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A B S T R A C T

Population-based registries are increasingly used in cancer research. In such studies, cancer-specific mortality or
survival is frequently used as the primary outcome. To determine whether a putative cancer was part of the
causal chain of events leading to death, cancer registries primarily rely on death certificates. Hence, they depend
on the subjective interpretation of information available to medical examiners at the time of death.
Misclassification may occur: studies report misclassification of cancer as a cause of death in 15%–35% of death
certificates based on evaluation by expert panels and/or autopsy reports. Further misclassification may occur
when coding death causes in the cancer registry. Researchers should be aware of potential misclassification bias
when using cancer registry data. Differential misclassification may bias the results towards or away from the null
hypothesis, depending on whether there is relative over- or under-reporting of cancer-related deaths in one
group. Strategies to improve reporting of cancer-specific survival/mortality include (1) describing the procedure
used to identify cancer-specific deaths; (2) considering the use of multiple definitions of cancer-related deaths
(strict/liberal definitions of cancer-specific deaths, and/or addition of relative survival as an outcome); and (3)
reporting cancer-specific survival/mortality together with the objectively measured parameters overall survival
or all-cause mortality.

1. Introduction

The use of population-based registries for cancer research has grown
exponentially in the past decades [1,2]. The most frequently used
registry for cancer research is the Surveillance, Epidemiology, and End
Results (SEER) program from the National Cancer Institute (NCI); its
use in PubMed-indexed medical articles has increased by nearly ten-
fold since 2000, with almost 800 original research articles based on
SEER data published in 2017 alone [3]. The SEER program has been
collecting data from the United States (US) population since 1973, and
its registry network currently encompasses data on approximately 28%
of the US population. Every year, the American Cancer Society calcu-
lates the expected incidence and mortality rates for all cancers, pri-
marily based on data from the SEER program [4]; these data are widely
used for teaching, research, and policymaking.

In addition to being the mainstay of cancer surveillance, cancer
registries have many advantages, as they provide academic researchers
easy access to large datasets, enabling large-scale correlative studies
and the investigation of rare diseases and outcomes [2]. It is a major
information source for studies testing hypotheses that are too expensive

or unethical for randomized clinical trials, and to evaluate practice
outside the strictly guideline-regulated clinical trial setting. Cancer re-
gistries are constantly evolving to improve their scientific use; for ex-
ample, EUROCOURSE aims to reduce fragmentation of cancer registries
within Europe [5,6]. Hence, it can be expected that future scientific use
of cancer registries will only expand.

It is imperative that researchers working with cancer-registry data
are aware of the potential limitations of such data. In this commentary,
we would like to underscore the limitations of cancer-specific mortality
and survival when using cancer-registry data. We provide several sug-
gestions for improving reporting of these outcome parameters. We often
use the SEER program as an example, but the limitation applies to most,
if not all cancer registries, and to other observational studies too.

2. Determining cancer-specific mortality and survival in cancer
registry data

In cancer research, defining a valid outcome parameter as an in-
dicator of clinical relevance has its challenges. Overall survival (or its
related outcome measure, all-cause mortality) is generally considered
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the gold standard for the demonstration of clinical benefit in cancer
patients, as it is measured objectively, it is a direct clinical benefit, and
it can be determined unequivocally [7]. However, when the studied
disease has relatively high survival rates, and/or the studied population
has high mortality rates from other causes (i.e., all deaths unrelated to
the studied disease or intervention), differences in survival between
groups due to the intervention may be overshadowed by discrepancies
in deaths due to causes unrelated to the disease or intervention. This
limitation is particularly evident in non-randomized cohort and case-
control studies, in which imbalances in baseline characteristics are
likely to occur. Therefore, cancer-specific mortality may be a more in-
formative outcome in such populations, as it directly measures the ef-
fect of the intervention on disease-specific outcome [8,9]. Cancer-spe-
cific mortality and survival are frequently used as primary outcomes in
studies using cancer registry data, often without concomitant reporting
of all-cause mortality or overall survival.

