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Abstract

Data from the Ontario Cancer Registry (OCR) were compared with data from a multi-
centred prospective cohort of 1655 node-negative breast cancer patients with intensive
clinical follow-up. Agreement in cause of death was evaluated using kappa statistics. The
accuracy of OCR classification was evaluated against the Mount Sinai Hospital (MSH)
study oncologist’s interpretation of intensely followed, cohort-collected data as the ref-
erence standard. The two sources showed a high level of agreement (kappa statistic
[k] = 0.88; 95% confidence interval [CI]: 0.86, 0.90) in vital status and cause of death.
Among those cases where both sources reported a death, the OCR had a sensitivity of
95% (95% CI: 90.5, 98.8) and a specificity of 88% (95% CI: 79.6, 92.4). The OCR is a
valuable tool for epidemiologic studies of breast cancer to acquire adequate and easily

attainable cause-of-death information.
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Introduction

The use of cancer registry mortality and
follow-up data in epidemiologic studies is
common.! However, it is unclear to what
extent bias may be introduced because of
incomplete or inaccurate cause-of-death
data in the registries.*?

The Ontario Cancer Registry (OCR), main-
tained and operated by Cancer Care Ontario
since 1964, collects vital information on
all new cases of cancer in the province
except for non-melanoma skin cancers.
Validation studies have shown the regis-
try to be effective in ascertaining cancer
cases in the province (98% sensitivity).*
The registry collects data from pathology
reports, patient records, hospital discharge
records and death certificates from the

Registrar General of Ontario. Probabilistic
linkage is then used to reconcile the data
sources into a central database.® The reg-
istry performs regular internal data qual-
ity evaluations; however, registry data are
rarely compared to actual detailed medical
records and data collected from additional
external sources. One comparative study of
head-and-neck cancer outcomes reported
that the OCR had excellent agreement in
index tumour site assignment, vital status
and date of death; however, there was a
31% error rate in cause of death (can-
cer vs. noncancer).® To our knowledge,
no studies have examined agreement of
cause-of-death data among breast cancer
patients in the OCR with cause of death
determined in an independent study with
rigorous follow-up.

A multi-centred prospective cohort study
based at Mount Sinai Hospital (MSH) in
Toronto commenced patient enrollment
in 1987. The MSH study collected inci-
dent cases of pathologically confirmed
node-negative breast cancer from eight
participating sites in the greater Toronto
area. The study aim was to evaluate the
associations between genetic and molecu-
lar tumour alterations and recurrence of
disease and death due to breast cancer.’
Study managers systematically collected
data from hospital and medical records,
patient interviews, pathology reports, patient
charts, coroner reports and death certifi-
cates. The study oncologist, a specialist in
breast cancer, made the final determi-
nation as to the classification of cause
of death after examining the collected
information.

The aim of our study was to evaluate the
agreement between cause-of-death data
from the Ontario Cancer Registry and the
MSH study, which has regular and system-
atic patient monitoring and follow-up, and
specialist-determined outcome based, for
the most part, on relatively complete and
accurate data. Other studies have found
that specialist classification of cancer out-
comes is more accurate than registry clas-
sification, possibly due to more extensive
data availability or experience or both.8
For these reasons, our study also evalu-
ates the accuracy of OCR cause-of-death
data using the MSH study data as the
reference standard.
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Methods

OCR data were linked to MSH study
patients according to OCR standard proce-
dures based on probabilistic linkage using
personal identifiers in the MSH study data-
base. ICD-9* and ICD-10" codes described
causes of death, and these were then clas-
sified as 1) due to breast cancer or 2) due
to other/competing causes. Those individ-
uals without cause-of-death information in
both the MSH study and the OCR data were
considered to be alive. The MSH study fol-
lowed patients from the time of diagnosis
and enrolment, from 1987 until the spring
of 2005. Data from the OCR contained
events that occurred up to 2006; however,
data quality was only verified until the end
of 2004. This created some discrepancy in
the duration of follow-up. Any discrepant
deaths were examined for date of death in
order to address the discrepancy.

