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Abstract Objectives: Of an estimated 500,000 workers in
the USA potentially exposed to perchloroethylene
(PCE), the largest share is employed in the dry-cleaning
industry. PCE, a non-flammable solvent, has commer-
cial applications as a chemical intermediate, metal
degreaser and, since the 1950s, primary solvent in the
dry-cleaning industry. The International Agency for
Research on Cancer (IARC) currently finds sufficient
evidence to designate PCE as carcinogenic in animals,
with limited evidence in humans. With regard to occu-
pational exposure through dry-cleaning, PCE is con-
sidered to be possibly carcinogenic to humans. This
review was conducted to assess the current epidemio-
logical literature on PCE and specific cancers. Meth-
ods: A comprehensive search was conducted to identify
all available epidemiological literature pertaining to the
carcinogenic effects of PCE. Forty-four papers that
provided reasonable data on up to 17 cancer sites were
critically reviewed in the context of the available back-
ground literature for each cancer site and were assessed
on the basis of specified methodological and scientific
quality criteria. Results: While all the epidemiological
studies selected for review investigated similar exposure–
health outcome relationships, there was a broad diver-
sity of proxy measurements of exposure to PCE, as well
as numerous specific cancer outcomes of interest. The
widespread lack of valid exposure measurements or
other adequate indicators of potential for exposure were
consistent limitations. We found no evidence of an
association between breast, prostate, skin or brain can-
cer and exposure to PCE. A relationship between PCE
and cancer of the following sites was considered un-
likely: oral cavity, liver, pancreas, cervix lung. Scientific
evidence was inadequate for laryngeal, kidney, esopha-

geal and bladder cancers. Conclusions: The current
epidemiological evidence does not support a conclusion
that occupational exposure to PCE is a risk factor for
cancer of any specific site. Priority areas in which
additional data are most needed include cancers of the
esophagus and bladder.
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Introduction

Perchloroethylene (tetrachloroethylene, PCE), a chlori-
nated hydrocarbon, is a non-flammable solvent with
commercial applications as a chemical intermediate,
metal degreaser, and, since the 1950s, primary solvent in
the dry-cleaning industry [46]. An estimated 500,000
workers in the USA are potentially exposed to PCE, of
whom 119,000 to 278,000 are employed in the dry-
cleaning industry [78, 94]. The highest potential for
exposure occurs during operation of the machinery,
primarily via inhalation and skin contact. In 1991, about
one-third of the estimated 28,100 dry-cleaning plants in
the USA used an open transfer process in which solvent-
wet clothes were moved from washer to dryer by the
operator, increasing the potential for exposure. In
contrast, in 2000, less than 5% of approximately 30,000
dry-cleaning establishments still employed transfer ma-
chines. All other plants used a closed transfer process,
which involves less potential for worker exposure [46].

PCE inhaled at high concentrations may be toxic to
various human organ systems. Neurological effects in-
clude changes in behavior and coordination, as well as
damage to the central nervous system. Damage to the
liver and kidneys has also been documented [23, 95].
Exposure to PCE has shown a carcinogenic effect in
some animal studies; however, the mechanistic processes
that occur in some species of animals (e.g., mice) do not
occur in humans, and conclusions based on animal
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models may be inappropriate [23, 46, 95]. The Interna-
tional Agency for Research on Cancer (IARC) currently
finds sufficient evidence to designate PCE as carcino-
genic in animals, with limited evidence in humans. With
regard to occupational exposure through dry-cleaning,
PCE is considered to be possibly carcinogenic to humans
[46].

Epidemiological research concerning possible human
health effects of PCE exposure was initiated when results
of National Cancer Institute (NCI) research in 1977
indicated that PCE induced liver tumors in mice [46].
Two epidemiological cohort studies among US dry-
cleaners were conducted by NCI and the National
Institute for Occupational Safety and Health (NIOSH),
with first results published in 1979 by Blair et al. [10] and
in 1987 by Brown and Kaplan [21]. With few exceptions,
later published risk estimates for PCE exposure (or for
dry-cleaners as a surrogate for exposure) were either
from population-based case–control studies or from
national census-based cancer studies evaluating many
different occupations and agents. Though many studies
have been conducted mainly among populations that
include dry-cleaning workers, several different cancer
excesses have been reported, including cancer of the
bladder, esophagus, large intestine, kidney (renal cell)
and cervix. However, few consistent patterns have
emerged. A few studies have evaluated PCE exposure
among other occupational cohorts such as aircraft
maintenance workers, where exposure is generally to
multiple solvents. An assessment of the risks specifically
associated with exposure to PCE is difficult or impossi-
ble in these studies.

This review is a critical assessment of the epidemio-
logical literature on the possible relationship between
PCE and specific cancer sites. The underlying rationale
for a critical review is that the quality (inherent or for a
specific purpose) of all available published papers is not
equal. The synthesizing of evidence for an association
between an exposure and a health outcome often leads
to interpretations that are not necessarily reduced to a
single quantitative result (as is the goal of meta-analy-
sis). Conclusions based on a critical synthesis of the
literature can avoid equating consistency with validity
and deriving quantitative conclusions beyond what is
reasonable, in view of the limitations of the literature.

Materials and methods

A comprehensive search with MEDLINE was conducted, based on
the following main key words: tetrachloroethylene, laundry/dry-
cleaning, and degreasing. Searches for relevant synonyms (e.g.,
PCE), occupations, industries, or authors, were also conducted.
Bibliographies from relevant reviews and papers were checked to
ensure complete identification of the pertinent literature. Pre-
liminary screening excluded papers according to the following cri-
teria: (1) the paper was not an epidemiological study, e.g., case
reports, exposure assessments, reviews of the literature; (2) the
outcome of interest was not cancer incidence or mortality; (3) the
potential exposure was not occupational, e.g., environmental
exposure only; (4) the paper was not in a peer-reviewed publication;

or (5) the paper was a death-certificate study that presented only
proportionate mortality ratios (PMRs). Seventy-eight papers pub-
lished between 1963 and 2003 remained for potential inclusion in
the critical review.

Two or more epidemiologists independently reviewed each pa-
per for final inclusion. The overall strategy was to include as many
studies as possible, and to identify their limitations rather than to
exclude studies. Reviewers used a standard critical review instru-
ment to ensure uniformity of evaluation.

The critical review process included the following steps:

1. An assessment of each study as to its quality, and, therefore, its
ability to contribute to a critical assessment.

2. Consideration of the study results within the context of the
collective literature (consistency).

3. Appraisal of the strength of the evidence for an association.
4. Derivation of conclusions based on a final assessment of all

informative results.

