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BACKGROUND/OBJECTIVE: For many types of cancer, disease attri-
bution to occupational exposures is difficult. Mesothelioma, however, is a
‘sentinel’ occupational cancer associated with asbestos exposure. The pres-
ent study linked workers’ compensation claims data with cancer registry
data to explore the completeness of reporting of mesothelioma to the
Ontario Workplace Safety and Insurance Board (WSIB) according to
characteristics of cases diagnosed among Ontario residents.

METHODS: Two data sources were linked at the person level: the WSIB
Occupational Disease Information and Surveillance System and the
Ontario Cancer Registry. Filing rates were calculated as the proportion of
Ontario Cancer Registry mesothelioma cases (International Classification of
Diseases — Oncology code 905) that linked to a WSIB-filed cancer claim.
Filing rates were calculated for the period 1980 to 2002, and trends were
calculated by year, age and county of residence at diagnosis.

RESULTS: The filing rate for compensation has increased little over the
past 20 years, reaching a high of 43% in 2000. Overall, filing rates were
highest among pleural mesothelioma cases among men (range 27% to
57%). Filing rates were highest among individuals 50 to 59 years of age
and declined substantially throughout the retirement years. There was
substantial variation in filing rates by area of residence, with the highest
rate being in Lambton County, Ontario.

CONCLUSION: The filing rate for compensation in Ontario was much
lower than the estimated proportion of cases eligible for compensation.
The increased filing rate in Lambton County was likely related to this
community’s awareness of the association between asbestos and mesothe-
lioma. Physicians can play an important role in educating patients of their
potential entitlement to compensation benefits.
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Workers’ compensation

Les réclamations d’indemnisation d’accidentés du
travail parmi les cas de mésothéliome en Ontario

HISTORIQUE ET OBJECTIF : Dans de nombreux types de cancer, il
est difficile d’attribuer la maladie a4 une exposition professionnelle.
Cependant, le mésothéliome est un cancer professionnel « sentinelle »
associé a exposition a 'amiante. La présente étude liait les données liées
aux réclamations d’indemnisation d’accidentés du travail aux données des
registres du cancer afin d’explorer I'exhaustivité des déclarations de
mésothéliomes a la Commission de la sécurité professionnelle et de
Passurance contre les accidents du travail (CSPAAT) de I'Ontario,
conformément aux caractéristiques des cas diagnostiqués chez les habitants
de 'Ontario.

METHODOLOGIE : Deux sources de données étaient liées sur le plan
personnel : la CSPAAT et le Registre d’inscription des cas de cancer de
I'Ontario. On a calculé les taux de réclamation d’aprés la proportion de cas
de mésothéliomes dans le Registre d’inscription des cas de cancer de
'Ontario (Classification internationale des maladies, Oncologie, code 905) liés
a une réclamation de cancer déposée aupres de la CSPAAT. On a calculé
les taux de réclamation entre 1980 a 2002, et on a calculé les tendances
selon 'année, 1'Age et le pays de résidence au moment du diagnostic.
RESULTATS : Le taux de réclamations a peu augmenté depuis 20 ans,
atteignant un pic de 43 % en 2000. Dans l'ensemble, les taux de
réclamations étaient plus élevés dans les cas de mésothéliome pleural chez
les hommes (plage de 27 % a 57 %). Les taux de réclamation étaient les
plus élevés chez des personnes de 50 a 59 ans et fléchissaient
considérablement aprés le départ a la retraite. On remarquait une
variation importante des taux de réclamation selon la région de résidence,
le taux le plus élevé s'observant dans le comté de Lambton, en Ontario.
CONCLUSION : Le taux de demandes de réclamation en Ontario était
beaucoup plus faible que la proportion estimative de cas admissibles & une
indemnisation. Le plus fort taux de réclamation dans le comté de Lambton
était probablement attribuable 3 la meilleure sensibilisation de cette
collectivité a l'association entre l'amiante et le mésothéliome. Les
médecins peuvent jouer un role important pour informer les patients de
leur droit potentiel a une indemnisation.

Previous studies have demonstrated the value of comparing
and/or combining administrative occupational databases
with cancer registries for the purposes of surveillance and
research (1,2). Cancer registries contain information regarding
cases of diagnosed cancer but generally lack occupational
exposure data, while databases maintained by provincial
workers’ compensation boards generally under-report work-
related cancers but have workplace exposure data. One such
study, performed in the 1980s, compared aggregate data from
provincial registries and provincial compensation boards and
suggested that the proportion of possible occupational can-
cers reported to workers’ compensation boards was as low as
10% (1).

