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Abstract
Objectives—To update and assess mor-
tality from neoplasms to 31 December
1995 among 10 109 men employed in a job
exposed to vinyl chloride for at least 1 year
between 1942 and 1972 at any of 37 North
American factories. Previous analyses
indicated associations between employ-
ment in vinyl production and increased
mortality risk from cancers of the liver
and biliary tract, due to increased mor-
tality from angiosarcoma of the liver, and
brain cancer.
Methods—Standardised mortality ratio
(SMR) analyses, overall and stratified by
several work related variables, were con-
ducted with United States and state refer-
ence rates. Cox’s proportional hazards
models and stratified log rank tests were
used to further assess occupational fac-
tors.
Results—895 of 3191 deaths (28%) were
from malignant neoplasms, 505 since the
previous update to the end of 1982.
Mortality from all causes showed a deficit
(SMR 83, 95% confidence interval (95%
CI) 80 to 86), whereas mortality from all
cancers combined was similar to state ref-
erent rates. Mortality from cancers of the
liver and biliary tract was clearly in-
creased (SMR 359, 95% CI 284 to 446).
Modest excesses of brain cancer (SMR
142, 95% CI 100 to 197) and cancer of con-
nective and soft tissue (SMR 270, 95% CI
139 to 472) were found. Stratified SMR
and Cox’s proportional hazard analyses
supported associations with age at first
exposure, duration of exposure, and year
of first exposure for cancers of the liver
and soft tissues, but not the brain.
Conclusions—Excess mortality risk from
cancer of the liver and biliary tract,
largely due to angiosarcoma, continues.
Risk of mortality from brain cancer has
attenuated, but its relation with exposure
to vinyl chloride remains unclear. A
potentially work related excess of deaths
from cancer of connective and soft tissue
was found for the first time, but was based
on few cancers of assorted histology.
(Occup Environ Med 2000;57:774–781)
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Vinyl chloride monomer (VCM), a colourless
gas under normal temperature and pressure, is
used almost exclusively to manufacture polyvi-

nyl chloride (PVC) resin. Vinyl chloride
monomer is manufactured by cracking ethyl-
ene dichloride in a pyrolysis furnace, and PVC
is typically manufactured in a suspension pro-
cess by addition polymerisation of VCM.
Workers who cleaned caked polymer from the
PVC reactor vessels, or autoclaves, historically
sustained exposures to the highest concentra-
tions of VCM. It was among these autoclave
workers that health hazards related to vinyl
chloride—such as scleroderma, acro-
osteolysis, Reynaud’s phenomenon, and angi-
osarcoma of the liver were first identified and
documented.1–3

This study updates mortality to 31 Decem-
ber 1995 for a large cohort of men employed in
the North American vinyl chloride industry
between 1942 and 1972. The cohort was
previously followed up for mortality to the end
of 19724 5 and then 1982.6 7 Of particular inter-
est in the current investigation is whether
excess mortality from cancer of the liver and
biliary tract, due to angiosarcoma of the liver,
and brain cancer6 7 persisted with follow up to
the end of 1995.

Methods
The study cohort was made up of male
employees who worked for at least 1 year in a
job exposed to vinyl choride between 1 January
1942 and 31 December 1972, at one of 37
North American factories that manufactured
VCM or PVC resins and copolymers.6 7

DATA SOURCES

The data base from the previous update of the
cohort served as the primary source of data.6 7

The following variables were available: subject
study identification number, name, social
security number (SSN), date of birth, date of
first employment, date of leaving the plant,
date of first assignment to a job exposed to
vinyl chloride, plant code, employment status
on 31 December 1980, duration of exposure to
vinyl chloride, vital status on 31 December
1982, and if dead, cause of death coded to the
seventh revision of the international classifi-
cation of diseases (ICD-7). Many data ele-
ments were missing—for example, 847 study
subjects were missing both name and SSN,
critical personal identifiers needed for tracing
vital status. We reviewed plant records and
additional data from paper files comprising the
study archive to obtain critical identifiers for
some of these study subjects. Data on race were
unavailable for most of the cohort.

Also, we updated employment status, when
such information was available from the
current owners of each plant, for those thought
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to be employed on 31 December 1980, the lat-
est date for which employment status had been
determined. However, some plants had closed
since the previous update and personnel infor-
mation was unavailable.

Of the 10 173 study subjects initially in-
cluded in the study database, we excluded 11
women, one person who had stopped working
before 1 January 1942, and the duplicate
records of 52 study subjects. After exclusions,
10 109 study subjects were available for vital
status update and mortality analysis. Person-
years began accruing 1 year after first exposure
to vinyl chloride or 1 January 1942, whichever
was more recent.

VITAL STATUS UPDATE

To update vital status to 31 December 1995,
we conducted searches of the National Death
Index and the death records of the Social
Security Administration. Also, we searched a
mortality registry maintained by the Ontario
OYce of the Registrar General to determine
vital status for 45 study subjects employed at a
plant in Ontario, Canada. We were able to
assess vital status for 1326 of the 1698 (includ-
ing 48 duplicates) cohort members previously
lost to follow up (table 1). Mortality search
results were inconclusive for 201 people (death
information from searches was not clearly
relevant to the cohort members searched).
These 201 cohort members, as well as an addi-
tional 123 cohort members missing the mini-
mal information needed to conduct the mor-
tality searches (name and SSN, or name and
date of birth), were censored on the date they
were last known to be alive.

