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ABSTRACT

Objectives The aim of our study was to analyse the
dose—response relationship between occupational
asbestos exposure and risk of cancer.

Methods Our study was a retrospective morbidity study
based on 2024 subjects occupationally exposed to
asbestos, conducted over the period ! January 1978 to
31 December 2004. Analysis of the dose—response
relationship between occupational asbestos exposure, as
a time-dependant variable, and risk of cancer was
performed using a Cox model. In order to account for the
effect of latency, we conducted the analysis with a lag of
10 years.

Results 285 cases of cancers were observed in our
cohort. The relative risk of pleuro-peritoneal
mesothelioma, lung cancer and colorectal cancer
associated with ashestos exposure, adjusted for age as
a time-dependant variable and for sex, was correlated
with exposure intensity (or average exposure level, AEL).
The risk of cancer, whatever the anatomical site, did not
increase with the duration of exposure to asbestos.
Conclusion While confirming the established
relationship between asbestos exposure and
pleuropulmonary and peritoneal cancers, this study also
suggests a causal relationship between asbestos
exposure and colorectal cancer.

INTRODUCTION

Although the role of asbestos in the development of
cancers such as mesotheliomas (pleural, peritoneal,
pericardial and testicular/vaginal),
chopulmonary cancers, and laryngeal and ovarian
cancers has been established, the relationship
between occupational exposure to asbestos and

primary bron-

cancers of other anatomical sites, in particular diges-
tive and urogenital cancers, remains controversial.1—22
Even though the industrial use of asbestos is
severely controlled or prohibited in most countries,
establishing a link between asbestos and various
cancers remains a major challenge. Furthermore,
confirmation of an association would influence the
occupational medical surveillance of exposed indi-
viduals, as well as compensation for such cancers.
The aim of this work was to analyse the
dose—response relationship between occupational
exposure to asbestos (duration, cumulative exposure
and intensity) and risk of cancer among a cohort of
subjects exposed to asbestos at work. This study had

What this paper adds

» The role of asbestos in some cancers has been
established, but its role in other cancers, in
particular digestive and urogenital cancers,
remains controversial.

» The study of a potential link between asbestos
and cancer remains a major challenge.

» Furthermore, confirmation of such an associa-
tion would affect occupational medical surveil-
lance of exposed individuals and rules governing
compensation for cancer associated with
asbestos exposure.

» While confirming the established relationship
between asbestos exposure and pleuropulmo-
nary and peritoneal cancers, our study also
suggests a causal relationship between
asbestos exposure and colorectal cancer.

» These results could lead to changes in the
medical surveillance and medico-legal manage-
ment of colorectal cancers in subjects occupa-
tionally exposed to asbestos.

two particular advantages: information on cancer
incidence and anatomical site from cancer registries
and data on occupational exposure derived from an
employment exposure matrix developed within the
employing organisation and based on workshop

measurement data.

MATERIALS AND METHODS

Population

As described in a previous study on the incidence of
digestive cancers within the same cohort, the study
subjects consisted of individuals who had worked
in an asbestos reprocessing plant in southern
Calvados (Normandy).23 Asbestos was used in this
plant to produce textiles and friction materials. The
company was established in 1928 and specialised in
asbestos spinning and weaving and in the manu-
facture of clutch mechanisms (through impregna-
tion) and asbestos-based friction materials (brake
pads). During World War Il, asbestos-related activ-
ities were suspended due to lack of raw materials.
After the company re-opened in 1945, it rapidly
expanded from 1946 to 1949 with the acquisition
of three new factories, which also manufactured
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asbestos-based textiles. These textiles contained approximately
20% crocidolite asbestos. In 1961, the company’s fifth and last
factory was established and manufactured chrysotile asbestos-
based friction materials. Replacement fibres were used from the
1980s (rock wool, glass wool, ceramic and plastic fibres), with
the use of asbestos ceasing in 1997 when the manufacture or
transformation of asbestos fibres was banned in France.