An additional 34 papers were excluded from the full critical
review for at least one of the following reasons: multiple publica-
tions involving the same study population [11, 12, 13, 21, 49, 72, 73,
78]; results of a single study were included as part of a larger multi-
center study already included in the critical review [61, 66, 80]; no
risk estimate was presented [6, 7, 34, 39, 40, 68, 74, 96]; the prob-
ability of any substantial PCE exposure was low or undefined and
could not be determined in the study population [15, 29, 32, 35, 36,
50, 77]; PCE was one of many possible exposures without further
differentiation [38, 42, 44, 51, 58, 71, 82, 97].

Forty-four articles remained for the critical review and syn-
thesis. Among the studies selected for critical review were some that
drew from the same study population, but were retained because
they included unique sub-populations or contained pertinent
information not otherwise reported; information from these papers
was incorporated into discussions of results by study population.
The 44 articles provided reasonable data on 17 cancer sites, and
were critically reviewed in the context of the available background
literature for each cancer site. For some cancer sites (bone, eye,
thyroid) too few results were available in these articles to permit
critical review.

The quality of each study was individually critiqued, and the
quality and strength of evidence for an association was determined.
Assessment of overall quality of studies incorporates many factors,
some of which are subjective: strength of study design (including
the study population definition and time period); quality of expo-
sure assessment; validity of the outcome definition; avoidance of
bias, and technical aspects of the design and analysis. The quality
of exposure assessment is key to the critical review. Most of the
studies included in this review defined exposure using relatively
crude occupation or industry codes, either for possible PCE-ex-
posed dry-cleaners or for a combined group of non-PCE exposed
launderers and dry-cleaners, generally without information
regarding exposure to specific agents. Other studies that tried to
assess PCE exposure more directly often included mixtures of a
variety of agents. Therefore, it was necessary for us to deter-
mine—on the basis of time period of potential exposure, exposure
definition or measurement, exposure history, and knowledge of
industry practices—the probability and extent for PCE exposure of
a specific study population.

PCE exposure was considered ‘‘likely’’ if the assumption of a
predominant PCE exposure for a cohort or sub-cohort seemed
plausible. PCE exposure was considered ‘‘mixed’’ either if study
subjects appeared to have been exposed to a variety of substances
or if the study population included different industry or job cate-
gories. Within this ‘‘mixed’’ category a partial PCE exposure was
considered ‘‘likely’’ if PCE was among the solvents or agents to
which the populations or cases were exposed, and ‘‘possible’’ if
PCE might have been among the solvents to which populations or
cases were exposed, although no specific information with regard to
exposure was available.

After the quality of each study had been assessed, the weight of
evidence across studies was synthesized and assessed. The following
were considered: number of studies of reasonable quality that were
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available, the general magnitude of effect, if any, and whether the
results across studies were consistent. Finally, the weight of epi-
demiological evidence was determined to be either positive or
negative, arguing for or against an association, or considered
inadequate for any conclusion to be to drawn with regard to the
relationship in question.

Results

The literature that was critically reviewed consisted of
12 cohort and 32 case–control studies. Of the twelve
cohort studies, only four were of well-defined occupa-
tional cohorts: two dry-cleaner cohorts [16, 79] and
two cohorts of aircraft workers exposed to multiple
solvents [19, 89]. The two dry-cleaner cohorts were
considered the most likely studies to elucidate the
health effects of PCE, for, despite their limited char-
acterization of individual exposure, they had the
greatest opportunity for PCE exposure. On the other
hand, they did not measure or control for behavioral
risk factors (e.g., smoking, alcohol consumption), even
though these are the main risk factors for some of the
cancers evaluated. Details of these studies follow, and
key characteristics of the cohort studies are included in
Table 1.

Study summaries

Researchers at the NCI conducted a cohort study of
dry-cleaners, including more than 5,000 members of a
dry-cleaners’ union in the state of Missouri [10, 12, 16].
The cohort was followed from 1 January 1948 or entry
into the union (whichever came later) until 1 January
1979. Vital status of the cohort was updated through 31
December 1993 [16]. Using the available job titles as a
surrogate for PCE exposure, the investigators made a
qualitative exposure assessment. They assigned cohort
members an exposure index based on job title and
other external data in order to approximate exposure.
Confounding due to race, gender, age, and calendar
period was controlled in the analysis. Additional analy-
ses were conducted of workers entering the union after
1960, because PCE was the predominant solvent used in
the majority of shops after that time. The results of this
analysis were similar to results based on all exposure
groups combined for most cancer sites.

NIOSH also conducted a cohort study among
members of a dry-cleaners’ union [21, 49], using union
records to identify 1,703 dry-cleaners (65% female)
from four US states (New York, California, Illinois,
and Michigan). Vital status has been updated twice by
Ruder et al. [78, 79]. Cohort members exposed pri-
marily to PCE before 1960 were followed for 56 years
(1940–1996). Exposure was qualitative, indicated by
union membership. Within the cohort, a subgroup
primarily exposed to PCE was identified for additional
analysis. This sub-cohort consisted of workers who (at
the time of cohort definition) had worked only in T
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shops where PCE was the predominant solvent.
Observed mortality was compared with national death
rates, and was controlled for gender, race, and calen-
dar period.

Spirtas et al. [89] and Boice et al. [19] studied aircraft
maintenance employees and manufacturing workers,
respectively. Both cohorts included employees almost
certainly exposed to PCE; however, they were also likely
exposed to other solvents. Exposure, defined by job title,
was to mixed solvents, primarily trichloroethylene in the
Spirtas cohort [89]. A sub-cohort of 851 employees also
exposed to PCE was examined, but results were only
presented for non-Hodgkin’s lymphoma and multiple
myeloma [91]. Blair and colleagues [15] recently pub-
lished an update of this cohort through 1990, but no
results specific to PCE were reported.

Boice et al. [19] identified a sub-cohort of employees
routinely exposed to PCE within a large cohort of air-
craft manufacturing workers exposed to a variety of
compounds and estimated that 30% of these workers
also had prior exposure to trichloroethylene (TCE).
They reported that analyses of subgroups exposed to
PCE but not TCE displayed similar patterns of mor-
tality. Exposure assessment in this study was qualitative,
based on potential for exposure in a specific job.

Several northern European studies were record-link-
age studies based on census data linked with cancer
registry information. Occupation or industry classifica-
tion at one point in time was used as a surrogate of
exposure [2, 24, 54, 55, 59, 63, 64]. These reports pre-
sented results for the combined group of laundry and
dry-cleaning workers and, therefore, likely included a
large proportion of subjects not exposed to PCE. The
Finnish cohort [3] consisted of workers who had been
biologically monitored for occupational exposures at the
Finnish Institute of Occupational Health. However, the
occupation or industry of these workers is not reported,
no information regarding duration of exposure is
available, and at least a part of the cohort was addi-
tionally exposed to other halogenated hydrocarbons.

