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Cancer mortality in a northern Italian cohort of
rubber workers
EVA NEGRI,' G PIOLATTO,2 E PIRA,' A DECARLI,3 J KALDOR,4 C LA VECCHIA's
From the "Mario Negri" Institute for Pharmacological Research,' 20157 Milan, Institute of Occupational
Health,2 University of Turin, 10126 Turin, Institute ofMedical Statistics,3 University ofMilan, 20133 Milan,
Italy, International Agencyfor Research on Cancer,4 69372 Lyon, France, and Institute ofSocial and Preventive
Medicine,5 University ofLausanne, 1005 Lausanne, Switzerland

ABSTRACT An analysis ofthe mortality ofa cohort of6629 workers employed from 1906 to 1981 in a
rubber tyre factory in northern Italy (978 deaths and over 133 000 man-years at risk) showed that the
all cause mortality ratio was slightly lower than expected (0-9 1). Overall cancer mortality was close to
expected (275 v 259-4) but there were significant excess rates for two cancer sites: pleura (9 observed v
0-8 expected, which may be due to the use of fibre containing talc) and bladder (16 observed v 8-8
expected). Death rates were not raised for other sites previously associated with employment in the
rubber industry, such as cancers of the lung and brain, leukaemias, or lymphomas. The substantially
reduced relative risk of pleural cancer among workers first employed after 1940 (RR = 0 05
compared with before 1940) probably reflected improvements in working conditions over more
recent periods. For cancer of the bladder, the relative risk was also lower for workers first engaged
after 1940. Thus no appreciable risk for any disease was apparent for workers employed over the past
four decades. Analysis for each of the 27 job categories showed a substantial excess for cancer of the
pleura in the mechanical maintenance workers (4 observed v 0-17 expected); an excess ofcancer ofthe
lung (21 v 13-48) was also present in this job category.

Several epidemiological studies have indicated that
workers in the rubber industry experience a raised risk
of cancer at several sites including the bladder and
other genitorurinary organs, stomach, lung, brain,
lymphoreticular system, and skin.`'' The considerable
variation among studies can only partly be attributed
to differences in type or level of exposure or both.
Other possible explanations are confounding factors
and chance due to small numbers of cases.
For example, the association between working in

the rubber tyre manufacturing industry and the risk of
bladder cancer may be plausibly explained in terms of
exposure to naphthylamine, benzidine, and other
aromatic amines,36 whereas that with stomach cancer
finds no obvious explanation and may perhaps be
accounted for by differences in the social class dis-
tribution of rubber workers. For other tumours, such
as brain' or lymphoreticular neoplasms,' little is
known in aetiological terms, but a possible association
with some (as yet unidentified) chemical(s) in the
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rubber industry has been suggested by epidemiological
observations.
Given this still unsettled state of knowledge, we

decided to analyse data from a cohort of6629 workers
employed in a rubber tyre factory in the district of
Turin, northern Italy, between 1906 and 1981. Besides
standard descriptive analyses based on the computa-
tion of observed and expected numbers ofdeaths from
selected causes, we applied log linear models to obtain
estimates of the effect of calendar period and age at
first exposure, duration of exposure, and period since
last exposure. Furthermore, analyses were performed
to identify job categories particularly at risk.

Subjects and methods

CHARACTERISTICS OF THE STUDY COHORT
The cohort comprised all men who had worked for at
least one year in the factory between 1946 and 1981. Of
these, 9% who could not be traced were excluded,
leaving 6629 subjects under study.

Dates of birth, employment(s), and termination of
employment(s), the last known address, and detailed
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Cancer mortality in a northern Italian cohort ofrubber workers
job history were obtained from personnel records at
the factory. Death certificates were obtained from
registration offices in the municipality of death. Fur-
ther verification of vital status was obtained from
registries of current residence.
For the present analysis, follow up began at 1

January 1946 and ended at 31 December 1981. A total
of 978 deaths was registered in this period from
133 678 man-years of observation.

