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ABSTRACT

We have assessed the impact on survival estimates based on cancer registry data of incom-
plete ascertainment of cancer cases and the presence of cases registered purely from death
certificate information (DCO cases). Using data from the Thames and Finnish Cancer Reg-
istries we obtained five-year relative survival estimates for 12 cancer sites, excluding DCOs
as usual. We then made adjustments to allow for the effects of both the known proportion
of DCOs and the estimated proportion of missing cases for each site. In general, adjusting
for DCOs led to lower survival estimates, whilst adjusting for incompleteness had the
opposite effect. The Finnish data were largely complete and had small proportions of DCOs,
and hence the adjustments had little effect on estimated survival. The changes in the
Thames estimates were more marked. When performing cohort survival analysis (based
on diagnoses between 1990 and 1994), the increases in the survival estimates gained from
adjusting for incompleteness were for the most part offset by the decrease produced when
adjusting for DCOs. However, when performing period survival analysis based on the per-
iod 1997-2001 (when the DCO rate at Thames had fallen by around a half relative to the ear-
lier period), the final estimates (adjusted for both effects) were generally higher than the
unadjusted values — thus reducing the apparent difference between the two countries. It
is important to take variations in DCO proportion and/or completeness into consideration
when comparing survival estimates between different populations.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

to the acquisition of data by the cancer registries within the
different countries.

The EUROCARE studies®™ have reported substantial varia-
tion in cancer survival estimates between different Euro-
pean countries. For example, the most recent® showed the
five-year age-standardised breast cancer relative survival
for England to be some 8 percentage points lower than in
Finland. For prostate cancer, the difference was almost 13
percentage points. However, it is unclear to what extent
the observed differences are influenced by artefacts related
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Two factors affecting survival estimates based on cancer
registry data are incompleteness of case ascertainment and
the presence of death certificate only (DCO) cases. These
two factors are related in a complex way. DCOs are cases
where the registration is made purely from a death certificate
in which cancer is mentioned, but for which no supporting
clinical information is available and for whom no definitive
date of diagnosis is known. Thus, a high proportion of DCOs
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indicates incomplete ascertainment of cases. Improving data
capture from clinical data sources will both increase overall
case ascertainment and reduce DCOs. Improving trace-back
of DCOs will reduce the DCO percentage, but have no effect
on the overall completeness of ascertainment. Hence, while
a high proportion of DCOs always implies incomplete ascer-
tainment, a low DCO percentage does not necessarily indicate
complete ascertainment.*

Incompleteness and the presence of DCOs will tend to bias
calculated estimates in opposite directions.” For example,
registries in the UK have routine access to death certificates,
and hence their databases are largely complete with respect
to fatal cancer cases. Where ascertainment is incomplete,
the missing cases tend to be the long-term survivors, and this
then biases estimates in the direction of poor survival. On the
other hand, DCO cases have in general worse than average
survival. This was demonstrated by Pollock and Vickers,®
who found that five-year survival for colorectal cancer de-
creased by four to nine percentage points across four districts
in the Thames Cancer Registry area in the UK after including
DCOs for whom a date of diagnosis had been ascertained
from case notes. In a subsequent study’ they showed that
DCO registration was associated with increasing age, decreas-
ing survival, district of residence and place of death. Hence,
the routine exclusion of such cases will bias survival esti-
mates upwards.

Brenner and Hakulinen® have assessed the impact of
underascertainment on relative survival rates under a num-
ber of theoretical scenarios. They showed that the magnitude
of potential bias is dependent on both the time period af-
fected by underascertainment and the type of survival analy-
sis undertaken.

In this study, we have attempted to quantify the effects of
DCOs and incomplete ascertainment more directly, by com-
paring results from the Finnish and Thames Cancer Regis-
tries, both before and after making appropriate adjustments
(for incompleteness, DCO registrations and both).

2. Materials and methods

Cohort relative survival analyses were performed on datasets
of cases from the two registries diagnosed between 1990 and
1994, with survival calculated up to the end of 1999. These
analyses correspond to those published in EUROCARE-3. Sites
studied were head and neck (ICD-10 codes C00-C14/C30-C32/
C73), oesophagus (C15), stomach (C16), colon (C18), rectum
(C19-C21), lung (C33-C34), skin melanoma (C43), breast
(C50), cervix uteri (C53), corpus uteri (C54), ovary (C56) and
prostate (C61).

Initial (‘unadjusted’) 5-year relative survival estimates
were calculated, excluding DCO cases as usual. The datasets
were then adjusted by assuming that the survival of the
DCO cases is the same as the median survival of those cases
who were originally registered from death certificates but
subsequently successfully traced (matched for site, sex and
age at death), and ‘DCO adjusted’ survival estimates
calculated.

