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SUMMARY

Under the auspices of the Comité aviseur sur I’amiante au Québec (asbestos advisory committee), the
sub-committee on the epidemiology of asbestos-related diseases reviewed the available
epidemiological data on these diseases in Quebec. The sub-committee also conducted various studies
to fill in certain gaps identified during the analysis of available data. Here are the principal findings of
this work.

Asbestos has three main effects on health: mesothelioma of the pleura and peritoneum, pulmonary
cancer, and asbestosis. All these diseases appear after a latency period varying between 20 and
40 years depending on the pathology. Moreover, all types of asbestos have been associated with the
three diseases.'

In Quebec, from 1982 to 1996, 832 people (655 men and 177 women) were newly diagnosed with
mesothelioma of the pleura. This corresponds to an average annual incidence rate of 1.49 per
100,000 person-years among Quebec men and 0.32 per 100,000 person-years among Quebec women.”
These rates are respectively 9.5 and 2 times higher than the rates observed among women in the rest of
Canada (considered to have little or no exposure to asbestos), and these excesses are statistically
significant.’ In comparison to the international community, the situation among Quebec men is only
surpassed in several counties in the United Kingdom, several states in Australia, and several regions in
the Netherlands.”

Incidence rates of mesothelioma of the pleura rose significantly between 1982 and 1996 in Quebec’s
male population with a 5% average annual rate of increase. In the female population the rate of
increase was 3% and is not statistically significant.” The increase among men occurred in the 60 years
and over age group. Rates appeared stable among Quebec men under 60. The cohort of Quebec men
born between 1930 and 1939, therefore those who started to work during the period when asbestos use
was increasing, shows higher cancer rates than other cohorts of Quebec men. The data also suggest a
reduced risk among cohorts born after 1940, but it is too early to draw conclusions because the people
in these groups are still young.> Two regions in the province, Chaudiére-Appalaches and Montérégie,
show statistically significant excesses of mesothelioma of the pleura. They both have shipyards or had
them in the past and in Chaudiére-Appalaches, asbestos mines were also in operation in Thetford
Mines and environs.”

Mesothelioma of the peritoneum is even less frequent than mesothelioma of the pleura and is
associated with exposure to amphibole asbestos. Between 1984 and 1996, 63 Quebec men and
45 Quebec women were newly diagnosed with this cancer. Rates remained stable during the period of
the study and no region showed excesses of this cancer.”

The mortality associated with these two cancers cannot be evaluated directly because Quebec’s death
certificates do not distinguish mesotheliomas from other histological types of cancer of the pleura and
peritoneum. However, we note there was a statistically significant increase in death rates from cancer
of the pleura among Quebec men between 1981 and 1996 and that an excess of deaths from this cancer
was observed in the Chaudiére-Appalaches region.”
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Cases of mesothelioma and lung cancer whose occupational origin has been recognized by the
committees set up by the Commission de la santé et de la sécurité du travail (CSST-a workers’
compensation board) represent respectively only 22% and 0.3% of the cases recorded in the Fichier
des tumeurs du Québec (Quebec’s tumour registry).* Yet the medical literature shows that asbestos
exposure is found in 70% to 90% of mesothelioma cases among men.” The literature also shows that
the percentage of lung cancer cases attributable to asbestos exposure among men varies between
0.5% and 15% depending on the prevalence of the exposure in the populations studied.® We also
observed that the 1,333 Quebec men and 53 Quebec women hospitalized for a first time between 1987
and 1996 with a primary or secondary diagnosis of asbestosis represented four times the number of
cases of this disease recognized by the CSST during the same time period.*

Looking at the state of health of the population in asbestos mining regions, we found that diseases
resulting from exposure to this fibre have been studied since the 1960s. The first studies showed
higher incidences of these diseases, especially among men. The health of women was scarcely
addressed in these studies.’

A series of recent studies has documented some aspects of the exposure and the health of women in
these regions. Their cumulative level of exposure to asbestos over the last 50 years has been estimated
on average at approximately 25 fibres/ml-years.*’ These data were used to test the U.S. Environmental
Protection Agency’s risk assessment models for mesothelioma and lung cancer deaths. These models
were found to overestimate mesothelioma risk by a factor of approximately 60'*'" and lung cancer risk
by a factor of at least 10."

A case-control study of women diagnosed with mesothelioma in Thetford Mines between 1970 and
1989 showed a very high risk (approximately 30) of developing this cancer following occupational
exposure to asbestos. This risk was statistically significant but included a considerable margin of
uncertainty. The study also showed that mesothelioma risk would increase from 2% to 5% per
fibre/ml-year of exposure among these women with any measure of their exposure to asbestos
(occupational, domestic, or residential)."

We have relatively complete information on asbestos-related diseases among workers exposed in
Quebec’s asbestos mines. However, data are incomplete for workers in asbestos processing and
construction industries.

The respiratory health of Quebec’s asbestos miners has been studied since 1958 and has been the
subject of much scientific, political, and social debate. A cohort of nearly 11,000 workers in asbestos
mines and mills and in one products fabrication factory located in the mining region was followed up
for mortality to 1992. These workers showed an excess of mesothelioma deaths in comparison with
the Quebec population and pulmonary cancer risk rose to 2 among the workers exposed to greater
amounts of asbestos and for a longer time. Many cases of asbestosis were also documented among
these workers.” The workers in these regions are currently subject to mandatory screening for
asbestosis. However, data from these studies have not yet been analyzed by the sub-committee.

Data are more scarce for asbestos processing workers. Previous studies identified only four processing
plants in Quebec: two plants that manufactured asbestos-containing gas mask filters during World War
IT (one in Montréal, the other in the town of Asbestos), one plant in Valleyfield that produced
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asbestos-containing conveyor belts for paper mills, and one insulation and cement products plant in
the Montréal area. All these enterprises generated asbestos-related disease cases.'*'” Another study
in the Montréal area also identified lung cancers and mesotheliomas.'”"®

Between 1992 and 1997, a study of 23 asbestos processing plants in the Montréal area showed that
seven of them (30%) presented problems related to exceeding asbestos exposure standards.'” The
screening for asbestosis carried out among 304 workers from four of the five problem plants revealed
one confirmed and one possible case of asbestosis. In addition, a third worker had been diagnosed with
this disease in 1990.*

In the construction industry, insulators were the first workers to be documented with asbestos-related
diseases, as indicated in a 1981 study.”' Screenings undertaken in 1995 and in subsequent years of
approximately 1,500 workers from various construction trades identified more than twenty cases of
radiological abnormalities compatible with a diagnosis of asbestosis and close to 25% of the workers
had pleural abnormalities.”**’

The Comité spécial des présidents is a committee composed of three chest physicians charged with
determining, in the case of a worker presenting a claim to the CSST for an asbestos-related disease, if
the disease is of occupational origin. Between 1988 and 1997, the committee recognized an
occupational origin to asbestos-related diseases among 691 workers (378 asbestosis,
191 mesothelioma, and 209 lung cancer cases). On analyzing these data, we learn that the mining
sector still generates most cases of these diseases combined (35%), including most asbestosis (32%)
and most lung cancer (62%). The high percentage of pulmonary cancer cases originating in mines
suggests there may be a poor recognition of asbestos exposure in other sectors, by workers and
doctors. This poor recognition may be due to the fact that it is easier to attribute a lung cancer to
tobacco use, in a smoker, than it is to recognize asbestos exposure outside the mining sector.”*

However, if the workers from construction industries (17% of cases) are pooled with the workers
involved with maintenance and repair of asbestos-containing products and structures (25% of cases),
these two groups together account for 42% of the total 691 cases and 53% of the mesothelioma cases,
thus surpassing the mining sector.**

The number of claims increased between 1988 and 1997, particularly in the construction and
maintenance and repair industries.

Finally, compensation costs to the CSST for the 691 workers studied amounted to at least 66.2 million
dollars, undiscounted.** It would be worthwhile to conduct a more in-depth study to document the
direct and indirect costs generated by asbestos-related diseases in Quebec.

Conclusions and recommendations may be consulted at the end of the document. Highlights of the
studies conducted by the sub-committee are presented in the appendix.
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1. INTRODUCTION

1.1. MANDATE

The mandate of the sub-committee on the epidemiology of asbestos-related diseases was to review
available epidemiological data on mesothelioma, pulmonary cancers, and asbestosis in Quebec;
evaluate the trends of these diseases; compare data from Quebec to those of other regions; and
summarize current scientific knowledge on the effects of asbestos on health.”

1.2. OBJECTIVES

To achieve its mandate, the sub-committee set objectives to review available scientific data on the
epidemiology of asbestos-related cancers and asbestos-related diseases in Quebec, if possible
distinguishing between the cancers affecting workers and those arising in the general population. This
was to be accomplished by analyzing data from the Fichier des tumeurs du Québec (Quebec’s tumour
registry), ministere de la Santé et des Services sociaux (MSSS-ministry of health and social services),
compensation statistics from the Commission de la santé et de la sécurité du travail (CSST-a workers’
compensation board), and regional data in collaboration with the directions de santé publique (public
health departments) and by focusing on mesothelioma, lung cancers, and asbestosis among workers
and the general population.*

1.3. HISTORY OF WORK

Since its formation in 1997, the sub-committee on the epidemiology of asbestos-related diseases has
conducted various studies. In September 1998, the sub-committee submitted a progress report to the
Comité aviseur sur I’amiante au Québec (asbestos advisory committee). This report contained, in part,

A. A review of the principal health effects of asbestos (L’amiante et la santé humaine: le consensus
dans la communauté scientifique) (asbestos and human health: the consensus in the scientific
community);

B. A list of research studies conducted in Quebec on health and asbestos (Projets de recherche
épidémiologique réalisés au Québec: une liste annotée) (epidemiological research projects
carried out in Quebec: An annotated list);

C. The results of analyses made at that time (Distributions temporelles et géographiques de
I’amiantose, des mésothéliomes de la plevre et du péritoine, et des cancers de la plevre et du
péritoine, province de Québec, 1986-1996) (temporal and geographic distributions of asbestosis,
mesotheliomas of the pleura and peritoneum, and cancers of the pleura and peritoneum in
Quebec, 1986-1996); and

D. A proposal for conducting several research protocols or analyses to document the situation in
Quebec. After the progress report was submitted, the following analysis and research proposals
were chosen:

1. Descriptive epidemiology of mesothelioma and asbestosis in Quebec.

2. Validation and comparative analysis of mesothelioma cases in Quebec.

Institut national de santé publique du Québec 1
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Description of compensation and morbidity costs related to asbestos.

4. Analysis of cases accepted by the Comité des maladies pulmonaires professionnelles

(committee on occupational pulmonary diseases) as asbestos-related occupational pulmonary
diseases.

5. Mesothelioma risk among women residing in asbestos mining regions.

6. Mesothelioma and lung cancer risk associated with occupational exposure to asbestos based
on type of fibre (Montréal, 1979-85).

The group then proceeded to update documents and implement research projects. Other studies
published in the context of other activities, but pertinent to the subject of the current report, were also
taken into consideration. The present report begins with a summary of the literature review and then
describes asbestos-related diseases in the general population, in the mining region population, and

among workers. This is followed by a presentation of costs and the findings from matching health
records.

Institut national de santé publique du Québec
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2. THE EFFECTS OF ASBESTOS ON HEALTH

2.1. WHAT IS A FIBRE?

The World Health Organization’®*’ and the United Kingdom Health and Safety Executive™ define
fibres subject to regulation (i.e. posing health risks) as particles > 5 micrometres (um) in length,
< 3 pm in diameter, with a length:width ratio > 3:1, measured by the standard method using optical
phase contrast microscopy to count membrane filter samples. Industrialized countries use the same
definition except that most do not have the diameter criterion. Regulatory health definitions differ
from mineralogical definitions.

2.2. WHAT IS ASBESTOS?

According to the World Health Organization®® the commercial term “asbestos” refers to several
silicate minerals with fibrous crystal structures. Two basic families of asbestos, the serpentines and the
amphiboles, have different morphological and mineralogical properties. Chrysotile (white asbestos) is
the only member of the serpentine family, while crocidolite (blue asbestos), amosite (brown asbestos),
actinolite, anthophyllite, and tremolite belong to the amphiboles.

Veins of different types of asbestos often occur side by side or interlaced in geological formations; so
veins of tremolite may be found in some chrysotile mines in Quebec. The properties shared by the
different types of asbestos and distinguishing them from other minerals are their crystal structure,
fibrous appearance, tensile strength, flexural strength, and resistance to heat and to strong chemical
bases. Nevertheless, these fibres differ sufficiently in these aspects to justify different industrial
applications and different levels of toxicity.

2.3. WHAT ARE THE EFFECTS OF ASBESTOS ON HEALTH?

The health effects of asbestos were initially demonstrated in epidemiological studies conducted among
workers before being observed in laboratory animal experiments at much higher doses than in the
workplace. All sources seem to agree on the identification of risks. Opinions differ more on the
quantification of risks. The health effects that will be reviewed below are asbestosis, pulmonary
cancer, mesothelioma of the pleura and peritoneum, diffuse pleural effusion or benign asbestos-related
pleuritis, pleural plaques, and some uncertain health effects.
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2.3.1. Asbestosis>>?

Asbestosis is a diffuse bilateral interstitial pulmonary fibrosis brought on by the progressive fibrous
thickening of the alveolar walls (over-accumulation of connective tissue), resulting in a progressive
inability of the lung to deliver oxygen to the blood, which in turn leads to cardiac overload. Usually,
documentation of a sufficient exposure to asbestos is part of a clinical diagnosis.

Asbestosis was identified in the 1920s. The incidence, stage, severity, and impact on the pulmonary
and respiratory function of cases have been diminishing since the 1970s.*® Furthermore, pathologists
note that asbestosis is declining as a cause of death among asbestos workers. Asbestosis is observed
instead in deaths from pulmonary cancers or other causes of death.”**

Asbestosis usually occurs in the subpleural regions of the lower lobes of the lung. Its development is
slow and generally irreversible, even after interruption of exposure.

However, asbestosis may sometimes regress. In fact, this may happen in approximately 7% of cases

for whom intensity of exposure was lower than 2 fibres/ml over the 20 years prior to diagnosis.”>~°

The disease may continue to progress even after exposure has ceased if there is active alveolitis, a
possible effect even in the absence of radiological signs of fibrosis.**~**

It has not been determined if there is an interaction between tobacco use and asbestos exposure in the
determination of asbestosis risk.”~*

The prevalence of pulmonary fibrosis in cohorts of workers is proportional to the cumulative asbestos
exposure. It varies between 2% and 29% in cohorts with high exposure in the past.**~°

All types of asbestos may cause asbestosis, but the risk for an equivalent exposure is higher with
amphiboles than with chrysotile.**~">*

The relation between exposure and the prevalence of asbestosis also varies according to type of work
and type of asbestos industry: pipe fitting > textile and insulation > asbestos cement > mines, mills,
and fiberizing. The toxicity of a fibre would be one order of magnitude greater in asbestos processing
industries than in the extraction industry.”~°

Epidemiological studies in the United States have not found cases of clinical asbestosis in the general
population nor in the families of asbestos workers. Among asbestos cement workers in New Orleans,
there was no radiologic asbestosis below an exposure of 30 fibres/ml-years. All risk assessments found
that asbestosis risk was negligible at exposures below 25 fibres/ml-years, suggesting some sort of
threshold.****** Notwithstanding, some authors contest the existence of a threshold or the level of such
a threshold, if it exists.* However, asbestosis usually results from a significant exposure to asbestos.
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2.3.2. Pulmonary cancer (bronchial carcinoma)

This is an epithelial cancer of the upper and lower respiratory tracts. Asbestos-related pulmonary
cancers are histologically indistinguishable from those caused by tobacco use, radon, or other etiologic
factors.