DATA ANALYSIS AND MODELS OF RISK
The expected numbers of deaths from selected cancer
sites and all causes were computed using national
death rates for each five year calendar period and age

group. All cause national death rates for each quin-
quennium ofage are published by the Central Institute
of Statistics (ISTAT) from 1955 onwards.89 Rates for
the late 1950s were applied to the period 1946-54.
Observed and expected numbers were tabulated by
year of first employment, duration of employment,
and period since employment ended.
As retirement or change of job may in some cases

have been due to the disease itself, one year was

subtracted from the date of death. Changing this
interval to two or three years did not materially modify
any of the results.
For each of 27 job categories the cohort was then

subdivided into two strata: (1) workers who spent at
least one year in thatjob category and (2) workers who
did not. Observed and expected numbers of deaths
were computed separately for the two strata.
To examine the effect of several temporal variables

simultaneously, the multiplicative model'" was fitted"
to the death rates which were significantly raised.
Under this model, each temporal variable related to
exposure (period of first employment, age at first
exposure, duration of exposure, and period since last
employment) is assumed to act multiplicatively with
each other and on the man-years at risk.

Results

The total number of deaths observed was close to
expected (978 v 1033). Table I gives observed and
expected numbers for selected cancer sites previously
associated with the rubber industry. There was no

excess mortality for cancers of the lung, stomach,
brain, lymphoreticular neoplasms, leukaemias, or

several sites previously reported to be related to rubber
manufacture. There was, however, considerably
increased mortality for cancer of the pleura (9
observed v 0-8 expected) and a significant excess for
cancer of the bladder (16 observed v 8-8 expected).

Table 2 gives observed and expected numbers of
deaths for lung cancer, the two sites showing raised

Table 1 Mortality experiencefrom selected cancer sites* in
a cohort ofworkers in a rubber tyrefactory in northern Italy.
Expected numbers are based on national death rates in each
five year calendar period and age group. Deaths and man-
years beyond age 80 are excluded

No ofdeaths
Obs:Exp OIE (95% CI)

Oesophagus 7:6-87 1-02 (042-2 10)
Stomach 35:45 08 0-78 (0-541-08)
Liver 3:5 60 0 54 (0-11-1-56)
Pancreas 2:7-56 0-26 (0-03-096)
Larynx 13:10-31 1-26 (0-67-2-16)
Lung 64:63 16 1 01 (0-79-129)
Pleura 9:0-82 10-98 (523-20 86)
Skin 3:2-36 1-27 (0-26-371)
Bladder 16:8-75 1-83 (1-05-296)
Kidney and other 5:3-77 1-33 (0 43-309)

urinary sites
Brain 9:1019 0-88 (0-401-67)
Leukaemias 8:8-83 0 91 (0-391-79)
Lymphomas 7:9 43 0 74 (0-301-53)
All other cancers 94:76-62 1-23 (1-00-1-51)
All other causes 703:773-64 0-91 (0-84-094)

*On the basis of the International Agency for Research on Cancer
monograph on the rubber industry.3

standardised mortality ratios (SMRs) in this study
(pleura and bladder), all other cancers, and all other
causes of death categorised separately by period of
first employment, age at first exposure, duration of
employment, and period since last employment.

In relation to period of first employment, the SMRs
were generally higher for subjects first employed
before 1940 and tended to decrease for workers
engaged in more recent calendar periods. Although
the SMR ratio for total mortality in workers employed
from 1940 onwards was 0-84, the ratios for cancer of
the pleura and bladder remained above unity, in the
former case substantially so.
No clear pattern was observed in relation to age at

first exposure (although SMRs for total mortality and
bladder cancer were somewhat higher for subjects
exposed at earlier ages) or duration of employment,
and the pleura and bladder mortality both decreased
considerably after the end of employment. No consis-
tent pattern of risk after employment emerged for the
other cancer sites or non-cancer mortality.

