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Abstract

The measures of cancer prognosis most commonly reported by cancer registries are 5- or 10-year absolute or relative survival

rates. Because cancer survival rates often vary by the age of cancer patients, and because the age structure of cancer patients often

varies between populations, age adjustment is crucial for comparative analyses of cancer survival rates. However, traditional age

adjustment often breaks down for long-term survival rates, particularly for sparse data, and it may provide inconsistent results

for relative survival rates, even if age adjustment is made to the study population�s own age distribution. In this manuscript, we

propose an alternative approach to age adjustment of both absolute and relative survival rates to overcome both the practical

and conceptual problems inherent in traditional age adjustment. We outline the computational realisation of this approach, and

we give an empirical illustration of its application using data from the nationwide Finnish Cancer Registry.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

The measures of cancer prognosis most commonly re-

ported by cancer registries are long-term survival rates,

such as 5- or 10-year survival rates [1]. Typically, both

absolute (observed) and relative survival rates are re-

ported. Relative survival rates are derived as the ratios

of the observed survival rates and the expected survival

rates in the absence of cancer in a population of compa-

rable age and gender distribution (the latter are usually
estimated from population life tables). The relative sur-

vival rates can be thought of as ‘‘net’’ measures of can-

cer patient survival indicating cancer patient survival in

the hypothetical situation in which cancer is the only

cause of death [2].
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Absolute, and, to a lesser extent, relative survival

rates often vary by the age of cancer patients. Therefore,
comparisons of cancer patient survival between popula-

tions or at various calendar periods within one popula-

tion may be confounded by age, if there are differences

in the age distribution of cancer patients. To overcome

this problem, age standardisation is commonly em-

ployed in comparative analyses of cancer survival rates,

such as the EUROCARE project [3–6]. Traditionally,

age-standardised survival rates have been calculated as
a weighted average of age-specific survival rates within

subgroups of patients defined by age at diagnosis, with

weights equal to the proportion of patients in those sub-

groups in some standard population, such as the Euro-

pean standard cancer population or the world

standard cancer population [3–7]. A major problem in

this context is often the sparseness of data within certain

(mostly older) age groups, which may hinder the calcu-
lation of age-specific survival rates. Furthermore, it has
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been shown that, for relative survival rates, this proce-

dure may provide adjusted survival rates which are con-

ceptually inconsistent with the crude rates and may

substantially differ from the latter, even if adjustment

is made to the study population�s own age distribution

[8].
In this manuscript, we propose an alternative ap-

proach to age adjustment of both absolute and relative

survival rates to overcome both the practical and the

conceptual problems inherent in traditional age adjust-

ment. We outline a computational realisation of this ap-

proach, which does not require to carry out individual

age-specific survival analyses, and we give an empirical

illustration of its application using data from the nation-
wide Finnish Cancer Registry.
2. Our alternative approach

When employing traditional age adjustment one first

calculates the age-specific estimates of survival in differ-

ent age groups, and then combines these estimates in a

weighted average (with weights reflecting the age distri-

bution of the standard population). In our alternative

approach, specific weights are first individually assigned

to all patients in different age groups, and one then car-
ries out conventional survival analysis using the

‘‘weighted individual data’’, in which the weights are ap-

plied to the contributions of patients to the numbers of

persons at risk and death. Whereas in the unadjusted

(crude) analysis each patient in the study population

and her/his contributions to the numbers of persons at

risk and deaths are (implicitly) entered with a weight

of 1, the proposed form of age adjustment gives weights
higher (lower) than 1 to patients in age groups which are

underrepresented (overrepresented) in the study popula-

tion compared with the standard population.

More formally, let ri be the relative proportion of pa-

tients in age group i in the study population of total sam-

ple size n, and si the corresponding proportion in the

standard population. Then, each patient (whether alive

during the full follow-up period of interest, censored or
dead) and all of her/his contributions to the numbers

of persons at risk and deaths are assigned a weight of

si/ri. This procedure implies, firstly, that the weighted

study population has exactly the same age distribution

as the standard population (as the sum of weights in each

age group i equals nri(si/ri) = nsi), and, secondly, that the

total sum of weights equals the total number n of study

participants (as in the crude analysis), as
X

i

nsi ¼ n:

