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Highlights:

e This simulation study shows that including cases initiated through death certificates in the
survival analysis of population-based registry data will downwardly bias relative survival
estimates.

e Excluding cases initiated through death certificates will in most situations overestimate
survival.

e The extent of the bias depends on how missed cases differ from those registered through
other routine sources.

e Registries should report the DCI proportion alongside the DCO proportion.
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Abstract

Background: Population-based cancer registries strive to cover all cancer cases diagnosed within
the population, but some cases will always be missed and no register is 100% complete. Many
cancer registries use death certificates to identify additional cases not captured through other
routine sources, to hopefully add a large proportion of the missed cases. Cases notified through
this route, who would not have been captured without death certificate information, are referred
to as death certificate initiated (DCI) cases. Inclusion of DCI cases in cancer registries increases
completeness and is important for estimating cancer incidence. However, inclusion of DCI cases
will generally lead to biased estimates of cancer survival, but the same is often also true if
excluding DCI cases. Missed cases are probably not a random sample of all cancer cases, but
rather cases with poor prognosis. Further, DCI cases have poorer prognosis than missed cases in
general, since they have all died with cancer mentioned on the death certificates.

Methods: We performed a simulation study to estimate the impact of including or excluding DCI
cases on cancer survival estimates, under different scenarios.

Results: We demonstrated that including DCI cases underestimates survival. The exclusion of
DCI cases gives unbiased survival estimates if missed cases are a random sample of all cancer
cases, while survival is overestimated if these have poorer prognosis.

Conclusion: In our most extreme scenarios, with 25% of cases initially missed, the usual practice

of including DCI cases underestimated 5-year survival by at most 3 percentage points.
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1. Introduction

Cancer survival, when estimated from population-based cancer registry data, is an important
measure of the overall effectiveness of health systems given it estimates the average prognosis of
cancer patients in the entire population. When comparing population-based cancer survival
estimates between countries or jurisdictions, there has been some debate on how differences in
registration processes and practices affect the observed survival differences (1). Previous studies
have investigated different aspects, including the impact of: 1) a failure to link cancer cases to
their death information; ii) missing long-term survivors; iii) cancer cases notified from death

certificates and iv) finding a date of recurrence instead of a date of diagnosis (2-5).

In this paper we focus on the impact on estimated survival of including or excluding cases
notified through death certificates. Many cancer registries periodically receive notifications of
cancer diagnoses based on death certificates, usually denoted as death certificate notified (DCN)
cases (6, 7). For a majority of these DCN cases, the registry will also receive a notification from
another source (e.g. pathology or hospital records). Yet for some cases, no additional
notifications will be received, indicating these cases would not have been known to the registry
were it not for the use of death certificate information. These cases are therefore not reported to

the cancer registry when diagnosed.

For the DCN cases with no other notification to the registry, trace-back is often performed to
actively ascertain when the cancer was first diagnosed and to verify that the case was a reportable
cancer. The subset of DCN cases deemed reportable are referred to as DCI (death certificate

initiated) cases (6, 7). DCI cases are therefore cases that are included in the cancer register solely

5
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due to the use of death certificate notification, and would not have been reported from another
source. DCI cases can be further subdivided into cases where trace-back was successful in
finding a date of diagnosis and cases where the trace-back did not yield any additional
information. The latter cases are commonly referred to as death certificate only (DCO) cases, and
they are a subset of the DCI cases (6, 7). Some registries receive death certificate information
more rapidly than notifications through other routine sources and therefore have a large group of
cases initially notified from death certificates. However, these cases should not be referred to as
DCI cases since they are reported to the registry through independent routine sources although at
a later time. Only cases that would not have been known to the registry, if it was not for the death

certificate, are DCI cases.