Table 3 gives the parameter estimates from the
multiplicative model under which the effect of the four
variables considered (period of first employment, age
at first exposure, duration of exposure, and period
since last exposure) was estimated simultaneously for
pleura and bladder cancer. These estimates, together
with the corresponding standard errors, are expressed
in relation to one of the categories of the variable,
arbitrarily chosen as referent. The exponential of each
estimate gives the risk for the corresponding category,
relative to the referent one. Tests of statistical sig-
nificance may be obtained by comparing the ratio of
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Table 2 Mortality experiencefrom selected causes in a cohort ofworkers in a rubber tyrefactory in northern Italy according to specified
variables. Expected (Exp) numbers are based on national death rates in eachfive year calendar period and age group. Deaths and man-yea
beyond age 80 are excluded

Lung Pleura Bladder All other cancers All other causes
(Man-years:

Variables Obs:Exp OIE Obs:Exp OIE Obs:Exp OIE Obs:Exp OIE Obs:Exp OIE No ofsubjects)

Period first employed:
1906-39 24:18-84 1-27 6:0-21 28-57* 7:3-68 1 90 71:69131 1-02 336:304683 1-0 16 971:722
1940-81 40:44-32 0 90 3:0-61 4-92* 9:5-07 1-78 115:11732 098 367:46881 078* 116707:5907

Age at first exposure (y):
<30 28:26-80 1 04 4:035 11-43* 9:3-63 2-47* 76:8362 091 358:36093 099 81 812:4120
,30 36:36-36 099 5:047 10-64* 7:5-11 1 37 110:103-00 1-07 345:412-71 0-84* 51 866:2509

Duration of exposure (y):
<10 11:10-47 1-05 2:0-15 13-33* 3:1-10 2-73 35:3570 0-98 176:167-51 1-05 68646:2192
10-19 19:17 53 1-08 2:0-23 8.70* 4:2-03 1-97 55:47 42 1-16 144:186-18 0-77* 37 381:2364
>20 34:35-16 0 97 5:0-44 11-36* 9:5 62 1-60 96:103-50 0 93 383:419-95 0 91 27 651:2073

Period since last exposure (y):
During exp 28:2365 1-18 4:0-28 14.29* 6:2-37 253 69:71-90 0-96 220:300-36 0.73* 90664:2867
<5 14:12-15 1-15 3:014 21-43* 4:1-66 2-41 43:3355 1-28 130:126-53 103 16993:901
I>5 22:27-35 0-80 2:0-40 5 06 6:4-72 1-27 74:81-17 0 91 353:346-75 1-02 26 021:2861

Total 64:63-16 1 01 9:0-82 10.98* 16:8-75 1-83* 186:186-63 1 00 703:773-64 0.91* 133 678:6629
(95% CI) (079-1-29) (5 23-20 86) (1-05-2-96) (0-86-115) (0 84-094)

p < 0 05.

each parameter estimate to its standard error with a
standardised normal deviate.

In the context of hypothesis testing against the full
models, for pleural cancer three of the four models
with one factor only-that is, those analysing age at
first employment and duration or period since last
employment-gave significant deviance differences,
whereas that with period gave a non-significant
difference of 3-8 with four degrees of freedom. For
bladder cancer significant differences were observed
against the models including only age at first exposure
or period since last exposure but not period of first
employment or duration. A significant reduction in
deviances between the four three-factor models and
the full one was given by inclusion ofperiod for pleural
(p < 0-001).
Under the full model the relative risk of pleural

cancer was significantly lower in workers first
employed after 1940. The risk tended to increase with
older age at first exposure, though differences were not
significant, but no consistent pattern was evident with
duration. Likewise, no clear pattern was evident in
relation to period since last exposure. Compared with
workers who had died during employment in the

rubber plant, the relative risk was above unity for the
period one to four years after exposure but fell towards
unity for longer periods.
For bladder cancer mortality, the relative risk was

lower for workers first employed after 1939, and
increased with increasing duration of exposure and
period since last exposure. None of these estimates
was, however, statistically significant.
The analysis of observed and expected number of

deaths for each of the 27 job categories showed no

systematic excess except that for workers who spent at
least one year in the mechanical maintenance job
category. Table 4 gives the results for this and other
major selected job categories. The SMR of pleural
cancer for workers ever been in the mechanical
maintenance job category rose to 23-53 (4 observed v

0- 17 expected). The same workers showed an

increased, though not significantly, lung cancer mor-

tality (21 observed v 13-48 expected, SMR = 158).
No other pronounced increase of risk was evident

for any other job category, apart from the "various
services" in which mortality was raised for almost any
cause, probably on account of selective inclusion in
this category of subjects who were ill.

