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Abstract

Selective under-ascertainment of cancer patients by cancer registries may bias population-based estimates of cancer patient sur-
vival. As prognosis is strongly age related for many forms of cancer, age adjustment of cancer survival rates, which is primarily used
to enhance the validity of comparative analyses between cancer populations, might also effectively reduce this type of bias. We
empirically assessed this potential “side-effect” of age adjustment using data from the Finnish Cancer Registry. Analyses of five-year
absolute and relative survival for patients diagnosed in 1990-1994, and age adjustment to the age structure of patients diagnosed in
1985-1989, were used as examples. Various patterns of selective under-ascertainment were simulated, and the bias in crude and age
adjusted five-year survival rates was compared. Age adjusted estimates were less biased in most scenarios, which may be an addi-
tional argument for application of age adjustment in the analysis and reporting of population-based cancer survival rates.

© 2005 Elsevier Ltd. All rights reserved.

Keywords.: Bias; Cancer registries; Statistical methods; Survival

1. Introduction

Monitoring cancer incidence and survival are impor-
tant tasks of population-based cancer registries. High
levels of completeness of case ascertainment are an
essential prerequisite for valid estimates of cancer inci-
dence. Under-ascertainment of cases, which is of poten-
tial concern, albeit to a strongly varying degree, in
virtually all population-based cancer registries will al-
ways lead to erroneously low estimates of cancer inci-
dence. The impact of case-under-ascertainment on
estimates of survival is somewhat more complex. While
no bias is expected if under-ascertainment of patients is
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independent of their prognosis, survival may be underes-
timated or overestimated if patients with a poor progno-
sis are less or more likely missed by the registry than
patients with good prognosis [1].

It has been shown repeatedly that selective under-
ascertainment of cancer patients may indeed bias esti-
mates of cancer patient survival [2] and may invalidate
comparisons of cancer patient survival between popula-
tions [3,4]. For example, patients with a poor prognosis
may have a lower chance of notification to a cancer reg-
istry, as they may have only few, if any contacts, with
the health care system before they die. Furthermore,
prognosis is strongly age related for many forms of can-
cer [5-8], and differential under-ascertainment of cases
may thus go along with a distortion of the age distribu-
tion of cases. This distortion may be overcome by age
adjustment of cancer survival rates. We therefore
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hypothesised that age adjustment, which is primarily
used to enhance the validity of comparative analyses be-
tween cancer populations with different age structure
(e.g., in international comparisons or in time trend anal-
yses of cancer patient survival), might also reduce bias
due to differential under-ascertainment of cases. The
aim of this study was to empirically assess this potential
“side-effect” of age adjustment in various scenarios of
differential under-ascertainment of cancer cases.

2. Patients and methods
2.1. Database

Our analysis is based on data from the nationwide
Finnish Cancer Registry. The Finnish Cancer Registry
that covers the whole population of Finland (&5.3 mil-
lion people) is well known for its high levels of data
quality and completeness [9]. The registry obtains infor-
mation from many different sources, including hospitals,
physicians outside hospitals, and pathologic and cyto-
logic laboratories. Notification of cancer cases to the
registry is mandatory by law, and studies have shown
that the registry achieves close to 100% completeness.
This data set allows comparison of true estimates of can-
cer patient survival with those obtained by simulating
various patterns and levels of incomplete case ascertain-
ment. Mortality follow-up is performed by annual re-
cord linkage of registry data with death records, using
a personal identification number as key.

For our empirical evaluation, we included patients
with a first diagnosis of one of eight common forms of
cancer from 1990 to 1994 aged 15 or older. The survival
experience within five years following diagnosis was
analysed in these patients. The selected cancers included
the four cancers most commonly diagnosed in Finland
in 1990-1994 (cancers of the breast, lung, prostate,
and colon), as well as four common forms of cancer with
a relatively strong age gradient in survival (cancers of
the ovaries, brain, thyroid gland, and lymphomas). Pa-
tients notified to the Finnish Cancer Registry by death
certificate only (0.8%) or by autopsy only (2.1%) were
excluded from the analyses, as were patients with miss-
ing information on month of diagnosis (0.1%).

