4

.2
)

1.
6

(0
.6

–4
.0

)
51

2
1.

2
(0

.2
–6

.1
)

1.
2

(0
.3

–5
.3

)
51

0
..

.
..

.

S
ub

st
an

ti
al

ex
po

su
re

4
12

2
1.

6
(0

.3
–9

.3
)

1.
7

(0
.3

–8
.3

)
17

1
2.

1
(0

.2
–2

0)
1.

6
(0

.2
–1

4)
17

0
..

.
..

.

(c
on

ti
nu

es
)

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

C© 2013 American College of Occupational and Environmental Medicine 205
Case 7:23-cv-00897-RJ     Document 479-10     Filed 08/24/25     Page 9 of 12



Christensen et al JOEM � Volume 55, Number 2, February 2013

TA
B

LE
3.

(C
on

tin
ue

d)

E
so

ph
ag

us
C

an
ce

r
L

iv
er

C
an

ce
r

N
ca

co
n

(2
29

9)
N

ca
s

(9
9)

O
R

(9
5%

C
I)

*
O

R
(9

5%
C

I)
†

N
ca

co
n

(1
83

4)
N

ca
s

(3
3)

O
R

(9
5%

C
I)

*
O

R
(9

5%
C

I)
†

N
ev

er
ex

po
se

d-
40

3
17

11
75

1
1

18
34

33
1

1

ch
lo

ri
na

te
d

so
lv

en
ts

C
hl

or
in

at
ed

al
ke

ne
s

A
ny

ex
po

su
re

25
12

0
1

0.
4

(0
.0

–3
.0

)
0.

3
(0

.0
–2

.0
)

12
3

2
1.

4
(0

.3
–7

.7
)

1.
4

(0
.3

–6
.3

)

S
ub

st
an

ti
al

ex
po

su
re

14
53

1
0.

7
(0

.1
–5

.3
)

0.
5

(0
.1

–4
.1

)
58

2
2.

6
(0

.4
–1

5)
2.

7
(0

.6
–1

3)

Pe
rc

hl
or

oe
th

yl
en

e

A
ny

ex
po

su
re

4
30

0
..

.
..

.
35

1
3.

3
(0

.2
–6

0)
2.

8
(0

.3
–2

5)

S
ub

st
an

ti
al

ex
po

su
re

2
21

0
..

.
..

.
23

1
4.

4
(0

.2
–1

03
)

3.
9

(0
.4

–3
8)

T
ri

ch
lo

ro
et

hy
le

ne

A
ny

ex
po

su
re

15
71

1
0.

5
(0

.1
–4

.3
)

0.
4

(0
.1

–3
.4

)
72

1
1.

1
(0

.1
–1

1)
1.

1
(0

.1
–8

.5
)

S
ub

st
an

ti
al

ex
po

su
re

9
34

1
0.

9
(0

.1
–7

.7
)

0.
9

(0
.1

–6
.7

)
38

1
2.

5
(0

.3
–2

5)
2.

1
(0

.2
–1

8)

C
hl

or
in

at
ed

al
ka

ne
s

A
ny

ex
po

su
re

66
23

6
9

0.
7

(0
.3

–1
.6

)
0.

8
(0

.4
–1

.7
)

25
9

2
0.

3
(0

.1
–1

.4
)

0.
4

(0
.1

–1
.9

)

S
ub

st
an

ti
al

ex
po

su
re

34
10

3
2

0.
4

(0
.1

–1
.7

)
0.

4
(0

.1
–1

.8
)

10
4

1
0.

3
(0

.0
–2

.5
)

0.
5

(0
.1

–3
.6

)

1,
1,

1-
T

ri
ch

lo
ro

et
ha

ne

A
ny

ex
po

su
re

10
27

2
1.

4
(0

.3
–7

.5
)

1.
9

(0
.4

–8
.7

)
31

1
1.

8
(0

.2
–1

7)
2.

3
(0

.3
–1

9)

S
ub

st
an

ti
al

ex
po

su
re

6
19

1
1.

1
(0

.1
–1

0)
1.

4
(0

.2
–1

2)
21

1
2.

2
(0

.2
–2

2)
3.

2
(0

.4
–2

8)

C
ar

bo
n

te
tr

ac
hl

or
id

e

A
ny

ex
po

su
re

28
11

6
4

0.
7

(0
.2

–2
.4

)
0.

9
(0

.3
–2

.5
)

11
9

0
..

.
..

.