All subjects alive in 1978 who had worked for at least 1 year in
the plant, either before and/or after 1978, and had lived in
Calvados for all or part of the study period, were included.

Data collection

Detailed information on the professional history and occupa-
tional exposure of each subject in the cohort was available in
files held by the company occupational health department. Data
on occupational exposure to asbestos included the following
information: date of first employment, date of departure from
the company, exposure sector (textile/friction), type of asbestos
handled (chrysotile alone or mixed chrysotile/amphibole),
duration of asbestos exposure, cumulative exposure index (CEI)
for asbestos at career end expressed in fibres/miXyears and
average exposure level (AEL) expressed in fibres/ml, calculated
according to the company’s own employment exposure matrix.
This matrix was based on dust concentration measurement data
collected by the company since 1959.24 Analysis of the
company’s dust concentrations was based on data from 'dust
concentration archives’, a compilation of all available measure-
ments performed in the company.

The first dust concentrations were measured using an ARM
(Avy-Raillere-Martin) device, which provided the total number of
particles per litre of air. The apparatus was equipped with
a soluble filter and a differential air pressure gauge with adjustable
airflow and vacuum extraction. A second instrument (CASELLA)
was used to conduct measurements from 1973 onwards, using
a membrane filter method and phase contrast microscopy, the
results being expressed in fibres per ml (with fibres having
a length of at least 5 pm, a diameter of less than 3 pm and
a length/diameter ratio greater than 3), in agreement with
international Sampling was performed
according to a standard plan, and included measurement of
atmospheric fibre concentration and fibre levels at individual
work stations, once or twice annually. A conversion factor for
data measured by the two devices (ARM and CASELLA) was
established based on data measured simultaneously in 1973,
enabling ARM results to be converted into fibres per ml. First, the
mean values of all samples, for each measurement device, in
a given plant during the same period were compared. A conver-
sion factor then was calculated and a global conversion factor
obtained from the weighted mean of the conversion factors.
Second, simultaneously collected samples for a given work
station were compared to each other. Based on 70 measurements
taken at the same time by the two devices and using linear
regression, a conversion factor was determined. The results
obtained using these two approaches were very similar since, in
the first case, the conversion factor obtained from the weighted
means was 2.07X10-4 and, in the second case, simple linear

recommendations.

regression resulted in a conversion factor of 1.96X10~4, giving
a highly satisfactory correlation (R=0.812, p=0.0001). The
conversion factor finally selected was 2X10~4.24 As no measure-
ments took place before the introduction of the systematic
atmospheric sampling mentioned above, dust concentrations
needed to be identified for 1928, when the plant opened, and for
1945—1959. Using company archives containing information on
its manufacturing history from which dust concentrations before

the installation of ventilation devices in 1960 could be estimated,
levels were calculated using linear extrapolation based on the
ARM measurements conducted in 1959. From 1977, dust
concentrations were limited to 2 fibres/ml. All 1500 available
samples were recorded in electronic files by workshop, plant and
year, and tables describing general dust concentrations for each
plant constructed. Using these tables, cumulative dust concen-
trations were calculated for each subject based on the year they
joined and the year they left each plant. The sum of all exposures
was calculated to determine the CEI for asbestos (in fibres/
miXyears) at the end of the subject’s period of exposure.

For each individual, data were available on the duration of
asbestos exposure, the intensity of asbestos exposure or AEL,
and the CEI for asbestos (in fibres/miXyears) at the end of the
period of exposure.

Since Calvados has had its own digestive and general cancer
registries since 1978, all cases of cancer between 1978 and 2004
in cohort subjects and following the period of exposure were
known (date of diagnosis, anatomical site, histological type).
The incidence of cancer was accordingly estimated for each
anatomical cancer site (ICD-O 3 coding). Only primary cancers
were taken into account in our study, secondary cancer sites
having been excluded. No subjects presented with secondary
cancer at the same site. For subjects presenting with primary
cancers at different anatomical sites, each cancer was considered
independently in our analysis.