Asbestos-related pulmonary cancer was identified in the 1950s and was recognized by the scientific
community in the early 1960s. The latency period is at least 10 years and averages approximately
20 years.

Pulmonary cancer risk has been studied in some fifty cohorts of asbestos workers since the mid-
twentieth century. According to the studies, the percentage of lung cancer risk attributable to
occupational asbestos exposure among men in the general population varies from approximately
0.5% to 15%. The main fluctuation factor in this percentage is the variation in the prevalence of
occupational asbestos exposure from one male population to another, this being from 2% to 29%.°

Asbestos and cigarette smoke have a synergistic effect: the combined action of the two factors is more
than additive, but less than multiplicative.” Nonetheless, asbestos causes lung cancers among smokers
and non-smokers.’

All types of asbestos have been implicated in the development of lung cancer, but whether or not there
is a risk differential based on type of asbestos is a subject of controversy. Some literature reviews
show low pulmonary cancer risks for cohorts of workers exposed exclusively to chrysotile, maximum
risks for workers exposed to crocidolite, and intermediary risks for those exposed to fibre mixtures or
to amosite fibres, controlling for the different types of industrial processes.*'* Other authors contest
this interpretation.” Their position is that the data do not allow us to assert that lung cancer risk is
lower following exposure to chrysotile than following exposure to amphiboles.** However, for each
industry there is only a small number of studies with quantitative exposure data, risks vary between
industries, control populations are often problematic, risks vary between cohorts in the same industry,
and experts do not agree on the classification of cohorts by types of fibres.***

The 15 studies with quantified exposures were taken into consideration in recent risk assessments.
Relative risk slopes vary from 0.00 to 0.04 per fibre/ml-year per cohort of workers. It is generally
agreed that risk gradients differ considerably depending on the cohorts and the industrial processes
(textile > insulation, mixed products and cement > mines, mills and friction products) and depending
on the type of asbestos use.® The 15 studies are statistically compatible with a linear exposure-risk
model. Furthermore, researchers have pointed out that models can be slightly infralinear or supralinear
and even with threshold, provided that the threshold is lower than 40 fibres/ml-years.

Available epidemiological data show that the association between asbestos exposure and lung cancer
risk is observed and statistically significant among subjects with no radiological signs of fibrosis.*® In
the current state of knowledge, the only information that may be provided by the presence of a sign of
fibrosis in a subject occupationally exposed to asbestos and suffering from lung cancer, is that there is
an increased plausibility of greater exposure to asbestos.®”® Asbestos exposure would approximately
double a worker’s risk of developing a lung cancer, the level of risk varying according to degree of
exposure®, industrial process, fibre size, and possibly type of asbestos.**4*/
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2.3.3. Mesothelioma of the pleura and peritoneum

Diffuse malignant mesothelioma is a rare neoplasm of serous linings, in particular of the pleura and
peritoneum. Most cases are attributable to occupational exposures (direct or indirect) to asbestos. This
effect of asbestos exposure was identified in 1960 and was recognized by the scientific community
shortly thereafter. Malignant mesothelioma is rapidly fatal.

According to the literature reviews consulted, only 10% to 30% of cases among men show no
association with such exposures. We do not know if these cases involve exposure to other substances,
hidden asbestos exposure, or if this is the background incidence level of this tumour.’

Except in a few asbestos worker cohorts, the pleura is affected 5 to 10 times more often than the
peritoneum. The latency period is 20 to 40 years or more, although cases with a shorter latency period
have been described.’

For mesothelioma, there does not appear to be an interaction between asbestos exposure and tobacco
use nor an independent mesothelioma risk attributable to tobacco use.

Most experts believe that the risk of developing a pleural mesothelioma is higher with amphiboles
than with chrysotile.*** The risk is higher with crocidolite than with amosite and it is lower with
chrysotile. Tremolite toxicity could be higher than chrysotile toxicity and might be somewhere
between that of crocidolite and amosite.*® The highest mesothelioma risks have been observed in
populations living near surface deposits of natural zeolite (erionite) mineral fibres or in houses
constructed with materials incorporating these fibres.

However, scientists do not agree on the difference in the degree of risk between chrysotile and
crocidolite, the lowest documented being 4*” and the highest 500.*" Estimates for the mesothelioma
exposure-risk model have only been completed (i.e. for all the parameters) on one cohort.
Mesothelioma incidence is approximately proportional to the third power of time since first exposure
to asbestos.” We do not know how statistically precise these estimates are, but these are the estimates
used in the various risk assessments.

Mesothelioma is also suspected of being triggered by low and sporadic exposures to asbestos, which is
a major cause of concern due to its quasi ubiquity in the environment of industrialized countries.®*
Known “environmental” epidemics of mesothelioma seem to be characterized by heavy
contaminations by amphiboles.**>*

Among the other possible causes of mesothelioma, mostly based on experimental data, we find:
erionite-zeolite, ionizing radiations, and radiotherapy. A link was previously reported with refractory
ceramic fibres. With respect to peritoneal dialysis, para-aramid fibres, virus SV-40, quartz, and genetic
predisposition, a causal relation has not yet been demonstrated.
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2.34. Diffuse pleural effusion or benign asbestos-related pleuritis and pleural
plaques

Diffuse pleural effusion or benign asbestos-related pleuritis is characterized by a physiological
accumulation of liquid between the visceral and parietal pleura. It is rare and usually resolves on its
own. It may sometimes be painful and restrict pulmonary function.

Pleural plaques result from scarring of the lateral lining surrounding the lungs or from scarring of the
upper diaphragm that may calcify and become visible by radiography after more than 20 years of
occupational exposure. Parietal pleural plaques are found in people who have lived in proximity to
asbestos mines or surface deposits. Pleural plaques are considered to be indicators of high asbestos
exposure especially if they are bilateral. They do not appear to be pathologic in themselves.

2.3.5. More variable or uncertain effects

Cancers of the larynx™ and the esophagus appear to be associated with occupational asbestos
exposures, but have not been taken into consideration in large-scale governmental or
paragovernmental risk assessments because these purported asbestos effects are much less frequent
than broncho-pulmonary cancers and mesotheliomas. Moreover, epidemiological observations, while
indicative, are not conclusive.’***°-¢

Some epidemiological studies on asbestos workers suggest excesses of gastro-intestinal, kidney, and
ovarian cancers, and Hodgkin’s lymphomas. These observations are at variance with animal studies.
Experts attribute these epidemiological observations either to insufficient statistical or epidemiological
study data, or to diagnostic errors of broncho-pulmonary and mesothelial cancers. The possibility of
such effects is not ruled out for heavy exposures, but is not sufficiently substantiated by scientific
observations. No asbestos risk assessments have taken these risks into consideration.”*
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3. ASBESTOS-RELATED DISEASES IN THE GENERAL
POPULATION
3.1. MESOTHELIOMA

The data available in Quebec and allowing us to document the extent of mesothelioma in the
population come mainly from the Fichier des tumeurs du Québec (tumour registry), for incidence and
from the Fichier des déces (death registry), MSSS, for mortality.

In the Fichier des tumeurs du Québec, mesothelioma cases can be traced under the names
mesothelioma of the pleura and mesothelioma of the peritoneum because they are recorded by
tumour site (the pleura or the peritoneum) and by histological type (a mesothelioma). They may also
be included in the group of cancers of the pleura that includes, however, other histological types of
tumour than mesothelioma.

In the Fichier des déces, mesotheliomas are found among the cancers of the pleura and the cancers
of the peritoneum since this databank registers only tumour site (pleura or peritoneum) and not
histological type. Therefore, mortality data include other histological types of cancer than
mesothelioma. The proportion of mesotheliomas among cancers of the pleura is approximately 2:3 for
women and 4:5 for men. Among cancers of the peritoneum, the proportion is 1:10 for women and
1:5 for men.”’ Therefore, we cannot estimate mortality from mesothelioma of the peritoneum from the
data on cancers of the peritoneum.

3.1.1. Incidence

Number, male/female ratio, and age

In Quebec, between 1982 and 1996, 1,074 people were registered for the first time in the Fichier des
tumeurs du Québec with a diagnosis of cancer of the pleura and 832 with mesothelioma of the pleura.
Between 1984 and 1996, 108 people were diagnosed with mesothelioma of the peritoneum.

The ratio of the number of men to the number of women was 3:1 for cancers of the pleura, 3.7:1 for
mesotheliomas of the pleura, and 1.4:1 for mesotheliomas of the peritoneum (Table 1).

In this section of the report, only data on the incidence of cancer of the pleura, mesothelioma of the
pleura, and mesothelioma of the peritoneum as well as data on mortality from cancer of the pleura will
be presented.’
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Table 1: Incidence of cancer of the pleura (1982-1996), mesothelioma of the pleura (1982-
1996), mesothelioma of the peritoneum (1984-1996), and mortality from cancer of
the pleura (1981-1996). Quebec.

INCIDENCE MORTALITY
Cancer of the Mesothelioma of | Mesothelioma of | Cancer of the
pleura the pleura the peritoneum pleura
1982-1996 1982-1996 1984-1996 1981-1996

No. 3/ 9 807/267 655/177 63/45 506/195

Ratio d : @ 3.02:1 3.70:1 1.40:1 2.59:1

Age-adjusted average

annual rate / 100,000
person-years

1.86 1.49 0.14 1.11
Q 0.48 0.32 0.08 0.33
S.s.* annual trend and sex Increase among & Increase among & - Increase among &
S.s.* average annual increased +3.3% & +5.5% & - +2.9% &
rate and sex

Region with a statistically Chaudiére- Chaudiére- - Chaudiére-

significant excess and rate / Appalaches: Appalaches: Appalaches:

100,000 person-years 3:3.12 3:2.67 3:233
Q:0091 Q:0.74 Q:0.75
Montérégie: Montérégie:
3:2.35 3:2.02

* S.s. = statistically significant at a level of 5%; n.s. = not significant at a level of 5%

Cancers of the pleura, mesotheliomas of the pleura, and mesotheliomas of the peritoneum are more
frequent over 50 years of age (Figures 1 and 2).
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Figure 1: Incidence rates (/100,000 person-years) by five-year age groups for cancer of the
pleura, mesothelioma of the pleura (1982-1996), and mesothelioma of the
peritoneum (1984-1996) among men. Quebec.
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Figure 2: Incidence rates (/100,000 person-years) by five-year age groups for cancer of the
pleura, mesothelioma of the pleura (1982-1996), and mesothelioma of the peritoneum
(1984-1996) among women. Quebec.
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Rates

Among men, between 1982 and 1996, the age-adjusted incidence rates of cancer of the pleura and
mesothelioma of the pleura and, between 1984 and 1996, of mesothelioma of the peritoneum, were
respectively 1.86, 1.49, and 0.14/100,000 person-years. Among women these rates were lower at 0.48,
0.32, and 0.08/100,000 person-years” (Table 1).

Temporal change

Among men, during the period of the study, the age-adjusted incidence rates of cancer of the pleura
and mesothelioma of the pleura showed a statistically significant increase, which is not the case for
mesothelioma of the peritoneum. However, the observation with relation to mesothelioma of the
peritoneum is based on small sample numbers. Among women, no significant time trend was observed
during these years” (Table 1 and Figure 3).

Figure 3: Age-standardized annual incidence rate (/100,000 person-years) of cancer of the
pleura, mesothelioma of the pleura, and mesothelioma of the peritoneum, province
of Quebec, 1982-1996
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Between 1984 and 1996, there was a downward trend in peritoneal mesothelioma incidence for both
sexes together, with a non-significant average annual decrease of -5.5% (95% confidence interval
(95% CI) = -9.3% to + 0.5%). However, the decrease among women was statistically significant: -8.9%
(95% CI = -16.1% to -1.1%), but not among men: -1.5% (95% CI = -7.8% to +5.2%).’

In contrast, there was a significant rise in the average annual rate of increase in the incidence of
mesothelioma of the pleura for both sexes together: +5.1% (95% CI = +2.9% to +7.1%). Among
men, the rate of increase was +5.1% (95% CI = +2.8% to +7.4%) and among women +4.4% (95% CI
= -0.0% to +9.1%).> These results are also consistent with the time trends analysis performed for the
period from 1982 to 19962

The question is whether the trend observed between 1984 and 1996 will persist in future and if so,
whether it will last for some time.

To answer this question, first, the situation of the Quebec population under 60 years of age and
suffering from mesothelioma of the pleura was compared with that of Quebecers 60 years of age and
over. The data in Table 2 suggest rates were stable among men and women under 60. Among persons
60 and over, there seems to be an increase, especially among men, from 1990 on.?

Table 2: Incidence rate of pleural mesothelioma / 100,000 persons by year, sex, and age
(+/- 60 years). Quebec 1984-1996 (rates adjusted to the age distribution of the
1991 Quebec population)

Men Women
Year <60 years | =60 years Total < 60 years > 60 years Total
1984 0.53 4.25 1.09 0.05 0.97 0.19
1985 0.26 5.91 1.16 0.07 1.13 0.23
1986 0.23 6.23 1.18 0.23 0.94 0.33
1987 0.70 3.66 1.18 0.14 1.04 0.28
1988 0.63 5.15 1.38 0.18 1.72 0.42
1989 0.56 6.35 1.45 0.11 1.65 0.35
1990 0.48 7.74 1.64 0.17 0.32 0.19
1991 0.40 6.66 1.41 0.03 0.79 0.15
1992 0.43 8.81 1.77 0.13 1.86 0.40
1993 0.41 9.01 1.79 0.13 1.68 0.37
1994 0.53 9.61 2.00 0.19 2.24 0.51
1995 0.53 9.56 1.94 0.15 0.58 0.22
1996 033 9.86 1.84 0.20 1.86 0.44
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A Poisson regression analysis confirmed the statistically significant increase in rates of mesothelioma
of the pleura among men 60 years and over and stable rates among men under 60° (Table 3).

Table 3: Time trend in incidence of mesothelioma of the pleura from 1984 to 1996 by
age (+/- 60 years) and by sex (rates adjusted to the 1991 Quebec population)

ANNUAL INCREASE | 95% CONFIDENCE INTERVAL
Women
Year*age<60 years +1.5% -3.0% +6.1%
Year*age>60 years +2.8% -0.6% +6.3%
Men
Year*age<60 years -0.0% -2.1% +2.1%
Year*age>60 years +5.6% +4.1% +7.2%
Total
Year*age< 60 years +0.3% -1.7% +2.2%
Year*age> 60 years +5.2% +3.8% +6.6%

Subsequently, a birth cohort analysis was performed. The purpose was to determine if, at the same
age, the groups (or cohorts) born more recently would show a decreased incidence of mesothelioma of
the pleura compared with groups born earlier. The following birth cohorts were defined: 1900 to 1909,
1910 to 1919, 1920 to 1929, 1930 to 1939, 1940 to 1949, and 1950 to 1959. The number of
mesotheliomas of the pleura among women was too small to permit this type of analysis.

