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SHORT REPORT

Work in dry cleaning and the incidence of cancer
of the oral cavity, larynx, and oesophagus

Thomas L Vaughan, Patricia A Stewart, Scott Davis, David B Thomas

Abstract
Objectives-To investigate whether em-
ployment in dry cleaning, and potential
exposure to perchloroethylene (PCE),
were associated with increased risk ofcar-
cinoma of the oral cavity and pharynx,
larynx, oesophagus, and gastric cardia.
Methods-Two population based case-
control studies were carried out. There
were 491 cases of carcinoma of the oral
cavity and pharynx, 235 of the larynx, and
404 of the oesophagus and gastric cardia.
724 controls were selected by random digit
dialing. Personal interviews ascertained
information on lifetime job histories,
cigarette use, alcohol consumption, and
other potential risk factors. The probabil-
ity and level ofexposure to PCE were esti-
mated from the scientific literature.
Results-People who worked in dry clean-
ing tended to consume less alcohol and
cigarettes than the general population.
The adjusted odds ratio (OR) associated
with ever having worked in dry cleaning
was 1.6 (95% confidence interval (95% CI)
= 0.6 to 4.4) for all cancer types together.
The strongest associations were with la-
ryngeal (OR 2.7; 95% CI 0.6 to 10.9) and
oesophageal squamous cell carcinomas
(OR 3.6; 95% CI 0.5 to 27.0). For laryngeal
cancer, the relative risk increased with
number of years employed in the dry
cleaning industry (P= 0.14. The two cases
of oesophageal squamous cell carcinomas
had worked in dry cleaning for only a
short time. Analyses of subsites showed
higher risks for supraglottic laryngeal
cancer (OR 5.7; 95% CI 1.0 to 32.1) and
cancer ofthe tongue (OR 2.3; 95% CI 0.4 to
12.6). Analyses ofexposure to PCE yielded
similar results.
Conclusions-These findings could easily
be explained by chance; nevertheless, they
are consistent with previous reports of
excess risk of oesophageal, laryngeal, and
tongue cancer, and suggest that previous
studies ofdry cleaners that could not con-
trol for alcohol and cigarette use may have
underestimated the relative risks of such
cancers.

(Occup Environ Med 1997;54:692-695)
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Several million people work in the dry cleaning
industry worldwide. The most common solvent
in current use is perchloroethylene (PCE), a
known animal carcinogen. Cohort studies ofdry
cleaners suggest an increased risk of mortality
from oesophageal cancer, and to a lesser extent,
cancer of the larynx and tongue. Dry cleaning
involves the use of organic solvents to clean gar-
ments and other textiles. Stoddard solvent and
then carbon tetrachloride were the most com-
mon solvents used until the 1960s, when PCE
came into widespread use.' The experimental
findings that exposure to PCE and carbon tetra-
chloride can cause cancer in animals have raised
the possibility that dry cleaners and others
occupationally exposed to these chemicals may
have increased risk of cancer.' Supporting
evidence comes from two cohort studies of dry
cleaners that found twofold increases in risk of
oesophageal cancer.2 3 The many people world-
wide working in dry cleaning, estimated at
several million, make this a considerable public
health question.'
We analysed detailed occupational histories

from two population based case-control studies
to find whether employment in the dry
cleaning industry, and associated potential
exposure to PCE, increased the risk of upper
aerodigestive tract cancers after controlling for
cigarette and alcohol use.

Materials and methods
Incident cases were identified by the cancer
surveillance system of the Fred Hutchinson
Cancer Research Center, a population based
cancer registry covering a 13 county area of
western Washington. Cases were interviewed
as part of two studies that used identical data
collection methods. Both included men and
women between the ages of 20 and 74 at diag-
nosis and resident in one of the three largest
counties. The first study included people diag-
nosed between September 1983 and February
1987 with any histological type of cancer aris-
ing in the (a) oral cavity or pharynx (excluding
salivary gland and nasopharynx), (b) larynx, or
(c) oesophagus or gastric cardia. The second
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study included people diagnosed between
March 1987 and November 1990 with adeno-
carcinoma of the oesophagus or gastric cardia.
The response rates (percentage of eligible