Any outcome parameter other than overall survival has a level of
subjectivity. Unlike overall survival, whose definition precludes the
need to ponder on the cause, defining cancer-specific mortality and
survival requires ascertaining the cancer in question or its con-
sequential clinical outcomes as the cause of death. Such interpretation
is dependent on the individuals evaluating the cause of death, as well
the data available to the examiner, such as autopsy reports and a full
medical history [10]. Furthermore, assessing cancer-specific deaths in
settings where interventions are unblinded may lead to biases, as pre-
viously reported in cancer screening data. Black et al. reported that in
various large randomized trials of cancer screening, use of cancer-spe-
cific mortality led to paradoxical interpretation of the effects of the
screening interventions [11]. The authors ascribed the issue to mis-
classification of the cause of death, both as deaths from the disease had
been attributed to other causes, and as deaths from other causes in
screened patients had falsely been attributed to the disease detected
upon screening. A well-known example of the latter is the transient
increase in prostate cancer-related deaths in the US in the late 1980s
and early 1990s after the introduction of screening for prostate-specific
antigen.

Optimally, causes of deaths would be determined by in-depth as-
sessment by a blinded panel of experts who have access to the full
medical history of the patient, and if conducted, autopsy reports.
However, such evaluations are generally limited to large clinical trials
as this requires a massive investment in resources. The costs of con-
ducting such analyses in cancer registries would outweigh the gain in
accuracy of the reported cause of death. Furthermore, since cancer
registry data is available to the public, it is crucial that confidentiality
of the patients included in the registry is protected. Therefore, most
cancer registries, including the SEER program, and most observational
studies in general, collect mortality statistics from death certificates
[12–14]. On death certificates, medical examiners report the direct
cause of death. They may also report underlying causes of death, as well
as other significant conditions that did not directly contribute to the
chain of events leading to death, if known. If two underlying causes of
death added to the direct cause of death, the least direct cause of death
is reported as another significant condition. Such evaluations are in-
creasingly complicated when patients have substantial comorbidity,
especially when the medical examiner did not treat the patient during
his/her lifetime and when no autopsies are conducted. When com-
paring causes of death as registered on death certificates with those in
autopsy reports, major disagreements occurred in 15 to 35% of cancer
cases [15,16]. Studies report similar discrepancy rates when comparing
causes of death between death certificates and blinded evaluation by an
expert panel: for instance, a recent Norwegian report found that over-
and underreporting of prostate cancer deaths on death certificates oc-
curred in 33% and 19% of all prostate cancer patients, respectively
[17–19].

3. Improved reporting of cancer-specific mortality and survival
using cancer registry data

Reporting on cancer-specific deaths can be improved by enhanced
data collection, allowing more precise determination of the cause of
death. For example, by expanding its coverage, SEER reduces missing
information due to migration patterns within the US. Detailed in-
formation on administered therapies may provide useful information on
the course of diseases. If registries such as SEER could collect in-
formation on cancer recurrence, which would be an interesting end-
point in itself, it would decrease inaccuracies in cause of death re-
porting: a patient without recurrence is less likely to have a cancer-
related death relative to a patient who has been admitted to the hospital
multiple times due to cancer recurrence.

When studying cancer registry data, the definition of cancer-specific
mortality deserves consideration. The SEER program developed and
validated an algorithm to optimize the use of death certificates to report
cancer-specific deaths. Using this algorithm, cancer-specific deaths are
not limited to patients whose death certificates report the cancer to be
part of the causal chain leading to death, but to any cause of death that
is likely related to the particular cancer, or a consequence of the cancer
diagnosis. For instance, when a patient is diagnosed with endometrial
cancer as a primary tumor, all deaths related to the uterus and ovaries
are considered deaths related to endometrial cancer. This method is not
perfect: the NCI acknowledges that mislabeling may occur, for example
when a metastasis is not attributed to its primary tumor. Nevertheless,
this algorithm will make ascertainment more conservative by im-
proving the chances that cancer-related deaths will not be missed
[14,20]. On the other hand, if researchers aim to prevent mis-
classification of any deaths unrelated to the studied cancer as cancer-
related deaths, a stricter definition may be chosen. In that case, the
value of other-cause mortality is limited, as the strict definition leads to
misclassification of cancer-related deaths as other-cause mortality
[9,21]. Thus, researchers should carefully consider misclassification
due to their definition of cancer-related deaths, which may lead to
under- and/or over-reporting of cancer-related deaths, depending on
the definition chosen. The definition must be reported in the methods,
as well as the rationale for any deviation from the SEER-definition of
cancer-specific mortality.