The analysis carried out among men suggested an increased mesothelioma risk in the first three
cohorts, that is among those born between 1900 and 1930, and a decreased risk among those born in
subsequent years. However, we must be cautious when interpreting the lower rates in cohorts born
more recently, since they were still young during the period of observation from 1984 to 1996. Figure
4 shows that mesothelioma rates were higher in the male cohort born between 1930 and 1939, that is
those who began to work after the Second World War, particularly from 1950 to 1960.”
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Figure 4: Incidence of pleural mesothelioma per 1,000,000 men according to age, by birth
cohort, Quebec, 1984-1996

Mesothelioma of the pleura among men in Quebec, 1984-1996
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Numbers joined by lines indicate birth cohorts by decade.

Solid lines represent observed data.

Dotted lines represent statistical estimates using Poisson regression.

On a log-log scale, the relation between incidence rates and age should be approximately linear for
each cohort according to the multistage model for carcinogenesis.

If these trends are real and persist, the incidence rate of mesothelioma of the pleura among Quebecers
could begin to decline in about 10 years, or around 2010. For Quebec men, these trends are consistent
with the trends estimated in a larger and statistically stable U.S. population, but with a lag of 5 to
10 years.’

Geographic distribution

The distribution of cases by region of residence at the time of tumour diagnosis showed significant
excesses in the incidence of cancer of the pleura and mesothelioma of the pleura among men and
women in the Chaudiére-Appalaches region and among men in Montérégie. For mesothelioma of the
peritoneum, no region showed significant excesses among men or women” (Table 1).
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3.1.2. Mortality

First, bear in mind that mortality data are available for cancer of the pleura and not for mesothelioma
of the pleura.

Between 1981 and 1996, 701 deaths from cancer of the pleura were recorded in the Fichier des décés.
The male:female ratio was 2.60:1 and deaths increased after the age of 50 among men and women
alike.”

During the period of the study, the average mortality rate for cancer of the pleura was 1.11/100,000 person-
years among men and 0.42/100,000 person-years among women” (Table 1).

Among men, annual mortality rates for cancer of the pleura, adjusted for age, showed a statistically

significant upward trend between 1981 and 1996. Among women, there was no significant change’
(Table 1 and Figure 5).

Figure 5: Age-standardized annual mortality rate (/100,000 person-years) for cancer of the
pleura, province of Quebec, 1981 to 1996
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Only one region in Quebec showed a significant excess in the adjusted mortality rate for cancer of the
pleura among men and women equally-the Chaudiére-Appalaches region” (Table 1).
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3.1.3. National and international comparisons

3.1.3.1. National comparisons

The situation in Quebec was compared with that of other Canadian provinces in two ways.

In a first phase, the incidence rates of mesothelioma of the pleura and peritoneum in the Quebec
population were compared with those in the population of the rest of Canada, for the period extending

from 1984 to 1996.

Average adjusted incidence rates of mesothelioma of the pleura in Quebec men and Quebec women
were respectively 1.32 (95% CI = 1.20 to 1.46) and 1.92 (95% CI = 1.56 to 2.36) times higher than
those of Canadian men and women in all the other provinces combined® (Table 4).

Table 4: Incidence rate' (adjusted for age and year) of mesothelioma of the pleura 1984-
1996 and incidence ratios’ relative to incidence rate among Canadian women

outside Quebec

Women Men IR?
M/W
Canada 1.64/y 11.3/y 7.01

outside Quebec IR=1.00 IR="7.01 (6.09 - 8.08)
Quebec 3.14/y 15.3/u 4.83

IR=1.92 IR=9.29 (4.04-5.78)
IR? Que. / Can. outside Que. 1.92 1.32 0.69°

95 % confidence interval (1.56 - 2.36) (1.20 — 1.46) (0.55-0.87)

Que. Men
9.29°
(7.96 — 10.84)

Note 1:  Rates per million are adjusted by direct standardization to the 1991 Quebec population, stratified by 5-year age groups and by
year of observation. No age group was excluded for these calculations.
Note 2:  IRs are shown in bold. These incidence ratios were estimated using Poisson regression stratified by 5-year age groups and by year
of incidence, after excluding persons under age 25 and those 85 and over. These IRs estimated by regression do not correspond
exactly to incidence rate ratios adjusted by direct standardization, since the same statistical method is not used and youngest and
oldest age groups are excluded. IR confidence intervals are in italics.
Note 3:  Incidence ratios are heterogeneous; the male/female IR is lower in Quebec than in the rest of Canada; the Quebec/“Canada outside
Quebec” IR is lower for men than for women: 4.83 : 7.01 = 0.69 = 1.32 : 1.92. Consequently, the risk among Quebec men in
comparison to that among Canadian women is = 7.01 * 1.92 * 0.69 = 9.29.
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If we hypothesize that asbestos exposure for women living outside Quebec was low and that incidence
did not vary between the sexes for all practical purposes except with relation to exposure, the
incidence of mesothelioma of the pleura among these women might give an idea of the background
concentration of this cancer, in other words, 1.6 cases per million person-years. In the scientific
literature, this rate is usually estimated between 1 and 2 cases per million people per year.
Mesothelioma incidence among Canadians outside Quebec, Quebec men, and Quebec women was
respectively 7.01, 9.29, and 1.92 times higher than the background concentration. These excesses are
all statistically significant at the 5% bilateral level. Continuing with the original hypothesis,
approximately 5 out of 10 (48%) mesotheliomas would be attributable to asbestos among Quebec
women. If there is no natural difference in mesothelioma incidence between men and women, we may
also infer that approximately 9 out of 10 (89%) mesotheliomas of the pleura in Quebec men could be
attributable to asbestos.?

The incidence ratio of mesothelioma of the peritoneum was on average 1.58 (95% CI = 1.25 to 2.00)
times higher in Quebec than in the rest of Canada (Table 5). Making the same hypothesis as in the
preceding paragraph, the background concentration of mesothelioma of the peritoneum would be
0.68 cases per million person-years. In that situation, only the rates among Quebec men would be
significantly higher than the background concentration (IR = 2.28; 95% CI = 1.66 to 3.15).?

Table 5: Incidence rate' (adjusted for age and year) of mesothelioma of the peritoneum
1984-1996 and incidence ratios relative to incidence rate among Canadian women
outside Quebec

Women Men IR?
M/W
Canada 0.68/ 0.85/u
outside Quebec IR=1.00 IR=1.26
1.40
(0.95-1.67) 112-1.76)
Quebec 091/ 1.61/y @ '
IR=1.33 1R=12.28
(0.92-1.91) (1.66-3.15)
IR Quebec/Can. outside Que. 1.58
95% confidence interval (1.25-2.00)

Note 1:  Rates per million are adjusted by the direct method to the 1991 Quebec population, stratified by 5-year age groups and by year of
observation. No age group was excluded for these calculations.

Note 2:  IRs shown in bold are relative to the rates among women outside Quebec. These incidence ratios were estimated using Poisson
regression stratified by 5-year age groups and year of incidence, after excluding persons under age 25 and those 85 and over.
These IRs estimated by regression do not correspond exactly to incidence rate ratios adjusted by the direct method. IR confidence
intervals are in italics.

In a second phase, the Quebec situation was compared with that of the rest of Canada using the
electronic database of the International Agency for Research on Cancer for the years 1988 to 1992.
Taking the Quebec population as a reference population, expected numbers of incident mesotheliomas of the
pleura and peritoneum combined were calculated for each Canadian province. According to this
method, the standardized incidence ratios for men and women from the other provinces are all lower
than those of Quebec” (Table 6). These results tally with the 1984-1996 Quebec/Canada comparison
presented above.?
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Table 6: Standardized incidence ratios of mesothelioma of the pleura and peritoneum
by province and territory, Canada 1988-1992, compared with Quebec

A. Among women

Number of Number of Standardized
cases cases Incidence CI95%
Province / Territory observed expected Ratio

Quebec 88 88.00 100.00

British Columbia 26 42.74 60.84 (39.73 - 89.15)
Ontario 77 129.04 59.67 (47.09 - 74.61)
Alberta 15 25.31 59.26 (33.19 -97.74)
Saskatchewan 7 13.25 52.84 (21.21 - 108.84)
Newfoundland 3 5.82 51.57 (10.66 - 15.75)
Manitoba 7 14.65 47.77 (19.18 - 98.41)
Nova Scotia 5 11.64 42.95 (13.92 - 100.26)
New Brunswick 2 9.14 21.87 (2.62 -78.97)
Northwest Territories* 0 0.46 0.00 (0.00 - 652.59)
Prince Edward Island* (0] 1.69 0.00 (0.00 - 177.84)

B. Among men

Quebec 296 296.00 100.00

Manitoba 47 51.82 90.70 (66.64 - 120.61)
British Columbia 137 158.09 86.66 (72.75 - 102.46)
Nova Scotia 33 41.26 79.99 (55.07 - 112.32)
Alberta 75 95.06 78.90 (62.05 - 98.94)
Ontario 293 449.99 65.11 (57.87 -73.02)
Newfoundland 12 22.70 52.86 (27.31 -92.34)
New Brunswick 16 32.52 49.21 (28.14 - 79.90)
Saskatchewan 24 50.10 4791 (30.70 - 71.28)
Prince Edward Island 2 6.15 32.53 (3.90 - 117.43)
Northwest Territories * 0 224 0.00 (0.00 - 134.03)
*1983-1992

3.1.3.2. International comparisons

International comparisons were carried out in the same way as those between the provinces, using the
electronic database of the International Agency for Research on Cancer for the years 1988 to 1992.
Taking the Quebec population as a reference population, expected numbers of incident mesotheliomas
of the pleura and peritoneum combined were calculated for some countries with national tumour
registries. Among men, most counties in the United Kingdom, states in Australia, and regions in the
Netherlands show statistically significant excesses of mesothelioma compared with Quebec (Table 7).
Among women, no country shows significant excess (Table 8). We note however that the incidence of
mesothelioma in Quebec is greater than that observed in the rest of Canada, and in Sweden, Norway,
Israel, and several Eastern European countries.
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Table 7:

Standardized incidence ratios of mesothelioma of the pleura and mesothelioma of

the peritoneum among men, by country, 1988-1992, compared with Quebec

Number Number Standardized
Country of cases of cases Incidence Ratio  (CI 95% of SIR)
observed expected (SIR)

UK, Scotland, West (1988-1992) 422 136.68 308.74 (279.99 — 339.67)
Western Australia (1988-1992) 183 64.51 283.66 (244.05-327.91)
South Australia (1988-1992) 167 68.17 24498 (209.24 — 285.13)
UK, Wessex (1988-1992) 389 169.60 229.36 (207.14 —253.34)
UK, Scotland (1988-1992) 570 259.13 219.97 (202.28 — 238.80)
The Netherlands, Maastricht (1988-1992) 85 41.97 202.51 (161.75 - 250.49)
The Netherlands (1988-1992) 1013 566.85 178.71 (167.87 — 190.06)
Australia, New South Wales (1988-1992) 454 264.52 171.63 (156.21 — 188.18)
UK, South Western (1988-1992) 308 195.26 157.74 (140.61 — 176.39)
UK, Mersey (1988-1992) 217 145.01 149.65 (130.40 — 170.96)
UK, South Thames (1988-1992) 522 365.84 142.68 (130.71 — 155.47)
UK, Yorkshire (1988-1992) 263 194.19 135.43 (119.56 — 152.84)
UK, North Western (1988-1992) 272 208.57 103.41 (115.38 — 146.88)
Australia, Victoria (1988-1992) 249 193.02 129.00 (113.48 — 146.07)
UK, East Anglia (1988-1992) 147 118.20 124.36 (105.07 — 146.19)
UK, Oxford (1988-1992) 150 122.17 122.78 (103.92 — 144.10)
The Netherlands, Eindhoven (1988-1992) 45 41.50 108.42 (79.08 — 145.07)
US, SEER : White (1988-1992) 872 851.40 102.42 (95.73 - 109.45)
Quebec (1988-1992) 296 296.00 100.00
Denmark (1988-1992) 267 281.35 94.90 (83.86 — 107.00)
Australia, Tasmania (1988-1992) 19 21.01 90.42 (54.44 - 141.20)
Norway (1988-1992) 198 230.37 85.95 (74.40 — 98.80)
Sweden (1988-1992) 423 516.64 81.88 (74.26 — 90.07)
Canada, all provinces (1988-1992) 935 1205.69 77.55 (72.66 — 82.68)
Finland (1988-1992) 197 274.56 71.75 (62.08 — 82.51)
Germany, Eastern States (1988-1992) 187 295.50 63.28 (54.54 -73.04)
US, SEER : Black (1988-1992) 43 73.82 58.25 (42.16 — 78.46)
Slovenia (1988-1992) 42 82.97 50.62 (36.48 — 68.42)
Estonia (1988-1992) 21 62.59 33.55 (20.77 - 51.29)
Israel : Jews born in America or Europe (1988-1992) 25 86.38 28.94 (18.73 —42.72)
Poland, Warsaw City (1988-1992) 17 61.15 27.80 (16.19 — 44.51)
Czech Republic (1988-1992) 126 463.79 27.17 (22.63 —32.35)
Israel : All Jews (1988-1992) 40 154.09 25.96 (18.55 -35.35)
Slovakia (1988-1992) 46 207.22 22.20 (16.25 -29.61)
Poland, Lower Selesia (1988-1992) 19 107.62 17.65 (10.63 —27.57)
Belarus (1988-1992) 57 383.60 14.86 (11.25-19.26)
Yugoslavia, Vojvodina (1988-1992) 9 101.78 8.84 (4.05—16.78)
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Table 8: Standardized incidence ratios of mesothelioma of the pleura and mesothelioma of
the peritoneum among women, by country, 1988-1992, compared with Quebec

Number Number Standardized
Country of cases of cases  Incidence Ratio (CI 95% of SIR)
observed expected (SIR)

Western Australia (1988-1992) 25 17.16 145.65 (94.27-214.98)
South Australia (1988-1992) 25 18.91 132.23 (85.58-195.17)
UK, Scotland, West (1988-1992) 55 43.32 126.97 (95.63-165.36)
Finland (1988-1992) 107 91.57 116.85 (95.76-141.23)
UK, Yorkshire (1988-1992) 65 58.91 110.34 (85.14-140.69)
UK, Scotland (1988-1992) 87 81.45 106.82 (85.55-131.80)
Quebec (1988-1992) 88 88.00
UK, South Thames (1988-1992) 113 113.49 99.57 (82.06-119.74)
UK, North Western (1988-1992) 64 64.35 99.45 (76.58-127.05)
The Netherlands, Maastricht (1988-1992) 12 12.26 97.88 (50.57-170.96)
Germany, Eastern States (1988-1992) 103 108.50 94.93 (77.48-115.16)
The Netherlands, Eindhoven (1988-1992) 11 11.72 93.82 (46.83-167.86)
Denmark (1988-1992) 73 80.88 90.26 (70.74-113.53)
The Netherlands (1988-1992) 151 167.99 89.88 (76.12-105.44)
US, SEER : White (1988-1992) 219 254.64 86.00 (74.99-98.19)
Australia, New South Wales (1988-1992) 62 73.03 84.90 (65.08-108.89)
Poland, Warsaw City (1988-1992) 18 21.73 82.82 (49.09-130.89)
UK, East Anglia (1988-1992) 27 33.87 79.71 (52.52-115.97)
UK, Wessex (1988-1992) 39 51.04 76.41 (54.33-104.44)
UK, South Western (1988-1992) 45 5891 76.38 (55.71-102.20)
Australia, Victoria (1988-1992) 40 53.71 74.47 (53.21-101.41)
Czech Republic (1988-1992) 109 152.22 71.61 (58.79-86.40)
Canada, all provinces (1988-1992) 230 341.69 67.31 (58.89-76.60)
Norway (1988-1992) 43 65.61 65.54 (43.43-88.28)
UK, Oxford (1988-1992) 22 35.14 62.61 (39.24-94.79)
Israel : Jews born in America or Europe (1988-1992) 15 24.40 61.48 (34.43-101.41)
Sweden (1988-1992) 87 143.49 60.63 (48.56-74.81)
US, SEER : Black (1988-1992) 14 24.01 58.31 (31.86-97.84)
Slovenia (1988-1992) 16 28.37 56.41 (32.26-91.59)
UK, Mersey (1988-1992) 19 35.20 53.98 (32.50-84.30)
Belarus (1988-1992) 70 152.64 45.86 (35.74-57.96)
Israel : All Jews (1988-1992) 19 42.45 44.76 (26.95-69.89)
Estonia (1988-1992) 11 24.89 44.20 (22.06-79.07)
Yugoslavia, Vojvodina (1988-1992) 13 31.18 41.69 (22.19-7129)
Australia, Tasmania (1988-1992) 2 5.72 34.99 (4.20-126.32)
Slovakia (1988-1992) 22 65.81 33.43 (20.95-50.61)
Poland, Lower Selesia (1988-1992) 7 36.05 19.42 (7.79-40.00)

3.2. ASBESTOSIS

To describe the frequency of asbestosis in Quebec, we have three sources of information: data on
cases hospitalized with a diagnosis of asbestosis drawn from MED-ECHO (a hospitalization data
file), data on asbestosis deaths in the Fichier des déces, and cases of asbestosis determined to be of
occupational origin by the Comité spécial des présidents for CSST compensation purposes.
Information from this last source of data will be reviewed in section 5 of this report.