All cases of peritoneal and pleural mesothelioma were vali-
dated according to the certification procedure of the MESO-
PATH group (French Mesothelioma Panel), set up in 1972 with
the aim of improving pathological confirmation of cases of
mesothelioma in France, within the framework of the PNSM
(Programme National de Surveillance du Mesotheliome—
National Mesothelioma Surveillance Programme).25—27 Basal cell
neoplasm of the skin was excluded from analysis.

Information on individual civil status (sex, date of birth, place
of residence, date of emigration outside the Calvados area), vital
status on 31 December 2004 and date of death if deceased, was
acquired from the records of Caen University Hospital’'s occu-
pational and post-occupational pathology department, electoral
rolls held by the Prefecture, data obtained from local councils in
the subject’s place of birth and analysis of data from the
Calvados archives. The vital status of 107 subjects (5.3%) on 31
December 2004 could not be ascertained.

Statistical analysis
Individuals participated in the cohort throughout their period of
residence within the Calvados area.

The risk of the cancer over time was modelled within the
cohort using a Cox model for each cancer site. Patients were
censored (but not excluded) at their date of death or date of
emigration outside the Calvados area. No subject living outside
Calvados at the start of the study moved into the area during
the study period. Among the 2024 subjects in the cohort, 285
cancers were diagnosed, 464 subjects died and 457 moved to
another area between 1978 and 2004. In addition, 107 subjects
for whom vital status was unknown on 31 December 2004 were
excluded from analysis. Less frequent cancer sites were grouped
together according to anatomical location to enable statistical
analysis. Ear, nose and throat (ENT) cancers included cancers of
the lip, base of the tongue, other and unspecified parts of the
mouth, palate, parotid gland,
oropharynx, pyriform sinus, larynx and hypopharynx. Cancers

gum, floor of the mouth,

of the female genital tract included cancers of the cervix uteri,
corpus uteri and ovary. Digestive cancers included cancer of the
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oesophagus, stomach, pancreas, small intestine, colorectal
cancer, and liver and biliary tract. Only colorectal cancer (25
cases) and oesophageal cancer (22 cases) are mentioned in our
final analysis, as the numbers of other cancers of the digestive
tract (stomach, small intestine, pancreas) were too small (six,
three and six cases, respectively) and would have generated very
low statistical power. This was also the case for cancer of the
liver and the biliary tract (12 and three cases, respectively).

Description of compiled groups

Variables related to asbestos exposure (duration of exposure, AEL
and CEIl) were treated as time-dependant variables with a lag of
10 years to account for latency For a given year 'y’, the CEIl and
duration of exposure were corrected ignoring exposure during
the 10 years before year 'y’. The AEL before year 'y’ was esti-
mated as the ratio between CEI and duration at year "y’ These
variables were divided into three categories according to tertile of
distribution at the end of exposure (exposure duration: category
1 (0; 10years), category 2 (10; 25 years) and category 3 (25;
48 years); CEIl: category 1 (0; 40 fibres/miXyears), category 2
(40; 140 fibres/mIXyears) and category 3 (140; 853 fibres/
miXyears); intensity of asbestos exposure (or AEL): category 1
(0; 3 fibres/ml), category 2 (3; 9 fibres/ml) and category 3 (9;
107 fibres/ml). Type of exposure (chrysotile alone or mixed
exposure involving both chrysotile and amphibole) was also
included in the Cox model. The relative risk of pleuro-peritoneal
mesothelioma, colorectal cancer, ENT cancers and cancers of the
lung, skin, prostate, bladder and kidney, oesophagus and the
female genital tract depending on asbestos exposure, was
adjusted for age as a time-dependant variable,28 and for sex.

