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1. Introduction

Relative survival is an extensively used method in population
based cancer studies as it circumvents the need for accurate cause
of death information. It does this by providing a measure of
survival based on estimating the excess mortality in the study
population when compared to an external group [1]. The external
group is usually the general population within a country or state
and mortality estimates are taken from national life tables
stratified by age, sex, calendar year and, where applicable, race
or ethnicity. These mortality estimates are taken to be the
mortality rates for cancer patients if they did not have cancer
and so any excess mortality found in the cancer group is deemed to
be due to cancer-related deaths [2]. However, in reality the
population mortality estimates will also contain cancer deaths.

This study addresses one of the potential limitations when
using relative survival that arises when there are a high proportion

of deaths due to a specific cancer in the external group. If this is the
case then the excess mortality will most likely be under-estimated,
producing over-estimates of relative survival in the cancer group.
When faced with this limitation most papers will cite Ederer et al.
[3], who discussed that it was reasonable to assume that the
proportion of deaths due to a specific disease was negligible in
comparison to the total mortality in the general population [3].
This assumption is questionable for more common cancers,
particularly in the older age groups.

This paper aims to show how a simple sensitivity analysis can
be performed to assess the impact that specific cancer deaths in the
population mortality figures can have on the estimate of relative
survival. We study the effects by age group and for selected cancer
sites.

2. Methods

2.1. Relative survival

Relative survival is the ratio of the observed survival in the
study population to the expected survival in a comparable external
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A B S T R A C T

Background: Relative survival is an extensively used method in population based cancer studies as it

provides a measure of survival without the need for accurate cause of death information. It gives an

estimate for the probability of dying from cancer in the absence of other causes by estimating the excess

mortality in the study population when compared to an external group. The external group is usually the

general population within a country or state and mortality estimates are taken from national life tables

that are broken down by age, sex, calendar year and, where applicable, race/ethnicity. One potential bias

when using relative survival that is most often overlooked occurs when there are a high proportion of

deaths due to a specific cancer in the external group. Methods: This paper uses data from the Finnish

Cancer Registry to illustrate, through the use of a simple sensitivity analysis, the impact that specific

cancer deaths in the population mortality figures can have on the estimate of relative survival. Results:

We found that when examining specific diseases such as breast cancer and colon cancer, the proportion

of deaths due to these specific cancers in the general population is so small in comparison to the total

mortality that they make little difference to the relative survival estimates. However, prostate cancer

proved to be an exception to this. For all cancer sites combined the sensitivity analysis illustrates a major

limitation for this type of analysis, particularly with the older age groups. Conclusion: We recommend

that, with a classification of diseases as wide as all cancer sites, relative survival should not be used

without appropriate adjustment.
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group [3]. It can be written as:

RðtÞ ¼ SðtÞ
S�ðtÞ (1)

where S(t) is the observed survival, S*(t) is the expected survival
and t is the time from diagnosis [4].

Expected survival is calculated using life tables that match the
study population to the external population usually by age, sex and
calendar year [2]. Several methods have been developed to
estimate the expected survival, including the Ederer I and II
[3,5] and the Hakulinen methods [6]. Based on recent recommen-
dation, the Ederer II method is used for all analyses in this paper
[7,8]. This method considers the matched individuals to be at risk
until the corresponding cancer patient dies or is censored. Relative
survival is often calculated in age groups, which are sometimes
pooled to obtain an age standardised estimate.

2.2. Sensitivity analysis

Data on breast cancer (ICD-0-3: C5OO-C509), colon cancer (ICD-
0-3: C18O-C189, C260), prostate cancer (ICD-0-3: C619) and all
cancer sites combined (ICD-0-3: COOO-C809) were used in the
analyses. These data were obtained from the Finnish Cancer
Registry for patients diagnosed in the years 1995 to 2007 inclusive.
The population mortality data were obtained from the Human
Mortality Database [9]. Only adults were considered in our
analyses and anyone diagnosed through autopsy was excluded.
All relative survival analyses were carried out separately for the
age groups 18–44, 45–59, 60–74, 75–84 and 85+. In order to obtain
up-to-date estimates of 10 year relative survival a period analysis
approach was adopted. The relative survival estimates were
derived from data on the survival experience of patients in the
2005–2007 period [10].