Compared with traditional age adjustment of survival

rates, this procedure has two obvious advantages: firstly,

and probably of most practical importance, it does not
break down if none of the patients within one or more

age groups is followed over the entire follow-up period

of interest, a problem commonly encountered in tradi-

tional age adjustment. Secondly, this procedure also as-

sures, that age adjustment of relative survival rates to

the study population�s own age distribution, which as-
signs a weight of 1 to each patient, yields exactly the

same result as obtained in the crude analysis. This �nat-
ural� property is usually not fulfilled for traditionally ad-

justed relative survival rates as previously shown in [8].
3. Computational realisation

For easy implementation of the alternative method

proposed in this paper to derive adjusted survival rates,

we have extended recently developed SAS macros for

both relative and absolute survival rates [9,10]. These
macros, as well as their extension described below,

may not only be used for traditional ‘‘cohortwise’’ anal-

ysis of survival rates, but also for ‘‘period analysis’’, a

more recently introduced method to derive more up-

to-date long-term survival estimates [11].

A detailed description of the previously available

macros, which can be downloaded free of charge from

the Internet, has been given elsewhere in Refs. [9–11].
Briefly, two macros have been developed, one called

‘‘period’’ in which relative survival rates are calculated

according to the Ederer II method [12], and one called

‘‘periodh’’ in which they are calculated according to

Hakulinen�s method [13]. We now provide extensions

of these macros, denoted ‘‘adperiod’’ and ‘‘adperiodh’’,

in which all contributions of study participants to the

observed and expected person–time at risk and to the
numbers of deaths are weighted. Thus, the only addi-

tional step to be done by the investigator is a priori

assignment of appropriate weights to the study partici-

pants as described above. The macros will then provide

estimates of the adjusted survival rates in a one-step

analysis. In particular, there is no need to carry out indi-

vidual age specific-survival analyses.

To facilitate application, pertinent SAS programs can
be found on our web-site http://www.imbe.med.uni-

erlangen.de/issan/SAS/period/period.htm. The site also

provides the necessary preparatory steps and an exem-

plary SAS program for specification of the age structure

of the standard population, a macro denoted ‘‘ad-

weight’’ that allows for convenient, flexible assignment

of appropriate weights to study participants, as well as

the extended, commented macros for carrying out
weighted survival analyses are also listed. All programs

can be downloaded free of charge from the statistical ar-

chive network maintained by the Department of Medi-

cal Informatics, Biometry and Epidemiology at the

University of Erlangen-Nuremberg (http://www.imbe.

med.uni-erlangen.de/issan/SAS/period/period.htm) or

http://www.imbe.med.uni-erlangen.de/issan/SAS/period/period.htm
http://www.imbe.med.uni-erlangen.de/issan/SAS/period/period.htm
http://www.imbe.med.uni-erlangen.de/issan/SAS/period/period.htm
http://www.imbe.med.uni-erlangen.de/issan/SAS/period/period.htm
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obtained on diskette by written request to the first

author. The source code of the SAS macros is open code

under the conditions of the GNU-General Public Li-

cence [14] and thus can be modified by future users to

adapt the macros to specific needs.
4. Empirical illustration

The alternative method of age adjustment proposed

in this paper is illustrated for an analysis of relative sur-

vival of patients with cancer of the corpus uteri in Fin-

land. The database for this analysis is the nationwide

Finnish Cancer Registry, which is well known for its
high quality and completeness of data and its long time

period of cancer registration of more than 50 years

[3,15]. The aim of this analysis was to compare 10-year

relative survival of patients diagnosed in 1985–1989

(the most recent cohort of patients for whom 10-year

follow-up was complete at the time of this analysis) with

the 10-year relative survival of patients diagnosed 30

years earlier, i.e., in 1955–1959. Only patients with a first
diagnosis of cancer of the corpus uteri above age 15

years were included, and we excluded patients for whom

the death certificate or an autopsy report was the only

notification to the cancer registry (0.9% and 0.7% of pa-

tients, respectively). Relative survival rates were calcu-

lated according to Hakulinen�s method [13].

The numbers and age distribution of patients diag-

nosed in both time periods are shown in Table 1. Among
the 1071 patients diagnosed in 1955–1959, only 23.9%

and 6.3% were 65 years or older, and 75 years or older,

respectively. These proportions increased to 55.2% and

24.2%, respectively, among the 2511 patients diagnosed

in 1985–1989. Furthermore, 10-year relative survival

strongly decreased with age for patients diagnosed in

both time periods. Despite the much higher average

age of patients diagnosed in 1985–1989 compared with
patients diagnosed in 1955–1959, even overall (crude)

10-year relative survival increased from 63.9% for the

former group to 75.1% for the latter group. However,

within each single age group a more pronounced in-

crease in relative survival was observed. Taken together,
Table 1

Age distribution and 10-year relative survival rates (RSR) by age of patients

1989

Age at diagnosis (years) Patients diagnosed in 1955–1959

N % 10-Year

15–44 70 6.5 78.0

45–54 324 30.3 72.8

55–64 421 39.3 63.1

65–74 188 17.6 38.1

75+ 68 6.3 27.6

Total 1071 100 63.9
these patterns point to the need of age adjustment of sin-

gle summary measures of 10-year relative survival to dis-

close the full extent of improvements in relative survival

over time.