Between 1987 and 1996, in Quebec, 1,333 men and 53 women were hospitalized for a first time with
a primary or secondary diagnosis of asbestosis. The male to female ratio was 25:1 and hospitalizations
were more frequent among people 50 years of age and older. The average hospitalization rate during
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the period was 4.41/100,000 person-years among men and 0.13/100,000 person-years among women.
Among men, we observed a statistically significant downward trend in annual rates (p < 0.001).
Among women, no significant variation in annual rates was observed” (Table 9).

Table 9: Asbestosis in Quebec: Incidence of hospitalizations (1987-1996) and mortality
(1981-1996)

Hospitalizations 1987-1996 Mortality 1981-1996
Number &'/ @ 1,333/53 114/2
Ratio &: @ 25:1 57:1
Age-adjusted average annual rate /
100,000
3 4.41 0.26
Q 0.13 -
S.s.* annual trend and sex Decrease among & -
Average annual increased rate -3.7% -
Region with a s.s.* excess and Chaudiére-Appalaches & 23.73 Chaudiére-Appalaches & 1.50
rate / 100,000 Estrie & 16.00 Estrie 4 0.95

*s.s. = statistically significant

The Fichier des décés data show 114 men and 2 women died from asbestosis between 1981 and 1996.
The male to female ratio was 57:1 and the deaths were observed in the 50 and over age group. The
average annual death rate for all of Quebec was 0.26/100,000 person-years among men and there was
no statistically significant annual variation in these rates” (Table 9).

The distribution of cases by geographic region showed a statistically significant excess of asbestosis
hospitalizations and deaths only among men and this, in the Estrie and Chaudiére-Appalaches
regions’ (Table 9). These are the two regions in Quebec with asbestos mines. Chaudiére-Appalaches
region also has a shipyard.

3.3. PULMONARY CANCER

Pulmonary cancer is a tumour that occurs frequently in the population (more than 3,500 cases per year
among Quebecers).”® The principal risk factor is cigarette smoking, but some cases may be due to
asbestos exposure. According to studies, the lung cancer risk attributable to asbestos exposure varies
from approximately 0.5% to 15%.°

Consequently, we did not look for information on pulmonary cancer statistics in general. Data on the
cases of asbestos-related pulmonary cancer determined to be of occupational origin by the Comité
spécial des présidents for the CSST are presented in section 5 of this report.
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34. PLEURAL ABNORMALITIES

We did not find a study that would allow us to establish the frequency of asbestos-related pleural
abnormalities in the Quebec population. These abnormalities are generally considered to be indicators
of asbestos exposure with no clinical effect. However, some grow to a considerable size, affecting
workers’ respiratory function and lead to compensation by the CSST. The only findings we have come
from various screening campaigns carried out among workers exposed to asbestos. These findings will
be presented in section 5 of this report. Studies published elsewhere in the world provide an idea of the
prevalence of pleural abnormalities in the general population, usually less than 10%.7%
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4. ASBESTOS-RELATED DISEASES IN THE GENERAL
POPULATION OF THE MINING REGION

Information on the state of health of Quebec’s mining region population comes from two sources:
first, from studies published on this subject during the 1970s and 1980s and second, from a series of
more recent projects whose objective was to study mesotheliomas occurring among women residing in
this region.

4.1. THE GENERAL POPULATION

All of the studies published on the population of this region between the end of the 1970s and the
beginning of the 1980s do not have the same scientific value. Nevertheless, they are presented in order
to preserve the “memory” or “trace” of what has been done in Quebec in this area.

We found six studies, published during this period of time, whose aim was to assess the cancer risk of
the population in the asbestos region.®"

The first of these studies compared cancer incidence in the population of counties where asbestos
mines were located with that of other counties in Quebec (counties peripheral to mining regions, other
rural counties, Montréal, and Quebec City), between 1969 and 1973. The relative risk of cancer of the
pleura was 8.1 for men and 3.4 for women in the asbestos region. For cancer of the peritoneum,
relative risk reached 2.0 among men, but no cases were reported among women.’' This study did not
include any statistical analysis; after verification, no result was statistically significant.’’

The second study compared the mortality of residents of the mining region (the towns of Thetford
Mines and Asbestos) to the mortality observed in 19 other urban areas in Quebec between 1966 and
1977. No significant excess was noted among women, but men showed a higher and statistically
significant comparative mortality figure: 1) for all causes of deaths combined in the two mining towns;
2) for all cancers combined and for respiratory cancers in Thetford Mines only; and 3) for deaths from
respiratory diseases in Asbestos only. The authors estimated that among men and women in mining
region towns, slightly less than two deaths per year might be associated with asbestos pollution.”*

The aim of the third study was to assess the cancer mortality, between 1964 and 1973, of residents of
32 Quebec municipalities grouped according to their level of asbestos exposure in drinking water
(high, possibly high, and probably low). The purpose of the project was to verify if there was a link
between the ingestion of asbestos fibres and cancer of the digestive system. Men in Thetford Mines
and Asbestos, towns where exposure was considered high, presented statistically significant excesses
of deaths from stomach cancer and lung cancer, which the author attributed to work in the mines.**

The fourth study was conducted in 85 mining towns in Canada (including Thetford Mines and
Asbestos) where at least 20% of the male workforce were employed in the mining industry. Mortality
from benign respiratory disorders and from lung cancer among men in these towns was calculated for
the period from 1966 to 1976. Men from Thetford Mines and Asbestos showed significantly higher
mortality rates for these two causes after standardization for age.**
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In a similar study, another author described the mortality of Thetford Mines and Asbestos residents,
but this time, during the years from 1975 to 1977. Among men, there was a statistically significant
excess of mortality from lung cancer, malignant tumours of the digestive system and the peritoneum,
and from all malignant tumours combined, while among women this was not the case.®

The sixth study consisted in drawing a parallel between ambient air concentrations of asbestos fibres
measured during the summer of 1980 in the municipalities of Danville, Asbestos, and Wottonville, and
the cancer mortality data for men and women 20 years of age and over, residing in these towns, who
died between 1965 and 1974. Asbestos concentrations were higher in Asbestos than in Danville. The
situation was less clear for Wottonville (concentrations sometimes higher, sometimes lower than in
Danville). The area of the town of Asbestos was then divided into three zones based on total dust
levels. Mortality rates for men in Asbestos were higher in the zones presenting the highest exposures,
and the lowest rates were observed in the zones where exposure was lowest. Among women, rates
were higher in zones where concentrations were highest, but were lowest in zones with medium
exposure.*

To sum up, these six studies would suggest that, at the time they were published, there might have
been an increased incidence of or increased mortality from respiratory cancers, cancers of the
peritoneum, and respiratory diseases, especially among men in the mining region. While it may be
correct to estimate that 70% of men in the region worked in the asbestos industry’, it is difficult to
estimate the contribution of environmental exposure to the development of these cancers. In the case
of women, it is not easy to determine the contribution of environmental exposure due to the small
number of studies and the limited data on the subject. It must be remembered that these studies lacked
statistical power, did not control for risk factors related to these cancers or diseases, or did not perform
statistical analyses. Finally, it must be noted that filing a declaration in the Fichier des tumeurs du
Québec was not a requirement when the first study was conducted, thus rendering the data on
incidence very unreliable.

4.2. MESOTHELIOMA AND LUNG CANCER AMONG WOMEN IN THE MINING REGION

Some recent studies and analyses were carried out as part of the epidemiology subcommittee’s
work™ 1308 a5 well as outside this context'”, to get a better idea of the situation with respect to
mesothelioma of the pleura and lung cancer among women in Quebec’s mining region.

The women in this region suffering from mesothelioma of the pleura were traced. To do this, the
authors first identified the mesotheliomas occurring in an area that includes approximately 78% of the
population of Quebec.

From this, we learned that between 1970 and 1989 ten women suffering from mesothelioma of the
pleura resided in the mining region at the time they were diagnosed while 108 others lived elsewhere
in Quebec at the time of diagnosis. Of the 10 women in the mining region, 6 had a “definite” diagnosis
of mesothelioma and 4 had a “possible” diagnosis, according to the study’s two expert pathologists.
The annual mesothelioma incidence rate for women in the mining region (10 cases or 22.7 per million)
was then compared with the incidence rate estimated for women in the rest of Quebec (108 cases or
2.1 per million). Women in the mining region thus had 10.8 times more mesotheliomas than women
elsewhere in Quebec. If we added to the 10 women, 7 other women who no longer resided in the
mining region at the time they were diagnosed, but who had lived there in the past, the risk then
became 20.3 times higher.®®
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In a previous study by this group of researchers'”, asbestos exposures of occupational, domestic
(cohabitation with one or more asbestos workers), and residential origin had already been estimated
separately for women residing in the mining region. The control women in the present study would
have been exposed to concentrations varying between 0.2 and 1.5 fibre/ml during their lifetime, a
mean cumulative exposure of approximately 25 fibres/ml-years.®

Data from this study were then used to validate the US Environmental Protection Agency’s (EPA) risk
assessment model for mesothelioma. The number of cases predicted by the EPA model (traditional
linearized multistage model of carcinogenesis) was then compared with the number of cases observed
among women in the mining region, on the basis of their town of residence.

We found that 10 women who had died of mesothelioma of the pleura had been traced in the
aforementioned case-control study. The study focusing on mesothelioma of the pleura had excluded
one case of mesothelioma of the peritoneum. However, for the purpose of validating the EPA model,
the 11 cases were taken into consideration, since the EPA model does not differentiate by site of the
mesothelioma. The EPA model predicted a mesothelioma incidence 59 times (650/11) higher than the
observed incidence. To be extremely conservative, were we to add 7 other women who had resided in
the mining region but were no longer living there when they were diagnosed with mesothelioma, the
model would nevertheless overestimate mesothelioma risk by a factor of 36 (650/18)'*!" (Table 10).

Table 10:  Comparison between observed number of mesothelioma cases from 1970 to 1989
and expected number according to the Environmental Protection Agency model

Observed cases Expected cases (plausible range)
Asbestos” 1 150 (30-750)
Thetford Mines” 10 500 (100-2500)
Total 11 650 (130-3250)

"1 mesothelioma of the peritoneum in Asbestos and 10 mesotheliomas of the pleura in Thetford Mines.

The same approach was applied to lung cancer deaths. Between 1970 and 1989, 71 lung cancer deaths
occurred among women in the two mining communities while expected numbers, using two possible
calculation methods, were between 64.5 and 71.4 cases (Table 11). The Environmental Protection
Agency predicted between 132 and 146 cases based on the method for calculating expected numbers.
The ratio between the excess of predicted deaths and the excess of observed deaths varied between
10.4 and infinity depending on the method chosen for calculating expected numbers'? (Table 11).

Institut national de santé publique du Québec 27



The Epidemiology of Asbestos-related Diseases in Quebec

Table 11:  Observed excess of deaths from pulmonary cancer compared with predicted excess
of deaths following the Environmental Protection Agency model based on the two
calculation methods used

Standardized mortality Proportional mortality
(SMR) (PMR)

Observed deaths 71 71

Expected deaths 71.4 64.5
Excess of observed deaths -04 6.5

Predicted deaths 146.4 1322
Excess of predicted deaths 75.0 67.7
Ratio of predicted : observed excesses ) 10.4

Between 1970 and 1989, a case-control study was also conducted among the 10 women in Thetford
Mines suffering from mesothelioma of the pleura (the cases) and among 74 women residing in the
same town, but free from mesothelioma (the controls). Researchers compared asbestos exposures of
the cases with those of the controls for each source of exposure separately and for all asbestos
exposures together. The three previously described sources of exposure (professional, domestic, and
residential) were identified. However, we utilized a simplified exposure metric: total cumulative
exposure to asbestos in fibre/ml-year.

Table 12 shows that significantly more of the mesothelioma cases than controls had worked in the
asbestos industry and for a longer time. Relative risk was greater than 30 for a woman who had
worked with asbestos. Cohabitation with an asbestos worker increased by a factor of five the risk of
mesothelioma of the pleura, though the risk did not reach the statistically significant level.
Mesothelioma risk also increased with the number of asbestos workers with whom study subjects had
cohabited and with the length of cohabitation time with these workers, yet was not statistically
significant.
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Table 12:  Relative risk of mesothelioma of the pleura associated with domestic and
occupational exposures, based on certain categorical exposure variables*

ofcmes _ofeontrolsOR™ 9Scim
Occupational exposure
Had worked in the asbestos industry
No 5 72 1.0 -
Yes 5 2 314 3.5-2774
Number of years of work in the asbestos industry (years)
0 5 72 1.0 -
1-5 2 1 253 1.5-4352
>5 3 1 36.0 2.9-449.1
Number of years of work in the asbestos industry: risk
per year 10 74 1.23 1.04 - 1.46
Domestic exposure
Had cohabited with an asbestos industry worker
No 1 26 1.0 -
Yes 9 48 5.1 0.6 —44.6
Number of asbestos industry workers with whom the
subject cohabited ¢
0 1 26 1.0 -
1-2 5 37 3.5 0.4-32.7
>3 4 11 11.6 1.0 - 140.6
Number of years of cohabitation with an asbestos
industry worker (years) $
0 1 26 1.0 -
1-40 5 32 43 0.4-41.5
>40 4 16 6.7 0.6-72.5

* Each result presented here is based on a model incorporating a single exposure variable.
**  OR = odds ratio

**%* 95 % CI = 95% confidence interval

{ In some cases, the participant had cohabited with several workers at the same time.