2.2. Statistical analysis

We first calculated estimates of five year absolute and
relative survival based on all cancer patients notified to
the Finnish Cancer Registry meeting the above men-
tioned inclusion criteria. Next, we calculated expected
estimates of five year absolute and relative survival
assuming the following types of selective under-ascer-
tainment of cancer patients: (a) selective under-ascer-
tainment of patients dying within five years following

diagnosis (regardless of their age) by 20%; (b) selective
under-ascertainment of patients surviving five years fol-
lowing diagnosis (regardless of their age) by 20%; and
(c) selective under-ascertainment of patients above 75
years of age (regardless whether or not they died within
five years from diagnosis) by 50%.

Scenarios (a) and (b), thus, reflect extreme prototypes
of selective under-ascertainment of patients with good
or poor prognosis. These scenarios necessarily result in
underestimation or overestimation of survival, respec-
tively, and they may go along with potential distortions
in the age distribution of patients if prognosis differs be-
tween age groups. Scenario (c) reflects an extreme proto-
type of exclusively age-related under-ascertainment.
Such age-related under-ascertainment of cases may re-
sult, for example, from under-diagnosis of cancer in
the elderly. This type of under-ascertainment necessarily
results in distortions of the age distribution of patients,
which may go along with potential under- or overesti-
mation of survival if prognosis differs between older
and younger patients.

For each scenario, the expected survival estimates
were derived by weighted survival analyses, in which a
weight of 0.8 (under-ascertainment type (a) and (b)) or
0.5 (under-ascertainment type (c)) was assigned to the
patients in the groups affected by under-ascertainment,
and a weight of 1 was assigned to all other patients.
The weighting was employed by a recently introduced
algorithm, which was primarily developed for age
adjustment of cancer survival rates, but which can also
be used for other applications of weighted survival anal-
yses [10].

For each scenario, we calculated a crude and an age-
adjusted estimate of five-year absolute and relative sur-
vival. Relative survival [11] was calculated according
to Hakulinen’s method [12]. For illustration, age adjust-
ment was made to the (site specific) age distribution of
cancer patients notified to the Finnish Cancer Registry
in 1985-1989. Such age adjustment would typically be
considered, for example, in a time series analysis com-
paring survival of cancer patients diagnosed in 1990—
1994 and in 1985-1989. In all scenarios, the latter was
assumed to be determined correctly, i.e., with no selec-
tive under-ascertainment of cancer patients was assumed
for the 1985-1989 period. In this way, the difference in
the adjusted survival estimates obtained with complete
case ascertainment in 1990-1994 and the adjusted sur-
vival estimates expected in the scenarios with selective
under-ascertainment of cases would also reflect the bias
in a time series analysis in the (entirely hypothetical) sit-
uation of a reduction of completeness of cancer ascer-
tainment between both time periods.

Age adjustment was made according to the method
recently introduced by Brenner et al [10], using 5 age
categories (1544, 45-54, 55-64, 65-74, and 75+). Due
to the very rare occurrence of prostate cancer at younger
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ages, age groups 15-54, 55-64, 65-74 75-84, and 85+
were used for this cancer (analogous age categorisations
have been used in previous studies, such as the EURO-
CARE study [13)).

All analyses were done with the SAS statistical soft-
ware package using the macros “periodh” and ““adperi-
odh” [10,14,15].

3. Results

Table 1 shows the numbers and the age distribution
of patients diagnosed in 1990-1994 in Finland with
one of the eight forms of cancer considered in this anal-
ysis. With more than 13,000 cases, breast cancer was the
most common form of cancer, followed by lung cancer,
prostate cancer and colon cancer. Although somewhat
less common, the other four forms of cancer were still
represented by between 1487 and 2446 patients. Patients
with prostate cancer and colon cancer included the high-
est proportions of older patients. Patients with breast
cancer and with ovarian cancer were more uniformly
distributed across the five age groups, while the propor-
tion of younger patients was highest among patients
with cancers of the brain and the thyroid gland.