Cause of death was found for 3159 (99%) of
the 3191 decedents. A nosologist coded the
underlying cause of death on the death certifi-
cates with the four digit rubric of the ICD-9.
For 55 people identified as dead and for whom
an ICD-7 code was available from the archive,
the state vital statistics oYce could not locate a
death certificate. The ICD-7 code for these
deaths was used to assign the death to the
appropriate category.8

MORTALITY ANALYSIS

Standardised mortality ratios (SMRs) and
95% confidence intervals (95% CIs) were cal-
culated with ProSMR, a life table analysis
module of the ProQuest database system
(SoftWhere, Goshen, MA, USA and Applied
Epidemiology, Amherst, MA, USA). Of the
3165 men (31% of the cohort) with known
race, 96% were white; therefore, reference rates
for white men were used for all analyses. Two

sets of SMRs were calculated with the cause
specific mortalities for the United States popu-
lation as a whole and the populations of the 15
states in which the plants were located. The
state rates were weighted by the distribution of
person-years generated by employees at each
plant. The use of state rates has the advantage
of minimising bias from regional diVerences in
mortality. Referent mortalities compiled by the
National Institute of Occupational Safety and
Health (NIOSH) for 92 cause of death
categories8 were obtained for the United States
white male population with CDC WONDER.9

For periods before 1960, mortalities for the
white male population of the United States
were obtained directly from NIOSH (K Steen-
land, personal communication). Because state
mortalities were not available for years before
1960, rates for 1960–4 were used for the four 5
year calendar periods between 1940 and 1959,
during which only 4% of the total study deaths
occurred.

The SMR analyses were conducted overall,
and stratified by duration of employment, time
since first employment, age at first employ-
ment, and year of first employment in a job
exposed to vinyl chloride, and by vinyl chloride
production start date for the plant. This last
analysis was conducted to consider the hypoth-
esis that exposures in older plants may have
been higher than in newer plants due to older
production technology, irrespective of when
each subject’s first exposure occurred. Finally,
Cox’s proportional hazard analyses were used
to investigate variations in occurrence of
selected cancer deaths simultaneously by age at
first exposure, duration of exposure, and year
of first exposure.10

Results
A total of 3191 deaths had occurred by 31
December 1995 among the 10 109 study sub-
jects followed up for a total of 316 520 person-
years (table 1). About 3% of the cohort was lost
to follow up.

Mortality patterns based on either United
States rates or state rates were similar, although
national mortalities were lower than state rates
for many causes of death, resulting in higher
SMRs. We present results with the state
referent populations because these results pro-
vide the most appropriate comparison with
background risk which may diVer due to
regional variation in mortalities.

Mortality from all causes of death showed a
significant deficit of 17% (SMR 83, 95% CI 80
to 86), whereas mortality from all cancers
combined showed a non-significant deficit of
4% (SMR 96, 95% CI 90 to 102), relative to
the state referent populations (table 2). Can-
cers previously reported in excess were again
found in excess: liver and biliary tract (SMR
359, 95% CI 284 to 446), which remained
increased to the end of follow up; and brain
(SMR 142, 95% CI 100 to 197), which was not
increased in the 13 years of follow up since
1982 (14 observed; 12.2 expected). New
excesses, based on smaller numbers, were
found for cancers of the tongue (SMR 202,
95% CI 97 to 371), connective and other soft

Table 1 Vital status for 10109 men employed for at least 1 year at one of 37 vinyl chloride
plants between 1 January 1942 and 31 December 1972

31 December 19826 7 31 December 1995

n % n %

Vital status:
Alive 6939 68.2 6594 65.2
Dead 1536 15.1 3191 31.6
Unknown* 1698 16.7 324 3.2

Total study subjects 10173 100.0 10109 100.0
Total person-years 219840 316520

*Person-years for these subjects ended at the date last known to be alive.
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tissue (SMR 270, 95% CI 139 to 472), and
peritoneum (SMR 216, 95% CI 93 to 427).
Deficits were found for lung cancer (SMR 82,
95% CI 73 to 92) and cancers of the lymphatic
and haematopoietic tissue (SMR 86, 95% CI
67 to 108).

CANCER OF THE LIVER AND BILIARY TRACT

Mortality from cancer of the liver and biliary
tract increased with duration of exposure: the
SMRs were 83 (95% CI 33 to 171), 215 (95%
CI 103 to 396), 679 (95% CI 483 to 929), and
688 (95% CI 440 to 1023) for 1–4, 5–9, 10–19,
and >20 years duration of exposure, respec-
tively. For time since first exposure, the SMRs
were 287 (95% CI 131 to 544), 323 (95% CI
200 to 493), and 434 (95% CI 322 to 572) for
10–19, 20–29, and >30 years since first expo-
sure, respectively. Large excesses were found
for employees who had been first exposed to
vinyl chloride before 1950 (SMR 499; 95% CI
368 to 662) or from 1950 to 1959 (SMR 311;
95% CI 197 to 467).

In Cox’s proportional hazards analyses, age
at first exposure, duration of exposure, and year
of first exposure each were significantly associ-
ated with increased risk of mortality from liver
cancer in crude analyses (table 3). Of greatest
strength and significance was duration of
exposure, which was independent of age at first
exposure and year of first exposure. Age was of
only marginal significance in crude analyses
and was no longer significant in a model fitted

with duration of exposure and year of first
exposure. Stratified log rank analyses identified
duration of exposure as the strongest predictor
of hazard (stratified log rank test p<0.001,
controlling for age; stratified log rank test
p<0.001, controlling for year of first exposure).