To validate our adjustment for age, we performed sensitivity
analysis using age as the time scale, to avoid confounding factors
related to the association between age/exposure and risk of
cancer.

In multivariate analysis, for each anatomical cancer site or
group of cancer sites, we chose the variables that were signifi-
cantly associated with cancer risk in univariate analysis,
together with age, considered as a time-dependent covariable,
and sex. The important colinearity between AEL, CEI, and
duration and period of exposure did not allow these three vari-
ables to be included together in the multivariate analysis. Thus,
we decided to include in the model the variable most closely
related to the risk of the two cancers for which asbestos is an
known risk factor (pleuro-peritoneal mesothelioma and primi-
tive bronchopulmonary cancer). The statistical significance
threshold of trends was set at p<0.05.

RESULTS
The cohort included 2024 individuals, of whom 1604 were men
(79.25%) and 420 women (20.75%).

Upon entry into the study, the mean age for men was
39.0 years (a=13.16) and for women 39.1 years (a=13.29), with
a mean length of employment in the company of 18.7 (95% CI
18.2 to 19.3) and 16.6years (95% CIl 15.4 to 17.7), respectively.
Subjects worked in various jobs, predominantly in asbestos-
based textile or friction material production. Overall, 65.22% of
subjects had been exclusively exposed to chrysotile, and 34.74%
to chrysotile and amphibole. Of those exposed to chrysotile and
amphibole, 58.57% were women and 28.55% men.

Of the 26.33% of subjects who died during the study period,
51.79% had been exposed to chrysotile alone, and to 48.21% to
chrysotile and amphibole.

Between 1 January 1978 and 31 December 2004, 285 cases of
cancers were observed in our cohort (84.54% of these were in
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men and 15.46% in women). The table in the online supple-
mentary appendix lists (ICD-O 3 codes) the number of observed
cancers for the entire cohort site by site and separately for each
seX, together with latency (time to diagnosis since first expo-
sure) and age at diagnosis. Among the bronchopulmonary
cancers observed in male subjects, there were 15 squamous cell
carcinomas, six small cell carcinomas, six adenocarcinomas, two
anaplastic carcinomas, two pseudosarcomatous carcinomas, one
bronchiolo-alveolar adenocarcinoma, one acinar cell carcinoma,
one non-small cell carcinoma, one neuroendocrine carcinoma,
four non-specified and, in women, two adenocarcinomas and
one non-specified.

Table 1 gives the relative risk of pleuro-peritoneal mesothe-
lioma and lung, colorectal, skin and prostate cancer depending on
asbestos exposure, adjusted for age as a time-dependant variable,
and for sex, with a lag of 10years. When both sexes were
considered together, asbestos exposure was significantly associ-
ated with three cancers: primary bronchopulmonary cancer,
pleural and peritoneal mesothelioma and colorectal cancer. For
each of these cancer sites, cancer risk remained significantly
correlated with asbestos exposure (assessed using AEL), even after
adjustment for age as a time-dependent variable, and for sex. The
adjusted relative risks corresponding to the last exposure tertile
were 3.99 (95% CI 1.15 to 13.86), 4.19 (95% CI 0.92 to 19.15) and
7.20 (95% CI 0.91 to 56.70) for each cancer site, respectively. The
number of years during which subjects were exposed was never
significantly associated with cancer risk. The relationship
between asbestos exposure and pleuro-peritoneal mesothelioma,
and colorectal cancer, was significant when asbestos exposure
was expressed in AEL, but not when expressed as CEIl. Mixed
exposure (involving both chrysotile and amphibole fibres) was
associated with an increased risk of colorectal cancer. Mixed
amphibole and chrysotile exposure was associated with a signifi-
cantly elevated risk compared to chrysotile alone. We also
observed an increased relative risk of lung cancer among indi-
viduals with mixed exposure to both chrysotile and amphibole.