While it is important for cancer registries to include DCI cases to increase the completeness of
cancer incidence statistics, including DCI cases when estimating survival will generally lead to
biased results. The existence of DCI cases indicates that there are cases in the population who are
not notified to the registry through the course of their disease and who are either alive, or have
died without cancer mentioned as a cause of death. This is illustrated in Figure 1, the interest is in
the survival of all cancer cases, i.e. the yellow box. However, some cancer cases are not
registered through routine sources, and missed by the registry at diagnosis, represented by the
grey solid box in Figure 1. A cancer registry that does not perform trace-back only includes the
cases in the green solid box, those that are registered through routine sources. Some of these
individuals will be alive at the time the cancer registry performs the survival analysis, some will
have died with cancer mentioned on the death certificate and some will have died due to other
causes, but all these cases are included. In the unlikely situation that these cases are a random

sample of those in the yellow box this should yield unbiased estimates of survival. When a cancer

6
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registry receives DCN cases, performs trace-back and then include the DCI cases, a subset of the
missed cases are also included (the box with light green borders), the subset who died due to
cancer (or where cancer is mentioned on the death certificate). The cases missed (not notified
through routine sources, the solid grey box) that are still alive or died without cancer mentioned
on the death certificate will not be retrieved, and continue to be missed by the registry. Since the
DCI cases are not a random sample of the cases missed (solid grey box) by the registry, the
inclusion of DCI cases when estimating survival can give biased results, even if the whole group
of missed cases are a random sample of all cancer cases. The problem can be illustrated in a
simple way by considering all cause survival among 1000 individuals. If the survival probability
at 5 years is 0.8 and there is no censoring, one would expect there to be (800 people alive at 5-
years (800/1000=0.8). If 20% of cases were initially missed (at random) then there would be 800
individuals initially with 800*0.8=640 alive at 5 years (640/800=0.8). Of those missed, one
would expect 200*0.2=40 to die. Including these in the analysis leads to a 5-year survival of
(640/(800+40) =76.2%, 1.e. an underestimate as we have only added individuals to the
denominator. There is often concern with respect to the validity of data from those registries
unable to use death certificates to find additional cases, since it is known that excluding DCI
cases will usually overestimate survival. However, the converse - that including DCI cases almost

always underestimates survival is often not recognised.

The International Cancer Benchmarking Partnership (ICBP) SURVMARK-2 study aims to
quantify disparities in cancer survival across high-income countries and identify possible reasons
for them. As part of this international partnership, we performed a simulation study using a range

of scenarios to quantify the impact on estimated cancer survival of including or excluding DCI
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cases. The overarching aim was to comprehensively understand the potential impact of this bias

on benchmarking cancer survival across populations.

2. Methods
To investigate the impact of including or excluding DCI cases on survival estimates, we
simulated cohorts of 5000 cancer patients. For each cancer patient, a time of death due to cancer
and a time of death due to other causes was simulated (8), and for each individual, their cause of
death was determined by the event that occurred first: either death due to cancer, or death due to
other causes. All survival times were censored at 10 years. We used three separate Weibull
distributions for simulating time to death, representing a cancer site associated with low (Weibull
parameter A=0.61 and y=0.63), medium (A=0.4 and y=0.6) and high (A=0.12 and y=0.64) cancer-
specific survival, since the bias we wish to investigate can depend on the underlying cancer
survival. We also used two levels (high and low, roughly corresponding to the survival of a 65
and an 80 year old in UK) of other cause (expected) survival, also with Weibull distributions
(A=0.034; y=1.25 and A=0.13; y=1.19, respectively), since this can have an additional impact on
the bias. The survival and hazard functions for both cancer-specific and other cause survival are

shown in the Appendix Figure Al.

2.1 Simulating randomly missed cases

We simulated the proportion of the cancer cases who were missed, i.e. not notified to the registry,
except possibly from death certificates, first assuming that these were a random sample of all
cases. Three levels of missingness were investigated: 5%, 15% and 25%. This gave a total of 18
simulated scenarios: 3 levels of cause-specific survival, 2 levels of other cause survival and 3

levels for proportions of cases not reported to the registry, as listed in Table 1. Within each

8
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simulated scenario, cases who were simulated to be missed by the registry and who died due to
cancer within 10 years from diagnosis were classified as DCI cases. For simplicity, we assumed
that the trace-back procedure found the correct date of diagnosis for all DCI cases, and hence
there were no DCO cases. In actual registry data, DCO cases will exist, and they are usually
excluded from survival analysis since their survival time is not known. This might have
implications for the extent of bias in our simulations, however the direction of the bias is not

altered.