An initial relative survival analysis was carried out using the
unadjusted population mortality data. The population mortality
data were then modified to illustrate three alternative scenarios.
This was done by denoting the probability of dying in the external
group as q, the probability of dying from the cancer of interest in
the external group as qc and the probability of dying from other
causes in the external group as qo such that

q ¼ qo þ qc (2)

It should be noted that q, qo and qc are yearly probabilities
which will vary by age, sex and calendar year. In relative survival
we assume qc to be a very small proportion of q and so ignore any
bias that may result in just using q. However, we want to use the
probability of dying from other causes in the external group (qo)
rather than the probability of dying from either cancer or other
causes in the external group (q) to see what influence the
proportion of deaths due to the cancer of interest has. If we let
a = qc/q denote the proportion of deaths in the external group due
to the cancer of interest then we can calculate qo as follows:

qo ¼ qð1 � aÞ (3)

This adjustment was applied assuming that 2%, 5% or 10% of the
deaths in the external group were due to the cancer of interest (i.e.
a = 0.02, 0.05 and 0.1). Writing this adjustment in terms of the
expected survival, p* = 1 � q, the adjusted expected survival, p�o,
can be written as

p�o ¼ p� þ að1 � p�Þ (4)

This simple sensitivity analysis was carried out for data on
breast, colon and prostate cancer for each age group. Analyses were
carried out on females for breast cancer, males for prostate cancer
and both males and females combined for colon cancer. It is

common for relative survival analyses to be carried out on all
cancer sites combined [11–14]. This is usually done to obtain a
single summary measure showing overall trends of cancer survival
over time. These estimates are often used as a ‘‘surveillance tool’’ in
policy making [15]. An analysis on all cancer sites combined was
therefore carried out, for which additional adjustments of 20% and
30% were made (i.e. a = 0.2 and 0.3).

3. Results

Table 1 gives approximate percentages of deaths across age
groups due to each of the 3 specific cancer sites, as well as that of all
cancer sites, within the population of Finland during the year 2000.
Each age group specific percentage was calculated by dividing the
number of deaths due to the cancer of interest (obtained from the
Finnish cancer registry) by the total number of deaths for that age
group (obtained from the Human Mortality Database [9]). The
proportions of deaths due to cancer are highest in the 60–74 age
group for colon cancer, prostate cancer and all cancer sites
combined. For breast cancer, the highest proportion of deaths due
to cancer occurs in the 18–44 age group. Due to increasing
competing causes of death, the proportions of deaths due to cancer
in the older age groups decrease, even though the total number of
deaths increases with age.

Table 2 shows the expected survival for males aged 60 and 80 in
the year 2000. The values for p* give the unadjusted expected
survival and p�2, p�5 and p�10 give the expected survival adjusted for
2%, 5% and 10% of deaths due to cancer. The numbers in bold give a
clearer indication of how high proportions of cancer deaths have a
greater impact on expected survival for older age groups,
particularly those over the age of 80. Each adjustment leads to a
higher expected survival. Although within each age group the
absolute differences are fairly small, given that relative survival is a
cumulative measure, these differences will accumulate over time.
This is evident from the 5 year expected survival estimates given in
the table. For example, for a patient aged 80 at diagnosis, the 5 year
unadjusted expected survival is 0.5758 but when adjusted for 10%
of deaths due to cancer the 5 year expected survival is 0.6092.

Relative survival curves for breast cancer, prostate cancer and all
cancer sites combined are shown in Figs. 1–3, respectively. The
corresponding figure for colon cancer can be found in the
supplementary material. All four figures show that adjusting for a
high proportion of deaths due to a particular disease makes little
difference in the younger age groups. This is not surprising given that
the probability of death due to other causes is very low in these
groups. In fact, the relative survival curve for prostate cancer actually
goes above 1 in the 18–44 age group, suggesting that this group has a
better survival than the general population. For the older age groups
the sensitivity analysis highlights some more noticeable differences.
However, for breast cancer in particular, the proportions used to
adjust the expected survival in the graph are relatively large in
comparison to the estimated proportions given in Table 1. For
example, in the 85+ age group it is estimated that only 0.4% of all
deaths are due to breast cancer but the smallest adjustment made in
the graph is 2%. The estimated biases associated with using
uncorrected life tables are clearer to see in Table 3.

Table 1
Percentages of deaths in Finland in the year 2000 due to specific cancers.

Age Breast Colon Prostate All sites

18–44 13.3 0.4 0.1 15.9

45–59 12.4 1.7 1.5 29.2

60–74 4.8 2.0 4.3 32.9

75–84 1.5 1.3 3.3 18.0

85+ 0.4 0.7 2.2 7.9
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