Table 2 lists the relative risks of ENT cancer, and cancer of the
bladder and kidney, the oesophagus and the female genital tract
depending on asbestos exposure, adjusted for age as a time-
dependant variable, and for sex. For these cancer sites, cancer risk

was not significantly correlated with asbestos exposure.

Sensitivity analysis using age as the time scale gave very
similar results, with smaller hazard ratios and smaller p values

(not shown).

DISCUSSION

Our results confirm a dose—response relationship between
asbestos exposure and risk of bronchopulmonary cancer and
pleuro-peritoneal mesothelioma, and also suggest a dose—
response relationship between the intensity of asbestos exposure
and the risk of colorectal cancer.

Our study is limited by a low sample size, which affects its
statistical power. This might explain why no significant rela-
tionship was observed between the level of asbestos exposure
and risk for ENT cancer. Nevertheless, this decreased power is
compensated for by the detailed and very reliable data collected
to assess exposure and measure cancer risk. An employment
exposure matrix, specific to the company and based on the
measurement of atmospheric fibre concentrations, enabled us to
precisely quantify exposure for each subject included in the
cohort. Some authors have relied on quantitative data on
exposure, but in most published studies, occupational exposure
to asbestos has not been so thoroughly reconstructed, due to
a lack of precise measurements.4 11 16 20 21

A further major limitation of our study is the absence of
individual data on potential confounding factors associated with
individual behaviour (eg, tobacco and alcohol consumption,
physical exercise, food intake) or with the environment (eg,
hours of sunshine, atmospheric pollution). Nevertheless, the
possible impact of such confounding factors is limited by the
fact that the study was conducted on a cohort of asbestos-
exposed workers. Indeed, although one would expect significant
differences in the behaviour of exposed workers compared to the
general population, any differences between workers with
intense exposure and those with low exposure are very probably
minor, the latter comprising the reference group for the esti-
mation of relative risk.

Moreover, it should be noted that since one of our inclusion
criteria was that subjects had to be alive in 1978, there may be
a selection bias related to the 'healthy worker effect’. This bias
concerns subjects who had worked in the company before 1978,
some of whom began work during the highest exposure period

Table 2 Relative risk of ear, nose and throat (ENT) cancer and cancer of the bladder and kidney, the oesophagus and the female genital tract
depending on asbestos exposure, adjusted for age as a time-dependant variable, and for sex, with a lag of 10 years

ENT cancer Bladder and kidney cancer
p Value
n  HR (95% CI) fortrend n HR (95% ClI)
Exposure duration (years)* 0.86
<10 3 1 3 1
$10 to <25 16 1.45 (0.58 to 3.64) 9 162 (0.47 to 5.62)
$25 to <48 8 0.60 (0.11 to 3.20) 5 1.07 (0.28 to 4.03)
Type of fibre 0.21
Chrysotile 21 1 12 1
Mixed 6 0.55 (0.22 to 1.41) 5 0.32 (0.08 to 1.22)
CEl (fibres/ml Xyears)* 0.14
<40 5 1 3 1
$40 to <140 14 0.55 (0.22 to 1.38) 5 1.17 (0.26 to 5.22)
$140 to <853 8 0.44 (0.14 to 1.38) 9 1.40 (0.29 to 6.70)
AEL (fibres/ml)* 0.12
<3 6 1 2 1
$3 to <9 16 1.01 (0.40 to 2.51) 7 3.63 (0.44 to 30.20)
$9 to <107 5 0.40 (0.12 to 1.31) 8 2.88 (0.33 to 25.45)

*Time-dependent variable with a lag of 10 years.
AEL, average exposure level; CEl, cumulative exposure index; ENT, ear, nose and throat.