2.2 Simulating non-randomly missed cases

We added another layer to the 18 base scenarios to investigate the impact of including a
prognostic factor for death that is related to the extent of missingness. This prognostic factor was
represented by a binary variable X (e.g. advanced stage), that affected the time to death due to
cancer. The effect of Factor X was assigned a hazard ratio (HR) of 4, meaning that patients with
the prognostic factor had a four times higher cancer-specific mortality rate than patients who did
not have Factor X. Assuming 25% of the patients had this prognostic factor, we then simulated
the 18 base scenarios as described above, where the probability of being missed differed by
Factor X, while keeping the same overall probabilities of being missing. For each of the 18 main
scenarios, 4 sub-scenarios (a, b, ¢ and d) were simulated where the probability of being missed
differed between those with and without Factor X with a relative risk (RR) of 1.5, 2, 3 and 5. For
example, a RR of 1.5 means that those with Factor X were 50% more likely to be missed as those
without the factor. The probability of being missed with and without Factor X, as represented in
each scenario, is presented in Table 2. When simulating the time to death due to cancer in all
these scenarios, the value of factor X for each individual was replaced by the value minus 0.25,

so that the average hazard rate follows the Weibull distributions described above.

9
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2.3 Estimating bias in cancer survival estimates

. We estimated relative survival ratios (RSR) at 1 and 5 years after diagnosis as measures of
cancer survival under two situations: (1) all missed cases were excluded from the analysis, thus
representing a situation where DCI cases are not included and (2) DCI cases are included. The
relative survival was estimated using flexible parametric models (9-11) with 4 degrees of
freedom, without inclusion of any covariates, and using the rate as specified from the Weibull
distribution used in simulation of time from death due to other causes for the expected mortality.
To calculate the bias in the RSR estimates introduced by excluding or including DCI cases, the
RSR estimates for situations (1) and (2) were compared with the true cancer specific survival
based on the Weibull distributions used for the simulations.. Both the absolute (as percentage
points) and relative (percentage) differences were calculated. The proportion of DCI cases was
also estimated as the difference in the number of cases included for the two situations, divided by
the number of cases included for situation (2). All results presented are averages based on 1000

simulations for each scenario.

2.4 Sensitivity analysis
Scenarios with HRs for Factor X of 1.5 and 2 were also simulated, and results from those

simulations are provided in the Appendix.

3. Results
3.1 Randomly missed cases
When cases who are missed by the registry were a random sample of all cancer cases occurring in

the population, unbiased estimates for the RSR were obtained when DCI cases were excluded

10
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(Figure 2). Including DCI cases however underestimated survival, since the DCI cases are a
selection of those missed who have a poorer prognosis. The size of the bias introduced differed
across the 18 simulated scenarios, with the most important factor being the proportion of cases
missed. When 5% of cases were missed (scenarios 1-6), the bias was small, less than 0.5
percentage points for 1-year survival and 0.6 percentage points for 5-year survival. When 15% of
cases were missed (scenarios 7-12) the bias in 1-year survival was still lower than 1.5 percentage
point, and just above 1.5 percentage points for 5-year survival. The largest bias — 2.5 percentage
points for 1-year and 2.8 for 5-year survival — occurred when 25% of cases were not notified

(scenarios 13-18).

There was no clear trend in the extent of bias in terms of the prognosis of the cancer (low,
medium or high survival), or the level of other cause survival. Rather it was the combination of
cancer and other cause survival which was important, since the extent of bias depends on the
proportion of the missed cases who were added when the DCI cases were included in the
analysis. As the bias will also depend on the true RSR, the relative bias is also presented in

Figure 2.