Although attributing cancer to occupational exposures is dif-
ficult, mesothelioma is considered to be a ‘sentinel’ occupational
cancer. Mesothelioma is a rare and highly fatal morphologically

defined cancer that arises in surface serosal cells lining various
body cavities; the pleura is the most common site accounting
for approximately 90% of all mesotheliomas, followed by the
peritoneum (6% to 10%). Less common sites include the peri-
cardium, the tunica vaginalis of the testes and the ovaries (3).
Diagnosing mesothelioma is challenging, and current treat-
ment options are limited and usually performed with palliative
rather than curative intent. The median survival time is
approximately one year from the date of diagnosis (4).

This highly fatal cancer is also largely preventable, occur-
ring almost exclusively in workers exposed to asbestos. Indeed,
the strongest and most common risk factor for mesothelioma is
occupational exposure to asbestos. It has been estimated that a
minimum of 65% of all mesothelioma cases, and 85% to 90%
of male pleural mesothelioma cases can be attributed to occu-
pational asbestos exposure (3). Mesothelioma incidence rates,
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therefore, reflect trends in past occupational exposure to asbes-
tos, for which latency of disease development is in the order of
20 to 40 years after the first exposure (3,4). In addition to the
asbestos mining industry, there are other industries in which
workers may have been, or can now be, exposed to asbestos,
including manufacturing, construction and transportation.
Given the high attributable risk for mesothelioma associated
with occupational asbestos exposure, it is expected that a
higher proportion of diagnosed mesothelioma cases would file
for workers’ compensation compared with any other form of
cancer.

The present study used two data sources, namely, the
Workplace Safety and Insurance Board of Ontario (WSIB)
Occupational Disease Information and Surveillance System
(ODISS), and the Ontario Cancer Registry (OCR), and
linked them at the person level. The present study had two
objectives: to determine the success rate of linking the WSIB-
ODISS database with the OCR, as part of exploring the
feasibility of ongoing linkages between these two databases,
and to describe the patterns of claims filed for mesothelioma
to the WSIB as a function of the disease incidence in Ontario,
as a measure of completeness of reporting of potentially work-
related mesothelioma.

METHODS

Data sources and linkage

The WSIB currently insures approximately 75% of the Ontario
labour force against work-related injuries and disease through
employer insurance (5-7). Affected workers can file claims for
occupational disease for benefits ranging from income replace-
ment, through extended health care benefits to survivor bene-
fits. Occupational disease claims can be filed with the WSIB
even after the death of the affected individual — there is no
time restriction (ie, time from date of diagnosis to date of fil-
ing) for filing a claim. The ODISS database was created circa
1987 and contains data on all claims filed with the WSIB for
occupational disease, including those filed before 1987 (retro-
actively entered from electronic and paper records). All disease
claims that met the following criteria were extracted for link-
age: having a diagnosis code (either fatal or nonfatal) indicat-
ing aneoplasm in any part of the body (International Classification
of Diseases [ICD] — Ninth Revision [codes 140 to 239]); and a
filing date on or before March 31, 2004. The variables extracted
for these records included those pertaining to the worker, the
administration of the claim, the cancer diagnosis and the
exposure history.

The OCR is a population-based registry covering the entire
province of Ontario since 1964, and is operated by Cancer
Care Ontario. It is a passive registry that relies on four major
sources of data: hospital separations with cancer listed as one of
the diagnoses, pathology reports with a mention of cancer
(available since 1980), death certificates in which cancer was
the underlying cause of death, and reports on patients referred
to the Princess Margaret Hospital (Toronto, Ontario) as well as
regional cancer centres. It should be noted that all source rec-
ords (except for death records) allow for reporting of both a
cancer site coded according to the ICD-9 or ICD-10, and mor-
phology coded according to the ICD for oncology (ICD-O).
Measures of data completeness and data validity have been
performed in a manner similar to the Surveillance,
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Epidemiology, and End Results (SEER) system of classifying
disagreement (8). An algorithm referred to as ‘case resolution’
is used to combine these four data sources to produce the OCR
‘incident file’. When discrepancies arise between sources of
information, the algorithm assigns priority to particular sources
of data as well as to cancer site over morphology, producing
what is referred to as ‘resolved site’ and ‘resolved morphology’.
It is this incident file that forms the basis of cancer reporting
for Ontario residents dating back to 1964. Also, a ‘nonincident
file’ exists, which contains a minimal amount of similar infor-
mation on cancers that do not meet these criteria for reporting
on Ontario residents (eg, Ontario resident diagnosed out of
province, cancer diagnosed before 1964, nonreportable skin
cancers). Variables used from both the incident and noninci-
dent files of the OCR included demographic data and cancer
diagnosis information.