Oesophageal cancer Female genital tract cancer

p Value p Value p Value
fortrend n  HR (95% CI) fortrend n HR (95% ClI) for trend
0.38 0.82 0.47
6 1 6 1
10 1.57 (0.58 to 4.24) 6 0.60 (0.19 to 1.90)
6 0.40 (0.04 to 3.58) 4 0.66 (0.16 to 2.74)
0.09 0.22 0.68
16 1 6 1
6 0.55 (0.21 to 1.44) 10 0.81 (0.29 to 2.23)
0.66 0.61 0.77
3 1 31
11 2.57 (0.81 to 8.10) 9 154 (0.47 to 4.96)
8 0.79 (0.19 to 3.24) 4 0.79 (0.19 to 3.20)
0.50 0.81 0.50
31 5 1
10 1.58 (0.43 to 5.79) 2 0.41 (0.08 to 2.16)
9 1.02 (0.26 to 4.00) 9 136 (0.43 to 4.34)
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prior to 1970. This could have led to an underestimation of
cancer risk associated with the highest exposure, due to insuf-
ficient knowledge of cancers occurring before 1978 and the fact
that these subjects had a smaller share of the cohort’s total
person-years. Furthermore, the oldest subjects entering our
study, who had the highest exposure to asbestos, had a lower
probability of developing the cancers of interest, due to an
increased risk of prior death due to other diseases. Furthermore,
the existence of local cancer registries enabled us to access
comprehensive data on cancer incidence within the cohort, thus
ensuring the reliability of information on diagnosis and cancer
site; this was not the case in previously published mortality
studies, which were often impaired by cancer classification
errors.2 3 8 Moreover, all cases of peritoneal and pleural meso-
thelioma were validated by an expert pathologist from
a national panel of experts, thus verifying classification.

Since a dose—response relationship between asbestos exposure
and bronchopulmonary cancer or pleuro-peritoneal mesothe-
lioma has already been clearly established, our results concerning
these cancer sites confirm the reliability of our data. Our study
also reveals a dose—response relationship between AEL and
colorectal cancer. Results from previous research on the rela-
tionship between asbestos and colorectal cancer are conflicting
and, recently, experts from the WHO International Agency for
Research on Cancer Monograph Working Group stated that
proof of such a relationship was 'limited’.l Although a study by
Albin et al8 revealed a dose—response relationship between
cumulative exposure to asbestos and colorectal cancer among
asbestos-cement workers, currently available epidemiological
data do not firmly establish such a causal relationship, as
concluded by the collective INSERM expertise in a report
published in 1997.22 Moreover, a review of the literature
published in 2007 by Gamble et al, focusing on the relationship
between asbestos exposure (either from inhalation or ingestion)
and gastrointestinal cancers, reached the same conclusion.13 The
particular relevance of this review lies in the fact that it
attempted to document a potential dose—response relationship
by comparing the risk of colorectal and/or colon cancer observed
in different published cohorts with the risk bronchopulmonary
cancer and mesothelioma recorded in those same cohorts. The
risk of colorectal cancer was increased in cohorts with a stand-
ardised mortality ratio greater than 4 for bronchopulmonary
cancer; however, no significant difference was observed based on
reported mesothelioma risk. In our study, we observed an
increased relative risk of colorectal cancer among subjects with
mixed exposure to both chrysotile and amphibole. The same
findings were reported by Homa et al, who suggested amphibole
asbestos had a contributory role in the risk of death from colo-
rectal cancer, without formally establishing such a role since no
CEIl exclusively focusing on this type of asbestos was available
to the author.11

Nonetheless, although currently available epidemiological
data do not allow a causal relationship to be established between
occupational exposure to asbestos and colorectal cancer, they do
suggest further study on the subject.

CONCLUSION
This study confirms a dose—response relationship between
asbestos exposure intensity and pleuro-peritoneal mesothelioma
and bronchopulmonary cancer, and suggests a dose—response
relationship between asbestos exposure intensity and colorectal
cancer.

These results call for further studies in this field with greater
statistical power to confirm the observed trends.