Thirty-two case–control studies of PCE exposure and
cancer incidence or mortality were critically reviewed,
and details of the studies are included in Table 2. Most
available case–control studies were population-based or
hospital-based, not from any specific occupational
groups, and evaluated the association between PCE
exposure and one specified cancer site. A small number
of studies evaluated multiple cancer sites.

The exposure definition in the majority of the case–
control studies was self-reported employment in the
laundry and dry-cleaning industries or self-reported
exposures to dry-cleaning solvents, which served as
surrogates for PCE exposure. Exposure prevalence for
population-based study subjects was likely to be quite
low, limiting study power.

The adjustment for potential confounders varied
among studies, although most studies controlled for age
and smoking and, depending on the specific cancer site
studied, other potential risk factors as well.

Cancer summaries

Oral cancer (ICD-9:140–149)

The strongest risk factors for oral cancers (mouth, ton-
gue, lip, pharynx) are tobacco products and alcohol.
Some evidence for a dietary relationship exists, with low
intake of fruits and vegetables associated with increased
risk. Occupational factors contributing to cancers of the
oral cavity are limited [18]. Because the association is
strong between oral cancers and tobacco products and
alcohol, estimates of risk that do not adequately control
for these risk factors were interpreted with caution.

One of the US dry-cleaner cohorts [79], reported ex-
cess buccal and pharyngeal cancer, based on nine cases;
the standardized mortality ratio (SMR) was 2.07 (95%
confidence intervals (CI) 0.94–3.93). Five of the cases
were cancer of the tongue among those first employed 20
or more years prior to diagnosis (SMR 5.0, 99% CI
1.62–11.68). Short-term workers (<5 years duration)
were at significantly higher risk (P<0.01) than long-
term workers. Blair et al. [12, 16] did not observe excess
oral cancer mortality among dry-cleaners followed
through 1993. Among the workers considered routinely
exposed to PCE at an aircraft manufacturing facility,
there were fewer oral cancer deaths than expected, based
on two cases (SMR 0.55, 95% CI 0.07–1.99) [19].

In an early Swedish study excess risk of oral cancer
was reported among laundry or dry-cleaning workers
that were followed from 1961–1973 [59]. The only excess
reported in a later study, for the period 1971 to 1989,
was among Swedish women for cancer of the lip, based
on five cases (standardized incidence ratio (SIR) 3.52,
P< 0.05) [2]. The authors note, however, that cancer of
the lip is generally associated with ultraviolet radiation
(in the form of sunlight) and smoking. The authors did
not observe excess cancer for any site within the oral
cavity in the total Nordic population or in individual
country populations and found only one case of tongue
cancer (SIR 0.18, P<0.05).

One case–control study found decreased risk of oral
cancer for men and women ever employed in the job or
industry category for laundry or dry-cleaning workers
[45]. The adjusted odds ratio (OR) for men who ever
worked in a laundry or dry-cleaning job showed the
strongest negative effect (OR 0.39, 95% CI 0.17–0.88),
based on eight cases. Analyses by duration of employ-
ment in another case–control study indicated decreased
risk of oral cancer for those employed for 10 or more
years in dry-cleaning (OR 0.4, 95% CI 0.0–31.6), based
on one case; however, a small increased risk was found
among those who had ‘‘ever worked’’ in the industry
(OR 1.2, 95% CI 0.3–4.6, based on seven cases) [98].
Among those with a ‘‘probable’’ exposure to PCE there
was a small increase in risk (OR 1.5, 95% CI 0.2–9.5).

These studies varied in their ability to assess the role
of known risk factors for cancers of the oral cavity and
pharynx. The cohort studies, by nature of their design,
did not control for the use of tobacco and alcohol, which
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for this cancer site limit the quality of the evidence. Risk
estimates in the study by Vaughan et al. [98] were ad-
justed for smoking and alcohol; Huebner et al. [45] also
controlled for tobacco and alcohol, as well as length of
employment, and observed a reduced risk of cancer,
though the study population included laundry and dry-
cleaning workers. Because of the strength of the asso-
ciation between smoking and alcohol use and cancers of
the oral cavity and pharynx, estimates that do not ac-
count for these risk factors must be interpreted with
caution. Further, in view of the risk estimates and
associated confidence intervals observed in the studies
reviewed, it is unlikely that control of other risk factors
would have generated positive results.

The quality of evidence available for one to under-
stand the relationship between PCE and oral cancer is
limited. Some of the study populations were likely
exposed to PCE, even though the quality of the expo-
sure information was poor. The possibility of an
association between PCE exposure and oral cancer
appears unlikely, given that the two case–control
studies that adequately adjusted for important poten-
tial confounders found no, or only minimal, excess risk.
Further, the lack of strong effects and inconsistent
results in the populations restricted to dry-cleaning
workers lessen support for an association between PCE
and oral cancer. Other explanations for these cancers
appear more likely, such as tobacco and alcohol con-
sumption.

Digestive-tract cancers

The literature reviewed showed no evidence for cancer of
the stomach or rectum. A statistically significant excess
for intestinal cancer in the study by Ruder et al. [79] was
restricted to the sub-cohort exposed to PCE and other
solvents; all cases of rectal cancer were in this sub-
cohort.

Esophageal cancer (ICD-9:150)

Risk factors for esophageal cancer include alcohol and
smoking, with clear dose–response and interactive effects
demonstrated [31, 69]. Estimates of the mortality from
esophageal cancer attributed to smoking alone and in
combination with alcohol are high, though socio-eco-
nomic status and nutrition (specifically low intake of
fruit and vegetables) are also considered to be important
risk factors [30, 69].

Included in Table 3 are the key characteristics and
estimates of effect for the studies reviewed for esopha-
geal cancer. For most of the studies there were few cases
of esophageal cancer reported. Blair et al. [16] and
Ruder et al. [79] reported statistically significant excesses
of esophageal cancer. Blair et al. reported a twofold
increase, based on 26 deaths; 18 of those deaths occurred
among black male workers (SMR 3.1; 95% CI 1.9–5.0).
The authors noted that they did not observe increased T
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risk with increased duration or level of exposure. Ruder
and colleagues reported excess esophageal cancer for the
whole cohort (SMR 2.47, 99% CI 1.35–4.14) and both
sub-cohorts, but only the excess among those exposed to
PCE and other solvents was statistically significant
(SMR 2.4, 95% CI 1.10–4.56) [79]. Risk was elevated for
gender and race sub-categories, although none reached
statistical significance. When analyses were stratified by
latency and duration, all deaths attributed to esophageal
cancer were among those in the long-latency group
(20 years or more since first employment); ten of the
deaths reported were for those workers whose duration
of employment was at least 5 years (SMR 5.03, 99% CI
2.41–9.47) [79]. Boice et al. [19] reported a non-signifi-
cant increase in esophageal cancers among routinely
PCE-exposed aircraft manufacturers, based on six cases
(SMR 1.47, 95% CI 0.54–3.21).