3 The number of years of cohabitation is calculated by totaling the number of years of cohabitation with each worker.
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The level of cumulative asbestos exposure, whether the source of this exposure was residential,
occupational, domestic, or all origins combined, was always higher among cases than among controls.
The only exception was domestic exposure of cases and controls. For all sources of asbestos exposure
combined, cases were exposed on average to 226 fibres/ml-years and controls to 96 fibres/ml-years
(Table 13).

Table 13:  Cumulative asbestos exposure (fibre/ml-year) of cases of mesothelioma of the
pleura and of controls over the 10 to 50 previous years, by source

CUMULATIVE ASBESTOS EXPOSURE (fibre/ml-year)

Cases

Controls
(n=10) (n=74)

Source of asbestos Standard Standard

exposure Mean Deviation Range Mean Deviation Range
Residential 102.0 10.1 82.1-115.0 74.3 39.1 04-1214
Occupational 94.5 140.0 0.0-390.0 0.8 4.9 0.0-34.0
Among those exposed (n)*  236.3 (4) 118.8 100.0-390.0 29.5(2) 6.4 25.0-34.0
Domestic 29.6 20.3 0.0-55.2 21.0 20.5 0.0-63.6
Among those exposed (n) 32.9(9) 18.5 2.4-55.2 33.0 (47) 16.2 8.4-63.6
All sources 226.1 146.7 84.5-525.6 96.1 51.3 0.4 -182.7

* Excluding one case in which exposure occurred 50 years before the diagnosis of cancer

Mesothelioma risk associated with occupational exposure increased by 3% for each additional
fibre/ml-year of asbestos exposure. Mesothelioma risk increased by 2% for domestic exposures, by
5% for residential exposures, and by 2% for all sources combined. This last increase almost attained
the statistically significant level. Since the three sources of asbestos exposure were correlated, they
were then simultaneously incorporated into the analytic model. Mesothelioma risk then increased by
4% for residential and occupational exposures, but it did not increase with domestic exposure
(Table 14).
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Table 14:  Relative risk of mesothelioma of the pleura associated with a progressive
increase of one fibre/ml-year for residential, domestic, and occupational
cumulative exposures, expressed on a continuous scale*

Source of exposure Number of - Number of OR** 95 % CI***
cases controls

Models with one variable at a time

Residential 10 74 1.05 0.99-1.11
Occupational 10 74 1.03 0.99-1.08
Domestic 10 74 1.02 0.99-1.06
All sources 10 74 1.02 1.00-1.04

Model with the 3 variables

Residential 10 74 1.04 0.98-1.10
Occupational 10 74 1.04 0.96 —1.12
Domestic 10 74 1.00 0.96 —1.04

* The relative risk presented here indicates the increased risk for each increase of one fibre/ml-year of cumulative exposure.

H* OR = odds ratio
Hkx 95% CI = 95% confidence interval.

This study confirmed the known link between occupational asbestos exposure and the development of
mesothelioma, but it also shows, for the first time, an exposure-risk relationship (“dose-response”)
between mesothelioma of the pleura and cumulative exposure to asbestos from all sources combined
in a population of women. In fact, the study suggests that it is cumulative exposure or dose that
determines risk, independent of source (residential, occupational, or domestic).'3 However, the low
statistical power and the methodological limitations of the study do not allow us to conclude that there
was no difference based on source of exposure. Finally, this case-control analysis does not examine
the effect of different types of fibres (amphiboles vs. chrysotile).
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3. ASBESTOS-RELATED DISEASES AMONG QUEBEC’S
WORKERS

Quebec’s workers have been the subjects of various studies. These studies focused on both the health
of workers in general and the health of specific groups of workers, such as workers in asbestos mines
and mills, processing plants, or construction.

5.1. WORKERS IN GENERAL

First, studies on the health of workers in general will be reviewed. The information on this subject
comes partly from studies documenting the state of health of workers during the 1960s, 1970s, and
1980s and partly from an analysis of the profile of workers suffering from an asbestos-related disease
whose occupational origin was recognized by the committee (Comité spécial des présidents) set up by
the CSST for this purpose.

5.1.1. Published studies

From the end of the 1960s to the mid 1980s, several studies were published with the aim of
documenting the link between mesothelioma and lung cancer and work with asbestos.

The first publication we surveyed was a case-control study conducted among 344 men suffering from
mesothelioma in the United States and Canada (including cases in Quebec) and deceased between
1960 and 1975. The relative risk associated with work in the insulation sector reached 46.0; in
asbestos production and manufacture: 6.1; in work related to heating but excluding insulation: 4.4; in
shipyards: 2.8; and in the construction industry: 2.6. In nearly half of the mesothelioma cases among
men and approximately 5% of these cases among women, it was possible to attribute the tumour to
occupational exposure to asbestos.*

The second study, also a case-control, had been conducted among 32 Quebecers who had died from
mesothelioma between 1969 and 1972 and two groups of 32 controls. The proportion of persons who
had been exposed to asbestos in a mine or a plant was 34.4% among the cases and 1.6% among the
controls. Relative risk was 33.”°

In the third study we examined, Ruffie reviewed 332 cases of pleural mesothelioma hospitalized
between 1965 and 1984 in the university hospitals of Toronto and Quebec City. The author was able to
trace a prior exposure to asbestos in 44% of these people.”’

The fourth study, a case-control, focused on the link between cancer and work and was conducted in
the Montréal area between 1979 and 1985. Eight hundred fifty-seven lung cancer cases and
12 mesothelioma cases along with their respective control groups (1,360 and 2,862 people) were
interviewed, in order to document their exposure on the basis of their occupational history. The results
were presented first on the basis of the extent of the subjects’ exposure to asbestos (any exposure
versus a heavy exposure) and then on the basis of type of asbestos fibre (chrysotile asbestos with or
without exposure to amphiboles versus amphiboles with exposure to chrysotile).
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The mesothelioma risks were increased and statistically significant for any type of asbestos exposure
(chrysotile with or without amphiboles: any exposure: odds ratio (OR) = 4.4; 95% CI = 1.6-11.9 and
heavy exposure: OR = 14.6; 95% CI = 3.5-60.5; amphibole with chrysotile: any exposure: OR = 7.2;
95% CI = 2.6-19.9 and heavy exposure: OR = 14.6; 95% CI = 3.5-60.5). Lung cancer risks were
higher when subjects had been exposed to chrysotile asbestos with or without amphiboles (any
exposure: OR = 1.2; 95% CI = 1.0-1.5; heavy exposure: OR = 1.9; 95% CI = 1.1-3.2), but they were
not when subjects had been exposed to amphiboles with chrysotile."”

A new analysis of these data was published in 2002. The relative risk of mesothelioma was very high
and statistically significant following substantial exposure to amphiboles. However, due to the small
number of mesothelioma cases, the risk among workers exposed to chrysotile without amphiboles
(i.e. with an unreported exposure to amphiboles) was not measured. Heavy exposure also led to an
increased risk of lung cancer, but without reaching the statistically significant level. The highest risk
was observed with chrysotile exposure with no mention of amphiboles (OR = 3.1; 95% CI = 1.0 —
9.8). This risk was at the limit of statistical significance, which suggests that lung cancer risk from
chrysotile exposure is not lower than the risk from exposure to amphiboles. Mesothelioma and
pulmonary cancer risks were not as high following very low exposure to the two types of asbestos
fibres and did not reach the statistically significant level. This may be interpreted in two ways: either
at a low exposure there is no detectable risk, or, at a low exposure the risk is slight and real, but the
statistical power of the study does not confirm it. In the latter case, the large proportion of cases of the
two cancers in which asbestos exposure was low, rather than high, could make this a non-trivial risk.'®

5.1.2. Data on occupational pulmonary diseases

In 1992, the authors of a study that looked at the files of 120 Quebec workers suffering from work-
related mesothelioma between 1967 and 1990 published their findings. The workers had been
separated based on the origin of their asbestos exposure-asbestos mines and mills (group 1) (41% of
cases); asbestos processing and insulation (including insulators, pipe fitters and shipyard workers)
(group 2) (42% of cases); and incidental exposure (including general construction workers, plumbers
and electricians, and workers subject to bystander exposure) (group 3) (17% of cases). This study
showed an increase in the number of cases between 1967 and 1990, with a more pronounced increase
in group 3 than in the first two groups.”

The 691 files of workers suffering from asbestos-related diseases whose occupational origin had been

recognized by the Comité spécial des présidents between 1988 and 1997 were subsequently analyzed.

Among these persons, 378 suffered from asbestosis, 191 from mesothelioma, and 209 from lung
2

cancer.

During the 10 years of the study, the number of workers suffering from any of the asbestos-related
diseases, from asbestosis, and from mesothelioma appeared to increase while the number of workers
with lung cancer appeared stable (Figure 6).
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Figure 6:
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Based on their occupational history, these workers were divided according to the source of their
asbestos exposure, namely mines, asbestos processing industry, construction industry, maintenance
and repair of asbestos-containing products or structures, or other sources combined. The majority of
workers with asbestos-related diseases came from mines (35%). Second were the maintenance and
repair workers (25.5%), and third, construction workers (17%). The latter two industries together
generated 42% of all cases, thus surpassing the mines. Then followed processing workers (13.5%) and
“other” workers (4.9%) (Table 15).
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Table 15:  Asbestos-related diseases based on sector of economic activity and occupation.
Comité spécial des présidents 1988-1997

Sector/ Total
ecron Asbestosis Mesothelioma Pulmonary cancer ol
Occupation | | T workers
n % n % n % n %
Mines 120 31.7 34 17.8 130 62.2 240 347
Processing 50 13.2 27 14.1 25 12.0 93 13.5
Construction 73 19.3 35 18.3 15 7.2 115 16.6
Maintenance and 101 26.7 67 35.1 27 12.9 176 25.5
repair
Other 15 4.0 17 8.9 4 1.9 34 4.9
Mixed 11 29 4 2.1 3 1.4 17 2.5
Unknown 8 2.1 7 3.7 5 24 16 23
TOTAL 378 100.0 191 100.0 209 100.0 691 100.0

" A worker may have more than one disease.

The workers suffering from mesothelioma were then divided into the 3 groups defined in the

preceding study based on origin of asbestos exposure.” The upward trend observed between 1967 and

1990 persisted until 1997, particularly in groups 2 and 3, but the trend seemed on the decline in
24

group 1.

5.2. ASBESTOS MINE AND MILL WORKERS (INCLUDING ONE ASBESTOS PRODUCTS
FABRICATION FACTORY)

The information on the health of mine and mill workers comes from three sources: 1) published
studies on this population in the scientific literature; 2) screenings carried out among these workers;
and 3) of these workers suffering from asbestos-related diseases recognized to be of occupational
origin by the Comité spécial des présidents.

5.2.1. Published studies

The first study we traced on Quebec’s asbestos miners dates back to 1958. This was a study conducted
among 5,958 workers in Thetford Mines and Asbestos, employed in mines in 1950 and exposed to
asbestos for at least 5 years. The workers’ vital status was determined in order to find out if lung
cancer deaths were related to work with this fibre. After determining vital status between 1952 and
1955, that is after a short elapse of time, the authors concluded at the time that the miners did not have
more lung cancer deaths than the population of various areas in Quebec chosen for comparison.”

Subsequently, a study was set up involving a large cohort of 10,918 workers from asbestos mines,
mills, and one products fabrication factory in Thetford Mines and Asbestos, born between 1891 and
1920, and followed from hiring date (beginning in 1904) to May 31, 1992. It was used to describe the
mortality of this group of workers. Among the 9,780 workers traced, 8,009 were deceased.
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Researchers counted 38 deaths from mesothelioma, 657 from pulmonary cancer, and 108 from
pneumoconiosis.”*

While the number of mesothelioma deaths observed among the workers was in excess compared with
Quebec’s male population, the number of pulmonary cancer deaths was not. However, pulmonary
cancer deaths in a sub-group of workers exposed to relatively high levels for a long time (which
represents approximately one quarter of the cohort), allowed researchers to determine that the relative
risk reached two in this sub-group of workers (compared with the Quebec population). Approximately
one hundred pulmonary cancer deaths would thus be work-related. Finally, among the
108 pneumoconiosis deaths, 46 cases of asbestosis were found.”

Thirty-three of the 38 mesotheliomas had occurred among miners and 5 among plant workers, the
latter having all been exposed to crocidolite or to amosite. The mesothelioma rate per 100,000 person-
years was 33.7 among miners in Thetford Mines, 13.2 among miners in Asbestos, and 46.2 among
employees in the Asbestos plant. The difference between the observed mortality rates in the two towns
could be explained by the presence of tremolite in the chrysotile asbestos deposits mined in Thetford
Mines.”

The studies conducted on this population of workers have generated a great deal of information on the
relation between asbestos exposure and the diseases studied (lung burden, link with type of fibre,
mineralogy, etc.).” The findings of these studies will not be described here, but much of the knowledge
from these studies is included in section 2 of this report.

At the same time as the studies described in the preceding paragraph were being conducted, a group of
American researchers was performing similar studies, by union request, among the same workers. We
traced the results of a study on the mortality of 544 workers employed in the asbestos mines of four
companies in Thetford Mines in 1961. These workers had 20 years seniority at the time of the study
and their mortality between 1961 and 1977 was studied. The standardized mortality ratio or SMR for
all causes of deaths was 1.11 and for pulmonary cancerit was 2.52 (n=28). A single case of
mesothelioma of the pleura and 26 deaths from asbestosis were documented.”®

5.2.2. Screenings

Quebec statutes require workers in Quebec’s mines, quarries, and sand pits to undergo regular lung
x-ray screenings for asbestosis.”” The lung x-rays of asbestos mine workers are stored in the
Chaudiere-Appalaches and Estrie regions. Due to a lack of resources, we did not look at this database
in the framework of our studies, but it would be interesting to combine the radiography results with the
data on asbestos exposure to describe how the situation has evolved in this sector in more recent years.

The aim of a study currently under way is to compare, at the time of diagnosis, the results of various
clinical indicators among workers compensated for asbestosis by the CSST who have never been
included in a screening program to those who have been included in a screening program. The study
covers cases seen at the CSST between 1938 and 1997. Its aim is to study the influence of asbestosis
screening on severity of disease at time of diagnosis. It was undertaken to respond to questions from
doctors in the public health network on the pertinence of current Quebec regulations prescribing
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regular screening for asbestosis among workers in mines, quarries, and sand pits. The findings should
be available sometime in 2003."

5.2.3. Data on occupational pulmonary diseases

We saw above that among the 691 cases of asbestos-related diseases whose occupational origin had
been recognized by the Comité spécial des présidents between 1988 and 1997, 240 (35%) came from
the mining industry. This is also the industry that generates the most cases of asbestosis (32%) and
pulmonary cancer (62%). For mesothelioma, the situation is different. Most cases are found among
workers doing maintenance and repair of asbestos-containing products or structures (35%). The
mining industry is in second place, tied with the construction sector (18% of cases)** (Table 15).

Between 1988 and 1997, in this industry, the number of asbestosis cases appeared to increase, the
number of pulmonary cancer cases appeared stable, and the number of mesothelioma cases appeared
to decrease.”

There is a surprisingly high proportion of lung cancer cases (62 %) from mines compared with the
other industries. Since doctors are well aware of the link between lung cancer and asbestos exposure
and are equally aware of asbestos exposure in the mining industry, we may expect that nearly all cases
from this industry will be presented to the CSST for compensation. However, it is possible that cases
from other industries are under-estimated because workers are less aware of their exposure to asbestos
and doctors are not sufficiently aware of the potential sources of asbestos exposure outside the mining
industry. Moreover, among smokers, it is easier for doctors to identify cigarette smoking as the causal
factor for lung cancer than to identify an often unapparent asbestos exposure.