cases successfully interviewed) were as follows:
oral cavity 85.2%; larynx 80.8%; and oesopha-
gus and gastric cardia 82.9%. For the present

report, non-epithelial and non-specified can-

cers were excluded. The cancers of the
oesophagus and gastric cardia were further
classified into squamous cell (international
classification of diseases (ICD-O) histology
codes 805x-808x) and adenocarcinomas
(ICD-O 8140-8560). To retain comparability
with controls, cases without telephones at the
date of diagnosis were excluded. We analysed
1130 primary cancers that occurred in 1120
people; 10 people had two cancers each
included in these analyses.
Random digit dialing was used to identify

controls, who were frequency matched to the
age (in five-year groups) and sex distribution of
the cases. Overall, 95.4% of residential house-
holds were successfully screened, and 80.3% of
eligible controls were interviewed, yielding 724
for analysis. Additional details about the meth-
ods and subject characteristics have been
reported previously. 6

With interviews in person, we obtained
information on each job held for six months or

more, including employer, type of business, job
title, typical activities in that job, and employ-
ment dates. We also inquired about history of
occupational exposure to solvents, and col-
lected information on race, education, tobacco
use, and alcohol intake. If a case had died, the
closest next of kin was interviewed. This
occurred for 7.2% of cases with laryngeal can-

cer, 18.7% with oral and pharyngeal cancer,
and 33.2% with oesophageal and gastric
cardiac cancer.

Thirty seven separate jobs in dry cleaning,
including retail shops, dry cleaning plants, and
institutions, were reported by 24 subjects. For
12 of the jobs, subjects also reported exposure
to solvents. The three dry cleaners that we

contacted used PCE to clean clothes on the
premises in 1995. Without knowledge of case

status, we estimated the probability that PCE
was used in each job and the eight hour time
weighted average (TWA) exposure to PCE in
that job, based on the literature.7-20 The decade
of work was used to classify probabilities of
exposure to PCE as follows: before 1940
unlikely (<5%); 1940 to 1959 medium (20-
50%), and 1960 to 1989 high (> 50%).
Individual jobs were assigned eight hour TWAs
as follows: cleaners and operators (n = 18) 40
parts per million (ppm); pressers and counter

workers (n = 16) 7 ppm; others (including a

delivery truck driver, book-keeper, and
consultant) (n = 3) 3 ppm. We also assessed
probabilities of exposure to other dry cleaning
solvents, including Stoddard solvent, carbon
tetrachloride, petroleum based solvents, and
trichloroethylene. However, separate analysis
of other solvents was not feasible due to the
homogeneity of exposure over the period in
which most subjects worked, and high correla-
tions with the probabilities ofexposure to PCE.

Duration of employment in dry cleaning
occupations and cumulative exposure (the
product of duration and eight hour TWA) to
PCE were calculated. Odds ratios (ORs) and
95% confidence intervals (95% CIs) were

obtained from conditional logistic regression
models taking into account the matching
factors. The reference group for all analyses
was people who had never reported working in
the dry cleaning industry. The subjects'
previous use of cigarettes and alcohol, educa-
tion, and reference date were adjusted for in all
analyses. Adjustment for race did not change
the risk estimates. Subjects were classified into
never smokers, former smokers, and current
smokers, with current smokers further classi-
fied by pack-years (1-19, 20-39, and >40).'
Alcohol intake was classified by average
number of drinks per week into those drinking
< 7, 7-13, 14-20, and >21. The confounding
effects of alcohol and cigarettes also were

explored in stratified analyses with conditional
maximum likelihood estimates of the OR and
exact 95% CIs. Tests for differences in alcohol
and smoking histories among controls by a his-

Odds ratios associated with work in the dry cleaning industry and potential exposure to perchloroethylene

Cases

Oesophagus Oesophagust
All cases Oral cavity Larynx squamous cell adenocarcinoma

Controls
n n OR* (95% CI) n OR* (95% CI) n OR* (95% CI) n OR* (95% CI) n OR* (95% CI)