Five-year absolute and relative survival of cancer pa-
tients by age group is shown in Table 2. With few excep-

tions, there is a strong decrease of five-year absolute
survival with age. The age gradient is most pronounced
for cancers of the ovaries, brain, thyroid gland and lym-
phomas. By contrast, a major decline in five-year sur-
vival with age is restricted to the oldest age groups for
cancers of the breast and prostate (age groups 65+
and 75+, respectively). The age specific relative survival
rates are higher than the absolute survival rates, and the
differences increase with increasing age. Nevertheless,
five-year relative survival rates also decrease with age
for most forms of cancer, but the age gradient is gener-
ally much less pronounced than for the absolute survival
rates. Among women with breast cancer and men with
prostate cancer, relative survival is highest in the inter-
mediate age groups.

Table 3 shows crude and adjusted five-year absolute
survival with complete case ascertainment and expected
estimates of crude and adjusted five-year absolute sur-
vival assuming selective under-ascertainment of patients
dying within five years or of patients surviving at least five
years after diagnosis by 20%. The true crude five-year
survival rates ranged from 7.2% (lung cancer) to 79.8%
(thyroid cancer). They are overestimated by between
1.63% units and 5.53% units in situations with selective
under-ascertainment of 20% of patients dying within five
years and underestimated by between 0.74% and 3.80%
units in situations with selective under-ascertainment of

Table 1
Age distribution (% by age group) of patients diagnosed with common forms of cancer above 14 years of age in Finland in 1990-1994
n* Age group

15-44 45-54 55-64 65-74 75+
Colon 5313 5.4 7.9 16.8 28.4 41.5
Lung 10,305 1.9 7.5 22.0 40.8 27.8
Breast 13,572 12.7 253 21.7 19.9 20.5
Ovaries 2268 10.5 16.1 23.6 27.1 22.8
Prostate® 8535 1.4 124 37.7 39.0 9.5
Brain 1567 31.2 17.7 19.3 20.6 11.1
Thyroid gland 1487 34.7 20.6 15.7 15.1 14.0
Lymphomas 2446 134 14.7 19.8 25.1 27.0

% Total number of patients in 1990-1994.
® Age groups are 15-54, 55-64, 65-74, 75-84, and 85+.

Table 2

Five-year absolute and relative survival by age group of patients diagnosed with common forms of cancer in Finland 1990-1994

Five-year absolute survival

Five-year relative survival

Age group Age group

15-44 45-54 55-64 65-74 75+ 15-44 45-54 55-64 65-74 75+
Colon 71.4 60.1 50.8 43.1 28.3 72.1 61.5 54.2 50.9 49.2
Lung 14.7 10.3 11.1 7.4 2.5 14.9 10.7 12.1 9.1 4.5
Breast 78.7 84.8 83.6 71.4 43.8 79.3 86.0 86.5 79.8 71.5
Ovaries 67.6 49.7 36.2 25.6 11.8 68.0 50.5 37.5 28.4 18.6
Prostate® 432 57.1 56.0 38.0 15.9 45.0 63.2 71.1 66.8 51.9
Brain 64.6 31.6 15.2 5.0 5.2 65.2 324 16.2 5.8 8.3
Thyroid gland 98.4 94.8 83.7 59.4 293 99.1 96.5 87.8 67.5 48.0
Lymphomas 73.7 62.7 50.0 32.5 14.7 74.5 64.3 534 384 25.0

& Age groups are 15-54, 55-64, 65-74, 75-84, and 85+.
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Crude and adjusted five-year absolute survival with complete case ascertainment and expected estimates of crude and adjusted five-year absolute
survival, assuming selective under-ascertainment of patients dying within five years or of patients surviving at least five years after diagnosis by 20%

Cancer site

Complete case

Under-ascertainment of dying patients by 20%

Under-ascertainment of surviving patients by

ascertainment 20%

Crude Adjusted® Crude Bias Adjusted” Bias Crude Bias Adjusted® Bias
Colon 41.14 41.54 46.58 +5.44 46.61 +5.07 37.36 —3.78 38.14 —3.40
Lung 7.22 7.59 8.85 +1.63 9.26 +1.67 6.48 —0.74 6.82 —-0.77
Breast 72.71 71.74 76.89 +4.18 75.52 +3.71 69.08 —3.63 68.81 -2.93
Ovaries 33.23 33.71 38.32 +5.09 38.11 +4.40 29.43 —3.80 30.47 —3.24
Prostate 45.13 45.40 50.66 +5.53 50.57 +5.17 42.26 -2.87 42.78 -2.62
Brain 30.29 32.26 35.15 +4.86 35.72 +3.46 27.05 —3.24 29.85 —2.41
Thyroid gland 79.81 80.38 83.17 +3.36 82.53 +2.15 76.30 -3.51 78.62 —1.76
Lymphomas 41.09 40.93 46.53 +5.44 45.32 +4.39 37.45 —3.64 38.16 —2.77

& Adjusted to the age structure of patients diagnosed in 1985-1989 according to the method by Brenner et al. [10].