In contrast, there were fewer cases reported than
expected among both men and women for the Nordic
countries combined [2]. There were no cases of esopha-
geal cancer reported among ‘‘substantially exposed’’
launderers and dry-cleaning workers in the Siemiatycki
study (i.e., 10 or more years of accumulated exposure in
the occupation occurring at least 5 years before onset of
disease) [83]. Similarly, there were no cases of esopha-
geal cancer reported by Vaughan et al. among dry-
cleaning workers with at least 10 years of exposure,
however, among those with probable exposure, an in-
creased relative risk estimate was reported (OR 6.4, 95%
CI 0.60, 68.9), based on two squamous cell carcinomas.
Analysis for adenocarcinomas also showed no increase
in risk, based on two cases [98].

The overall evidence was considered inadequate for
firm conclusions to be drawn regarding esophageal
cancer and exposure to PCE. The potential for estimates
to be confounded by alcohol and smoking as well as the
possibility for exposure to other solvents undermines the
perceived relationship. Nevertheless, elevated risk esti-
mates from the large dry-cleaner cohorts likely to have
PCE exposure cannot be dismissed, especially in light of
adequate latency and duration.

Liver cancer (ICD-9:155–156)

The known risk factors for liver cancer vary, depending
on the type of cancer. Of hepatocellular carcinoma
(HCC), 80% is associated with hepatitis B virus (HBV)
[53]. Cirrhosis of the liver has also been associated with
HCC, but the exact relationship between alcohol and
HCC has not been established (i.e., whether alcohol is a
tumor initiator or promoter is unclear). Other risk fac-
tors for primary liver cancers include aflatoxins,
Thorotrast, vinyl chloride, and some steroids [53].

In the literature reviewed, two studies reported a
statistically significant excess of liver cancer among
workers defined as ‘‘exposed’’ (Table 4). A case–control
study by Stemhagen et al. [90] reported an excess risk of
primary liver cancers (OR 2.50, 95% CI 1.02–6.14) and T
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a non-significant excess of HCC (OR 2.29, 95% CI
0.85–6.13) among white men in New Jersey who had
been diagnosed between 1975 and 1980. Lynge and
Thygesen [55] found an excess of liver cancer among
female dry-cleaners or launderers that persisted in a
follow-up study [54]; however, in a nested case–control
study, the excess was restricted to launderers, with no
liver cancer observed among dry-cleaning workers [56].
This excess in risk restricted to Danish launderers mostly
explains the slight increase found by Andersen et al. [2]
for laundry and dry-cleaning workers in the Nordic
countries and supports the results from Ruder et al. and
Blair and colleagues, which do not suggest an associa-
tion between PCE exposure and liver cancer mortality
[16, 78]. Ruder et al. observed only one case in the full
cohort and Blair and co-workers observed fewer cases
than expected [16, 78]. Bond et al. reported a slight in-
crease in risk for chemical workers exposed to PCE
among other substances (e.g., vinyl chloride) [20], and
Boice and colleagues also reported a slight increase in
liver cancer, based on seven cases (SMR 2.05, 95% CI
0.83–4.23) [19].

No study was able to control adequately for potential
confounding. The cohort studies, by the nature of their
design, were unable to control for important con-
founders. Bond and colleagues [20] reviewed medical
department records for alcohol use and hepatitis, but
found them of limited use in controlling for confound-
ing. Stemhagen et al. [90] collected information for
smoking, alcohol, and medical history, but did not re-
port adjusted risk estimates.

The studies that contribute most to our understand-
ing of PCE and liver cancer are those with risk estimates
that pertain to dry-cleaners alone. However, no study
that included an analysis of dry-cleaners alone found an
increased risk for liver cancer. The epidemiological evi-
dence in the studies reviewed here, on balance, does not
support a relationship between liver cancer and exposure
to PCE.

Pancreatic cancer (ICD-9:157)

Age is an important predictor of pancreatic cancer, with
most cases in the US occurring between 65 and 79 years
of age. The epidemiological evidence is strongest for an
association between smoking and pancreatic cancer,
including evidence of a dose–response relationship [1].
In addition, there is some evidence that diet plays an
etiological role, where fat and animal proteins have been
implicated in increasing risk. Conversely, a decrease in
risk has been observed with high intake of fruit and
vegetables, which may be a reflection of a lifestyle that
precludes smoking. There is little conclusive evidence of
occupational risk factors for pancreatic cancer, though
suggested relationships include products of incomplete
combustion of petroleum, pesticides, and specific
chemicals and processes (not including dry-cleaning or
halogenated solvents) [1].

Five cohort studies reported excess mortality due to
pancreatic cancer. The excess was not statistically sig-
nificant in the study by Blair and colleagues [16] (SMR
1.1, 95% CI 0.70-1.50; 28 cases observed), Anttila et al.
[3] (SMR 3.08, 95% CI 0.63–8.99), Boice and co-work-
ers [19] (SMR 1.50, 95% CI 0.72–2.76, 10 cases) or
Andersen et al. [2] (SIR 1.41, 95% CI 0.98–1.96 for men;
SIR 1.02, 95% CI 0.81–1.26 for women). Ruder and
colleagues found no excess among those dry-cleaners
exposed only to PCE, but did report an excess among
the older cohort exposed to PCE and other solvents
(SMR 1.89, 95% CI 1.06–3.11), based on 15 deaths [79].
Siemiatycki observed no cases of pancreatic cancer
among those in laundry and dry-cleaning occupations or
industries [83].

The studies providing information regarding pan-
creatic cancer and PCE are limited in their results. Ef-
fects observed were not large, and all studies were not
able to control for confounding, especially by smoking.
Ruder et al. observed a significant excess of pancreatic
cancer in the sub-cohort believed to have been exposed
to PCE and other solvents, but not in the sub-cohort
believed to have been exposed only to PCE. In view of
the epidemiological data, the authors’ inability to con-
trol adequately for confounding in the studies, and the
previously mentioned limitations in exposure measure-
ments, an association between PCE and pancreatic
cancer appears unlikely.

Respiratory cancers

Laryngeal cancer (ICD-9:161) Squamous cell carcino-
mas are the most common histological type of cancer
found in the larynx and are believed to be caused by
long-term smoking. The strongest risk factor for lar-
yngeal cancer, other than smoking, is alcohol con-
sumption. A dose–response effect and an interactive
effect have been demonstrated between smoking and
alcohol consumption. Studies of diet and laryngeal
cancer have demonstrated a protective effect for some
nutrients [8].