Employed in dry cleaning industry:
Never 716 1104 1.0 484 1.0 230 1.0 107 1.0 293 1.0
Ever 8 16 1.6 (0.6-4.4) 7 1.2 (0.3-4.6) 5 2.7 (0.6-10.9) 2 3.6 (0.5-27.0) 2 1.1 (0.2-5.7)
Duration (y):
Mean 8.4 9.2 6.4 14.6 3.5 11.0
1-9 7 12 1.5 (0.5-4.6) 6 1.4 (0.3-5.7) 3 1.9 (0.3-10.8) 2 4.6 (0.5-39.4) 1 0.8 (0.1-7.7)
10+ 1 4 2.0 (0.2-20.6) 1 0.4 (0.0-31.6) 2 5.5 (0.4-75.0) 0 0.0 1 1.7 (0.1-26.5)

Exposed to perchloroethylene:
Possible 8 15 1.5 (0.6-4.2) 7 1.2 (0.3-4.6) 4 2.3 (0.5-10.2) 2 3.6 (0.5-27.0) 2 1.1 (0.2-5.7)
Probable 3 8 1.9 (0.4-8.5) 4 1.5 (0.2-9.5) 1 0.9 (0.1-12.9) 2 6.4 (0.6-68.9) 1 0.9 (0.1-10.0)
Cumulative (ppm-y)t

1-29 4 8 2.0 (0.5-8.3) 3 1.0 (0.1-7.0) 2 2.0 (0.2-17.9) 2 11.9 (1.1-124) 1 2.0 (0.2-21.7)
30+ 4 7 1.2 (0.3-4.8) 4 1.4 (0.2-8.7) 2 2.5 (0.3-19.1) 0 0.0 1 0.7 (0.1-6.8)

*OR (95% CI) adjusted for age, sex, education, study period, alcohol consumption, and cigarette smoking.
Includes cancers originating at the gastro-oesophageal junction and gastric cardia.
fIncludes people considered to have medium or higher (>20%) probability of exposure.
SIncludes people considered to have high (>50%) probability of exposure.
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tory ofworking in dry cleaning were conducted
with the Mann-Whitney two sample statistic.

Results
The cases and controls were similar in mean
age (60.9 v 59.8) and sex distribution (74.2%
men v 69.9%). Overall, eight of 724 controls
and 16 of 1120 cases reported ever having
worked in the dry cleaning industry, yielding a
crude OR of 1.3 (95% CI 0.5 to 3.5, table).
After adjustment for alcohol, cigarettes, and
the other risk factors, the OR increased to 1.6.
This slightly increased risk was mostly attribut-
able to laryngeal and oesophageal squamous
cell carcinomas. For laryngeal cancer, the rela-
tive risk increased with increasing number of
years employed in a dry cleaning industry
(trend test P=0. 14). Of the five cases of laryn-
geal cancer, the subsite of origin was known for
four; three were supraglottic (ICD-O code
161.1). Analyses restricted to supraglottic can-
cers resulted in an OR of 5.7 (95% CI 1.0 to
32.1) in those who were ever employed in dry
cleaning. Four (57.1%) of the seven cases of
cancer of the oral cavity who had worked in dry
cleaning had cancer of the tongue (ICD-O
code 141x) in comparison with 26.4% of the
non-exposed cases. The OR for cancer of the
tongue associated with ever working in dry
cleaning was 2.3 (95% CI 0.4 to 12.6).