ALL KNOWN ANGIOSARCOMAS

Of the 80 deaths from cancer of the liver and
biliary tract, 33 (41%) were identified on the
death certificate as due to angiosarcoma of the
liver. We identified a total of 48 deaths due to
angiosarcoma from both death certificates and
a registry of cases of angiosarcoma of the liver
related to VCM maintained by the Association
of Plastic Manufacturers of Europe.11 As of
February 1991, the register included 161 men
with histologically confirmed angiosarcoma of
the liver.12 Cases were registered by vinyl chlo-
ride manufacturers, trade organisations, and
cancer agencies; however, the extent of cover-
age is not known. In the multivariable analysis
of the angiosarcoma deaths, only duration of
exposure significantly predicted death from
angiosarcoma (table 4). Moreover, we found
no evidence of a modification of the eVect of
duration of exposure on hazard of mortality by
either age at first exposure or year of first expo-
sure (table 4).

BRAIN CANCER

Although brain cancer showed no apparent
trend with increasing duration of exposure, risk
was greatest among those exposed for 20 years

Table 2 Observed and expected deaths,* standardised mortality ratios (SMRs) (95% CIs), with state rates for white men as the reference

Cause of death (ICD-9 code) Obs Exp SMR 95% CI

All causes (001–999) 3191 3831.31 83 80 to 86
All malignant neoplasms (140–205) 895 935.35 96 90 to 102

Buccal cavity and pharynx (140–148) 24 22.91 105 67 to 156
Tongue (141) 10 4.96 202 97 to 371
Other parts of buccal cavity (142–145) 5 5.73 87 28 to 204
Pharynx (146–148) 8 11.76 68 29 to 134

Digestive system (150–159) 253 214.79 118 104 to 133
Oesophagus (150) 26 22.00 118 77 to 173
Stomach (151) 22 29.06 76 47 to 115
Intestine, except rectum (152–153) 64 76.89 83 64 to 106
Rectum (154) 16 17.60 91 52 to 148
Liver and biliary tract (155–156) 80 22.30 359 284 to 446
Pancreas (157) 37 43.24 86 60 to 118
Peritoneum/other/unspecified digestive (158–159) 8 3.70 216 93 to 427

Respiratory system (160–165) 315 385.81 82 73 to 91
Larynx (161) 6 13.03 46 17 to 100
Trachea, bronchus, and lung (162) 303 369.45 82 73 to 92
Other parts respiratory (160, 163–165) 6 3.33 180 66 to 392

Breast (175) 2 1.05 190 23 to 687
Male genital organs (185–187) 54 63.98 84 63 to 110

Prostate (185) 52 60.34 86 64 to 113
Other male genital organs (186–187) 2 3.64 55 7 to 198

Urinary organs (188–189) 47 44.07 107 78 to 142
Kidney (189.0–189.2) 25 23.11 108 70 to 160
Bladder (188, 189.3–189.9) 22 20.96 105 66 to 159

Skin (172–173) 12 18.77 64 33 to 112
Eye (199) 2 0.70 286 35 to1033
Brain and CNS (191–192) 36 25.29 142 100 to 197
Thyroid gland (193) 2 1.53 131 16 to 472
Bone (170) 4 3.33 120 33 to 307
Connective tissue and soft tissue (171) 12 4.44 270 139 to 472
Other/unspecified sites (194–199) 61 65.84 93 71 to 119
Neoplasms of lymphatic and haematopoietic tissue (200–208) 71 82.83 86 67 to 108

Lymphosarcoma or reticulosarcoma (200) 12 10.02 120 62 to 209
Hodgkin’s disease (201) 3 6.77 44 9 to 129
Leukaemia and aleukaemia (204–208) 31 32.82 94 64 to 134
Other neoplasms of lymphatic and haematopoietic tissue (202–203) 25 33.22 75 49 to 111

Benign neoplasms (210–239) 12 10.96 109 56 to 191
Neoplasms of unspecified nature of eye, brain, and nervous system

(237.5–237.9, 239.6–239.7) 6 5.30 113 41 to 246
Other benign and unspecified neoplasms (210–223, 226–237.4,

238.0–239.5, 239.8–239.9) 6 4.49 134 49 to 291

*Results are presented for all categories of neoplasms for which there were two observed or two expected deaths.
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or more, based on nine deaths from brain can-
cer (SMR 290; 95% CI 132 to 551). The
SMRs for brain cancer were increased for all
categories of time since first exposure, but with
no clear pattern (results not presented). The
greatest excess was found for those who were
first exposed before 1950 (SMR 174; 95% CI
97 to 288). Mortality from brain cancer also
showed the largest excess for study subjects
who had worked at plants beginning produc-
tion before 1946, based on 22 deaths (SMR
177; 95% CI 111 to 268).

In the Cox’s proportional hazard analysis,
older age at first exposure and longer duration
of exposure were associated with increased risk
of mortality due to brain cancer (table 5). The
apparent trend of increased risk with earlier
year of first exposure was not significant.

Stratified log rank analyses of the associations
of age and duration of exposure, controlling for
each other, suggested that these associations
were not confounded and were of independent
predictive value (stratified log rank test for age
p=0.01 controlling for duration of exposure;
stratified log rank test for duration of exposure
p=0.08 controlling for age). We found an
unexplained lack of excess hazard for the group
with 10–19 years duration of exposure.