Kappa statistics were calculated to deter-
mine the agreement in cause-of-death
classification between the two sources.’
We calculated a weighted kappa with the
rationale that a missed cancer-related
death is of great importance to the MSH
study and the OCR. Statistics were calcu-
lated using SAS® (SAS V9.1; SAS Institute
Inc., Cary, NC) and all 95% confidence
intervals (CI) were two-sided. Weighted
kappa was determined using the default
weighting scheme in SAS, based on the
classification order displayed in Table 1.
OCR classification accuracy was evaluated
by estimating sensitivity and specificity
using the MSH classification as the refer-
ence standard. The study was approved
by the Mount Sinai Hospital Research
Ethics Board.

Results

The study population consisted of the
1655 patients in the hospital-based study
with no axillary nodal involvement at
diagnosis (stage I [72%] and II [28%]). Of
these patients, one did not have a record
linkage match in the OCR (i.e. there was
no information in the OCR), and six were
marked as deceased in the OCR with no

*

cause of death provided. These patients
were excluded from analysis as the data
provided no potential for comparison.
Sensitivity analyses showed that misclassi-
fication of these deaths had little impact on
the results: kappa statistics changed from
0.87 to 0.86 when all these patients were
treated as still alive, and the percent agree-
ment changed from 90.0% to 87.6% when
all seven deaths were considered as errors.

The two sources showed a high level of
agreement (kappa = 0.88; 95% CI: 0.86,
0.90) and a weighted kappa of 0.90 (95%
CI: 0.80, 0.92). Of the 87 patients lost to
follow-up by the MSH study, 11 had died
and were located via the OCR. An addi-
tional 13 deaths not originally recorded
by the MSH study were identified by the
OCR, while 12 deaths recorded by the MSH
Study were not identified by the OCR.
These 12 discrepant deaths were checked
for date of death; in three of the cases the

deaths occurred in early 2005, but in the
remaining nine cases the deaths occurred
before 2000 and were yet to be picked up
by the OCR. Table 1 shows the distribu-
tion of the causes of death provided by the
study and the OCR.

Comparing the cases where both the OCR
and the MSH study reported a death, the
percent agreement on classification of death
was 90.0% (Table 2, [(124 +129)/281]).
Using the MSH study data as the reference
standard, the OCR had a sensitivity of 95%
(95% CI: 90.5, 98.8) and a specificity of
88% (95% CI: 79.6, 92.4).

Discussion

These findings present several important
points. First, the cause of death from the
OCR abstraction and collection system
strongly agreed with those from an inten-
sively followed cohort study where cause

TABLE 1
Agreement between cause of death and vital status from cohort study and the
Ontario Cancer Registry

MSH study
No death info. Competing Breast Total
or LTFU* cause of death cancer
No death info. 1331 6 6 1343
Ontario Cancer Competing cause of death 19 129 7 155
Registry Breast cancer death 5 21 124 150
Total 1355 156 137 1648
Kappa
Simple: 0.87 (0.85, 0.90)
Weighted: 0.90 (0.88, 0.92)
Additional deaths provided by OCR
LTFU - Lost to follow-up
TABLE 2

Comparison of cause of death between a cohort study with intensive follow-up and the
Ontario Cancer Registry (MSH study cause of death assumed reference standard)

MSH study (assumed reference standard)

Breast cancer death Competing cause Total
Ontario Cancer  Breast cancer death 124 21 145
Registry Competing cause 7 129 136
Total 131 150 281

Sensitivity 95% (90.5-98.8)
Specificity 86% (79.6-92.4)

International Statistical Classification of Diseases and Related Health Problems, 9th Revision.