In most instances results from the studies reviewed
were based on few cases, and no study reported statis-
tically significant excess for laryngeal cancer: Boice et al.
observed one case and Ruder and colleagues two [19,
79]. Blair and co-workers [16] observed six cases over the
extended follow up (SMR 1.7, 95% CI 0.6–3.7). All six
cases were in the higher-exposure category, defined for
most cohort members by job held at time of enrollment
in the union (SMR 2.7, 95% CI 1.0–5.8). However, re-
sults of analyses comparing those who entered the union
after 1960 with those entering before 1960 were similar.
Andersen et al. reported 14 cases among Nordic men
(SIR 1.26, 95% CI 0.69–2.12), nine of whom were
Swedish, and six cases among female launderers or
dry-cleaners (SIR 0.89, 95% CI 0.33–1.94) [2]. The case–
control study by Vaughan et al. [98] found a non-sig-
nificant excess for cancer of the larynx among those who
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ever worked in the dry-cleaning industry (OR=2.7,
95%CI 0.6–10.9), based on five cases. Vaughan and
colleagues also observed an excess among those who
reported working in the industry for 10 or more years
(two cases). However, when the results were stratified by
probability of exposure, no excess among those consid-
ered to have a high (>50%) probability of exposure to
PCE (one case) was found [98].

An association between PCE and laryngeal cancer
cannot be confirmed from the current body of epide-
miological research: the number of cases in each study
was extremely small, exposure assessments were limited,
and other risk factors were either not controlled for or
were self-reported. The available evidence, therefore, is
not adequate for firm conclusions to be to drawn
regarding an association between PCE exposure and
laryngeal cancer.

Lung cancer (ICD-9:162) Smoking is the primary risk
factor for lung cancer [17]. A strong dose–response
relationship has been documented. Established occupa-
tional risk factors include specific arsenic compounds,
asbestos, hexavalent chromium, bis(chloro)methyl
ethers, and polycyclic aromatic hydrocarbons. Other
discussed risk factors include radon, silica, ionizing
radiation, and prior non-malignant lung disease (e.g.,
silicosis). Consumption of fruits and vegetables has been
suggested to have a protective effect [17].

Slightly increased relative risks for lung cancer were
found in all of the cohort studies (Table 5). Andersen et
al. [2] reported a significant excess of lung cancer for
both men and women classified as launderers and dry-
cleaners for the Nordic countries combined. Ruder et al.
[79] reported a significant increase in risk for the whole
cohort of dry-cleaners. Most of the excess was found
among those with 20 or more years’ latency who worked
for less than 5 years (SMR 1.80, 95% CI 1.23–2.55), and
in the group exposed to PCE and other solvents (SMR
1.46, 95% CI 1.07–1.95). The sub-cohort exposed to
PCE only, showed a small and non-significant increase
in risk (SMR 1.17, 95% CI 0.71–1.83). Blair and col-
leagues [16] reported a small increased risk based on 125
cases (SMR 1.4, 95% CI 1.1–1.6). Stratified results
based on duration or exposure were similar. No statis-
tically significant excess of lung cancer was found in the
remaining studies by Anttila et al. [3] and Boice and
colleagues [19]. In a further analysis of routinely or
intermittently PCE-exposed lung cancer cases from the
Boice cohort, using internal referents, the risk estimates
showed a negative trend with duration of exposure and
were lowest in the category with 5 years or more of
exposure (relative risk (RR) 0.71, 95% CI 0.49–1.02).

A significant increase of lung cancer among female
never-smokers (OR 2.1, 95% CI 1.2–3.7) was reported
from one case–control study, where exposure was re-
ported as employment in the dry-cleaning industry [22].
Brownson et al. defined exposure as employment in

dry-cleaning and conducted analyses that incorporated
duration of employment (‘‘high’’ exposure defined as
more than 13.5 months of employment), but did not
conduct this analysis for the lifetime non-smokers [22].
Few cases were included in the case–control studies by
Siemiatycki [83] and Muscat et al. [70]; therefore, the
results are difficult to interpret. Jahn et al. [47] reported
results of a pooled analysis of two case–control studies
in Germany. An excess risk for women in the laundry
and dry-cleaning industry was found that was not sig-
nificant after controlling for smoking (OR 2.0, 95% CI
0.94–4.29). The authors reported a poor response rate
among controls in the larger of the studies, with an
under-representation of people from the lower social
class among the controls. Pohlabeln et al. [76] found a
non-significant excess among non-smoking women (OR
1.83, 95% CI 0.98–3.40) in a multi-center case–control
study in Europe. This study also included launderers in
the exposed group, and the non-smoking cases and
controls of the Jahn et al. [47] study were part of this
study.

As noted before, cohort studies were not able to
provide estimates of effect controlling for important
confounders, specifically smoking. The case–control
studies reviewed were able to control for confounding by
smoking, though not by occupational factors. However,
for some studies, information on potential confounders
was collected from surrogates, generally next of kin,
which may be susceptible to reporting bias and less
accurate than information from respondents.

Small excesses of lung cancer as observed in the
cohort studies reviewed are often seen in occupational
cohorts and may indicate differences in smoking
behavior between dry-cleaners (or launderers and dry-
cleaners) and the respective reference population. Lack
of control for confounding by smoking might have
generated or contributed to these results. Additionally,
where reported, excesses were found in groups with
shorter durations of employment. The excesses ob-
served for women in the case–control studies by
Brownson et al. [22], Jahn and colleagues [47], and
Pohlabeln and co-workers [76] must be considered
against the background of a low prevalence of dry-
cleaning occupation in the populations from which
controls were drawn, and low response rate for controls
in the latter two studies, as well as the limited level of
exposure assessment.

Overall, the quality of epidemiological evidence for
studies evaluating PCE exposure and lung cancer is
limited. Because no strong excesses were observed, and
not all studies reviewed had the ability to control ade-
quately for confounding by smoking or other occupa-
tional risk factors, the results must be interpreted within
the context of the known risk factors for lung cancer. In
view of this and the imprecision of exposure assessment
in these studies, a strong association between lung can-
cer and PCE or employment in dry-cleaning shops seems
unlikely.
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Cervical cancer (ICD-9:180)

Cervical cancers are generally squamous cell carcino-
mas, though some are adenocarcinomas [37]. Estab-
lished risk factors for cervical cancer include multiple sex
partners, early sexual activity, sexually transmitted dis-
eases (human papilloma viruses (HPVs) in particular)
and low socio-economic status (SES). Smoking is con-
sidered to be a co-factor for cervical cancer [37].

All five studies with cervical cancer data reported
elevated cervical cancer risk estimates, except for Boice
et al. [19]. Three of the studies with elevated risk found
a borderline-statistically significant association: Blair
et al. [16] among dry-cleaners (SMR 1.6, 95% CI 1.0–
2.3, 27 cases observed); Andersen and colleagues [2] for
launderers and dry-cleaners in the Nordic countries
combined (SIR 1.18, 95% CI 1.01–1.38); Ruder et al.
[79] for the total cohort of dry-cleaners (SMR 1.95, 95%
CI 1.0–3.4), based on ten cases. The study by Anttila
et al. produced a moderately elevated risk estimate
(SIR 3.2, 95% CI 0.39–11.6) but only two cases were
reported [3].