Under the terms of research agreements with both the OCR
and the Ontario WSIB, a nominal data file of all claims (as
described above) was produced at the WSIB and sent to
Cancer Care Ontario for linkage. The data file was linked with
both the ‘incident file’ and ‘nonincident file’ of the OCR,
using a combination of both deterministic and probabilistic
linkage methods applied to last name, first name, date of birth
and sex. Linked records that required resolution were resolved
by the person responsible for the linkage, without the involve-
ment of any member of the project team or the manager of the
ODISS database, to ensure that the data from one data custod-
ian (WSIB) was not shared with the other custodian (OCR).

Once linked, identifying information was removed and the
resulting anonymous analytical file was stored with restricted
access and subsequently prepared for analysis.

Analysis

The success of the linkage was evaluated by determining the
proportion of successful links between the OCR and the
ODISS in two ways — first, in cases for which all ODISS claims
with one or more diagnoses of a neoplasm were linked to the
OCR and, second, in cases for which ODISS claims accepted
for compensation of a mesothelioma diagnosis were linked to
the OCR. To calculate these proportions, successful links were
divided by the total number of ODISS records for which link-
age was attempted. It should be noted that, for the attempt to
link all ODISS records listing a neoplasm, not all records were
expected to link to the OCR. Specifically, claims listing a
benign neoplasm or nonmelanoma skin cancer, claims rejected
on the basis of an unconfirmed cancer diagnosis and claims
from individuals diagnosed out of province or within Ontario
before 1964 would not be expected to link to the OCR.

The filing rate was calculated as the proportion of meso-
thelioma cases diagnosed among Ontario residents from the
OCR that linked to an ODISS claim record for that same indi-
vidual for any type of neoplasm. Following the examination of
various operational definitions of mesothelioma in the OCR
and ODISS, Ontario mesothelioma cases were defined as inci-
dent cases having a resolved morphology of mesothelioma
(ICD-O morphology code 905) and matching ODISS cases
were defined as linking to the incident mesothelioma case
regardless of adjudication status or neoplasm being claimed.
This method of selecting cases with higher quality diagnostic
information (ie, morphologically defined mesothelioma cases
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Figure 1) Time trend in the workers’ compensation filing rate for
mesothelioma in Ontario from 1980 to 2002. WSIB: Workplace

Safety and Insurance Board of Ontario

1000 + T 100
OAIl mesothelioma cases

900 + Lo
» B Filed a claim with the WSIB
@ 1 1
o 800 @ % filed a claim 80
o
@ 700 170
5
E 600 + T 60
3 48%  47%
g 7 :4% o o 42% 1%
£
“
o
=
@
E-1
3
S
z

Percent of cases that filed a claim (%)

0-39 40-44 45-49 50-54 55-59 60-64 6569 70-74 75-80 80+
Age at diagnosis

Figure 2) Age trend in the workers’ compensation filing rate for
mesothelioma in Ontario from 1980 to 2002. WSIB: Workplace
Safety and Insurance Board of Ontario

from the OCR) for the denominator, combined with a broad
definition for the numerator, was used to maximize the calcu-
lated value for the filing rate.

Given the incomplete morphology data in the OCR before
1980, analyses were restricted to between 1980 and 2002.
Diagnostic agreement was explored for these linked cases. Time
trends in filing were calculated, as well as the trends in the age
at filing the claim and the place of residence at diagnosis (ie,
county of residence based on the standard geographical classifi-
cation from Statistics Canada).

The study protocol was approved by the Research Ethics
Board of the University of Toronto (Toronto, Ontario).

RESULTS
Restriction of the ODISS records to claims for neoplasms
resulted in an ODISS dataset for linkage of 6499 records. The
linkage of the 6499 ODISS records to both the incident and
nonincident files of the OCR resulted in a linkage rate of 86%
(5604 of 6499). Restricting this OCR-ODISS linkage to
ODISS claims compensated for mesothelioma linking to any
OCR cancer record resulted in a linkage rate of 93% (767 of
821). Of the remaining 54 ODISS mesothelioma claims that
did not link, the claim filing date for three of the claims sug-
gested a diagnosis date before the establishment of the OCR in
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Figure 3) Place of diagnosis trend in the workers’ compensation fil-
ing rate for mesothelioma in Ontario from 1980 to 2002. WSIB:
Workplace Safety and Insurance Board of Ontario

1964. Further restriction of this linkage to ODISS-compensated
mesothelioma claims linking to only OCR mesothelioma cases
(ICD-O code 905), resulted in a linkage rate of 75% (618 of
821). Of these 618, however, nine cases were diagnosed either
out of province or before 1964 and, therefore, would not appear
in the OCR incident file.