Potential misclassification bias may occur when using cancer reg-
istry data. In comparative studies, non-differential misclassification will
generally result in bias towards the null hypothesis. Importantly, dif-
ferential misclassification may bias the results in either direction, de-
pending on whether there is relative over- or under-reporting in one
group. For this reason, standard reporting of cancer-specific mortality
or survival should be done in parallel with all-cause mortality or overall
survival, respectively. While differences in the magnitude of the effect
in these two types of outcome measures are to be expected because of
the dilution effect that comes from using all-cause mortality or overall
survival [22], this approach provides the opportunity of verifying
whether the directionality of the effects using these two outcomes is
coherent with each other and with the underlying hypotheses.

A valid approach would be to report cancer-specific survival or
mortality using different definitions of cancer-related deaths, akin to a
sensitivity analysis, thus examining multiple scenarios for consistency
of findings with underlying hypotheses. The most conservative defini-
tion would only include all deaths that have been directly attributed to
the cancer being studied. A more liberal definition would be the SEER
definition of cancer-specific mortality. Furthermore, opinions from
clinicians and researchers specialized in the cancer of interest could be
used to evaluate which codes in the International Statistical
Classification of Diseases and Related Health Problems are definitely,
plausibly, and/or possibly related to the studied cancer. Such defini-
tions would be cancer- and case-specific: for example, bone metastases
commonly occur in breast and prostate cancer, but are relatively un-
common in skin cancer patients; deaths related to bone disorders are
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therefore more likely to be related to the primary tumor in breast or
prostate cancer patients than in skin cancer patients. Similarly, suicide
is more likely cancer-related in a patient who just received a cancer
diagnosis than in a patient who already used antidepressants prior to
the cancer diagnosis and/or has been living with low-grade cancer for
years without evidence of recurrence [23]. Finally, when possible, one
should consider the reporting of relative survival in addition to cancer-
specific mortality/survival. In recent years, use of this measure has
decreased relatively to cancer-specific mortality/survival in studies
using cancer registries such as SEER [24,25]. In relative survival, the
observed survival rate is corrected on the basis of the expected survival
rate in a comparable population without the disease. This measure has
its own limitations, for example as non-matching life tables may in-
troduce bias, particularly when comparing subgroups [26–28]. Never-
theless, its advantage is that it does not require the subjective inter-
pretation of death causes. Therefore, concomitant reporting of cancer-
specific survival and relative survival may complement each other.

To illustrate the benefit of this approach, in a recent observational
study, we evaluated hormonal treatment among young women with
early-stage, favorable-histology endometrial cancer as compared to
surgery using SEER data [21]. When using the SEER definition of
cancer-specific mortality, other-cause mortality was significantly higher
in our population than the average mortality rate in US census data for
an age-matched population, and other-cause mortality differed sig-
nificantly between treatment groups, suggesting misclassification.
When three physicians blindly scored which deaths were plausibly re-
lated to endometrial cancer, cancer-specific mortality increased sub-
stantially while other-cause mortality did not differ between groups and
approximated that of the general population. Hence, by assessing a
range of survival outcome definitions, we were able to obtain a more
nuanced approach to evaluate therapeutic effects.

The aforementioned recommendations for cancer-registry studies
can be generalized to all observational studies that use death certifi-
cates to determine the cause of death in patients. However, if medical
files and other data sources are available in observational studies to
ascertain likely cause of death, they should be used to obtain additional
insights concerning cause of death, thus permitting assessment of any
underlying associations using the full complement of outcome measures
available, thereby improving the validity of interpretations.

4. Conclusions

Although at face value, cancer-specific mortality and survival may
seem to provide the construct validity needed for epidemiologic sur-
veillance or intervention studies of cancer prevention or therapy, there
is misattribution of the cause of death to an underlying cancer, which
may lead to serious biases. The potential for error may be larger in
studies based on cancer registry data, in which attribution of cause is
done via algorithms, thereby precluding the granularity that is possible
when adjudication of the cause of death is completed by medical ex-
perts blinded to any intervention under study. We emphasize the need
to explain in detail how cancer-specific deaths are determined in stu-
dies. Authors should consider conducting sensitivity analyses of cancer
registry data using strict and liberal definitions for cancer-specific
deaths. Concomitant reporting of relative survival and cancer-specific
survival may strengthen researchers’ findings. We also propose that
cancer-specific mortality and survival should always be reported to-
gether with all-cause mortality and overall survival, respectively, as this
would assist in identifying differential misclassification between prog-
nostic factors or treatments being compared.
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