S
ub

st
an

ti
al

ex
po

su
re

11
50

1
0.

6
(0

.1
–5

.1
)

0.
6

(0
.1

–4
.5

)
46

0
..

.
..

.

C
hl

or
of

or
m

A
ny

ex
po

su
re

5
18

0
..

.
..

.
19

0
..

.
..

.

S
ub

st
an

ti
al

ex
po

su
re

1
7

0
..

.
..

.
5

0
..

.
..

.

M
et

hy
le

ne
ch

lo
ri

de

A
ny

ex
po

su
re

12
47

2
1.

4
(0

.3
–6

.6
)

0.
9

(0
.2

–4
.2

)
54

1
0.

7
(0

.1
–8

.1
)

1.
0

(0
.1

–9
.4

)

S
ub

st
an

ti
al

ex
po

su
re

4
16

1
2.

4
(0

.2
–2

4)
1.

7
(0

.2
–1

5)
20

0
..

.
..

.

*
O

dd
ra

ti
os

an
d

95
%

co
nfi

de
nc

e
in

te
rv

al
s

fr
om

lo
gi

st
ic

re
gr

es
si

on
an

al
ys

es
ad

ju
st

ed
by

ag
e,

ce
ns

us
tr

ac
tm

ed
ia

n
in

co
m

e,
ed

uc
at

io
na

la
tt

ai
nm

en
t(

ye
ar

s)
,e

th
ni

ci
ty

(F
re

nc
h

C
an

ad
ia

n
vs

ot
he

rs
),

qu
es

ti
on

na
ir

e
re

sp
on

de
nt

(s
el

f
vs

pr
ox

y)
,s

m
ok

in
g

(c
ig

ar
et

te
s-

ye
ar

s)
us

in
g

on
ly

po
pu

la
ti

on
co

nt
ro

ls
.F

or
so

m
e

sp
ec

ifi
c

ca
nc

er
si

te
s,

w
e

in
cl

ud
ed

fu
rt

he
r

ad
ju

st
m

en
t:

B
L

A
D

D
E

R
:c

of
fe

e
in

ta
ke

,a
ro

m
at

ic
am

in
es

ex
po

su
re

;P
R

O
S

TA
T

E
,C

O
L

O
N

,S
T

O
M

A
C

H
A

N
D

L
IV

E
R

:b
ee

r,
w

in
e,

an
d

sp
ir

it
in

ta
ke

,R
E

C
T

U
M

:b
ee

r
in

ta
ke

;P
A

N
C

R
E

A
S

A
N

D
K

ID
N

E
Y

:c
of

fe
e,

be
er

,w
in

e,
an

d
sp

ir
it

in
ta

ke
;E

S
O

P
H

A
G

U
S

:c
of

fe
e,

te
a,

be
er

,w
in

e,
an

d
sp

ir
it

in
ta

ke
.

†
S

am
e

m
od

el
s

us
in

g
po

pu
la

ti
on

an
d

ca
nc

er
co

nt
ro

ls
w

ei
gh

ti
ng

pr
op

or
ti

on
at

el
y

(N
pc

on
(5

33
)

/N
ca

co
n
).

C
I,

co
nfi

de
nc

e
in

te
rv

al
;N

pc
on

,n
um

be
r

of
po

pu
la

ti
on

co
nt

ro
ls

;N
ca

co
n
,n

um
be

r
of

ca
nc

er
co

nt
ro

ls
;N

ca
s,

nu
m

be
r

of
ca

se
s;

O
R

,o
dd

s
ra

ti
o.

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

206 C© 2013 American College of Occupational and Environmental Medicine
Case 7:23-cv-00897-RJ     Document 479-10     Filed 08/24/25     Page 10 of 12



JOEM � Volume 55, Number 2, February 2013 Cancer and Occupational Exposure to Solvents

because of small numbers. Lung cancer will be evaluated in a sepa-
rate analysis. Tongue and cervical cancers were not included in the
list of selected cancers in the design. To our knowledge, no previ-
ous study has reported an association between PERC and prostate
cancer. For TCE, there have been scattered reports of associations
with non-Hodgkin’s lymphoma,34 stomach, liver, prostate, and lym-
phohematopoietic system12 with the strongest evidence for kidney
cancer.15,16 Among those exposed to TCE in this study popula-
tion, there was a suggestive, but not significant, association with
kidney cancer, which has been the most plausible target organ for
TCE carcinogenesis in previous research.7,14,16,35 An association
between TCE and melanoma, such as we found, has not been re-
ported in any previous study, and a previous study even found a
protective association.13 We found little indication of excess risk
for other sites of cancer and chlorinated solvents. Of the studies
evaluating exposure to various chlorinated alkanes, there have been
reports of associations between the following exposures and cancer
sites: 1,1,1-trichloroethane and multiple myeloma and the nervous
system,12 methylene chloride and liver and biliary tract cancer,19