20% of patients surviving at least five years following
diagnosis.

The true age adjusted five-year survival rates are gen-
erally quite similar to the crude ones, due to the similarity
of the age distribution of patients diagnosed in 1985-
1989 and 1990-1994 for most forms of cancer. Only for
brain cancer, the true adjusted five-year survival rate is
~2% units higher than the true crude five-year survival
rate as the proportion of younger patients, who have a
much better prognosis, was somewhat higher in 1985-
1989 than in 1990-1994. Although the adjusted survival
rates are also biased by selective under-ascertainment of
cancer patients, the bias is smaller than for the crude sur-
vival estimates in most cases. The differences in the bias
between crude and adjusted survival rates strongly varied
by cancer site, ranging from negligible or modest differ-
ences to reduction of bias by approximately half for
patients with thyroid cancer, whose prognosis strongly
varied by age.

With overestimation of crude relative survival up to
7.57% units and underestimation up to 4.48% units,
the bias due to selective under-ascertainment of cases
is even larger for relative than for absolute survival rates
(see Table 4). Again, the bias may be reduced to some
degree by age adjustment, albeit to a lesser extent than
for the absolute survival rates. The differences in the

Table 4

biases are very small for cancers with only minor to
moderate variation in age specific relative survival rates
(e.g. lung cancer) or for cancers with no clear trend in
age specific relative survival rates (e.g. prostate cancer)
but the bias may still be more than one third smaller
for cancers with a strong age gradient in relative survival
(e.g. thyroid cancer).

Selective under-ascertainment of patients aged 75
years or older by 50% (regardless of their prognosis)
may also lead to substantial overestimation of crude
five-year absolute survival rates, ranging from 0.75%
units to 4.12% units for the eight cancers assessed in this
analysis (see Table 5). The reason for that pattern is the
poorer prognosis of patients in this age group, leading to
stronger under-ascertainment of dying patients than of
surviving patients. This type of bias could be fully over-
come by age adjustment. The same also applies to rela-
tive survival rates, which overall would be less affected
by selective under-ascertainment of older patients, than
absolute survival rates even in the crude analysis.

4. Discussion

In this paper, we assessed the potential bias in sur-
vival estimates resulting from various types of selective

Crude and adjusted five-year relative survival with complete case ascertainment and expected estimates of crude and adjusted five-year relative
survival, assuming selective under-ascertainment of patients dying within five years or of patients surviving at least five years after diagnosis by 20%

Cancer site Complete case

Under-ascertainment of dying patients by 20%

Under-ascertainment of surviving patients by

ascertainment 20%

Crude Adjusted® Crude Bias Adjusted® Bias Crude Bias Adjusted® Bias
Colon 53.31 53.55 59.92 +6.61 59.98 +6.43 48.83 —4.48 49.24 —4.31
Lung 9.18 9.50 11.24 +2.06 11.59 +2.09 8.26 —0.92 8.54 —0.96
Breast 81.62 81.27 85.79 +4.17 85.46 +4.19 78.19 —3.43 78.04 —-3.23
Ovaries 37.73 38.20 43.27 +5.54 43.16 +4.96 33.58 —4.15 34.55 —3.65
Prostate 66.52 66.50 74.09 +7.57 74.00 +7.50 62.72 —3.80 62.73 -3.77
Brain 33.34 35.22 38.48 +5.14 38.99 +3.77 29.87 —-3.47 32.60 —2.62
Thyroid gland 87.10 87.49 90.09 +2.99 89.75 +2.26 84.08 —3.02 85.64 —1.85
Lymphomas 49.18 49.14 55.19 +6.01 54.35 +5.21 45.18 —4.00 45.85 -3.29