Original article

Should they be formally established, these results could lead
to changes in the medical surveillance and medico-legal
management of colorectal cancers in subjects with occupational
exposure to asbestos.

Acknowledgements We thank Blanche Bazin (Occupational Health Department,
GISTAF, Conde sur Noireau, France), Professor Xavier Troussard (Registre des
Hemopathies Malignes de Basse-Normandie — Lower Normandy Malignant
Haematopathology Registry) and Nolwenn Le Stang (Pathology Department, Caen
University Hospital, Caen, France).

Competing interests None.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES

1. Straif K, Benbrahim-Tallaa L, Baan R, et al. A review of humans carcinogens—nPart
C: metals, arsenic, dusts, and fibres. Lancet Oncol 2009;10:453—4.

2. Selikoff 13, Churg J, Hamond EC. Asbestos exposure and neoplasia. JAMA
1964;188:22—6.

3. Selikoff 13, Hammond EC, Seidman H. Mortality experience of insulation workers in
the United states and Canada, 1943—1976. Ann N YAcad Sci 1979;330:91—116.

4. Kaminski R, Geissert KS, Dacey E. Mortality analysis of plumbers and pipefitters.
JOccup Med 1980;22:183—9.

5. Magnani C, Coggon D, Osmond C, etal. Occupation and five cancers: a case-control
study using death certificates. Br J Ind Med 1987;44:769—76.

6. Raffn E, Lynge E, Juel K, et al. Incidence of cancer mortality among production
workers in pulp and paper mills. Br J Ind Med 1989;46:90—6.

7. Garabrant DH, Peters RK, Homa DM. Asbestos and colon cancer: lack of
association in a large case-control study. Am J Epidemiol 1992;135:843—53.

8. Albin M, Jakobsson K, Attewell R, etal. Mortality and cancer morbidity in cohorts of
ashestos cement workers and referents. Br J Ind Med 1990;47:602—10.

9. Gerhardsson de Verdier M, Plato N, Steineck G, et al. Occupational exposures and
cancer of the colon and rectum. Am J Ind Med 1992;22:291—303.

10. Jakobsson K, Attewell R, Hultgren B, etal. Gastrointestinal among cement workers.
Int Arch Occup Environ Health 1990;62:337—40.

11.  Homa DM, Garabrant DH, Gillespi BW. A meta-analysis of colorectal cancer and
asbestos exposure. Am J Epidemiol 1994;139:1210—22.

12.  Lyon JL, Mahoney AW, West DW, et al. Energy intake: its relationship to colon
cancer risk. J Natl Cancer Inst 1987;78:853—61.

13.  Gamble J. Risk of gastrointestinal cancers from inhalation and ingestion of asbestos.
Regul Toxicol Pharmacol 2008;52(1 Suppl):S124—53.

14.  Li L, Sun TD, Zhang X, et al. Cohort studies on cancer mortality among workers
exposed only to chrysotile ashestos: a meta-analysis. Biomed Environ Sci
2004;17:459—68.

15.  Aliyu OA, Cullen MR, Barnett MJ, et al. Evidence for excess colorectal cancer
incidence among asbestos-exposed men in the Beta-Carotene and Retinol Efficacy
Trial. Am J Epidemiol 2005;162:968—78.

16.  Berry G, Newhouse ML. Mortality of workers manufacturing friction materials using
ashestos. Br J Ind Med 1983;40:1—7.

17.  Finkelstein NM. Mortality among employees of an Ontario factory manufacturing
insulation materials from amosite asbestos. Am J Ind Med 1989;15:477—81.

18.  Kang SK, Burnett CA, Freund E, et al. Gastrointestinal cancer mortality of workers in
occupations with high asbestos exposure. Am J Ind Med 1997;31:713—18.

19.  Doll R, Peto J. Other asbestos-related neoplasms. In: Antman K, Aisner J, eds.
Asbestos Related Malignacy. Orlando: Grune and Stratton, Inc, 1987:81—6.