carbon tetrachloride and lymphosarcomas, lymphatic leukemia,36,37

and non-Hodgkin’s lymphoma.18 We did not evaluate cancers of the
nervous system or multiple myeloma and found no effect of methy-
lene chloride exposure on risk of liver cancer or carbon tetrachloride
exposure on risk of non-Hodgkin’s lymphoma. In contrasting our
findings with previous research, it is important to note that because
we included exposures across a wide spectrum of occupations and
industries, the average concentration of exposure was likely much
lower in this study base than in that of cohort studies that focused
on particular high-exposure industries. On the contrary, the expo-
sures to chlorinated solvents among cases and controls took place
mainly in the period 1940 to 1970, when the use of these substances
was increasing and before some of them were substituted by other
chemicals.2–4

There were both strengths and limitations to this analysis. In
terms of exposure assessment, we did not have quantitative mea-
surements of personal exposure to each solvent. Nevertheless, we
did have semiquantitative exposure information, based on expert as-
sessment after detailed interviews regarding occupational history,
using an approach that has been shown to have good reliability.31,38

and validity.29,39,40 Using our exposure data, we were able to esti-
mate temporal trends and industry and occupation-specific profiles
that provided a portrait of chlorinated solvents exposure that is com-
patible with the available literature.2–4,41 Subjects reported their job
histories and job descriptions to interviewers specially trained and
supervised in the conduct of occupation history interviews, and the
resulting responses were filtered through a team of experts blinded
to the disease status of the subjects. Thus, although there surely
was some degree of error in the retrospective exposure assessment,
such misclassification would likely have been nondifferential be-
tween cases and population controls, and certainly between cases
and cancer controls. This is indeed one of the advantages of using
cancer controls. To the extent that there was exposure misclassifi-
cation, it would have biased OR estimates to the null. Although the
study population was quite large, because of the low prevalence of
exposure to chlorinated solvents and rarity of certain types of can-
cer, we could not investigate some associations, particularly when
stratifying by level of exposure. As in any observational epidemiol-
ogy study, there could be confounding by unmeasured risk factors
or residual confounding by measured risk factors. In this analysis,
which covered 11 different types of cancer and several different
agents, it is inconceivable that one or a small number of covariates
could lead to massive bias across all the associations studied. This
is particularly true in our situation for a few reasons. The different
sites of cancer likely have very distinct sets of risk factors. The fac-
tor that has the best chance of affecting multiple sites is smoking.
Smoking was well measured and, we believe, well controlled, by the

inclusion of cigarette-years. Furthermore, some of the sites in this
analysis have not been shown to be associated with smoking and
none of the others are among sites with very strong smoking associ-
ations, thereby diminishing any possibility of residual confounding.
Smoking patterns among the subjects between different cancer sites
were relatively similar, further reducing the possibility of residual
confounding when we use cancer controls. Finally, the exposures of
interest are agents that were attributed to subsets of workers in vary-
ing occupations and industries, and it is not likely that personal or
lifestyle characteristics would differ greatly according to exposure
to solvents. If there is widespread confounding by other factors, it
is likely that these would be occupational exposures. But even this
is not very likely, because of the fact that the exposures to solvents
occurred in so many different types of occupational environments,
and the fact that the putative occupational confounder would have
to be a risk factor for multiple cancer sites. Additional strengths of
the study are the inclusion of incident and histologically confirmed
cancer cases and the availability of cancer and population control
groups. In addition, all those groups had high response rates. By
contrast with most cohort studies conducted in the past, we were
able to control for many potentially important confounders in our
analyses. Finally, approximately two-thirds of the study participants
were of French Canadian origin, which limits the potential for con-
founding by variation in genetic and social characteristics.

CONCLUSION
We found that among persons participating in the Montreal

case–control studies, there was little evidence that exposure to chlori-
nated solvents was associated with increased risk of 11 types of can-
cer. The main exceptions to this general finding were possible asso-
ciations between PERC and prostate cancer and between melanoma
and TCE, but neither of these is supported by other research in the
literature. Nevertheless, limited power precludes strong inferences
about absence of risk.
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