Between 1980 and 2002, 1855 mesothelioma cases were
diagnosed in Ontario and registered in the OCR (ICD-O code
905); of these, 643 (35%) filed a WSIB claim with a diagnosis
code of neoplasm. Of these 643 ODISS neoplasm claims,
97.5% were filed for mesothelioma, 1.4% were filed for lung
cancer and only two claims were filed listing other disease
codes.

As shown in Figure 1, the rise in the absolute number of
mesothelioma cases diagnosed in Ontario was paralleled by a
small increase in the linear trend of the filing rate, with a range
in filing rate of 20% to 43%. A more detailed analysis of this
filing rate revealed that the figures were much higher for pleural
mesothelioma cases among men, 44% overall and ranging from
27% to 57% throughout the 20-year period. Filing rates are
shown by age group in Figure 2, highlighting that the filing rate
was much higher among cases diagnosed before retirement than
after retirement, although a large proportion of cases were, in fact,
diagnosed in individuals older than 65 years of age. Finally, Figure 3
highlights the substantial variation in filing rates by county of resi-
dence at diagnosis. By far, the highest filing rate was observed in
Lambton County (77%), where the age-adjusted incidence rate is
approximately four times that of all of Ontario combined (Cancer
Care Ontario [Ontario Cancer Registry, 2004]).

DISCUSSION
Overall, the present study demonstrated the feasibility of link-
ing the WSIB-ODISS database with the OCR, while at the
same time identifying limitations of these two sources of meso-
thelioma data in Ontario. In total, there were 821 WSIB-
ODISS claims for mesothelioma receiving compensation, of
which 93% linked to an Ontario cancer case registered in the
OCR, and 74% linked specifically to an Ontario mesothelioma
case registered in the OCR. Claims attributable to asbestos
exposures within Ontario but diagnosed out of province would
account for a portion of the 7% of claims that did not link to
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an OCR-registered case. The remaining 19% of mesothelioma
claims that linked to an OCR case not registered specifically as
mesothelioma (ie, [CD-O code 905) suggests that there is some
misclassification or miscoding of ODISS mesothelioma claims
or of OCR mesothelioma cases. Indeed, under-reporting of
mesothelioma in the OCR is known to occur primarily because
the OCR algorithm used to summarize information from mul-
tiple source records relies heavily on cancer site coding, rather
than morphology coding. For this reason, the OCR is suscept-
ible to undercounting morphologically defined cancers such as
mesothelioma. Reliance on cancer site data also diminishes the
role of death records, given the lack of morphology informa-
tion in this data source. With the introduction of [CD-10 cod-
ing on death certificates in 2000, this problem should be
eliminated and work is ongoing at Cancer Care Ontario to
improve other aspects affecting the completeness of registra-
tion for mesothelioma in Ontario.

By studying claims submitted to workers’ compensation
boards across Canada, it has been speculated that less than
10% of all cases of occupational cancer are compensated, due
mainly to under-reporting as opposed to claims being rejected
(1). The present study focused on a sentinel occupational can-
cer — mesothelioma — known to be caused by asbestos exposure,
and, therefore, it would be expected that the filing rate, if not
the compensation rate, would be substantially higher than
10%. The present study, as well as other Canadian studies,
report a filing rate higher than 10%; however, the observed
rates are still well below expected rates based on the estab-
lished disease attribution to occupational asbestos exposure.
For the period between 1980 and 2002, the present study found
a filing rate of 35% for Ontario mesothelioma patients. In
British Columbia, preliminary results from a similar linkage
study (9) yielded an overall mesothelioma compensation rate
of 33%. In both Ontario and British Columbia, higher filing
and compensation rates, respectively, were found for pleural
mesothelioma than with the other mesothelioma primary sites.
In Quebec, however, a linkage study of pleural mesothelioma
cases with a confirmed diagnosis (ie, investigated but not
necessarily compensated by the workers’ compensation board)
for the period between 1982 and 1996 found an exceptionally
low filing rate of 22% (2).

In terms of eligibility for workers’ compensation in Ontario,
mesothelioma is listed as a schedule 4 disease in the Ontario
Workplace Safety and Insurance Act, meaning that for workers
whose employment history includes a scheduled process, the
presumption of work-relatedness is irrefutable and compensa-
tion is essentially automatic. Furthermore, insured workers
exposed to asbestos through nonscheduled processes are also
eligible for (and have received) compensation, but claims filed
by these workers are adjudicated on a case-by-case basis. In
fact, more than 85% of the mesothelioma cases that filed for
workers’ compensation in Ontario between 1980 and 2002
were compensated.