20. Seidman H, Selikoff 13, Gelb SK. Mortality experience of amosite ashestos factory
workers: dose-response relationships 5 to 40 years after onset of short-term work
exposure. Am J Ind Med 1986;10:479—514.

21.  Liddell FD, McDonald AD, McDonald JC. The 1891—1920 birth cohort of Quebec
chrysotile miners and millers: development from 1904 and mortality to 1992. Ann
Occup Hyg 1997;41:13—36.

22.  Effets sur la sante des principaux types d'expositions a I'amiante. Rapport etabli a la
demande de la Direction des Relations du Travail et de la Direction Gemerrale de la
Sante. Paris: INSERM, 1997. (Expertise collective).

23.  Clin B, Morlais F, Dubois B, et al. Occupational asbestos exposure and digestive
cancers. Aliment Pharmacol Ther 2009;30:364—74.

24.  Paris C, Galateau-Salle F, Creveuil C, etal. Asbestos bodies in the sputum of ashestos
workers: correlation with occupational exposure. Eur RespirJ 2002;20:1167—73.

25.  PNSM. Estimation de lincidence national du mesotheliome pleural a partir du
Programme national de surveillance du mesotheliome, 1998—1999. Bull Epidemiol
Hebd 2003;40:185—7.

26. Goldberg M, Imbernon E, Rolland P, et al. The French National Mesothelioma
Surveillance Program. Occup Environ Med 2006;63:390—5.

27.  Gilg Soit llg A, Chamming's S, Rolland P, et al. Programme national de surveillance
du mesotheliome (PNSM): principaux resultats, France, 1998-2004. Bull Epidemiol
Hebd 2007;41—42:350—4.

28.  Hosmer DW, Lemeshow S, May S. Applied Survival Analysis: Regression Modeling
of Time to Event Data. New Jersey: Wiley, 2008.

29. Breslow NE, Day NE. Statistical methods in cancer research. Volume II-The design
and analysis of cohort studies. IARC Sci Publ 1987;82:1—406.

Clin B, Morlais F, Launoy G, et al. Occup Environ Med (2011). doi:10.1136/0em.2010.059790 50f5


http://oem.bmj.com/
http://group.bmj.com/

Downloaded from oem.bmj.com on May 6, 2011 - Published by group.bmj.com

Cancer incidence within a cohort
occupationally exposed to asbestos: a
study of dose-response relationships

Benedicte Clin, Fabrice Morlais, Guy Launoy, et al.

Occup Environ Med published online March 15, 2011
doi: 10.1136/0em.2010.059790

Updated information and services can be found at:
http://oem.bmj.com/content/early/2011/03/15/0em.2010.059790.full.html

These include:

Data Supplement "Web Only Data"
http://oem.bmj.com/content/suppl/2011/02/25/0em.2010.059790.DC1.html

References This article cites 26 articles, 6 of which can be accessed free at:
http://oem.bmj.com/content/early/2011/03/15/0em.2010.059790.full.html#ref-list-1

P<P Published online March 15, 2011 in advance of the printjournal.

Email alerting Receive free email alerts when new articles cite this article. Sign up in
service the box at the top right corner of the online article.

Notes

Advance online articles have been peer reviewed and accepted for publication but have
not yet appeared in the paperjournal (edited, typeset versions may be posted when
available prior to final publication). Advance online articles are citable and establish
publication priority; they are indexed by PubMed from initial publication. Citations to
Advance online articles must include the digital object identifier (DOIs) and date of initial
publication.

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.bmj.com/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/


http://oem.bmj.com/
http://group.bmj.com/
http://oem.bmj.com/content/early/2011/03/15/oem.2010.059790.full.html
http://oem.bmj.com/content/suppl/2011/02/25/oem.2010.059790.DC1.html
http://oem.bmj.com/content/early/2011/03/15/oem.2010.059790.full.html%23ref-list-1
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/