*International Statistical Classification of Diseases and Related Health Problems, 10th Revision.
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of death was determined by a medical
oncologist. This indicates that OCR data
may be useful in studies where patient
follow-up is incomplete or not available;
it also highlights the utility of the OCR for
epidemiologic studies that are unable to
acquire adequate clinician expertise for
interpretation of cause of death. In these
instances, particularly for studies of breast
cancer, the OCR may be used as a rela-
tively accurate and easily attainable source
of cause of death. Second, there were sev-
eral deaths that were missed by the MSH
study, as patients were lost to follow-up. In
these instances, the OCR collected deaths
that, due to the province-wide coverage,
enhanced the follow-up data of the MSH
study. Third, our study found a high level of
accuracy in the abstraction techniques
of the OCR: we observed high sensitivity
and specificity when the results were com-
pared with those of an experienced medi-
cal oncologist making informed decisions
from extensive cohort data.

Our study showed a much lower error rate
than in previous analyses of cause of death
stored in the OCR.® This difference may,
however, be due to the different tumor
sites being compared. Thus, our results
may not be generalizable to all cancer
sites. We reason, however, that misclassifi-
cation of cause of death is greatest in those
cancers, such as breast or prostate cancers,
that have favourable prognoses, because
the probabilities of deaths due to cancer
and to competing causes approach one
another much more than in highly aggres-
sive cancers, such as lung or pancreatic
cancers. Also, with aggressive cancers the
course of illness is usually dramatic and
clinically more clear-cut and thus classifi-
cation of death should be more accurate. If
our reasoning is correct, the results of our
study might be reassuring to researchers
investigating other cancers or advanced
breast cancer.

Our results may not be generalizable to all
cancer registries. Due to the centralized
nature of the Ontario health care system,
the OCR is able to obtain all the pertinent
medical documentation in order to pro-
vide the epidemiologic data for this type
of study. Other registries may not have the
infrastructure or ability to be as complete
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and inclusive as the OCR. However, where
registries are population-inclusive and veri-
fied, our results may be applicable.

There are a few methodological issues in
this study that need to be addressed. Seven
patients were removed from the analysis as
they were recorded in the OCR as deceased
with no cause of death. Sensitivity analyses
showed, however, that misclassification of
these deaths in either direction would have
minimal effect on our conclusions.

Intensive follow-up for the MSH study
ended in spring 2005 when funding for
the clinical follow-up component of the
study came to an end. The request for
data from the OCR was made in August
of 2006, at which time the quality of the
registry was only assured until the end of
2004. Therefore, there was a slight discrep-
ancy in the end of follow-up; however, this
did not appear to affect the results. Our
analyses used the decisions made by the
MSH study medical oncologist from all col-
lected data as the reference standard. It is
possible that a small percentage of diag-
noses were misclassified by the MSH study
medical oncologist, potentially decreasing
the agreement between the data sources.
However, the high kappa statistics reflect
good agreement in the absence of a gold
standard.

We used kappa statistics to evaluate the
agreement between two sources of cate-
gorical cause-of-death data as there was
no clear cut gold standard (e.g. OCR
found cancer deaths missed by the MSH
study). In doing so we were able to pro-
vide classification accuracy with sensitiv-
ity and specificity, as well as reliability
with kappa. These provide complemen-
tary pieces of information and strengthen
the conclusions made about the utility
of the OCR.

In conclusion, the results of our study show
that there is strong agreement between
the cause-of-death data collected from a
longitudinal cohort study of breast cancer
patients using a medical oncologist’s inter-
pretation based on rigorous prospective
data collection and the passive data collec-
tion system of the OCR. This information is
important to the conclusions drawn from

studies conducted using registry data, as it
may strengthen their validity. It may also
encourage researchers to use cancer reg-
istry data when study-specific cancer
follow-up data is incomplete, absent or of
poor quality. Also, our results suggest that
researchers may want to routinely employ
registry data to verify follow-up informa-
tion in ongoing studies.
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