For each combination of registry, sex and cancer site, the
Thames completeness program® (a model which simulates

the process of ascertainment of cancer cases) was used to
provide estimates of completeness of registration at five years
after diagnosis, based on cases diagnosed in 1992 and deaths
occurring in 1996. These estimates were then used to enhance
each sex/site group within each registry by the appropriate
proportion, making the assumption that these ‘missing’ cases
all survived for more than five years, and ‘incompleteness ad-
justed’ survival estimates were calculated.

Finally, survival estimates were calculated after adjust-
ment for the effects of both DCOs and incompleteness.

The whole process was repeated using period relative sur-
vival analysis, based on the period 1997-2001. This method,*
rather than following a specific cohort of patients, is based on
follow-up during the specified period and produces more up-
to-date estimates of survival.

All calculations were performed with the statistical pack-
age Stata,’ using the procedures strel and strelperiod devel-
oped by Prof. Michel Coleman’s group at the London School
of Hygiene and Tropical Medicine.

3. Results

Tables 1 and 2 show, respectively, the total numbers of
cases and the proportions of DCO cases at each registry
for the sites studied, both for the period 1990-1994 (on
which the cohort analysis was based) and for 1997-2001
(on which the period analysis was performed). DCO propor-
tions were consistently low in Finland, ranging from under
1% for melanoma and female breast cancer to 6% for lung
cancer. The proportions were much higher at Thames dur-
ing the period 1990-1994 (ranging from 6 to 7% for mela-
noma to 32% for female stomach cancer), but had
improved substantially - falling by about a half - by the la-
ter period.

Estimates of completeness of ascertainment at five years
after diagnosis are shown in Table 3. These were assumed
to remain constant throughout the period of the study. The
Finnish data appear to be largely complete, with estimates
ranging from around 96% completeness for prostate cancer
to 100% for ovarian cancer. Data at Thames were less com-
plete, with estimates ranging from around 78% (female mela-
noma) to 95% (female stomach cancer).

Tables 4 and 5 show the results of the cohort and period
survival analyses, respectively, in relation to the different
adjustments. For most sites, the unadjusted survival esti-
mates were higher for Finland than for Thames - the excep-
tions being oesophageal cancer, lung cancer in men and
cervical cancer.

For the unadjusted Finnish data, period survival estimates
were greater than cohort estimates for all sites, with the larg-
est increases occurring in cancers of the colon, prostate and
ovary, and in female oesophageal and male rectal cancers.
For Thames cases the changes were less pronounced, with
the greatest increases occurring in prostate and rectal can-
cers, and a slight reduction in estimated five-year survival
for lung cancer, male head and neck cancer and female
oesophageal cancer.

Adjusting for DCOs had little effect on the Finnish esti-
mates, but reduced the estimates at Thames by substantial
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Table 1 - Numbers of diagnosed cases by cancer site and period

Site Finland Thames
1990-1994 1997-2001 1990-1994 1997-2001
Head and Neck (F) 2248 2417 3134 3524
(M) 2267 2579 4931 5616
Oesophagus (F) 445 414 2777 2870
(M) 589 631 3999 4528
Stomach (F) 2433 1938 4470 3368
(M) 2700 2270 7208 5770
Colon 3) 3199 3594 11,869 11,514
(M) 2282 2845 9871 10,760
Rectum (F) 1837 2000 5538 5933
™M) 1923 2215 6641 7502
Lung (F) 2161 2583 15,555 15,253
(M) 8655 7539 29,806 24,272
Melanoma (F) 1257 1564 2885 3623
™) 1267 1569 1990 2803
Breast (F) 13,980 18,044 41,787 46,458
Cervix uteri (F) 717 804 3729 2912
Corpus uteri (F) 2908 3438 5101 5746
Ovary (F) 2789 2908 7267 7219
Prostate ™M) 8720 16,080 21,491 30,033