& Adjusted to the age structure of patients diagnosed in 1985-1989 according to the method by Brenner et al. [10].
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Table 5

Expected estimates of crude and adjusted five-year absolute and relative survival assuming selective under-ascertainment of patients aged 75 years or

older by 50%

Five-year absolute survival

Five-year relative survival

Under-ascertainment of patients >75 years by 50%

Under-ascertainment of patients >75 years by 50%

Crude Bias Adjusted® Bias Crude Bias Adjusted® Bias
Colon 44.49 +3.35 41.54 - 54.19 +0.88 53.55 -
Lung 7.97 +0.75 7.59 - 9.73 +0.55 9.50 -
Breast 76.01 +3.30 71.74 - 82.51 +0.89 81.27 -
Ovaries 35.97 +2.74 33.71 - 39.49 +1.76 38.20 -
Prostate 48.81 +3.68 45.40 - 67.08 +0.56 66.50 -
Brain 31.77 +1.48 32.26 - 34.34 +1.00 35.22 -
Thyroid gland 83.61 +3.80 80.38 - §9.11 +2.01 87.49 -
Lymphomas 45.21 +4.12 40.93 - 51.81 +2.63 49.14 -

# Adjusted to the age structure of patients diagnosed in 1985-1989 according to the method by Brenner ez al. [10].

under-ascertainment of cancer cases, and we demon-
strate that this bias may often be substantially smaller
for age adjusted cancer survival rates than for crude can-
cer survival rates.

The types of under-ascertainment assessed in this pa-
per are special prototypes, which are unlikely to occur in
“pure form” in practice. However, assessment of such
prototypes is helpful to demonstrate and understand
the mechanisms and magnitude of biases resulting from
various sources. In practice, combinations of the proto-
types addressed in this paper would be most likely. In
particular, a combination of selective under-ascertain-
ment of dying patients (as assessed in Tables 3 and 4)
and of older patients (as assessed in Table 5) would of-
ten appear to be the most likely pattern. In such situa-
tions, the extent of bias reduction would be expected
to lie between the values derived for both prototypes.
As bias reduction may already be substantial for some
cancers even if under-ascertainment of cases was solely
related to prognosis (regardless of age), and bias would
be entirely overcome if under-ascertainment was strictly
age related (regardless of prognosis), age adjustment ap-
pears to be a useful tool to reduce bias due to selective
under-ascertainment of cases in general.

Clearly, the main reason for age adjustment of cancer
survival rates is to correct for distortions from differen-
tial age distribution of cancer cases when comparing
cancer survival rates between countries or regions, or
in time series analyses of cancer survival. Our results im-
ply, however, that age adjustment may also have the
very welcome additional “‘side-effect” to help correct
for bias from various degrees of under-ascertainment
of cases. This may be another argument for the more
widespread application of age adjustment in analyses
of cancer survival.

When looking at our results, the following limita-
tions must be kept in mind. To focus on the main
principles and due to space limitation, results were
shown for eight common forms of cancer only. How-
ever, we obtained remarkably similar patterns and re-

sults in analogous analyses for a large variety of other
common forms of cancer. Similarly, results were
shown for five-year survival rates only, because these
are the most commonly reported outcome measures
of patients with cancer. Again, very similar patterns
were observed in analogous analyses of 10-year sur-
vival among patients diagnosed in 1985-1989. In these
analyses, the bias reduction by age adjustment tended
to be even stronger. Finally, results were only shown
for traditional, “cohort-wise” analysis of survival.
There is no obvious reason, however, why the ob-
served patterns should not apply to period analysis
as well, which was introduced a few years ago to de-
rive more up to date estimates of cancer patient sur-
vival [16]. The only major difference may be, that
under-ascertainment of cases in recent years is often
the main concern in period analysis, whereas cohort
analysis would be more affected by under-ascertain-
ment of cases in earlier years of registration as re-
cently shown [1].

In summary, our analysis suggests that reduced sus-
ceptibility to bias due to selective under-ascertainment
of cases is an additional argument for application of
age adjustment of cancer survival rates. This argument
may not only apply to comparative analyses of cancer
survival between registries (where age adjustment is of-
ten routinely applied anyway), but also when results
from a single registry are reported, be it in form of time
series analyses or for a single time period.
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