5.3. WORKERS IN ASBESTOS PROCESSING PLANTS
5.3.1. Studies published in the 1970s and 1980s

We traced three studies, published between the end of the 1970s and the beginning of the 1980s,
which dealt with work involving asbestos processing.

The first of these studies was carried out among workers in a factory in Asbestos that manufactured
gas masks during World War II. Chrysotile had been in use since World War I, but production in the
textile department was redirected between 1939 and 1941 toward gas masks filters manufactured with
crocidolite. A second factory of this type, located in Montréal, had opened its doors in 1928 and
manufactured brakes before the war. Between November 1940 and June 1941, this factory also
diverted its production toward gas masks filters manufactured with crocidolite. From 1939 to 1942, in
a third factory, located in Ottawa, workers assembled the filters in a canister containing crocidolite. Of
the 199 male and female workers employed in the three factories, 174 were followed from 1939 to
1975. The death certificates of 53 of the 56 deceased were located. Twenty-three of the deaths were
due to cancers. These included 9 cases of mesothelioma (including 6 peritoneal) and 8 cases of
pulmonary cancer. Four workers had died from pneumoconiosis: two from asbestosis at the Montréal
factory and two from silicosis (one silicosis and one silico-tuberculosis) at the Asbestos factory.
Duration of asbestos exposure for mesothelioma cases was between 4 months and 6 years."*
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In 1977 and 1980, two studies seem to focus on workers from one textile plant in Valleyfield that used
only chrysotile to produce belt conveyors for paper mills."'® The aim of the first study was to
document the mortality of 413 workers (326 men and 87 women) employed by the company between
1935 and 1961." The aim of the second was to describe, among employees of the company in 1975,
the prevalence of respiratory symptoms with relation to the level of asbestos exposure.'® The authors
of the latter study had also included workers from another Montréal area plant that manufactured
insulation products and cement containing chrysotile, amosite, and crocidolite.

In the first of these studies, the vital status of workers was determined in 1975, that is, after a follow-
up for a minimum of 14 years. In 1975, 78 workers (including 3 women) were deceased and the death
certificates of 68 people were traced. The author established that lung cancer mortality (n=8) of the
textile plant workers was 9 times higher than that of the regional population and 5 times higher than
that of the population of the province of Quebec. In addition, seven people had died from asbestosis."

The findings of the second study showed that workers in the Valleyfield plants (n=272) and the

Montréal plants (n=8) presented more respiratory symptoms than asbestos miners (n=1,015), even

though the Montréal workers were exposed to lower levels of asbestos and for a shorter time than
- 16

miners.

5.3.2. Studies published from 1990 to 2000

A more contemporary study conducted on the Island of Montréal identified 27 plants where workers
had been exposed to asbestos between 1992 and 1997. Twenty-three of these plants used asbestos
during processing, but in the four remaining plants, exposure resulted from the maintenance of pipes
or mechanical equipment. Problems with regard to exceeding standards were confirmed in 7 of the
23 establishments (30%). These seven plants manufactured brake pads (n=3), asphalt products (n=1),
joint sealants (n=1), asbestos products (n=1), and adhesives and caulking products (n=1)."

In July 2000, the situation in the seven companies was followed up in two ways: by consulting the
files of these establishments in the CLSCs (local community health centres) and by consulting the
health teams responsible for these companies (doctors and industrial hygienists).

The results for the year 2000 show that two of the seven companies merged and another closed its
doors, leaving a total of five establishments to be checked (one asphalt production plant, three brake
factories, and one caulking and insulation products plant). All these plants used chrysotile asbestos.
Three of the five companies were subjects of an asbestos environmental assessment. Of the three, one
exceeded standards at 13 of the 14 work areas sampled.

Medical surveillance activities were carried out in 4 of the 5 companies among 304 workers. Two
workers showed abnormalities compatible with a diagnosis of asbestosis, one of which was confirmed.
A third worker, not included in the screening, was already known to have had asbestosis since 1990.

The latter two studies give us a contemporary portrait of asbestos exposure and a general idea of
compensable cases, among workers still employed with these Montréal-based companies. We know
there are other asbestos processing plants in Quebec, but we do not know their number and their
situation with regard to asbestos exposure.
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5.3.3. Data on occupational pulmonary diseases

The data on the 691 workers suffering from asbestos-related diseases whose occupational origin had
been recognized by the Comité spécial des présidents between 1988 and 1997 show that 93 persons
(13.5%) were exposed to asbestos in the processing industry. An almost equal proportion of cases of
asbestosis (13%), mesothelioma (14%), and pulmonary cancer (12%) were from this industry
(Table 15). The 93 workers differ from the total 691 cases in that they were exposed to asbestos for a
shorter time on average (16 years) than the total number of cases (27 years) before being seen by the
Comité. During the 10 years of the study, the number of mesothelioma cases increased, but cases of
asbestosis and pulmonary cancer decreased.”

5.4. CONSTRUCTION WORKERS

The data we have on the respiratory health of construction workers comes from three sources:
1) studies published in the scientific literature on insulators and sheet metal workers exposed to
asbestos, which probably included workers from Quebec; 2) screenings begun in 1995 of workers in
targeted construction trades in Quebec; and 3) data from the CSST on the cases of asbestos-related
occupational pulmonary diseases between 1988 and 1997.

54.1. Published studies

Selikoff’s studies documented the presence of asbestos-related diseases among large populations of
insulators and sheet metal workers recruited through American and Canadian trade unions. However,
it is not possible to separate the findings of the follow-up of Canadian workers from those of
American workers. Moreover, it is not evident from reading the articles that the Canadian workers
included workers from Quebec.””™

The only indication we have of some representation from Quebec comes from a 1981 study. The
author reviewed the files of 36 insulators from Quebec deceased between 1967 and 1977 whose death
certificates had been sent to Selikoff. The author also identified four other insulators who had a file
with the Commission des Accidents du travail du Québec, a compensation board that preceded the
CSST. Among these 40 individuals, 5 died from asbestosis, 1 from mesothelioma, and 9 from
pulmonary cancer.”

Among the 17,800 insulators Selikoff studied, 4,951 were deceased in 1986. There were 1,168 lung
cancer deaths (SMR = 435), 173 pleural mesothelioma deaths, and 285 peritoneal mesothelioma
deaths.” In Selikoff’s second study that dealt with 1,330 sheet metal workers, 33% of the workers had
parenchymal opacities.*

In 1994, a new study by Selikoff focusing this time on 9,605 American sheet metal workers (including
the 1,330 sheet metal workers in the aforementioned study) showed 12% of sheet metal workers had
parenchymal opacities on pulmonary radiography. The study also included Canadian subjects, but we
found only the results for Americans, even though future publication of the Canadian population data
was announced in the article.”'
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Toward the end of the 1980s and at the beginning of the 1990s, the results of different studies
conducted among a group of 644 Quebec insulators were published.**™ One of the studies
documented the prevalence of radiographic abnormalities, including asbestosis, in a sub-group
composed of 110 of the 644 insulators. Ten percent of these insulators suffered from asbestosis™
(Table 16).

5.4.2. Screenings

Starting in 1995, three different screenings were carried out among workers in various construction
trades who had been exposed to asbestos in the past. The first looked at 972 workers in the Montréal
area;”” the second looked at 492 other workers present during construction of two major industrial
sites in Quebec,” and the third looked at a small group of 83 maintenance workers in one of the school
boards on the Island of Montréal.*’

The screening in Montréal showed 2.1% of workers presented abnormalities compatible with a
diagnosis of asbestosis and 23.1% had pleural abnormalities. The screening of construction site
workers revealed two cases of abnormalities compatible with a diagnosis of asbestosis and 12.8%
pleural abnormalities. No case of asbestosis was detected among the school board employees, but four
of them exhibited pleural abnormalities on radiography (Table 16).

Table 16: Asbestosis screening among construction workers and school board maintenance

workers
Number of
Occupation workers % of plel.lr.al % of asbestosis Reference
abnormalities
screened

Plumbers/pipe fitters 464 26.9 2.6 22
291 14.8 03 23
Sheet metal workers/ tinsmiths 86 23.3 2.3 22
42 7.1 - 23
Elevator mechanics 196 10.2 - 22
Fire protection mechanics 65 16.9 1.5 22
7 - - 23
Insulators 111 58.2 10.0 86
161 31.1 3.1 22
45 17.8 - 23
Boilermakers 88 9.1 - 23
Asbestos removal workers 14 7.1 7.1 23
Asbestos demolition workers 5 - - 23
School maintenance workers 83 3.6 - 87

Taking into consideration workers’ occupations, we observe, in Table 16, that the prevalence of
abnormalities compatible with a diagnosis of asbestosis and the prevalence of pleural abnormalities
varies respectively between 0.3% and 3.1% and between 7.1% and 31.1%.
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Among insulators, the prevalence of various abnormalities found on radiographies decreases as the
research projects and screenings become more recent. Differences with regard to duration of asbestos
exposure, period when workers were exposed to this fibre, workers’ age, provenance of the persons
screened, and so on, may explain the disparity of the results (Table 16).

The prevalence of pleural abnormalities in the sampling of school maintenance workers from one
school board was lower, at 3.6%, than in all the other groups (Table 16). It is close to the expected
frequency in the general population as we saw in section 3 of the report.

The screening data presented here should be interpreted with caution, their disadvantage being that
they deal with a poorly identified proportion of the target population, given that participation in these
activities is optional. There may be bias due to this fact.

5.4.3. Data on occupational pulmonary diseases

The CSST data are the third source of information on the construction milieu. Among the 691 workers
with an asbestos-related disease whose occupational origin had been recognized by the Comité spécial
des présidents between 1988 and 1997, 115 (17%) had been exposed to asbestos while working for
construction contractors. In terms of frequency of cases generated, this industry was third on the list,
after mining and maintenance and repair of asbestos-containing products or structures. Seventy-three
of the 115 construction workers had been diagnosed with asbestosis, 35 with mesothelioma, and
15 with pulmonary cancer (Table 15). Construction workers differed from other workers in that they
developed their disease a little younger (60 years of age) than the group of 691 cases taken as a whole
(65 years of age).

When the construction workers suffering from mesothelioma were divided according to their
respective trades (electricians, plumbers-pipe fitters-welders, insulators, and others), we observed that
insulators had developed their cancer after a shorter mean exposure (15 years) than that of the total
number of mesothelioma cases among workers in the construction industry (22 years). All the diseases
among construction industry workers were on the rise during the period of the study.**

Workers involved in the maintenance and repair of asbestos-containing products or structures may
practise trades matching those in construction, but in enterprises whose main economic activity is
other than construction. This is the group of workers that generates the highest number of cases of
mesothelioma (35%) and the second highest number of asbestoses (27%) and pulmonary cancers
(13%) (Table 15). In this group, the number of asbestosis and mesothelioma cases increased between
1988 and 1997, while there seems to be a slight reduction in pulmonary cancers. It is in this industry

that the increase of cases appears the most striking.**
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5.5. OTHER WORKERS

Among the 691 workers with an asbestos-related disease whose occupational origin had been
recognized by the Comité spécial des présidents between 1988 and 1997, 34 or 5% had an indirect
ambient exposure to asbestos or an exposure secondary to colleagues’ work with asbestos. These
34 people generated 9% of all mesothelioma cases in the study. The workers with this cancer had been
exposed to asbestos for a shorter time on average (15 years) than the total number of mesothelioma
cases (22 years). If this observation holds true in the future, it will be interesting to follow up, since
some of the workers and some of the population in Quebec could be exposed in this manner.**
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6. COSTS

The CSST set up a computerized databank that included incurred costs in 8 different expense
categories, for the 691 workers suffering from an asbestos-related pulmonary disease whose
occupational origin had been recognized by the Comité spécial des présidents between 1988 and 1997.
These costs include: medical assistance payments, rehabilitation benefits, income replacement
indemnity, temporary indemnity, death benefits, compensation for bodily injury, social and economic
stabilization, and compensation for permanent disability.

The amounts were disbursed starting in 1984 and up to 30 September 2000, in undiscounted dollars.

The files of 688 of the 691 cases of asbestos-related diseases were traced. Disbursements for these
persons total $66,214,105.00. Fifty-six percent of expenses are in the category of compensation for
permanent disability.?* The total of expenditures underestimates incurred costs because it is in
undiscounted dollars, calculations ended in 2000, and this total does not include costs not charged to
the CSST, as for example, unclaimed care or hospitalization costs.

We did not document incurred costs for the cases identified in the Fichier des tumeurs du Québec
(tumour registry), the Fichier des décés (death registry), and the MED-ECHO database
(hospitalization data file). We would have had to set up a separate project on this aspect of the issue,
and this exceeded the mandate the group had specified for itself. Neither did we quantify the direct and
indirect costs associated with these diseases.
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7. MATCHING AND COMPARISON OF DATA FROM VARIOUS
SOURCES

In order to investigate which would be the most appropriate source for monitoring asbestos-related
pulmonary diseases, the cases of mesothelioma, lung cancer, and asbestosis from various information
sources were matched or compared.

7.1. MESOTHELIOMA

A search was performed among all cancer cases registered in the Fichier des tumeurs du Québec
between 1975 and 1996 for the 261 mesothelioma cases recognized as occupational pulmonary disease
by the CSST Comités set up for this purpose between 1967 and 1997 (for simplicity, we will call them
the “CSST cases”) and the 126 cases of mesothelioma of the pleura and peritoneum diagnosed
between 1975 and 1990 among women in one part of Quebec as part of an epidemiological study
conducted by researchers from the Institut Armand-Frappier.*

7.1.1. Matched data from the CSST and the Fichier des tumeurs du Québec

Of the 261 CSST mesothelioma cases, 226 or 86.6% were found in the Fichier des tumeurs du Québec
and 35 (13.4%) were absent. Of the 226 cases identified in the Fichier des tumeurs du Québec, 188 or
83.2% had the same diagnosis in both databanks.

If we limit the period of observation from 1982 to 1996, i.e. to a time when the data of the Fichier des
tumeurs de Québec begins to improve and when the tumour morphology code is present, 91.1% of
CSST cases (184/202) have the same diagnosis as in the Fichier des tumeurs de Québec (Table 17).

Table 17:  Number of mesothelioma cases diagnosed by the CSST according to the
diagnosis found in the Fichier des tumeurs du Québec. 1982-1996

FTQ*
Mesothelioma | Mesothelioma Other Total Not Total
of the pleura other sites diagnoses found in
the FTQ
Present 184 6 12 202 29 231
CSST Absent 648 - - - - _
Total 832 - - - - -

* FTQ=Fichier des tumeurs du Québec (Quebec’s tumour registry)
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During this same period, the CSST mesothelioma cases represent 22.1% (184/832) of the
mesotheliomas recorded in the Fichier des tumeurs du Québec (Table 17). However, this percentage
varies in different regions of Quebec. It is higher in the Chaudiére-Appalaches, Lanaudi¢re and
Montérégie regions. It also varies between 18.1% and 31.8% depending on the year of diagnosis,
though we could not establish a significant upward or downward trend (Figure 7).