Table 2 - DCO proportions (%) by cancer site and period

Site Finland Thames
1990-1994 1997-2001 1990-1994 1997-2001
Head and Neck (F) 1.5 1.1 10.7 6.7
(M) 1.4 1.1 9.0 5.5
Oesophagus (F) 4.0 1.9 22.6 12.3
(™M) 2.9 3.2 23.3 8.9
Stomach (F) 3.4 2.7 32.4 17.2
(M) 3.0 2.9 25.3 12.0
Colon (F) 2.7 2.5 233 12.7
(™M) 2.8 25 20.4 10.2
Rectum (F) 1.6 1.3 15.8 7.8
(M) 14 1.1 13.3 5.2
Lung (F) 6.0 54 30.1 15.1
(™M) 5.1 5.8 27.8 13.7
Melanoma (F) 0.2 0.1 5.7 4.2
(M) 0.3 0.2 7.3 41
Breast (F) 0.3 0.3 11.4 5.7
Cervix uteri (F) 1.3 0.8 9.1 5.7
Corpus uteri (F) 0.8 0.8 11.0 3.7
Ovary (F) 1.3 1.7 18.4 11.3
Prostate (M) 1.7 1.0 17.3 8.2
amounts. On the other hand, adjusting for incompleteness re- 4, Discussion
sulted in substantial increases in the estimates at Thames
(particularly for prostate, lung, oesophageal and stomach Survival estimates are generally considered to be an indica-
cancers), but only marginal changes in the Finnish estimates, tion of the quality and effectiveness of cancer care, with
with the largest effects seen for lung cancer and female low survival implying inadequate or sub-optimal treatment

oesophageal cancer. in the population concerned. However, there are many other
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Table 3 - Estimated 5-year completeness (%) by cancer

site

Site Finland Thames
Head and Neck (F) 98.2 87.4
M) 97.2 84.4
Oesophagus (F) 97.0 90.5
(M) 99.6 89.4
Stomach (F) 99.4 94.5
M) 99.8 91.2
Colon (F) 99.7 86.6
M) 97.9 88.9
Rectum (F) 99.6 92.8
M) 97.5 89.0
Lung (F) 97.7 90.6
(M) 98.6 93.3
Melanoma (F) 99.1 77.5
(M) 99.4 84.9
Breast (F) 98.5 85.0
Cervix uteri (F) 99.6 87.7
Corpus uteri (F) 98.6 88.3
Ovary (F) 100.0 91.7
Prostate (M) 96.1 82.6
factors which can affect such estimates. Prior et al.> showed

that published differences in survival could be due to the fail-
ure of cancer registries to ascertain all cases with advanced
disease, and concluded that ‘comparisons across populations
which vary in accuracy and completeness of registration can
be misleading and should be treated with some
circumspection’.

In our comparison of data from Finland and the UK, we
have shown that survival estimates are affected by both the
presence of DCOs and underascertainment of cancer cases.
After adjusting for these factors, we found that large changes
to the estimates occurred for sites with a large proportion of
DCOs and/or a large percentage missing. Some of the differ-
ences between the two countries remained after adjustment,
but some disappeared or were substantially reduced, and
hence are possibly not ‘true’ differences.

Ascertainment was higher in Finland. This is likely to be
due in part to the fact that cancer is a statutorily notifiable
disease in Finland, but not in the UK. The Finnish data were
virtually complete, and had few DCO cases. Consequently,
adjustment for these factors had little effect on survival esti-
mates. In the Thames cohort analysis, the increases in the co-
hort survival estimates gained from adjusting for
incompleteness were for the most part offset by the decrease
produced when adjusting for DCOs. However, the decrease in
the proportion of DCOs at Thames in the later period resulted
in a much weaker bias due to this effect in the period analy-
sis, where the final estimates (adjusted for both effects) were
generally larger than the unadjusted estimates.

In most instances, the period survival estimates were
higher than the corresponding cohort estimates, showing
that survival has improved at these sites in both countries.
This was confirmed by running a cohort analysis on Thames
cases diagnosed in the later period (1997-2001). (Results not
shown.)

The assumption that the ‘missing’ cases all survive for
more than five years is a major one, and is less likely to be va-
lid for the more fatal cancers (e.g. oesophagus, stomach and
lung). These are the sites for which the effects of the adjust-
ments are greatest, and the results should be treated with

Table 4 - Five-year relative survival estimates (%) by cancer site and adjustment factor - cohort analysis