Although the majority of studies reported excess
cervical cancer risk, and the results appear to be con-
sistent, there was no adjustment for potential con-
founders in all the studies reviewed. This lack of control
for known risk factors such as HPV, sexual behavior,
and SES, provide too great an opportunity for alterna-
tive explanations of the results. The mechanism and
biological plausibility for a relationship between PCE
and cervical cancer are weak, in view of the established
risk factors for cervical cancer. Overall, the quality of
epidemiological evidence for an association between
cervical cancer and PCE is limited, and an association
seems unlikely.

There was no evidence of an association for uterine
cancer and exposure to PCE or occupation in the dry-
cleaning industry.

Urinary system cancers

Bladder cancer (ICD-9:188, 189.3–189.9)

Smoking is a well-established risk factor for bladder
cancer, with estimated RRs ranging from 2 to 3 [31, 87].
The main occupations or industries and exposures that
have been identified as high risk include rubber and dye
manufacturing, the leather industry, painting, truck
drivers, aluminum, and aromatic amines [87].

Excess bladder cancer mortality was observed in both
the cohort studies of dry-cleaners that were reviewed
(Table 6). An excess of bladder cancer was reported by
Ruder et al. [79], which was seen in the subgroup of dry-
cleaning workers exposed to PCE and other solvents
(SMR 3.15, 95% CI 1.51–5.79), for workers with 20
years’ latency and who had worked for 5 or more years
(SMR 4.31, 95% CI 1.85–8.76) and for non-white male
workers (SMR 4.15, 95% CI 1.1–10.6). However, there

were no cases of bladder cancer among those union
members exposed only to PCE. The small increase in
bladder cancer mortality observed in the Blair et al.
study [16] was not statistically significant (SMR 1.3,
95% CI 0.7–2.4), nor was the excess related to PCE
exposure dose-indicators (little/no vs medium/high).
Boice et al. observed no excess risk for aircraft manu-
facturers routinely exposed to PCE, based on two cases
[19]. Andersen et al. reported a slight excess among
male, but not among female, laundry and dry-cleaning
workers [2].

The case–control studies reviewed collected infor-
mation on cigarette smoking as a potential confounder.
In addition, five of the studies collected information on
employment in other high-risk industries and occupa-
tions.

All the case–control studies found an excess of
bladder cancer; Silverman reported a statistically sig-
nificant excess (RR 2.8, 95% CI 1.1–7.4), based on 11
exposed cases (non-white, male dry-cleaners) [85]. When
analyzed by duration of employment, the results showed
that those with fewer than 5 years of employment
showed a higher risk (RR 5.3) than those employed
more than 5 years (RR 1.8) [85]. Silverman notes in the
discussion section that an earlier report from the same
study for white men found no excess bladder cancer risk.
Pesch et al. [75] reported a significant excess of urothe-
lium cancer among German men in the highest PCE
exposure categories (‘‘substantial’’ exposure: OR 1.4,
95% CI 1.0–1.9; OR 1.8, 95% CI 1.1–3.1; depending on
whether job-exposure matrix (JEM) or job–task expo-
sure matrix (JTEM) was used, both based on interview
information and expert ranking). It is likely that at least
part of the defined PCE-exposed population was also
exposed to other agents (which were not controlled for
in analysis). The case–control study by Swanson et al.
[92] observed an excess of bladder cancer among women
who had ever worked in dry-cleaning (OR 2.0, 95% CI
0.7–6.2). The other study that looked specifically at
women was the 1990 report from Silverman [86], where a
small increase in risk was observed for women who had
ever worked in dry-cleaning (RR 1.4, 95% CI 0.8–2.5).

Almost all the studies that were reviewed reported an
excess of bladder cancer cases, though few of these risk
estimates reached statistical significance. Many of the
studies reporting an excess of bladder cancer included
both laundry and dry-cleaning workers. The absence of
any bladder cancer cases in the Ruder et al. sub-cohort
exposed primarily to PCE is inconsistent with the other
findings, suggesting that some factor other than PCE
had contributed to the excess bladder cancer observed in
the full Ruder et al. cohort [79]. The inconsistency in
effect by duration of exposure observed in the Silverman
study may be due to differential exposures for short-term
workers or that other uncontrolled exposures or risk
factors for bladder cancer contributed to the slight ex-
cesses observed.

The imprecision of exposure measurements and the
lack of control for potential confounders, specifically
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smoking in the cohort studies but also other occupa-
tional risk factors, precludes a clear understanding of the
relationship between bladder cancer and PCE exposure.
The available evidence is inadequate for one to draw a
conclusion on the relationship between bladder cancer
and PCE.

Renal cancer (ICD-9:189.0–189.2) Smoking is recog-
nized as a risk factor for renal cancer [64]. Analgesics
(specifically phenacetin) have been associated with renal-
pelvis tumors and more recently with renal-cell cancer.
Obesity has been consistently related to increased risk of
renal-cell cancer; however, the mechanism is unclear and
the effect is more pronounced among women. Other
exposures that have been associated with renal-cell
cancer are diet, radiation, coffee, tea, socio-economic
status and genetic susceptibility [64], and results are
conflicting for many occupational exposures [65, 66].

Only the multi-center case–control study by Mandel
et al. [60], of men and women exposed to dry-cleaning
solvents, found a statistically significant increased risk
for renal-cell or kidney cancer (Table 7). Slightly ele-
vated but not statistically significant risks were found by
Ruder et al. in the full cohort and sub-cohorts, by
Anttila and colleagues [3] for PCE-exposed employees
from different occupations and by Blair and co-workers
[16] among those considered to have higher exposure.
Ruder’s stratified analysis showed no evidence of in-
creased risk with increasing latency or duration of
exposure for the total cohort [79]. Six of the eight kidney
cancers in the Blair et al. [16] study occurred among
black workers. Boice et al. observed fewer cases than
expected among workers exposed to PCE [19].

With the exception of the study by Mandel et al. [60],
which reported a statistically significant increased risk
for men exposed to dry-cleaning solvents (OR 1.4, 95%
CI 1.10–1.70) but not for men ever employed as dry-
cleaners (OR 0.9, 95% CI 0.30–2.40), all other studies
that reported risk estimates by gender [2, 5, 16, 28, 56,
79] showed either a decreased or a slightly increased risk
for men. However, exposure in most of these studies was
not limited to either dry-cleaners or PCE exposure, and
not all these studies controlled for smoking and weight.