CANCER OF CONNECTIVE AND OTHER SOFT TISSUE

Mortality from cancer of connective and other
soft tissue showed significant excesses for those
employed for 10–19 years (SMR 477; 95% CI
155 to 1113) and for those employed for 20
years or more (SMR 725; 95% CI 197 to
1856). Mortality from cancer of connective

Table 3 Crude and adjusted hazards ratios (HRs) (95% CIs) for selected work related predictors of liver and biliary tract cancers (n=80)

Variable n Person-years Deaths
Mortality /
100000

Crude Adjusted*

HR (95% CI) p Value† HR (95% CI) p Value†

Age at first exposure (y): 0.08 0.16
<25 3619 118081 24 20.33 Reference Reference
25–34 4173 136243 39 28.63 1.5 (0.9 to 2.4) 1.4 (0.8 to 2.3)
>35 2317 62221 17 27.32 2.0 (1.1 to 3.8) 1.8 (1.0 to 3.5)

Duration of exposure (y): <0.0001 <0.001
<5 4774 136200 7 5.14 Reference Reference
5–9 2383 71806 10 13.93 2.8 (1.1 to 7.4) 2.8 (1.0 to 7.3)
10–19 1992 69015 39 56.51 8.5 (3.8 to 19.1) 9.0 (4.0 to 20.7)
>20 960 39524 24 60.72 7.3 (3.1 to 17.0) 6.0 (2.5 to 14.4)

Year of first exposure: 0.005 0.02
<1950 2425 92645 48 51.81 Reference Reference
1950–59 2806 98729 23 23.30 0.5 (0.3 to 0.9) 0.5 (0.3 to 0.8)
1960–72 4878 125171 9 7.19 0.3 (0.2 to 0.7) 0.6 (0.3 to 1.4)

*Adjusted for age at first exposure, duration of exposure, and year of first exposure.
†Likelihood ratio test for equality of survivor functions controlling for time at risk.

Table 4 Crude and adjusted hazards ratios (HRs) (95% CIs) for predictors of all known angiosarcomas (n=48)

Variable n Person-years Deaths
Mortality /
100000

Crude Adjusted*

HR (95% CI) p Value† HR (95% CI) p Value†

Age at first exposure (y): 0.33 0.52
<25 3619 118081 15 12.70 Reference Reference
25–34 4173 136243 22 16.15 1.3 (0.7 to 2.5) 1.2 (0.6 to 2.3)
>35 2317 62221 11 17.68 1.8 (0.8 to 4.0) 1.6 (0.7 to 3.5)

Duration of exposure (y): <0.0001 <0.001
<5 4774 136200 3 2.20 Reference Reference
5–9 2383 71806 6 8.36 3.7 (0.9 to 15.0) 3.7 (0.9 to 14.7)
10–19 1992 69015 26 37.67 14.7 (4.4 to 48.8) 15.9 (4.6 to 54.8)
>20 960 39524 13 32.89 11.0 (3.1 to 38.9) 9.7 (2.6 to 36.4)

Year of first exposure: 0.04 0.21
<1950 2425 92645 25 26.98 Reference Reference
1950–59 2806 98729 16 16.21 0.7 (0.3 to 1.3) 0.5 (0.3 to 1.1)
1960–72 4878 125171 7 5.59 0.3 (0.1 to 0.8) 0.8 (0.3 to 2.1)

*Adjusted for age at first exposure, duration of exposure, and year of first exposure.
†Likelihood ratio test for equality of survivor functions controlling for time at risk.

Table 5 Crude and adjusted hazards ratios (HRs) (95% CIs) for predictors of brain cancers (n=36)

Variable n Person-years Deaths
Mortality /
100000

Crude Adjusted*

HR (95% CI) p Value† HR (95% CI) p Value†

Age at first exposure (y): 0.03 0.02
<25 3619 118081 11 9.32 Reference Reference
25–34 4173 136243 12 8.81 1.0 (0.4 to 2.2) 0.9 (0.4 to 2.0)
>35 2317 62221 13 20.89 2.6 (1.2 to 6.0) 2.6 (1.2 to 5.9)

Duration of exposure (y): 0.11 0.09
<5 4774 136200 11 8.08 Reference Reference
5–9 2383 71806 11 15.32 2.0 (0.9 to 4.6) 2.0 (0.9 to 4.7)
10–19 1992 69015 5 7.24 0.8 (0.3 to 2.3) 0.7 (0.2 to 2.0)
>20 960 39524 9 22.77 2.2 (0.9 to 5.5) 1.9 (0.8 to 5.0)

Year of first exposure: 0.59 0.53
<1950 2425 92645 15 16.19 Reference Reference
1950–59 2806 98729 12 12.15 0.8 (0.4 to 1.8) 1.0 (0.5 to 2.3)
1960–72 4878 125171 9 7.19 0.6 (0.3 to 1.6) 0.6 (0.2 to 1.6)

*Adjusted for age at first exposure, duration of exposure, and year of first exposure.
†Likelihood ratio test for equality of survivor functions controlling for time at risk.
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and other soft tissue was significantly increased
for first exposure before 1950 (SMR 333; 95%
CI 108 to 777) and from 1950–9 (SMR 468;
95% CI 188 to 964), with a fourfold excess
among workers in plants with vinyl production
start up dates during 1946–59, based on nine
observed deaths. No deaths due to these
cancers were found among cohort members
first exposed since 1960. There were too few
deaths from cancer of connective and other soft
tissue to conduct multivariable analyses.

Discussion
This study updated vital status to 31 December
1995 of a cohort of 10 109 men who worked
for at least 1 year in a job exposed to vinyl
chloride before 1972 and who were employed
in 1942 or later at one of 37 facilities in the
United States or Canada. Cause of death was
determined for 99% of the 3191 decedents.
This study included the largest group of vinyl
chloride workers who presumably sustained
exposure to the highest concentrations of VCM
in North America, as indicated by the substan-
tial number and distribution of deaths due to
angiosarcoma of the liver. Also, because of the
long period of follow up of cohort members—
from 20 to more than 50 years for all of the
workers—an adequate latency period has
passed for most if not all malignancies. Thus,
mortality excesses due to any but the rarest
cancers which might be associated with vinyl
chloride were probably detectable with this
update.