There are several reasons why a mesothelioma patient diag-
nosed in Ontario might not be eligible to receive compensa-
tion from the WSIB. First, mesothelioma patients exposed to
occupational asbestos in Ontario may not be WSIB-insured
(currently, the WSIB insures approximately 75% of the
Ontario workforce). Labour force participants not covered
include individuals who are self-employed, casual workers and
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those employed in specific industries such as dentistry, bar-
bering and the majority of finance and insurance companies
(5-7). Although, given the nature of these industries, it is likely
that most asbestos-exposed workers would be employed in a
sector insured by WSIB. Second, mesothelioma patients diag-
nosed in Ontario may have been exposed while working out of
province. Third, mesothelioma is not always attributable to
workplace asbestos exposure. For example, patients exposed to
asbestos through contact with an asbestos worker (eg, wife
exposed to asbestos fibres from her husband’s work clothing) or
through an environmental source are not eligible to receive
workers’ compensation from the WSIB. There is evidence that
these environmental exposures to asbestos may be more fre-
quent than previously understood (10-13).

These restrictions regarding compensation eligibility, how-
ever, by no means account entirely for the extremely low rate
of filing for mesothelioma observed in Ontario and elsewhere
in Canada. In addition to these requirements for compensation
eligibility, it is possible that the short lifespan of individuals
following a mesothelioma diagnosis would make it less likely
for a claim be filed (ie, after death). However, families or
dependants may apply on the person’s behalf even after death,
for entitlement to survivor benefits and, therefore, this should
not be a reason for a reduced filing rate.

Although asbestos mining ended many years ago in Ontario,
and asbestos use in manufacturing is much more strictly regu-
lated than it was in the past, exposure to asbestos is still pos-
sible. In particular, if proper remediation processes are not
followed (eg, building demolition/renovation) or if workers are
unaware of the potential for the presence of asbestos, exposure
may exceed safe levels. Furthermore, given that the latency of
disease development is approximately 20 to 40 years, Ontario
residents exposed to high levels of asbestos in the past may still
be at risk for developing mesothelioma. For these reasons, there
is evidence that the burden of mesothelioma will continue to
rise in Ontario as it has in many other jurisdictions, reflecting a
legacy of exposures as long as 20 to 40 years (14-21). It is not yet
clear whether the epidemic has ‘peaked’ in Ontario, but what is
clear is that the filing proportion has changed very little in the
past 20 years despite our knowledge of the relationship between
asbestos exposure and mesothelioma. This has resulted in a lar-
ger number of people and their families potentially being denied
supplementary health care, income replacement and survivor
benefits to which they are entitled.

Different jurisdictions have approached the dilemma of low
filing rates in different ways. As a result of a provincial review
in Quebec, mesothelioma was made a notifiable disease in
2003, implying that physicians who diagnose a case of meso-
thelioma are expected to report that case to the provincial
health authorities, as is done for several types of infectious dis-
ease (22). As of 2005, a partnership between the British
Columbia Cancer Agency and WorkSafeBC (the British
Columbia workers’ compensation board) has resulted in the
British Columbia Cancer Registry being used to notify phys-
icians of newly diagnosed cases and the potential eligibility of
their patient and the patient’s family to receive workers’ com-
pensation benefits. Printed material is sent to the physicians
along with a cover letter, with information on how to file a claim
for compensation (9). In France, the National Mesothelioma
Surveillance Program (23) was launched across several districts
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in 1998, to estimate the burden of mesothelioma and to gener-
ate data for both surveillance and research purposes. Of the
pleural mesothelioma cases investigated as part of this program,
62% applied for compensation, which was awarded in 91% of
the cases.

Cancer Care Ontario, the data custodian of the OCR, is
considering the potential of developing a ‘notification’ system
similar to that in British Columbia. The success of the linkage
process in the present study, in terms of the ability to link to
identifying information available in both databases, indicates
that such a linkage could be used to evaluate any future inter-
vention aimed at increasing the workers’ compensation filing
rate for mesothelioma. The results of the present study show
that the filing rates were highest for people diagnosed before
retirement, a period in which both the workplace and organ-
ized labour can help support the worker in filing for benefits.
However, for a large proportion of patients who are diagnosed
after retirement, physicians can play a key role in assisting
them to apply for any benefits to which they may be entitled.
It is believed that the high rate of filing in Lambton County is
a result of the community’s high level of awareness of the
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