Elevated risks for women were statistically significant
in one study that presented results by gender. Mandel et
al. [60] reported an increased risk for women exposed to
dry-cleaning solvents (OR 1.4, 95% CI 1.0–2.7), al-
though results for women employed as dry-cleaners were
not reported. Non-significant elevated risks for female
dry-cleaners were reported in the case–control study by
Asal et al. [5] (OR 2.8, 95% CI 0.80–9.80) in Oklahoma,
where the predominant solvent used was Stoddard sol-
vent; in the total cohort by Ruder et al. in the report
from 1994 [78] (SMR 2.41, 0.50–7.03; not reported in the
2001 update); and among black but not white women
(based on three and two cases, respectively) in the study
by Blair et al. [16]. There is some suggestion in the lit-
erature [28] that the effects of PCE or other solvents may
be different for women than for men, based on body-fat

content and renal function among other anatomical and
physiological factors. Specifically, Dosemeci et al. [28]
suggest that these differences may be the result of a
longer ‘‘internal’’ exposure to solvents for women than
for men; however, no increased risk was found among
women exposed to PCE alone (OR 0.82, 95% CI
0.30–2.10). Additionally, Lynge et al. [56] found no cases
of renal-cell cancer among female dry-cleaners in the
original Danish cohort of laundry and dry-cleaner
workers.

Although smoking and obesity, especially in women,
have been consistently related to increased risk of renal-
cell cancer, most studies did not control for these vari-
ables. When such information was collected, not all
results or risk estimates were adjusted for these
confounders. For example, the results presented by
Delahunt et al. [27], specific to dry-cleaners, are unad-
justed for smoking, though smoking-adjusted results for
other occupations are discussed.

Except for in one study, the results considered in this
critical analysis were not statistically significant. Those
of borderline significance need to be considered with
caution; the P value, in addition to reflecting biological
variability, is also dependent on sample size and the
accuracy of exposure assessment. Furthermore, the case
definition was not uniform. Some studies evaluated the
risk of renal-cell cancer specifically (ICD-9:189.0), while
others evaluated the risk of all kidney cancers com-
bined.

In view of the differences in case definition, the lim-
ited quality of exposure assessments, small numbers of
observed cases, the heterogeneity of the results, and
inconsistencies in the available literature, it is not pos-
sible for one to draw a definitive conclusion regarding
the relationship between PCE and renal-cell (or the
broader category of kidney) cancer. It seems unlikely
that a strong association exists, as a large effect would
likely have been apparent, despite the limitations of
the studies reviewed. Conclusions reported in a recent
review of the epidemiological literature on renal-cell
cancer are consistent with these findings [62].

Other cancer sites

In the process of our review we briefly considered the
results for five additional cancer sites. There was no
evidence of an association for breast, prostate, skin, or
brain cancers and exposure to PCE. For most of these
sites a relationship between PCE and the cancer is un-
likely, if one considers known risk factors and the cur-
rent body of literature.

Lymphatic/hematopoietic cancers (ICD-9:200–208)

The etiology of leukemia is generally unknown, as there
are a large number of recognized leukemia subtypes [52].
The occupational risk factors most commonly associ-
ated with leukemia are benzene and ionizing radiation.
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Other risk factors include certain medical treatments,
some viruses and retroviruses, and smoking, due in part
to components of cigarette smoke that include benzene
and hydrocarbons [52].

Reported results from the reviewed studies include
overall estimates for all lymphatic cancer sites and some
site-specific results. The overall results do not suggest a
relationship between PCE and lymphatic cancers. Simi-
larly, results for leukemia (ICD-9:204–208) and lym-
phosarcoma or reticulosarcoma (ICD-9:200) are
unconvincing. Reported results for non-Hodgkin’s
lymphoma (NHL) are not so clear, as five studies re-
ported an excess of NHL. Spirtas et al. [89] reported a
significant excess among women only (SMR 9.68, 95%
CI 1.17–34.96), based on two cases, and Anttila et al. [3],
Boice and co-workers [19], and Andersen et al. [2] all
observed non-significant excesses (the excess in Ander-
sen et al. was only among men). Ruder et al. [79] re-
ported a non-significant excess based on seven NHL
deaths (SMR 1.39, 95% CI 0.56–2.86). Blair et al. [16]
found no association (SMR 0.9, 95% CI 0.5–1.6), on the
basis of 12 cases.

Any conclusions regarding lymphatic cancer and
PCE exposure need to take into account the specific
subtype. The current evidence and study limitations
preclude a conclusion from being made with regard to
an association between PCE and lymphatic/hematopoi-
etic cancers, and specifically with regard to a PCE-NHL
association.

Discussion

Limitations of the available literature

A comprehensive search for, and systematic review of,
all available epidemiological literature pertaining to the
carcinogenic effects of PCE was conducted. Although
the total number of published papers that met the pre-
liminary screening criteria was relatively large (78 papers
were identified), only about half of these met the more
restrictive criteria that are necessary for a critical
assessment. However, even among the papers meeting
the criteria, no study could be considered very strong
and only a few studies could make a contribution, al-
though limited, to our understanding of the role of PCE
exposure as a risk factor for cancer.

A consistent limitation among studies of PCE and
cancer was the widespread lack of valid exposure mea-
surements or any other adequate indicators of potential
for PCE exposure. The majority of studies evaluated
relied on crude surrogates of exposure, allowing the
inclusion of a substantial number of persons with no
exposure to PCE (e.g., laundry workers) or mixed
exposures. While quantitative estimates of exposure may
not be necessary to demonstrate the presence of an
association between being a member of a working group
and a cancer outcome, inaccurate classification of study
subjects into ‘‘exposed’’ and ‘‘not exposed’’ categories

can have a profound impact on the estimate and lead to
erroneous conclusions.

The size of the population studied (or, in case–control
studies, the number of cases and controls) is one of the
major determinants of whether a study is able to detect
and quantify an association. Larger studies generally
have greater statistical power to detect an effect if
present, and measures of association based on larger
numbers are more precisely estimated. Many of the
publications available on PCE are limited by small
numbers of cases, especially when the results for specific
cancer sites are isolated and examined. In addition, the
total epidemiological literature concerning PCE and
cancer divides fairly finely across discrete cancer sites,
resulting in many small bodies of literature with little
evidence for any one site.

The number of apparent publications available for
critical review is effectively reduced because of over-
lapping populations studied, or multiple reports, such
as mortality updates, on a previously studied cohort.
Among sets of related results, the most recent update
or the report encompassing one or more study groups
was usually selected for review. Although this decision
was motivated by the larger numbers of outcomes of
interest in more recent updates, it is not clear that
advanced studies of occupational cohorts have the
greatest sensitivity to detect an effect. If, for example,
an effect, noted as an excess of deaths or cases of a
specific outcome, occurs on average 10 years following
exposure, then follow-up of the cohort over 20 or 30
years may increase the number of deaths but dilute, or
even mask, the exposure-related excess. However,
without more information such as dates of actual
exposure, the most appropriate period of follow-up
cannot be assessed.