3.2 Non-randomly missed cases

For the next set of results (Figure 3) we assumed that cases with a poorer prognosis were more
likely to be missed. In this analysis, the exclusion of DCI cases led to an overestimation of
survival, and for many scenarios this overestimation was greater than the underestimation
introduced when DCI cases were included. The bias introduced by either including or excluding
DCI cases was largest for the scenarios where 25% of cases were missed by the registry,

suggesting that the proportion of cases missed was the most important driver of potential bias.

11
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When DCI cases were excluded, the gap between the estimated and true survival widened, with
an increasing RR of being missed for those with Factor X. The opposite was true when DCI cases
were included. The largest bias observed when including DCI cases was an underestimation of 1-
year survival by 2.7 percentage points and 5-year survival by 2.9 percentage points. The largest
bias observed when excluding the DCI cases was an overestimation of 1-year survival by 5.9
percentage points and 5-year survival by 5.4 percentage points. Again, there was no clear trend in

the extent of bias in terms of cancer-specific survival, or other cause survival.

3.3 Proportion of Death Certificate Initiated cases

The proportions of DCI cases for each simulated scenario are presented in Table 3. The
proportion of DCI cases depends on the proportion of missed cases, since it can never be higher
than the proportion missed. For any given value of the proportion missed, the proportion of DCI
cases decreased with increasing cause-specific survival, as there would be a diminishing number
of cases who die from cancer. On the other hand, the proportion of DCI cases was higher for
higher other cause survival. This is because a larger proportion of cases will die due to cancer if
fewer die due to other causes. Finally, the proportion of DCI cases also increased with increasing

RR of being missed for those with Factor X compared to those without Factor X.

3.4 Sensitivity analysis

For scenarios where the HR for Factor X was changed to 1.5 or 2, the pattern of the results were
similar to the scenarios where the HR was 4, however, the bias introduced by excluding DCI
cases was smaller with a lower HR (Appendix Figures A2 and A3). The bias introduced by

including DCI cases was less affected by the size of the HR for Factor X.
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4. Discussion

Our simulation study shows that performing trace-back to include DCI cases, does not resolve the
problem of missing cases biasing survival estimates, and can in certain circumstances lead to an
even larger bias than that resulting from excluding DCI cases from the analyses. The inclusion of
DCI cases in cancer registries is a necessary procedure to achieve the highest possible
completeness in terms of cancer incidence. When estimating survival, the inclusion of DCI cases
will underestimate survival, while their exclusion will overestimate survival. The utilization of
death certificates as a source for cancer notifications implies that some cancer cases are not
reported to the registry when diagnosed, and even if those missed are a random sample of cases,
inclusion of the DCI cases will lead to biased survival estimates. Thus, excluding DCI cases
when estimating survival will lead to unbiased survival estimates only if those cases not notified
represent a random sample of all cancer cases — which is unlikely in most situations— otherwise,

survival will be overestimated if the missed cases have more severe disease.

In our study we have demonstrated the impact on survival estimates of including and excluding
DCI cases. This has consequences for survival benchmarking. For two countries where one
includes DCI cases that were successfully traced back and the other does not, both estimates of
cancer survival will be biased, but in opposite directions. Even when comparing two populations
with the same practice in terms of including or excluding DCI cases, the bias may be of different
magnitudes depending on the true proportion missing within each registry, the mechanisms that
dictate the degree of missingness and the amount of trace-back. The inclusion of DCI cases could
also lead to greater underestimation if the trace-back doesn't find the true date of diagnosis but

rather a later date such as that at recurrence, but this was not evaluated in this study. An
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additional issue when investigating trends over calendar time is that there is less opportunity for
cases diagnosed (and missed) more recently, to be obtained from death certificates due to their

shorter follow-up.