Figure 7: Number and proportion of mesothelioma of the pleura cases diagnosed by the CSST
and matched in the Fichier des tumeurs du Québec according to year of diagnosis in
the Fichier des tumeurs du Québec. 1982-1996
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The numbers of cases of mesothelioma of the pleura in the Fichier des tumeurs du Québec and at the
CSST increased from 1982 to 1996. However, the increase is more striking in the Fichier des tumeurs
du Quebec data than in the CSST data (Figure 7). This difference leads us to suspect an increasing
trend to under-identify mesothelioma cases related to occupational exposure.”
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7.1.2. Matched data from the Institut Armand-Frappier and the Fichier des tumeurs

du Québec

Among the 126 mesothelioma cases occurring among women and traced by the Institut Armand-
Frappier between 1975 and 1990, 109 (86.5%) were found in the Fichier des tumeurs du Québec and
17 (13.5%) were absent. Among the 109 women traced and found in both databanks, 71 (65.1%) have
the same diagnosis.

Restricting the observation period from 1982 to 1990, 78.3% (65/83) of mesothelioma cases have the
same diagnosis in the data of the Institut Armand-Frappier and in the Fichier des tumeurs du Québec.
During this period, the mesothelioma cases of the Institut Armand-Frappier represent 54.2% (65/120)
of cases in the Fichier des tumeurs du Québec (Table 18). This is due in part to the fact that the study
by the Institut Armand-Frappier did not cover the whole of Quebec.’

Table 18:  Number of mesothelioma cases diagnosed among women in a study conducted
by the Institut Armand-Frappier, according to the diagnosis found in the
Fichier des tumeurs du Québec. 1982-1996
FTQ*
Mesothelioma Mesothelioma Other Total | Not found in | Total
of the pleura other sites diagnoses the FTQ
and peritoneum
Present 65 3 15 83 1 84
IAF* | Absent 55 - a . . .
Total 120 - - - - -

* FTQ= Fichier des tumeurs du Québec (Quebec’s tumour registry), IAF= Institut Armand-Frappier

7.2. LUNG CANCER

A search was performed among all cancer cases recorded in the Fichier des tumeurs du Québec
between 1975 and 1996 for the 210 CSST pulmonary cancer cases recognized between 1988 and
1997.!

One hundred eighty-seven CSST cases or 89.0% were found in the Fichier des tumeurs du Québec. Of
these 187 individuals, 168 or 89.8% had the same diagnosis in both databanks. We also note that 23 of
the 210 CSST cases or 11.0% were absent from the Fichier des tumeurs du Québec.

This proportion does not change if we restrict the observation period to the years from 1982 to 1996.
However, the 186 CSST cases represent only 0.26% of lung cancer cases recorded in the Fichier des
tumeurs du Québec (Table 19). Given the impact of tobacco use on lung cancer, it is probable that
workers with this cancer (that might be caused by their work) who are also smokers are not referred to
the CSST. Many cases recorded in the Fichier des tumeurs du Québec have no connection to work and
are exclusively caused by tobacco use.

' Note that at the time of the study, one person was registered twice in our CSST databank. This explains why
in Chapter 5 of the report, the analysis of workers suffering from pulmonary cancer discusses 209 individuals.
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Table 19:  Number of pulmonary cancer cases diagnosed by the CSST according to the
diagnosis found in the Fichier des tumeurs du Québec. 1982-1996

FTQ*
Lung cancer Other Total Not found in the Total
cancers FTQ
Present 167 19 186 23 209
CSST
Absent 63 076 - - - -
Total 63 243 - - - -

* FTQ=Fichier des tumeurs du Québec (Quebec’s tumour registry)

The 187 CSST lung cancer cases found in the Fichier des tumeurs du Québec between 1975 and 1996
are mostly from the Chaudiére-Appalaches region (45%). This is followed by Estrie (22%), Montréal-
Centre area (10%) and Montérégie (8%).*

7.3. ASBESTOSIS

A different procedure was used to match asbestosis cases. The available data were the 340 CSST
asbestosis cases recognized between 1988 and 1996** and the 1,234 persons hospitalized in Quebec
during these years with this diagnosis and recorded in the MED-ECHO database (hospitalization data
file). It was not possible to perform a nominal matching with the MED-ECHO data at the time the
project was under way. The comparison performed shows that hospitalized cases are 3.6 times more
numerous than CSST cases, but it is not possible to determine if they involve the same persons.’

Three hypotheses may be advanced to explain this disparity, but have yet to be confirmed.

The first assumes that the workers suffering from asbestosis were hospitalized after they had received
compensation, that is, at a time when, as they aged, they developed chronic diseases that required
hospitalization. During this hospitalization, a pulmonary radiography or a review of medical history
would reveal the presence of an asbestosis previously recognized by the CSST. The fact that the
hospitalized cases between 1987 and 1996 are on average older (69.9 years for women and 68.1 years
for men)” than the CSST cases (64.7 years between 1988 and 1997)** supports this hypothesis.

The second hypothesis concerns the method of recording cases in the MED-ECHO database. It is only
since 1987 that this database has distinguished between incident cases and prevalent cases.
Consequently, it is possible that some asbestosis cases from the years just prior to 1987 were
hospitalized before 1987, thus overestimating the real number of incident cases.

The third hypothesis is that a considerable number of workers with asbestosis do not request CSST
compensation.
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74. CONCLUSION ON MATCHINGS AND COMPARISONS

We learn from these matchings that mesothelioma cases identified by the CSST and by the Institut
Armand-Frappier represent only a small proportion of new cases recorded in the Fichier des tumeurs
du Québec (respectively 22.1% and 54.2%). Consequently, the data from the CSST and the Institut
Armand-Frappier are less exhaustive and less useful than those from the Fichier des tumeurs du
Québec for monitoring annual trends of this disease, but they are the only ones containing information
on asbestos exposure. Thus, no databank allows optimal pathology surveillance.

For lung cancer, the cases identified by the CSST represent only 0.26% of new cases declared in the
Fichier des tumeurs du Québec. Even though there are more cases registered in the Fichier des
tumeurs du Québec, the risk attributable to asbestos is too low in relation to that associated with
tobacco use for it to be worthwhile to monitor annual trends of this cancer from data in the Fichier des
tumeurs du Québec.

For asbestosis, only the CSST data contain information on work and on occupational asbestos
exposure. The number of hospitalizations for asbestosis is much higher (close to 4 times higher) than
the number of cases compensated for the same disease, and justifies a more in-depth study.
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8. CONCLUSION

The findings that have been summarized here show a statistically significant increase in the incidence
of mesothelioma of the pleura among Quebec men between 1982 and 1996. Statistical projection
suggests that this increase might level off in a few years, but this is not certain. Quebec men and
women also show significantly higher rates of mesothelioma of the pleura than men and women in the
rest of Canada and in several other countries. This clearly points to the necessity of monitoring the
evolution of this cancer in Quebec in the coming years, especially to see whether or not the increase
levels off and to describe the geographical distribution of cases. Moreover, these findings show the
relevance of continuing international comparisons.

Matching cases of asbestos-related diseases of recognized occupational origin to cases observed in the
general Quebec population reveals two principal findings: cases of occupational origin may be far
underestimated, and Quebec does not have an adequate surveillance system for asbestos-related
diseases that includes information on the diseases, on exposure to this fibre, and on the populations at
risk.

In terms of the relation to work, the number of workers with an asbestos-related disease of recognized
occupational origin also increased over the last decade. These claims are mainly from workers in the
construction industry and that of the repair and maintenance of asbestos-containing products or
structures. The increased number of demands was also more striking in these two industries. The
number of claims from mine workers appeared stable. However, it might decrease in coming years
following the lowering of the exposure standard to 1 fibre/ml in 1990. These data showed processing
workers also made claims. The overexposure to asbestos documented in that industry as well as in
construction®® and the reported incidences of standards being exceeded in mines® demonstrate the
importance of properly monitoring the exposure and state of health of workers in future.

The under-estimation of lung cancer and the poor recognition of the link between asbestos work and
this tumour indicate a need to continue and to strengthen prevention, health promotion, and education
among doctors, workers, and employers on this matter. The same holds true for other asbestos-related
diseases.

In terms of the relation with the environment, information is more scarce. The study of women
diagnosed with mesothelioma in the town of Thetford Mines showed an increased risk of this cancer
with an increase in their occupational and domestic exposure. It also suggested a possible impact from
environmental exposures to asbestos.

Some analyses that were not performed in the framework of the studies conducted by the sub-
committee on the epidemiology of asbestos-related diseases in Quebec would be worth undertaking.

All these findings lead the sub-committee to make the following recommendations.
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9.

RECOMMENDATIONS

Surveillance of mesotheliomas

In order to monitor the temporal and geographic trends of mesothelioma in Quebec and its risk factors,
and this with the aim of guiding preventive actions, we recommend:

That the ministere de la Santé and des Services sociaux (department of health and social services)
set up in Quebec a prospective surveillance system for mesothelioma of the pleura and
peritoneum, ensuring compliance with good surveillance system criteria (accuracy and quality of
diagnoses, completeness of ascertainment of cases (i.e. different sources for collecting all the
cases), speed of reporting of cases, presence of additional information such as asbestos exposure,
etc.).

That a feasibility study be undertaken to determine both the kind of additional information to
collect in order to set up a good surveillance system and the method for collecting this
information as efficiently as possible for each new case diagnosed.

That the data collected on mesotheliomas be analyzed on a regular basis and include national and
international comparisons.

With the aim of being able to study mesothelioma trends in Quebec since 1990, we recommend:

That the data from the Fichier des tumeurs du Québec (tumour registry) on mesotheliomas of the
pleura and peritoneum registered since 1990 be validated and harmonized with the prospective
surveillance system, particularly in regard to the completeness of ascertainment of cases collected
and the accuracy of diagnosis.

That the ministere de la Santé et des Services sociaux consider recognizing mesotheliomas of the
pleura and peritoneum notifiable diseases,2 thereby permitting epidemiological investigations to
be conducted on the exposure characteristics of the cases.

Surveillance of asbestosis

In order to set up a surveillance system for asbestosis in Quebec, we recommend carrying out the
following preliminary work:

That the ministere de la Santé et des Services sociaux, in consultation with the CSST, oversee the
matching of cases of asbestosis registered in the MED-ECHO hospitalization database and cases
of asbestosis recognized by the Comité spécial des présidents to be of occupational origin.

On the basis of the findings of the preceding proposal, that the ministere de la Santé et des
Services sociaux oversee a study of hospitalization records in Quebec in which asbestosis is
mentioned to determine the criteria on which this diagnosis is based; this study should distinguish
cases in which asbestosis is a principal diagnosis from cases in which it is a secondary diagnosis.

2

This has already been accomplished with the addition of mesothelioma, asbestosis, and lung cancer related
to asbestos exposure to the list of notifiable diseases in Quebec in the Gazette officielle of November 20,
2003.
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3.

That the ministére de la Santé et des Services sociaux consider asbestosis a notifiable disease,’
thereby permitting epidemiological investigations to be conducted on the exposure
characteristics of the cases.

Surveillance of pulmonary cancers

That the ministere de la Santé et des Services sociaux consider lung cancer associated with
asbestos exposure a notifiable disease,2 thereby permitting epidemiological investigations to be
conducted on the exposure characteristics of the cases.

See the following paragraph.

Surveillance of the three diseases

With a goal of knowing more about the links between workplaces in Quebec where there has
been asbestos exposure and the asbestos diseases recognized to be of occupational origin by the
CSST and about the course of these diseases, that the ministere de la Santé et des Services
sociaux, in consultation with the CSST, ensure regular statistical analysis of cases of asbestos-
related diseases (mesothelioma, asbestosis, pulmonary cancer) whose occupational origin has
been recognized by the Comité spécial des présidents for the CSST.

Training and prevention

That the ministére de la Santé et des Services sociaux urge the faculties of medicine of Quebec
universities to further emphasize, both at the continuing medical education level and in the
training of new doctors, the importance of fully documenting occupational history in a medical
history.

That the ministére de la Santé et des Services sociaux, with the continuing medical education
organizations, use continuing medical education sessions or any other mechanism deemed
appropriate to further enable doctors to recognize the occupations and the workplaces in Quebec
where there may be asbestos exposure.

That the same procedure be undertaken, with continuing professional development
organizations, among other health professionals likely to have a part in recognizing a link
between asbestos exposure and the development of asbestos-related diseases.

That the ministére de la Santé et des Services sociaux, in concert with partners such as the
CSST, the associations sectorielles paritaires (joint sector-based associations), etc., take
measures to empower workers and employers to recognize workplaces where there may be
asbestos exposure, to know the risks associated with asbestos exposure, and to know how to
handle asbestos safely.

2

This has already been accomplished with the addition of mesothelioma, asbestosis, and lung cancer related to
asbestos exposure to the list of notifiable diseases in Quebec in the Gazette officielle of November 20, 2003.
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Research

1. That the ministere de la Santé et des Services sociaux oversee the evaluation of methods of
relaying information to doctors and other concerned health professionals about the importance of
gathering information on occupation and occupational exposures in the medical history. In
addition, that this research also document the most appropriate tools and mechanisms for
gathering such information.

2. Although asbestos exposure is not directly within the jurisdiction of our sub-committee, we
recommend that the ministére de la Santé et des Services sociaux oversee the implementation of
studies aimed at better documenting asbestos exposure in construction industries and industries
involving the maintenance and repair of asbestos-containing products or structures.

3. That the ministére de la Santé et des Services sociaux oversee a study on the prevalence of
asbestosis among workers in Quebec.

4.  That the ministere de la Santé et des Services sociaux evaluate the potential benefits that might be
obtained by pooling the results of asbestosis screening activities among mine workers with the
documented levels of asbestos exposure in these environments.

5. That a study be undertaken of the mesothelioma files submitted to the Comité spécial des
présidents and not recognized as occupational pulmonary diseases, in order to describe the
characteristics of these cases and to provide guidelines for prevention measures.
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APPENDIX

Highlights of the report
“The Epidemiology of Asbestos-related Diseases in Quebec”
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HIGHLIGHTS

2.1.

General remarks

Asbestos has three main effects on health: asbestosis, mesothelioma of the pleura and
peritoneum, and lung cancer. Asbestos also causes diffuse pleural effusion and pleural
plaques, but generally their clinical significance is minor. Asbestos may also cause other
types of cancer, but the relation between exposure and disease is more tenuous or uncertain.
Asbestosis, mesothelioma, and lung cancers secondary to asbestos exposure usually appear
after a latency period of 20 to 40 years.'

Mesothelioma of the pleura and peritoneum are two rare cancers and are rapidly fatal.'

Occupational exposure to chrysotile and amphibole types of asbestos increases lung cancer
risk. Whether or not there is a risk differential for this cancer based on asbestos type is a
subject of controversy in the scientific community.'

Mesotheliomas have been observed following an occupational exposure to amphiboles and
to chrysotile asbestos. However, the risk of developing a pleural mesothelioma is higher with
exposure to amphibole asbestos than with exposure to chrysotile asbestos. Mesothelioma of
the peritoneum is mainly associated with exposure to amphiboles.'

Mesothelioma

Incidence of mesothelioma of the pleura

The only data available to describe the incidence of mesothelioma of the pleura is from the
Fichier des tumeurs du Québec. This tumour database has become more exhaustive over the
years, and since the 1990s the use of immunohistochemistry has made pathological diagnosis
easier.