Early studies of vinyl chloride cohorts
suggested that those exposed to vinyl chloride
may be at increased risk of lung cancer, but
relative risk estimates were based on relatively
few deaths.13–16 Although Infante17 suggested
that the lung should be considered a target
organ for the carcinogenic eVects of exposure
to vinyl chloride, Doll18 argued that any risk of
lung cancer was small and associated with the
oldest cohorts who were possibly exposed to
higher concentrations of vinyl chloride. Two
recent studies conducted in Italy have again
suggested increased risks of lung cancer among
vinyl chloride workers.19 20 In this study,
however, we did not find evidence of any
association between mortality from lung cancer
and employment with vinyl chloride overall,
nor with any characteristic related to employ-
ment (analyses not presented). The lack of any
pattern by year of first exposure and year in
which production of vinyl chloride started
suggests that not even a small risk was present
among the oldest subgroups within the study
cohort.

Although the reasons for lower than ex-
pected mortality from lung cancer are un-
known, a likely explanation is that the preva-
lence (or intensity) of smoking among cohort
members was lower than in the general
population in the areas the plants operated.
This may be due to less smoking at work
(because of fire or explosion hazards near
VCM), or due to the high prevalence of smok-
ing in the general population in the south
east—the region most highly represented in
this cohort. The SMR for lung cancer with the

United States referent rate (SMR 96, 95% CI
86 to 107) was substantially higher than the
SMR with the state rates (SMR 82, 95% CI 73
to 92), indicating that regional lung cancer
mortalities were conspicuously high. Further,
tobacco consumption habits among cohort
members may have favoured oral snuV and
chewing tobacco over cigarettes, especially if
smoking were prohibited at work. Although
this is speculative, the twofold excess in
mortality from cancer of the tongue suggests
smokeless tobacco may have been used by
some cohort members.

Despite the absence of an excess of lung
cancer, mortality from cancers of other parts of
the respiratory system were moderately in-
creased. This finding, although based on only
six deaths, and the finding of a twofold excess
in cancers of the peritoneum and other and
unspecified parts of the respiratory system,
raises the possibility of exposure to asbestos for
some cohort members. A review of death
certificates coded to these two categories of
death, as well as the category for malignant
neoplasms of other and unspecified sites, iden-
tified malignant mesothelioma as the underly-
ing cause of death for eight decedents, includ-
ing two deaths from pleural mesothelioma, one
death from peritoneal mesothelioma, and five
deaths from malignant mesothelioma, site not
specified. These eight decedents worked at five
diVerent plants, but the likelihood of asbestos
exposure at any of the vinyl plants is unknown.

CANCER OF THE LIVER AND BILIARY TRACT

(INCLUDING ANGIOSARCOMA OF THE LIVER)

Of 80 deaths from cancer of the liver and
biliary tracts, 33 (41%) were specified on the
death certificate as due to angiosarcoma of the
liver. Relying solely on information about cause
of death reported on the death certificate, how-
ever, resulted in underascertainment of deaths
from angiosarcoma of the liver in this study,
confirming a finding reported by other
investigators.18 21 22 A case report describing
two VCM workers diagnosed with primary
hepatocellular carcinoma in the absence of
known risk factors for the disease, suggests that
exposure to VCM may also be associated with
primary liver cancers of other cell types.23

Although primary liver cancers other than
angiosarcoma of the liver cannot be ruled out
as a possible consequence of exposure to
VCM, studies that rely on death certificate
diagnoses, including this study, may not be able
to elucidate this issue.

The risk of cancer of the liver and biliary
tracts seems to be decreasing over time for this
cohort, after the SMR peaked during the 1970s
(SMR 472; 95% CI 288 to 729). Despite the
decreasing mortality from cancer of the liver
and biliary tract, excesses continued to be
found throughout the study period (fig 1).

CANCER OF CONNECTIVE AND OTHER SOFT TISSUE

Mortality from cancer of connective and other
soft tissue showed a significant excess that was
more than twofold. Four of the 12 deaths
reported were recorded as angiosarcoma on the
death certificate, but no anatomical site was
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specified. The exclusion of these four deaths
from angiosarcoma—presuming they are
deaths misclassified as from angiosarcoma of
the liver—from the category of cancers of con-
nective and other soft tissue still resulted in an
excess for the category based on eight deaths
(4.4 expected). Other cancers of connective
and soft tissue reported in this category
included two liposarcomas, two malignant
fibrous histiocytomas, and one (each) fibrosar-
coma, leiomyosarcoma, and neurogenic sar-
coma. A death certificate could not be found by
the state vital statistics oYces for one of the 12
deaths but this death had been coded to ICD-7
197 (malignant neoplasm of connective tissue)
by the previous investigators. The only other
study of workers who worked with VCM or
PVC to have published mortality results for
cancers of connective and soft tissue reported
that none was found (1.4 expected).24

Sarcomas included in the category of cancer
of connective and other soft tissue may arise in
various tissues, but due to their extreme rarity,
are often aggregated across histological types
for study. Because the rules for coding
underlying cause of death are based on
anatomical site, many histological types (angi-
osarcoma, liposarcoma, leiomyosarcoma, etc)
of cancer of connective and other soft tissue
may be coded as a cancer occurring in
parenchyma of specific organs, such as stom-
ach or pancreas, rather than the category of
cancer of connective and other soft tissue.
Thus, estimates of the percentage of soft tissue
sarcomas that are classified to ICD categories
for anatomical sites rather than the ICD
category of cancer of connective and soft tissue
range from less than 10% (for liposarcomas) to
more than 90% (for dermatofibrosarcoma).25

In a review of deaths occurring among 6716
workers exposed to dioxin and 10 240 workers
exposed to chlorinated naphthalene, only 53%
of soft tissue sarcomas identified from death
certificates were coded to the ICD category
malignant neoplasms of connective and other
soft tissue.26 In our study, we know of four sar-
comas of cell types other than angiosarcoma
that were coded to a cancer of a specific organ.