All cancer registries participating in ICBP SURVMARK-2 include DCI cases, although the
proportion of DCI cases is often unknown. Unfortunately, most cancer registries are not able to
retrospectively identify DCI cases in their data as typically this information is superseded when
other information relating to time prior to death is retrieved. However, for registries within I[CBP
SURVMARK-2 where the proportion of DCI cases is available, a proportion of about 15% can
be observed for cancer sites with poor prognosis, indicating that scenarios 7 and 8 are plausible
scenarios for a poor prognosis cancer. For cancer sites with better prognosis, a proportion of DCI
cases of about 3-4% has been observed in real data, indicating that scenarios 3-6 are plausible.
However, given the small number of registries that have information on DCI cases, and the
uncertainty in the proportion of missed cases, we explored a wider range of scenarios in this

study.

A few limitations should be noted in relation to our study. We did not simulate an age
distribution within the data, but rather investigated two levels of other cause survival. In all
simulations we assumed that the prognostic Factor X was only associated with cancer-specific
survival, but not other cause survival, which might be violated if the prognostic factor is, for
example, the presence of comorbidity. We also assumed that cause of death is recorded
accurately for all cases. Another aspect that could be of interest is specification of DCO cases. In
our simulations we assumed that the true date of diagnosis is found for all DCI cases, resulting in

no DCO cases. We also assumed that all death certificates had been retrieved by the registry by
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the time the survival analysis was performed, so all cases were correctly classified. Even so, this
simulation study showed clearly how the inclusion of DCI cases underestimates survival, and
excluding DCI cases instead overestimates survival if cases who were not notified were not a

random sample of all cancer patients in the population.

The extent of bias largely depends on the proportion of cases who are not notified, but the bias
also differs depending on the extent to which the missed cases are notified as DCI cases (i.e. the
proportion of the missed cases who have died and had cancer mentioned on their death
certificates). It is reassuring to see that our scenarios give a bias of at most 3 percentage points in
the situation when DCI cases are included. It is by definition impossible to know the true
proportion of cases missed by a registry, but the proportion of DCI cases serves as an important
indicator in this respect. Registries should therefore report the proportion of DCI cases along with

the more commonly reported proportion of DCO cases.
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372 Table 1. Combinations of probability of cases being missed in the registry, cancer-specific

373  survival, and other cause (non-cancer) survival included in the 18 simulated main scenarios.

Scenario | Probability missed | Cancer-specific Other cause survival
survival
1 0.05 Low Low
2 0.05 Low High
3 0.05 Medium Low
4 0.05 Medium High
5 0.05 High Low
6 0.05 High High
7 0.15 Low Low
8 0.15 Low High
9 0.15 Medium Low
10 0.15 Medium High
11 0.15 High Low
12 0.15 High High
13 0.25 Low Low
14 0.25 Low High
15 0.25 Medium Low
16 0.25 Medium High
17 0.25 High Low
18 0.25 High High

374

18



375  Table 2. Probability of a case with and without prognostic Factor X being missed by the registry,

376  in four sub-scenarios for each of the 18 base scenarios.

Scenarios | Sub-scenario Probability missed Probability missed
among cases without among cases with Factor X
Factor X
1-6 a 0.044 0.066
1-6 b 0.040 0.080
1-6 C 0.033 0.100
1-6 d 0.025 0.125
7-12 a 0.133 0.200
7-12 b 0.120 0.240
7-12 C 0.100 0.300
7-12 d 0.075 0.375
13-18 a 0.222 0.333
13-18 b 0.200 0.400
13-18 C 0.166 0.500
13-18 d 0.125 0.625

377 Sub-scenarios a to d represent relative risk of being missed in the registry of 1.5; 2; 3 and 5,

378  respectively
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379  Table 3. Proportion of Death Certificate Initiated (DCI) cases in each simulated scenario.