Table 3 Parameter estimates by fitting period offirst employment, age atfirst exposure, duration ofexposure, andperiod
since last exposure to risk ofpleural and bladder cancer in a rubber tyrefactory in northern Italy

Pleural cancer Bladder cancer

Variables Level Parameter (SE) Relative risk Parameter (SE) Relative risk

Period of first employment 1906-39* 0 00 - 1 0 00 - 1
1940-79 - 3-10 0 94 0.05 -0 93 0 71 0 39

Age at first exposure (y) < 30* 0-00 - I 0-00 - I
>30 1.10 0-68 3-01 039 052 148

Duration of exposure (y) < 20* 0-00 - I 0 00 - I
> 20 -0-54 0 93 0-58 0-89 0 70 2-43

Period since last exposure (y) During exp* 0-00 - I 0-00 - 1
1-4 1-14 0 81 3-12 0-95 0-66 2 59

>5 0019 0 89 1 21 1 00 0-59 2-72

*Reference category.
SE = Standard error.
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Cancer mortality in a northern Italian cohort ofrubber workers

Discussion

The observation of this cohort of workers in a rubber
factory in northern Italy, based on a total of 978
deaths and over 133 000 man-years at risk, showed a
mortality ratio for all causes slightly lower than
expected (0-91), probably explainable in terms of a
"healthy worker" effect. Overall cancer mortality was
close to expected but there were significant excess rates
for two sites, pleura (9 observed v 0-8 expected) and
bladder (16 observed v 8 8 expected). Death rates were
not raised for other cancer sites associated with
employment in the rubber industry in previous studies,
such as stomach, lung, brain, leukaemias, or lym-
phomas.3 With the sample size of this study, it was
possible to exclude at the conventional 95%
probability, relative risks above 1 3 for lung cancer,
1 1 for stomach, 1-7 for brain, 1-8 for leukaemias, and

1 5 for other lymphoreticular neoplasms.
Both the positive findings, and the absence of

confirmation of some previously observed excess risks
of cancer in rubber workers, are of some interest,
chiefly in consideration of the relatively large size of
this cohort.3 This study, however, has some obvious
limitations, too. Firstly, all the diagnoses were based
on death certification only. Secondly, the follow up
process, although satisfactory, still left 9% untraced,
with obviously larger rates of loss in men who left the
factory at younger ages in earlier calendar periods.
Thirdly, the use of national rates for the computation
of expected numbers should be discussed. In the mid-
1970s, however, the province where the factory was
located (Turin) had death rates not appreciably
different from the national ones: SMRs were 113 for
all causes, 109 for all neoplasms, 97 for cancers of the
respiratory organs, and 1 5 for cancers of the urinary
organs.'2

Since death rates by province are available in Italy
only from 1968 onwards, we considered that the errors
caused by using the national mortality data for the
earlier periods were smaller than those which would
result from the use of rates from the 1970s in the
computation ofexpected numbers for deaths observed
in the 1940-60s.
The application of multiplicative models of risk to

the death rates from cancers of the pleura and bladder
indicated that, after allowance for other temporal

factors considered, the relative risks were appreciably
reduced among workers first employed after 1940,
probably reflecting improvements in working condi-
tions over more recent decades; the latest engagement
date for a worker dead from pleural cancer was 1954.
The cut off point of 1940, nevertheless, was chosen
mainly on statistical grounds, since no explicit infor-
mation was available on changes in exposure patterns
which may have occurred in the follow up period.
Furthermore, the risk of bladder cancer appeared to
increase with duration of employment.
The raised risk of bladder cancer in several cohorts