In the following, various options of age adjustment

are outlined using stratification by the five age groups
shown in Table 1. An obvious way of age adjustment

in a comparison of 10-year relative survival of the two

patient groups would be to adjust 10-year relative sur-

vival of one of the patients groups to the age distribu-

tion of the other group.

As Table 2 shows, the 10-year relative survival esti-

mate of patients diagnosed in 1985–1989 would become

substantially higher than the estimate obtained in the
crude analysis if it was adjusted to the age distribution

of patients diagnosed in 1955–1959 in the traditional

manner, i.e., by calculating a weighted average of the

age-specific survival rates, with weights equal to the pro-

portions of patients in the various age groups in 1955–

1959. However, comparison of this adjusted 10-year

survival estimate to the crude survival estimate of pa-

tients diagnosed in 1955–1959 (difference: 15.1% units)
would still not disclose the full extent of the improve-

ment, as the relative survival estimate of the latter pa-

tients would also be altered (here: reduced) if it was

adjusted to this group�s own age distribution in the tra-

ditional manner. Although both adjusted survival

estimates may be used to come up with a valid compar-

ison, none of these estimates actually coincides with the

crude estimate for either group of patients.
Conversely, the 10-year relative survival estimate for

patients diagnosed in 1955–1959 would become substan-

tially lower than the crude relative survival estimate as

expected if it was adjusted to the age distribution of pa-

tients diagnosed in 1985–1989 in the traditional manner,

suggesting a tremendous increase in 10-year relative sur-

vival of 26.5% units if a comparison was made to the

crude relative survival estimate for patients diagnosed
in 1985–1989. However, in this case, the true extent of

improvement would be overestimated, as the 10-year rel-

ative survival estimate for the latter group would like-

wise become lower, albeit to a much lesser extent, if it

was adjusted to this population�s own age structure.
diagnosed with endometrial cancer in Finland in 1955–1959 and 1985–

Patients diagnosed in 1985–1989

RSR (%) N % 10-Year RSR (%)

84 3.3 93.3

342 13.6 87.3

700 27.9 77.6

778 31.0 74.0

607 24.2 47.3

2511 100 75.1



Table 2

Comparison of 10-year relative survival of cohorts of patients diagnosed with endometrial cancer in Finland in 1955–1959 and 1985–1989 using crude

analysis and traditional age adjustment

Type of analysis 10-Year relative survival (%)

1955–1959 Cohort 1985–1989 Cohort Difference

No age adjustment (crude survival) 63.9 75.1 +11.2

Traditional age adjustment

1985–1989 Cohort adjusted to 1955–1959 age structure 63.9 79.0 +15.1

Both cohorts adjusted to 1955–1959 age structure 60.4 79.0 +18.6

1955–1959 Cohort adjusted to 1985–1989 age structure 48.6 75.1 +26.5

Both cohorts adjusted to 1985–1989 age structure 48.6 71.0 +22.4

Table 3

Weighting of patients diagnosed with endometrial cancer in Finland 1955–1959 and 1985–1989 in crude analysis and with alternative age adjustment

Age at diagnosis (years) Patients diagnosed in 1955–1959 Patients diagnosed in 1985–1989

Crude

analysis

Adjustment

to 1955-1959

age structure

Adjustment

to 1985–1989

age structure

Crude analysis Adjustment

to 1955–1959

age structure

Adjustment

to 1985–1989

age structure

15–44 1 6.5/6.5 = 1 3.3/6.5 = 0.51 1 6.5/3.3 = 1.95 3.3/3.3 = 1

45–54 1 30.3/30.3 = 1 13.6/30.3 = 0.45 1 30.3/13.6 = 2.22 13.6/13.6 = 1

55–64 1 39.3/39.3 = 1 27.9/39.3 = 0.71 1 39.3/27.9 = 1.41 27.9/27.9 = 1

65–74 1 17.6/17.6 = 1 31.0/17.6 = 1.77 1 17.6/31.0 = 0.57 31.0/31.0 = 1

75+ 1 6.3/6.3 = 1 24.2/6.3 = 3.81 1 6.3/24.2 = 0.26 24.2/24.2 = 1

Sum of weights 1071 1071 1071 2511 2511 2511

Table 4

Comparison of 10-Year relative survival of cohorts of patients diagnosed with endometrial cancer in Finland in 1955–1959 and 1985–1989 using

crude analysis and alternative age adjustment

Type of analysis 10-Year relative survival (%)