Scenario % DCI Scenario % DCI Scenario % DCI
1 3.7 7 11.3 13 19.4
la 3.7 7a 11.3 13a 19.4
1b 3.8 7b 11.6 13b 19.8
Ic 3.9 7c 12.0 13¢ 20.5
1d 4.1 7d 12.5 13d 21.3
2 4.4 8 13.4 14 22.6
2a 43 8a 13.2 14a 22.3
2b 4.4 8b 13.3 14b 22.5
2¢ 4.5 8¢ 13.6 l4c 22.9
2d 4.6 8d 13.8 14d 23.3
3 3.0 9 9.3 15 16.2
3a 3.1 9a 9.6 15a 16.7
3b 3.2 9b 10.0 15b 17.3
3c 34 9¢ 10.6 15¢ 18.2
3d 3.6 9d 11.2 15d 19.3
4 3.9 10 11.9 16 20.3
4a 3.8 10a 11.8 16a 20.2
4b 3.9 10b 12.1 16b 20.6
4c¢ 4.1 10c 12.5 16¢ 21.2
4d 4.2 10d 13.0 16d 21.9
5 1.4 11 4.4 17 8.0
S5a 1.6 11a 5.2 17a 9.4
5b 1.7 11b 5.6 17b 10.1
5¢ 1.9 l1c 6.1 17¢ 11.0
5d 2.1 11d 6.8 17d 12.2
6 2.2 12 7.0 18 12.4
6a 2.4 12a 7.6 18a 13.5
6b 2.5 12b 8.1 18b 14.2
6¢ 2.7 12¢ 8.6 18¢ 15.2
6d 3.0 12d 9.4 18d 16.4
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382  Figure 1. Illustration of Death Certificate Initiated (DCI) cases as a subset of all cases of cancer
383  arising in the population.
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396

397

Figure 2. Absolute and relative differences in 1- and 5-year relative survival ratios (RSR) for the
18 base scenarios  described in Table 1 (where the missed cases are a random sample of all
cases): including or excluding death certificate initiated cases compared to the full cohort.
Negative values refer to underestimation of survival, and positive values overestimation of

survival.

Note that the absolute and relative differences are shown with different scales

" 5%, 15%, 25% missing registration for scenarios 1-6, 7-12 and 13-18 respectively with different combinations of

low, medium and high cancer specific survival and level of other cause survival.
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Figure 3. Absolute and relative differences in 1- and 5-year relative survival ratios (RSR) for the
72 simulation scenarios” described in Table 1 and Table 2: including or excluding death
certificate initiated cases compared to the full cohort. For each of the 18 base scenarios, sub-
scenario a to d are displayed with varying degrees of transparency, a with least and d with most
transparent circles. Negative values refer to underestimation of survival, and positive values

overestimation of survival.

Note that the absolute and relative differences are shown with different scales

*5%, 15%, 25% missing registration for scenarios 1-6, 7-12 and 13-18 respectively with different combinations of
low, medium and high cancer specific survival and level of other cause survival. Sub scenarios a-d: Relative risk of
being missed for those with Factor X (with higher risk of dying) relative to those without of 1.5, 2, 3 and 5,

respectively.
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413  Appendix

414  Figure Al. Cause-specific and other cause survival (a) and hazard (b) functions used in

415  simulations, representing scenarios with low, medium and high cancer-specific survival and high
416  and low other cause survival.
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434

Figure A2: Absolute and relative differences in 1- and 5-year relative survival ratios (RSR) for
the 72 simulation scenarios described in Table 1 and Table 2 using hazard ratio of 1.5 for cases

with the prognostic Factor X.

Note that the absolute and relative differences are shown with different scales

’ 5%, 10%, 15% missing registration for scenarios 1-6, 7-12, 13-18 respectively with different combinations of low,
medium and high cancer specific survival and level of other cause survival. Sub scenarios a-d: Relative risk of being

missed for those with Factor X (with higher risk of dying) relative to those without of 1.5, 2, 3 and 5, respectively.
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Figure A3. Absolute and relative differences in 1- and 5-year relative survival ratios (RSR) for
the 72 simulation scenarios described in Table 1 and Table 2 using hazard ratio of 2 for cases

with the prognostic Factor X.

Note that the absolute and relative differences are shown with different scales

*5%, 15%, 25% missing registration for scenarios 1-6, 7-12, 13-18 respectively with different combinations of low,
medium and high cancer specific survival and level of other cause survival. Sub scenarios a-d: Relative risk of being

missed for those with Factor X (with higher risk of dying) relative to those without of 1.5, 2, 3 and 5, respectively.
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