of rubber workers has been related to the use of f-

naphthylamine and other aromatic amines,'3 14 but no
information is available in terms of levels of exposure
in this rubber tyre plant. Furthermore, it is still
uncertain whether phenyl-f-napthlylamine (the only
one aromatic amine used in this factory) is carcino-
genic in man."5
The excess risk of pleural cancer observed in this

cohort might possibly be related to the use in earlier
periods offibre containing talc as antitackling agent in
tyre manufacturing and storage.'6 This excess should
be considered with due caution, however, since the
diagnoses were based on death certificates only.
Hence, there are serious difficulties in terms of diag-
nostic reliability for observed and expected numbers,
mostly for earlier calendar periods.'7

Analyses of a large American cohort of insulation
workers indicated that the effect of exposure to
asbestos on the risk of mesothelioma is independent
from age at first exposure,'8 suggesting an early stage
effect in the carcinogenic process.'92' The data of that
study were analysed in terms ofdeath rates in separate
strata of time since first exposure. A similar analysis
based on this dataset (table 5) is in broad agreement
with that study, since there was a substantial increase
in absolute risk with period since first exposure. The
observation that the absolute risk increased (though
not significantly) with age at first exposure and the fall
of the relative risk after five years since last exposure
do not agree with an early stage effect; it is none the less
likely that the present data are too scanty to provide
reliable information on these factors or that
heterogeneity in job classifications may produce
spurious trends.
Other explanations may be that the possible

Table 4 Observed and expected numbersfor selected causes ofdeath among workers who had spent at least one year in
selectedjob categories ofa rubber tyrefactory in northern Italy. Deaths and man-years beyond age 80 are excluded

Lung Pleura Bladder All other causes

Obs:Exp OIE Obs:Exp OIE Obs:Exp OIE Obs:Exp OIE Man-years

Mechanical maintenance 21:13-48 1 56 4:0-17 23.53* 1:2-10 0-48 212:221 29 0-96 24 667
Milling 6:10-48 0 57 1:0-14 7-49 4:1-43 2-80 166:159-12 1-04 21 631
Extruding and calendering 11:9-98 1 10 2:013 15-38* 2:1-76 1 14 122:14334 085 23598
Tyre building 13:12 16 1-07 0:0-16 - 3:1-54 195 154:188-22 0-82 32 419
Various services 25:11-12 225* 3:018 1666* 7:200 3 50* 236:20500 1 15* 23 631

*p < 0 05
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628 Negri, Piolatto, Pira, Decarli, Kaldor, La Vecchia

Table 5 Distribution ofdeathsfrom pleural cancer in a rubber tyrefactory in northern Italy by period since first exposure and
age at first exposure

Years sincefirst exposure

S25 >25 Total

Obs/Man-years Death rate/l00 000 ObsIMan-years Death rate/100 000 Obs/Man-years Death rate/100 000

Age at first exposure (y):
<30 1/65911 1.5 3/15901 18-9 4/81 812 49
30 2/44 536 45 3/7 330 409 5/51 866 9-6

Total 3/110 447 2-7 6/23 231 25 8 9/133 678 6-7

exposure to asbestos occurred before employment in
the rubber factory or that some other pleural carcin-
ogen with different characteristics of risk was present
in this working environment.
The excess of pleural cancer seemed higher in the

mechanical maintenance job category where an excess

of lung cancer was also evident. Possibly workers in
that category were heavily exposed to asbestos or

other fibres while cleaning and repairing machines.
In conclusion, this study confirmed an excess of

cancers of the bladder in a large cohort of rubber
workers which, however, was reduced in workers
employed after 1940. Furthermore, there was a strik-
ing excess of pleural cancer, especially in workers:
engaged before 1940, but not of cancer of the brain,
lymphomas, or leukaemias. No substantial excess risk
for any disease was apparent for workers engaged over

the past four decades.
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