Rhomberg27 reported that out of 21 adult
cases with vascular soft tissue sarcomas (five
angiosarcomas, 10 malignant hemangioen-
dotheliomas, and seven malignant hemangi-
opericytomas) diagnosed between 1975 and
1995, four patients had long lasting exposure to
vinyl chloride either alone or together with
other polymers. There was no case of angiosa-
rcoma of the liver. Other case reports of vascu-
lar sarcomas induced by vinyl chloride occur-
ring at sites outside the liver have included the
thyroid gland,28 maxillary antrum,29 bladder,30

and genitals.31 From 1983 to 1987, the surveil-
lance epidemiology and end results (SEER)
programme of the United States National
Cancer Institute reported an age adjusted inci-
dence for angiosarcoma (all sites) of 1.5/
million/year in the white population.25 Just over
half of all angiosarcomas occur in parenchymal
sites, with the most common sites being the
breast, the liver, and the skin.25

Very little is known about the aetiology of
soft tissue sarcoma, despite several recent stud-
ies, nearly all of which were based on fairly
small sample sizes. Excess mortality from soft
tissue sarcoma has been reported among work-
ers exposed to phenoxy herbicides contami-
nated with 2,3,7,8-tetrachlorodibenzo-p-
dioxin (TCDD), although the excesses were
based on 11 or fewer deaths.32–34 Self reported
exposure to chlorophenols and cutting oils has
been associated with increased risks of leiomy-
osarcoma and malignant fibrohistiocytic sar-
coma and self reported herbicide use has been
associated with increased risks of malignant
fibrohistiocytic sarcoma.35

BRAIN CANCER

Although several studies have reported excess
mortality from brain cancer among workers
exposed to VCM or PVC, most of the
increased SMRs were found in earlier studies
of this cohort,4–7 or in studies with cohorts that
are subsets of or overlap with this cohort.13 14 36

Two studies of workers exposed to VCM or
PVC in other countries have reported no
excess mortality from brain cancer,24 37 whereas
three studies have reported excesses based on
six or fewer deaths from brain cancer.15 38 39 A
multicentre study of such workers in four
countries (United Kingdom, Italy, Sweden,
and Norway) identified a total of 14 deaths
from brain cancer (13.1 expected), with the
largest excess occurring among workers with
30 years or more since first exposure (SMR
407; 95% CI 111 to 1041), based on four
deaths.24 There was no clear pattern with dura-
tion of employment, ranked level of exposure
(low, medium, or high) or cumulative exposure
to vinyl chloride, but the exposure level was not
known for six of the 14 deaths from brain can-
cer.

In our study, there was no clear trend in the
SMRs for brain cancer over the study period
(fig 2). However, mortality from brain cancer
showed a concomitant peak with mortality
from cancer of the liver and biliary tracts, with
the greatest excess occurring in the decade
1970–9 (SMR 253, 95% CI 141 to 417).
Between 1983 and 1995, 14 additional cases

Figure 1 SMRs (95% CIs) for cancer of the liver and biliary tracts (ICD-9 codes
155–156) by decade of follow up (number of expected deaths reported in parentheses under
number of deaths observed).
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occurred (12.2 expected), suggesting that any
risk of brain cancer associated with employ-
ment in the vinyl chloride industry has tapered
oV. Twenty one deaths from brain cancer
occurred among employees at two of the oldest
plants in which vinyl chloride production
began before 1946. It is not known if these
employees were exposed to carcinogens other
than VCM.

Some argue that excesses of brain cancer
found in this and other occupational cohorts
are explained by a diagnostic sensitivity bias,
due to health insurance benefits and better
access to diagnostic techniques enjoyed by
employed groups relative to the general
population.40–43 Of the 36 deaths from cancer of
the brain and central nervous system found to
the end of 1995, there were 28 gliomas (15
glioblastomas, seven astrocytomas, five gliomas
not otherwise specified, and one ependy-
moma). Gliomas, particularly glioblastomas
and other astrocytic tumours, are aggressive,
have a poor prognosis,44 and are unlikely to
require sensitive diagnostic techniques for
detection. Brain cancer mortalities have in-
creased concurrently over the entire study
period for the general population as well.45

Thus, a diagnostic sensitivity bias seems an
unlikely explanation for the excess of brain
cancer.

Further, because rates of cancer of the brain
increase substantially with age, numerous new
cases of brain cancer are likely to occur among
this cohort. However, based on the available
evidence, it is unlikely that new cases will be
related to exposures to vinyl chloride, as the
excess rates found in the 1970s seem to have
returned to expected levels. Whether the excess
found during the earlier decades was due to
exposure to VCM or other exposures sustained
while employed in the vinyl industry is unclear.

Conclusions
Consistent with all previous reports, deaths
from liver cancers have occurred in excess, due
to the well documented association between
VCM and angiosarcoma of the liver. This
excess mortality continued in the 13 years of
follow up since the end of 1982, as about three

times the number of deaths from liver cancer
were found than were expected (41 observed;
13.2 expected).