All but one subject had worked in dry clean-
ing since the 1940s, making the associations
with ever being exposed to PCE similar to ever
working in dry cleaning. When analyses were
restricted to those considered to have a high
probability of being exposed, the OR for all
cancers was 1.9, with most of the increase due
to two exposed cases of oesophageal squamous
cell carcinomas.
When cumulative exposures were examined,

there was no evidence of a dose-response rela-
tion for all cancers together, for cancer of the
oral cavity, or for either of the histological types
of oesophageal cancer. For laryngeal cancer,
the ORs for those exposed for 1-29 and . 30
ppm-years were 2.0 and 2.5 respectively (trend
test P = 0.30). Cumulative exposure analyses
restricted to those considered to have a high
probability of being exposed yielded no evi-
dence of a dose-response effect for any cancer
type, although the number of subjects was
extremely small (not shown). In analyses in
which proxy interviews were excluded, the ORs
changed little.
Notable in these data is the confounding of

the association with dry cleaning by alcohol
consumption, and to a lesser extent, cigarette
use. For example, for oesophageal squamous
cell carcinomas, the crude OR for ever being
exposed to PCE was 1.7 (95% CI 0.2 to 8.5),
whereas the alcohol adjusted OR was 3.3 ( 95%
CI 0.3 to 18.8). This is explained by the find-
ing that 25.4% of controls who had never
worked in dry cleaning reported drinking seven
or more drinks per week, compared with
12.5% (one of eight) controls who had worked
in dry cleaning. The median drinks per week
were 2.1 for controls who had never worked in
dry cleaning, and 0.7 for controls who had
(P=0. 12). The median number of pack-years

for the groups were 15.0 for those without a
history of working in dry cleaning, and 5.0 for
those who had (P=0.32).

Discussion
The main limitation of this study is the low
prevalence in the population of a history of
working in dry cleaning, with the consequent
low statistical power to detect a true associ-
ation. This should be kept in mind in
interpreting the results, which are useful
mainly in the context of previous studies, and
potentially, in future meta-analyses. Another
limitation is the lack of direct measurements of
solvent concentrations or knowledge of solvent
use in the workplace. Our reliance on historical
measurements from published literature to
estimate individual exposure to PCE, rather
than the study subjects' actual exposures,
should produce non-differential misclassifica-
tion of exposure, most likely resulting in a con-
servative bias. Any subjects exposed to PCE in
other occupations would have been misclassi-
fied as unexposed in the present analysis, again
yielding a conservative bias.
Some ofthe strengths of the study include its

population based design, its inclusion of
incident cases rather than deaths, the availabil-
ity of detailed information on smoking and
alcohol, and the ability to differentiate between
histological types of oesophageal cancer, and
between sites of origin in the larynx and oral
cavity.
An International Agency for Research on

Cancer (IARC) working group recently con-
cluded that there was limited evidence (group
2B) that occupational exposures in dry clean-
ing were carcinogenic. ' The human studies that
most strongly support such an association are
two cohort mortality studies of dry cleaning
union members, each of which found a signifi-
cant twofold excess risk ofdeath from oesopha-
geal cancer.2 3 The histological type was not
known in these studies; however, it can be
inferred from the dates of follow up, which
began in the 1940s, that most were squamous
cell carcinomas. Although the increased OR for
oesophageal squamous cell carcinoma in the
current report would seem to support the pre-
vious findings, the short duration of exposure
among the cases and the wide 95% CIs that
include the null argue for a cautious
interpretation of the findings.
The only previous evidence for an associ-

ation between work in dry cleaning and laryn-
geal cancer is also from the same two cohort
studies, with ORs of 1.3 (95% CI 0.2 to 4.7)2
and 1.6 (95% CI 0.3 to 4.7).3 Our study found
a slightly stronger association, although one
still easily explained by chance. The association
with supraglottic tumours is intriguing, but was
not previously hypothesised.
We found little evidence of increased risk of

oral and pharyngeal cancers. Most of the slight
excess risk for oral cancer (OR 1.6; 95% CI 0.6
to 3.6) that Ruder et al found was attributable
to cancer ofthe tongue (OR 3.5; 95% CI 0.7 to
10.4), which is supported by our findings.2
In summary, the slight increases in risk we

found could easily be explained by chance;
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nevertheless, they are consistent with previous
reports of excess risks of oesophageal, laryn-
geal, and tongue cancer, and suggest that
previous studies of dry cleaners that could not
control for alcohol and cigarette use may have
underestimated the relative risks of such
cancers.
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