The specific literature on PCE-exposed occupational
cohorts consists of two categories: dry-cleaners and
other workers that use various solvents, including PCE.
Although misclassification is likely within both catego-
ries, it is possible that dry-cleaners in specific regions
during certain periods, if exposed, would be exposed to
PCE. Within the dry-cleaning industry actual exposure
to PCE would depend on the specific equipment that
was being operated and the specific job within the shop,
and some individuals would have no relevant exposure
to PCE. Apart from the actual exposures, other factors
likely influence the health and disease patterns of those
employed within the industry. For example, in the US,
employees in dry-cleaning shops are not paid well, and
individuals taking these jobs are often poorly educated
and of lower socio-economic status. These individuals
plausibly have risk-factor profiles different from those of
the general population (or whatever referent groups are
used in the studies), increasing the possible influence of
confounding. Specific risk factors of concern within this
context include cigarette smoking, alcohol consumption,
multiple sex partners, and poor diet, all of which are key
risk factors for specific cancers. If these factors are not
properly assessed concurrently with valid measurements
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of exposure within a study, then the study is not able to
control for their confounding effects (i.e., separate the
effects of the confounding factors from those related
directly to PCE) and the results may be invalid. Control
for effects of socio-economic factors is very difficult and
may differ by disease (e.g., cervical cancer and multiple
sex partners; respiratory cancers and smoking). Most
studies reviewed, however, failed to consider important
potential confounding variables, including those related
to social class as well as others, possibly compromising
the validity of study results.

We considered the use of meta-analytic techniques to
calculate a quantitative summary result for specific
cancer sites. However, in addition to the limitations
already described, without exception, the heterogeneity
was too great or the numbers of results too few to justify
any quantitative synthesis.

The search process produced what appeared to be a
substantial epidemiological literature on the carcinoge-
nicity of PCE; however, after our critical assessment this
impression was weakened and the literature provided
limited support for scientific conclusions.

Key results of the critical review

While all the epidemiological studies selected for inclu-
sion in our review investigated similar exposure–health
outcome relationships, there was a broad diversity of
proxy measurements of exposure to PCE, as well as
numerous specific cancer outcomes of interest.

For some cancers (e.g., cervical cancer) an uncritical
inspection of the published results might suggest that a
consistent association exists across studies where no true
association exists. However, one’s inability to find
homogeneity among the results of the cancer-specific
literature cannot be interpreted as lack of effect. From
our extensive review and efforts to synthesize the results
of the relevant studies on each cancer outcome, it ap-
pears that the findings are inconsistent, a characteristic
found frequently in recent epidemiological literature on
cancer [43].

Although some of the published studies make a lim-
ited contribution to our understanding of the role of
PCE exposure as a risk factor for cancer, none is ade-
quately strong, nor, is the body of evidence convincingly
consistent to draw firm conclusions. It appears that there
is little support on which to base a conclusion that
occupational exposure to PCE is a strong risk factor for
cancer of any site. Further, none of the cohort studies
with sub-cohorts primarily exposed to PCE demon-
strated any results different from the broader cohorts
with mixed exposure. This argues against any PCE-
specific association. A relationship between PCE and
cancer of the following sites was considered unlikely, in
part due to potential confounding: oral cavity, liver,
pancreas, cervix, and lung. Scientific evidence was
inadequate for laryngeal, kidney, esophageal, and
bladder cancer.

Nevertheless, because of a number of positive find-
ings suggested from some of these epidemiological
studies (e.g., for esophageal cancer), one cannot defi-
nitely rule out the possibility that associations between
PCE and some cancers exist in humans. With consid-
erable numbers of workers exposed to PCE, a clearer
indication of human carcinogenic risk is needed, which
can be seen from the current body of literature. More
evidence is needed to elucidate associations, if they exist,
or to demonstrate with adequate power that they do not
exist. Many of the published studies were conducted
under existing conditions, which themselves were
inherently limiting: contexts in which no exposure
measurements were available; populations in which
exposure prevalence was low (compounded for rarer
conditions); occupational cohorts with mixed exposures,
etc.

Priority areas in which additional data are most nee-
ded include cancers of the esophagus and bladder. Such
studies must improve on the exposure indicators used,
have adequate sample sizes (especially adequate numbers
of exposed persons with the cancers of interest), and
concurrently consider the role of known risk factors for
the cancers, especially those that might be correlated with
employment in the industry studied or the exposure itself.
As additional, clearer epidemiological evidence is pro-
duced, it can be factored into the existing body of evi-
dence, and the conclusions regarding PCE and cancer
can be reassessed. However, until such additional epi-
demiological evidence is available, conclusions, and
subsequently decisions, must rely on existing knowledge.
The current epidemiological evidence does not support a
conclusion that occupational exposure to PCE is a risk
factor for cancer of any specific site.
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60. Mandel JS, McLaughlin JK, Schlehofer B, Mellemgaard A,
Helmert U, Lindblad P, et al. (1995) International renal-cell
cancer study. IV. Occupation. Int J Cancer 61:601–605

61. McCredie M, Stewart JH (1993) Risk factors for kidney cancer
in New South Wales. IV. Occupation. Br J Ind Med 50:349–354

62. McLaughlin JK, Lipworth L (2000) Epidemiologic aspects of
renal cell cancer. Semin Oncol 27:115–123

63. McLaughlin JK, Malker HSR, Stone BJ, Weiner JA, Malker
BK, Ericsson JLE, et al. (1987) Occupational risks for renal
cancer in Sweden. Br J Ind Med 44:119–123

64. McLaughlin JK, Malker HSR, Malker BK, Stone BJ, Ericcson
JLE, Blot WJ, et al. (1987) Registry-based analysis of occu-
pational risks for primary liver cancer in Sweden. Cancer Res
47:287–291

65. McLaughlin J, Blot W, Devesa S, Fraumeni JF (1996) Renal
cancer. In: Shottenfeld D, Fraumeni JF (eds) Cancer epidemi-
ology and prevention. Oxford University Press, New York, pp
1142–1155

66. Mellemgaard A, Engholm G, McLaughlin JK, Olsen JH (1994)
Occupational risk factors for renal-cell carcinoma in Denmark.
Scand J Work Environ Health 20:160–165

67. Miligi L, Costantini AS, Crosignani P, Fontana A, Masala G,
Nanni O, et al. (1999) Occupational, environmental, and life-
style factors associated with the risk of hematolymphopoietic
malignancies in women. Am J Ind Med 36:60–69

68. Morton W, Marjanovic D (1984) Leukemia incidence by
occupation in the Portland–Vancouver metropolitan area. Am
J Ind Med 6:185–205
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