A significant excess of mortality from brain
cancer was found at baseline and on follow up;
however, the size of that excess has decreased
with time, and has decreased substantially dur-
ing the most recent follow up period. Stratified
analyses showed that the greatest risk occurred
among those first employed earliest and for
longest. This is supportive of a cumulative
occupational risk factor. Unfortunately, no
firm conclusion may be made about an associ-
ation with vinyl chloride.

A significant excess (albeit based on rela-
tively few cases) of cancers of connective and
soft tissue was found. This group of cancers
have several interesting patterns in the strati-
fied analyses, similar to those found for liver
and biliary cancers. By contrast with mortality
due to liver and biliary cancers, mortality risk
due to cancer of connective and other soft tis-
sue was greatest among those older than 35
when first employed in a job with exposure to
vinyl chloride. Although the association be-
tween mortality from cancer of connective and
other soft tissue and vinyl chloride is a
provisional finding, the epidemiological evi-
dence of an association is compelling and will
require additional investigation.

We thank Drs Harvey Checkoway and Kristan Aronson for their
many helpful comments on this manuscript. We also thank
Robert Bilgrad, who provided technical advice, and the staV of
the National Center for Health Statistics (National Death
Index). This study could not have been completed without the
assistance of staV from the respective state vital statistics oYces;
due to space limitations, we are unable to acknowledge each
state separately. Dr Susanne May and Elizabeth A Smith
provided technical assistance. Dr Kyle Steenland assisted us in
acquiring mortality rates for the years between 1940 and 1959.
This work was funded by the Chemical Manufacturers Associ-
ation (Arlington, Virginia).

1 Dinman BD, Cook WA, Whitehouse WM, et al. Occupa-
tional acroosteolysis. 1. An epidemiological study. Arch
Environ Health 1971;22:61–73.

2 Dodson VN, Dinman BD, Whitehouse WM, et al. Occupa-
tional acroosteolysis. III. A clinical study. Arch Environ
Health 1971;22:83–91.

3 Creech JL, Johnson NM. Angiosarcoma of the liver in the
manufacture of polyvinyl chloride. J Occup Med 1974;16:
150–1.

4 Tabershaw IR, GaVey WR. Mortality study of workers in the
manufacture of vinyl chloride and its polymers. J Occup
Med 1974;16:509–18.

5 Cooper WC. Epidemiologic study of vinyl chloride workers:
mortality through December 31, 1972. Environ Health Per-
spect 1981;41:101–6.

6 Wong O, Whorton MD, Ragland D, et al. An update of the
epidemiologic study of vinyl chloride workers, 1942–1982. Final
report prepared for the Chemical Manufacturers Association.
Oakland, California: Environmental Health Associates,
1986.

7 Wong O, Whorton MD, Foliart DE, et al. An industry-wide
epidemiologic study of vinyl chloride workers, 1942–82.
Am J Ind Med 1991;20:317–34.

8 Steenland K, Beaumont J, Spaeth S, et al. New develop-
ments in the life table analysis system of the National Insti-
tute for Occupational Safety and Health. J Occup Med
1990;32:1091–8.

9 Friede A, Reid JA, Ory HW. CDC WONDER: a
comprehensive on-line public health information system of
the Centers for Disease Control and Prevention. Am J Pub-
lic Health 1993;83:1289–94.

10 SAS Institute, ed. SAS/STAT user’s guide, release 6.03. Cary,
NC: SAS Institute, 1988.

11 Forman D, Bennett B, StaVord J, et al. Exposure to vinyl
chloride and angiosarcoma of the liver: a report of the reg-
ister of cases. Br J Ind Med 1985;42:750–3.

12 Drumwright JR, ed. World register of cases of angiosarcoma of
the liver (ASL) due to VCM: February 1991. Houston,
Texas: Vista Chemical Company, 1991.

13 Monson RR, Peters JM, Johnson MN. Proportional
mortality among vinyl-chloride workers. Lancet 1974;ii:
397–8.

Figure 2 SMRs (95% CIs) for cancers of the brain and central nervous system (ICD-9
codes 191–192) by decade of follow up (number of expected deaths reported in parenthesis
under number of deaths observed).

1000

100

10
1980 1990

Decade of follow up

S
M

R
 (

lo
g

 s
ca

le
)

19701960

0 deaths
(0.25)

3 deaths
(1.37)

3 deaths
(3.33)

15 deaths
(5.93)

11 deaths
(8.23)

4 deaths
(6.19)

19501940

780 Mundt, Dell, Austin, et al

www.occenvmed.com

http://oem.bmj.com


14 Waxweiler RJ, Stringer W, Wagoner JK, et al. Neoplastic risk
among workers exposed to vinyl chloride. Ann N Y Acad
Sci 1976;271:40–8.

15 Byrén D, Engholm G, Englund A, et al. Mortality and can-
cer morbidity in a group of Swedish VCM and PVC
production workers. Environ Health Perspect 1976;17:167–
70.

16 BuZer PA, Wood S, Eifler C, et al. Mortality experience of
workers in a vinyl chloride monomer production plant. J
Occup Med 1979;21:195–203.

17 Infante P. Observations of the site-specific carcinogenicity of
vinyl chloride to humans. Environ Health Perspect 1981;41:
89–94.

18 Doll R. EVects of exposure to vinyl chloride: an assessment
of the evidence. Scand J Work Environ Health 1988;14:61–
78.

19 Pirastu R, Chellini E, Carnevale F, et al. Ingadine epidemio-
logica sui lavoratori di Porto Marghera esposti a cloruro di
vinile nelle fasi di produzione, polimerizzazione e insacco.
Rapporti ISTISAN 1997;22:1–39.

20 Pirastu R, Bruno C, De Santis M, et al. Indagine epidemio-
logia sui lavoratori esposti a cloruro di vinile negli
stabilimenti di Feerrara, Rosignano e Ravenna. Epidemiol
Prev 1998;22:266–36.