Site Finland Thames
None DCOs Incomp Both None DCOs Incomp Both
Head and neck (F) 80.02 80.00 80.52 80.51 64.84 57.27 71.58 64.38
(™M) 64.89 64.87 66.27 66.25 57.68 52.07 67.66 62.20
Oesophagus (F) 7.52 7.49 9.65 9.62 11.83 8.49 24.77 18.60
(M) 6.40 6.39 7.03 7.02 7.92 5.67 22.62 16.96
Stomach (F) 25.37 25.28 25.80 25.71 16.65 9.48 24.84 14.88
(™M) 22.46 22.39 22.61 22.54 15.49 10.46 28.01 19.92
Colon (F) 50.09 49.97 50.35 50.23 47.10 33.76 59.02 44.94
(M) 50.92 50.81 52.70 52.60 44.40 34.31 56.08 44.15
Rectum (F) 51.42 51.36 51.61 51.55 48.54 39.83 54.53 45.54
(M) 48.34 48.31 50.25 50.23 44.37 37.71 54.44 47.29
Lung (F) 12.19 12.09 14.67 14.55 9.15 5.55 22.43 14.63
(M) 8.36 8.31 10.13 10.07 9.08 5.79 19.40 12.97
Melanoma (F) 86.24 86.27 86.50 86.54 86.25 81.35 91.00 87.06
(™M) 78.34 78.34 78.50 78.50 74.37 68.77 80.24 75.19
Breast (F) 83.02 82.99 83.40 83.37 78.30 68.90 83.37 75.03
Cervix uteri (F) 60.00 59.97 60.21 60.19 66.03 59.68 71.33 65.35
Corpus uteri (F) 82.66 82.65 83.10 83.08 74.27 65.76 78.89 70.99
Ovary (F) 47.22 47.16 47.22 47.16 36.26 28.47 4381 35.31
Prostate (™M) 64.98 64.95 67.97 67.94 61.12 49.31 76.49 64.57
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Table 5 - Five-year relative survival estimates (%) by cancer site and adjustment factor - period analysis

Site Finland Thames
None DCOs Incomp Both None DCOs Incomp Both
Head and Neck (F) 84.67 84.64 85.09 85.06 65.21 60.59 71.29 66.89
(M) 66.50 66.51 68.11 68.12 54.65 51.53 64.78 61.69
Oesophagus (F) 12.79 12.77 16.15 16.13 10.53 9.01 23.51 20.49
(M) 7.48 7.43 7.94 7.89 9.70 8.72 24.12 21.98
Stomach (F) 29.91 29.84 30.61 30.53 16.26 12.76 23.49 18.79
(M) 27.11 27.06 27.29 27.24 16.23 13.93 27.13 23.69
Colon (F) 57.55 57.38 57.78 57.61 48.49 41.31 59.40 51.98
(M) 55.95 55.82 57.53 57.40 48.66 43.00 58.26 52.35
Rectum (F) 55.71 55.66 55.91 55.87 53.24 48.75 58.40 53.86
(M) 55.33 55.31 57.05 57.03 50.76 47.98 59.52 56.66
Lung (F) 13.94 13.83 16.21 16.09 8.97 7.29 21.08 17.60
(M) 8.47 8.42 10.14 10.08 8.49 7.04 17.86 15.07
Melanoma (F) 88.26 88.24 88.43 88.41 86.06 82.56 90.90 88.12
(M) 81.40 81.39 81.59 81.59 74.57 71.55 80.24 77.50
Breast (F) 86.82 86.80 87.13 87.11 81.96 77.40 86.26 82.26
Cervix uteri (F) 66.77 66.72 66.86 66.81 66.19 62.35 71.29 67.69
Corpus uteri (F) 85.10 85.05 85.41 85.37 75.52 72.76 80.00 77.46
Ovary (F) 55.57 55.54 55.57 55.54 37.17 32.36 44.10 38.92
Prostate (M) 80.88 80.84 83.06 83.02 76.72 70.16 87.75 81.69

caution. However, in almost all cases the proportion which Europe: the EUROCARE-2 study. Lyon: IARC Scientific
could be expected to survive for five or more years after diag_ Publications No. 151; 1999. International Agency for Research
on Cancer.

nosis exceeds the proportion ‘missing’. Moreover, in cases

diagnosed at Thames during 1992 the proportion of registered 3. The EUROCARE Working Group. EUROCARE-3: Cancer survival

in Europe at the end of the 20th century. Annal Oncol

patients dying within five years that have no mention of can- 2003;14(Suppl 5)

cer on the death certificate is only 6%. 4. Brenner H. Limitations of the death certificate only index as a
This study demonstrates the large effects that DCOs and measure of incompleteness of cancer registration. Br ] Cancer

incompleteness can have on calculated survival figures. It is 1995;72:506-10.

important to take variations in DCO proportion and/or com- 5. Berrino F. The EUROCARE Study: strengths, limitations and

perspectives of population-based, comparative survival
studies. Annal Oncol 2003;14(Suppl. 5):v9-v13.

6. Pollock AM, Vickers N. The impact on colorectal cancer
survival of cases registered by ‘death certificate only’:

pleteness into consideration when comparing survival esti-
mates between different populations.
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