In Quebec, from 1982 to 1996, 832 persons (655 men and 177 women) were newly
diagnosed with mesothelioma of the pleura. During this period, the age-adjusted incidence
rate of this cancer was 1.49 per 100,000 person-years among Quebec men and 0.32 per
100,000 among Quebec women.”

Between 1984 and 1996, the age-adjusted incidence rate of mesothelioma of the pleura
among Canadian women was 0.16 per 100,000 person-years. This rate comes close to what
most experts estimate to be the expected background concentration in a population not
exposed to asbestos (an incidence rate of 0.1 to 0.2 per 100,000 persons per year). Thus,
Quebec men and women have rates 9.5 and 2 times higher than the expected background
concentration.’

Despite the interpretation difficulties mentioned in the report, data from the World Health
Organization’s International Agency for Research on Cancer show a statistically significant
excess of mesothelioma of the pleura and peritoneum among men in several counties in the
United Kingdom, several states in Australia, and several regions in the Netherlands in
comparison to Quebec. However, in Quebec, the rate of mesothelioma of the pleura and
peritoneum among men is similar to the rate among American men and is significantly
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2.2.

2.3.

higher than in the rest of Canada and in several European countries. Among women, no
country shows an excess of mesothelioma of the pleura and peritoneum in comparison with
Quebec, but several have significantly lower incidence rates.’

e We observed a statistically significant increase in the incidence rate of mesothelioma of the
pleura among Quebec men between 1982 and 1996, corresponding to a 5% average annual
rate of increase. Among women, the average annual rate of increase was 3% and is not
statistically significant.”

e Between 1984 and 1996, incidence rates of pleural mesothelioma appeared stable among the
Quebec population under 60 years of age, while it increased among persons aged 60 and
older, especially among men.’ This might presage a leveling off of pleural mesothelioma
incidence among Quebec men.

e The study of different male birth cohorts in Quebec suggests that the population born
between 1930 and 1939, who started to work after World War II, that is at a time when there
was a marked increase in the use of asbestos, had higher incidence rates of mesothelioma of
the pleura than preceding or subsequent cohorts. For cohorts born after 1940, the data
suggest a lower risk, but it is still too soon to conclude that this is a true decrease because the
persons in these cohorts are still too young.’

e Standardized incidence rates of mesothelioma of the pleura are significantly higher among
men and women in the Chaudi¢re-Appalaches region and among men in Montérégie.
Chaudiére-Appalaches has a shipyard and working asbestos mines, and Montérégie had a
shipyard in the past.’

Incidence of mesothelioma of the peritoneum

e In Quebec, between 1984 and 1996, 63 men and 45 women were newly diagnosed with
mesothelioma of the peritoneum. This corresponded to annual age-adjusted rates of 0.14 per
100,000 person-years among men and 0.08 per 100,000 person-years among women. During
this period, annual cancer rates appeared stable and no region in Quebec showed a
statistically significant excess but the rarity of this cancer prevents us from making statistical
inferences.”

Matching of mesothelioma cases from the Fichier des tumeurs du Québec and
mesothelioma cases of recognized occupational origin

e By matching the 261 mesothelioma cases whose occupational origin had been recognized
between 1967 and 1997 by the special Comités set up by the CSST and the ministére du
Travail (ministry of labour) to cases from the Fichier des tumeurs du Québec, we observe
the following:

» 87% of the CSST cases were found in the Fichier des tumeurs du Québec;

» 83% of the CSST cases found in the Fichier des tumeurs du Québec had the same
diagnosis in both databases; and
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» CSST mesothelioma cases represent only 22% of mesothelioma cases recorded in the
Fichier des tumeurs du Québec.* This proportion is surprising since data in the literature
show that asbestos exposure can be documented in between 70% and 90% of
mesothelioma cases among men.’

3. Pulmonary cancer

e Pulmonary cancer is frequent in the general population (more than 3,500 cases per year
among men in Quebec).”® The principal risk factor is tobacco use. According to studies, lung
cancer risk attributable to occupational asbestos exposure varies between 0.5% and 15%
among men.’

e The matching of lung cancer cases whose occupational origin had been determined by the
Comité spécial des présidents between 1988 and 1997 with the cases in the Fichier des
tumeurs du Québec shows that :

» 89% of CSST cases were found in the Fichier des tumeurs du Québec;

» 90% of CSST cases found in the Fichier des tumeurs du Québec had the same diagnosis
in both databases; and

» CSST cases represent only 0.3% of pulmonary cancer cases recorded in the Fichier des
tumeurs du Québec.*

4. Asbestosis

e The sources of available information on asbestosis are incomplete and the findings that
follow must be interpreted with caution.

e In Quebec, between 1987 and 1996, 1,333 men and 53 women were hospitalized for a first
time with a primary or secondary diagnosis of asbestosis. However, it is impossible to know
if this was a first diagnosis of the disease or if it was an existing disease, but declared for the
first time in a hospital record. During this period, we observe a statistically significant
decrease in hospitalization rates for this disease among men only.”

e In Quebec, between 1988 and 1996, there were 3.6 times as many persons hospitalized with
a primary or secondary diagnosis of asbestosis than there were cases determined to be of
occupational origin by the Comité spécial des présidents.*** However, the reliability of this
observation is limited by uncertainty with regard to the identification of incident cases from
the MED-ECHO hospitalization database.

e Between 1981 and 1996, asbestosis was identified as the principal cause of death in
114 Quebec men and 2 Quebec women.”

e Two regions in Quebec show a statistically significant excess of hospitalizations and deaths
due to asbestosis among men, and not among women: Estrie and Chaudiére-Appalaches.’
These are both mining regions. In addition, we note the presence of a shipyard in Chaudiére-
Appalaches.
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5.

Asbestos-related diseases in the general population of the asbestos region

e Mortality and incidence data used to conduct studies in the general population of Quebec’s
asbestos region during the 1960s and 1970s all pointed to higher frequencies of diseases
related to this fibre, particularly among men.®"® Since approximately 70% of these men
worked in the asbestos industry, it was difficult to separate the effect of occupational
exposure from that of environmental exposure. Moreover, these correlation (or ecological)
studies, did not take into account the impact of asbestos fibre type on the disease.

e A study of new mesothelioma cases diagnosed between 1970 and 1989 in women residing in
the towns of Thetford Mines and Asbestos and born between 1906 and 1940 estimated the
past lifetime asbestos exposure of these women at 0.2 to 1.5 fibre/ml, for all sources of
exposure together (occupational, domestic (i.e. cohabitation with one or more asbestos
workers), or residential). Their average cumulative exposure was approximately
25 fibres/ml-years.™

e Based on this assessment of exposures, lung cancer risk attributable to asbestos is
overestimated by a factor of 10 or more by the Environmental Protection Agency risk
assessment model."

e Furthermore, the Environmental Protection Agency mesothelioma risk assessment model
overestimates by a factor of approximately 60 the real incidence risk of this cancer.'®"

e Ten new cases of mesothelioma of the pleura occurred among women in the region between
1970 and 1989, all residents of Thetford Mines. The only case of mesothelioma of the
peritoneum occurred in a resident in the Asbestos area. Among the 10 cases, six were
“definite” and four “possible.” Six other women suffering from mesothelioma had lived in
the Thetford Mines area in the past, but no longer resided there at the time of their diagnosis.

e The risk associated with occupational asbestos exposure among these women, compared
with the control group, is particularly high (approximately 30 times higher) and statistically
significant but there is a considerable margin of uncertainty.

e Mesothelioma risk would increase from 2% to 5% per fibre/ml-year with any source of
asbestos exposure: occupational, domestic, or residential. It was not possible to dissociate
the respective contributions to mesothelioma risk of these three sources of exposure, due to
the small number of mesotheliomas in this population and to errors of estimation of
exposures. '’

Asbestos-related diseases among workers in general

e In three studies that focused on mesothelioma cases diagnosed in Canada and in Quebec
during the 1960s, 1970s, and 1980s an occupational exposure to asbestos was found in from
34% to nearly 50 % of the subjects.””!

e A fourth case-control study conducted among Montrealers, had to do with both lung cancer
and mesothelioma. It allowed researchers to document the exposure of study subjects on the
basis of their occupational history. The relative risk of mesothelioma was very high, and
statistically significant, following heavy exposure to amphiboles. However, the small
number of mesothelioma cases did not allow researchers to measure the risk among workers
exposed to chrysotile without amphiboles (i.e. with an unreported exposure to amphiboles).
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A heavy exposure also led to an increased risk of lung cancer, but without reaching the
statistically significant level. The highest risk was observed with an exposure to chrysotile
without mention of amphiboles (OR = 3.1; 95% IC = 1.0 — 9.8). This risk was at the limit of
statistical significance, which suggests that lung cancer risk from exposure to chrysotile
asbestos would not be lower than the risk from exposure to amphiboles. Mesothelioma and
pulmonary cancer risks were not as high following a low exposure to the two types of
asbestos fibres and did not reach the statistically significant level. This may be interpreted in
two ways: either at a low exposure, there is no detectable risk, or at a low exposure, the risk
is slight and real. In the latter case, the large proportion of cases of the two cancers among
whom asbestos exposure was low, rather than high, could make this a non-trivial risk.'”'®

e Between 1988 and 1997, the Comité spécial des présidents recognized an occupational
origin to an asbestos-related pulmonary disease among 691 male and female workers.
Among these persons, 378 were suffering from asbestosis, 191 from mesothelioma, and
209 from lung cancer, several persons having more than one disease. During the period of
the study, the number of workers suffering from all the diseases combined, and the numbers
suffering from asbestosis and from mesothelioma appeared to increase while the number of
workers suffering from lung cancer appeared stable.**

7. Asbestos-related diseases among workers in the asbestos region (asbestos mines and mills,
and one asbestos products fabrication factory)

e Asbestos mine, mill, and products fabrication factory workers in this region are the only
asbestos workers in Quebec to have been the subjects of extensive studies.

e Several studies have documented asbestos diseases among these workers since the first study
was published in 1958. The most extensive was based on a cohort of close to 11,000 workers
from Thetford Mines and Asbestos of whom 9,780 were followed until 1992. The cohort
included workers from mines, mills, and one products fabrication factory, born between
1891 and 1920. Among the 8,009 deceased workers, there were 38 deaths from
mesothelioma, 657 from lung cancer (of which approximately one hundred were asbestos-
related), and 108 from pneumoconiosis (of which 46 were asbestoses). The number of
mesothelioma deaths represented a significant excess compared with Quebec’s male
population. Risk of death from pulmonary cancer was two times higher among workers
exposed to greater amounts of asbestos and for a longer time, these workers representing
approximately one quarter of the cohort.”

e Mandatory screenings currently under way among workers still employed in these mines
were not analyzed in the framework of the projects carried out by the sub-committee.

e The activity sector that generated the largest number of cases of asbestos-related diseases at
the CSST between 1988 and 1997 was mining (35%). When the various asbestos diseases
are considered separately, work in the mines also explains the largest number of asbestosis
cases (32%) and lung cancer cases (62%), and, tied with construction work, the second
largest number of mesotheliomas (18%). The high percentage of pulmonary cancer cases
among mine workers suggests that poor recognition of asbestos exposure in the other
industries by workers and by doctors, may be due to the fact that it is easier to attribute a
lung cancer to tobacco use, in a smoker, than to suspect an exposure to asbestos. In mining,
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8.

9.

during the 10 years of the study, the number of pulmonary cancer cases was stable, the
number of asbestoses increased, and the number of mesotheliomas decreased.*

Asbestos-related diseases among asbestos processing workers

e We found three studies that had looked at the health problems of workers in Quebec’s

asbestos processing plants in the past. Two plants (one located in Montréal and the other in
Asbestos) manufactured asbestos-containing filters for gas masks during the Second World
War, a third plant, in Valleyfield, produced chrysotile asbestos-based textile (belt conveyors
for paper mills), and a fourth business manufactured insulation and cement products in the
Montréal area. These studies showed deaths from asbestosis, from pulmonary cancer,'*'* and
from mesothelioma' or respiratory symptoms among the workers.'®

Between 1992 and 1997, a study of 23 asbestos processing plants in the Montréal area
showed problems in 7 of these enterprises (30%) related to exceeding asbestos exposure
standards.'” A follow-up carried out in the year 2000 in 5 of the 7 plants showed that
environmental measurements had been taken in 3 workplaces. Standards were still being
exceeded in 1 of the 3 plants. The asbestosis screening carried out among 304 workers in
4 of the 5 plants revealed one confirmed and one possible case of asbestosis. A third worker
had been diagnosed with this disease in 1990.%

Data on the 691 cases of diseases whose occupational origin had been recognized by the
Comité spécial des présidents between 1988 and 1997 show that 93 of these cases were
workers from the processing industry (50 asbestoses, 27 mesotheliomas, and 25 pulmonary
cancers). These 93 workers had been exposed to asbestos on average for a shorter period of
time (16 years) than all cases combined (27 years) before developing their disease. During
the period of the study, the number of cases of asbestosis and of lung cancer attributed to
exposure in this industry decreased while the number of mesothelioma cases increased.”* The
upward trend among mesotheliomas has been observed since 1967.%*"

Asbestos-related diseases among construction workers

e Insulators were the first construction industry workers in Quebec in whom asbestosis,

mesothelioma, and lung cancers were documented, as far back as 1981.%" Later, toward the
end of the 1980s and the beginning of the 1990s, insulators,”” sheet-metal workers, and
tinsmiths™ became the subjects of other studies.

In 1995, a screening of 972 workers from the same trade groups to which were added
plumbers-pipe fitters-welders, boilermakers, fire protection mechanics, and elevator
mechanics also showed the presence of radiological abnormalities compatible with a
diagnosis of asbestosis (n=20) among these persons and a 23.2% frequency of pleural
abnormalities.” Then, screenings carried out as part of an integrated intervention program
among the same groups of construction workers, to which were added asbestos removal
workers and asbestos demolition workers, brought to light 2 cases of lesions compatible with
a diagnosis of asbestosis and 12.8% pleural abnormalities among the 492 workers
screened.”
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e A screening carried out among a group of 83 asbestos-exposed maintenance workers (from
one school board on the Island of Montréal) showed no abnormalities compatible with
asbestosis and only 3.6% of workers presented pleural abnormalities.”’

e The analysis of 691 cases of asbestos-related diseases whose occupational origin had been
recognized by the Comité spécial des présidents between 1988 and 1997 showed that
construction industry workers (17% of cases) were in third place (after workers from the
mining industry and the repair and maintenance of asbestos-containing products and
structures) in generating cases of asbestos-related diseases. These workers were younger
(60 years old) than all cases combined (65 years old) at the time their disease was diagnosed.
Furthermore, insulators suffering from mesothelioma were exposed to asbestos for a shorter
time before their diagnosis (15 years) than other workers suffering from this cancer
(22 years). If we add maintenance and repair workers to construction workers, due to the
possible similarities between the two industries, the two groups together give rise to the
greatest number of cases of asbestos-related diseases, asbestosis, and mesothelioma. During
the 10 years of the study, the number of cases of all asbestos-related diseases among
construction industry workers was on the rise.**

10.  Costs of asbestos-related diseases

e (Cases of asbestos-related pulmonary diseases whose occupational origin had been
recognized by the Comité spécial des présidents between 1988 and 1997 generated direct
costs totalling 66.2 million dollars (undiscounted) in compensation costs to the CSST.**
Other costs are also associated with these diseases and should be evaluated in a more in-
depth study.
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