21 Thériault G, Allard P. Cancer mortality of a group of Cana-
dian workers exposed to vinyl chloride monomer. J Occup
Med 1981;23:671–6.

22 Pirastu R, Comba P, Reggiani A, et al. Mortality from liver
disease among Italian vinyl chloride monomer/polyvinyl
chloride manufacturers. Am J Ind Med 1990;17:155–61.

23 Saurin J-C, Tanière P, Mion F, et al. Primary hepatocellular
carcinoma in workers exposed to vinyl chloride: a report of
two cases. Cancer 1997;79:1671–7.

24 Simonato L, L’Abbe KA, Andersen A, et al. A collaborative
study of cancer incidence and mortality among vinyl chlo-
ride workers. Scand J Work Environ Health 1991;17:159–
69.

25 Mack TM. Sarcomas and other malignancies of soft tissues,
retroperitoneum, peritoneum, pleura, heart, mediastinum,
and spleen. Cancer 1995;75:211–44.

26 Suruda AJ, Ward EM, Fingerhut MA. Identification of soft
tissue sarcoma deaths in cohorts exposed to dioxin and to
chlorinated naphthalenes. Epidemiology 1993;4:14–19.

27 Rhomberg W. Exposure to polymeric materials in vascular
soft-tissue sarcomas. Int Arch Occup Environ Health
1998;71:343–7.

28 Rhomberg W, Gruber-Mösenbacher U, Eiter H, et al. Zur
Prognose und Epidemiologie des malignen Hämangioen-
dothelioms der Schilddrüse (Prognosis and epidemiology
of malignant hemangioendotheliomas of the thyroid gland.
Abstract in English). Schweiz Med Wochenschr 1993;123:
1640–4.

29 Williamson IG, Ramsden RT. Angiosarcoma of maxillary
antrum: association with vinyl chloride exposure. J Laryn-
gol Otol 1988;102:464–7.

30 Prout MN, Davis HL. Hemangiopericytoma of the bladder
after polyvinyl alcohol exposure. Cancer 1977;39:1328–30.

31 Ghandur-Mnaymneh L, Gonzalez MS. Angiosarcoma of
the penis with hepatic angiomas in a patient with low vinyl
chloride exposure. Cancer 1981;47:1318–24.

32 Kogevinas M, Kauppinen T, Winkelmann R, et al. Soft tis-
sue sarcoma and non-Hodgkin’s lymphoma in workers
exposed to phenoxy herbicides, chlorophenols, and
dioxins: two nested case-control studies. Epidemiology
1995;6:396–402.

33 Kogevinas M, Becher H, Benn T, et al. Cancer mortality in
workers exposed to phenoxy herbicides, chlorophenols,
and dioxins. Am J Epidemiol 1997;145:1061–75.

34 Collins JJ, Strauss ME, Levinskas GJ, et al. The mortality
experience of workers exposed to 2,3,7,8-
tetrachlorodibenzo-p-dioxin in a trichlorophenol process
accident. Epidemiology 1993;4:7–13.

35 Hoppin JA, Tolbert PE, Flanders WD, et al. Occupational
risk factors for sarcoma subtypes. Epidemiology 1999;10:
300–6.

36 Wu W, Steenland K, Brown D, et al. Cohort and
case-control analyses of workers exposed to vinyl chloride:
an update. J Occup Med 1989;31:518–23.

37 Jones RD, Smith DM, Thomas PG. A mortality study of
vinyl chloride monomer workers employed in the United
Kingdom in 1940–74. Scand J Work Environ Health
1988;14:153–60.

38 Hagmar L, Akesson B, Nielsen J, et al. Mortality and cancer
morbidity in workers exposed to low levels of vinyl chloride
monomer at a polyvinyl chloride processing plant. Am J Ind
Med 1990;17:553–65.

39 Smulevich VB, Fedotova IV, Filatova VS. Increasing
evidence of the rise of cancer in workers exposed to
vinylchloride. Br J Ind Med 1988;45:93–7.

40 Shah HC. Diagnostic bias in occupational epidemiologic
studies [letter]. Am J Ind Med 1993;24:249–50.

41 Wong O, Whorton MD. Diagnostic bias in occupational
epidemiologic studies: an example based on the vinyl chlo-
ride literature [letter]. Am J Ind Med 1993;24:251–6.

42 Greenwald P, Friedlander BR, Lawrence CE, et al. Diagnos-
tic sensitivity bias: an epidemiologic explanation for an
apparent brain tumor excess. J Occup Med 1981;23:690–4.

43 Wong O, Raabe GK. Critical review of cancer epidemiology
in petroleum industry employees, with a meta-analysis by
cancer site. Am J Ind Med 1989;15:283–310.

44 RansohoV J, Koslow M, Cooper PR. Cancer of the central
nervous system and pituitary. In: Holleb AI, Fink DJ, Mur-
phy GP, eds. American Cancer Society textbook of clinical
oncology. Atlanta, Georgia: The American Cancer Society,
1991.

45 Davis DL, Ahlbom A, Hoel D, et al. Is brain cancer
mortality increasing in industrial countries? Am J Ind Med
1991;19:421–31.

Rejected manuscripts

Authors whose submitted articles are rejected
will be advised of the decision and one copy
of the article, together with any reviewer’s
comments, will be returned to them. The

Journal will destroy remaining copies of the
article but correspondence and reviewers’
comments will be kept.

Historical cohort study of 10 109 men in the vinyl chloride industry 1942–72 781

www.occenvmed.com

http://oem.bmj.com