1955–1959 Cohort 1985–1989 Cohort Difference

No age adjustment (crude survival) 63.9 75.1 +11.2

Alternative age adjustment:

to 1955–1959 age structure 63.9 80.6 +16.7

to 1985–1989 age structure 55.6 75.1 +19.5

to EUROCARE-2 age structure 57.5 76.3 +18.8
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By contrast, application of the alternative age adjust-

ment procedure outlined in this paper, which can be eas-

ily implemented by assigning weights to the patients

within different age groups as outlined in Table 3 and

by using the extended macro adperiodh given on our
web-site, does not alter the crude relative survival rates

if adjustment is made to a study population�s own age

structure. Hence, the relative survival estimate obtained

for the 1985–1989 cohort by adjustment to the age struc-

ture of the 1955–1959 cohort can be readily compared

with the crude relative survival rate of the latter and

interpreted as the relative survival rate that would have

been expected for the 1985–1989 cohort if this cohort
had had the same age distribution as the 1955–1959 co-

hort (see Table 4). Analogously, the relative survival

estimate obtained for the 1955–1959 cohort by adjust-

ment to the age structure of the 1985–1989 cohort can

be readily compared with the crude relative survival esti-

mate of the latter and interpreted as the relative survival
rate that would have been expected for the 1955–1959

cohort if this cohort had had the same age distribution

as the 1985–1989 cohort.

Obviously, the alternative age adjustment can also be

applied with some external standard. For illustration,
Table 4 therefore also includes 10-year relative survival

rates for both cohorts of patients after adjustment to

the age structure of the EUROCARE-2 standard popu-

lation (reflecting the age structure of patients diagnosed

with endometrial cancer in 1985–1989 who were in-

cluded in the EUROCARE project) [4]. Overall, results

were quite similar to those of age adjustment to the

1985–1989 age structure of the Finnish women.
5. Discussion

In this paper, we propose a simple, alternative

method for age adjustment of cancer survival. We
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outline its computational realisation and we illustrate its

use with an application to data from the nationwide

Finnish Cancer Registry.

Our alternative method overcomes essential short-

comings of the traditional method for age adjustment

of relative survival rates. The latter often breaks down
if data within single age groups are sparse, in which case

it may not be possible to derive age-specific estimates of

long-term cancer survival. This problem is often encoun-

tered in older age groups, particularly if long-term sur-

vival rates are calculated, and it is due to the rapid

decline and eventual disappearance of the numbers of

persons at risk during follow-up. By contrast, our alter-

native method of age adjustment is unaffected by this
problem as there is no need to calculate age-specific sur-

vival rates. The only precondition here is that there is at

least one patient in each age group at the beginning of

follow-up (i.e., at the time of diagnosis), which is the

minimum requirement for calculating the weights to be

assigned to each patient, and which is a much less strin-

gent precondition than the presence of at least one pa-

tient at risk at each time interval of follow-up needed
in traditional age adjustment (unless all patients have

died before).

Another major shortcoming of traditional age adjust-

ment is that the adjusted relative survival rates are con-

ceptually different from the crude relative survival rates,

and that both measures may differ substantially, even if

adjustment is made to the study population�s own age

structure. As a result, the common practice of making
survival estimates between two cancer populations com-

parable by adjusting the survival estimate of one of the

populations to the age distribution of the other one

(used as standard) may often be misleading unless the

survival estimate in the standard population is also ad-

justed to its own age distribution. The practical rele-

vance of this problem, which becomes increasingly

important with increasing length of follow-up, has been
previously demonstrated for a large number of different

cancers [8]. It was also very evident in the empirical

example given in this paper. We have previously demon-

strated a possible solution to overcome this problem by

the use of alternative weights in traditional age adjust-

ment of relative survival rates [8]. However, application

of this solution was less straightforward, as it still re-

quired to carry out age-specific survival analyses, and
it also required derivation of expected survival rates

for the standard cancer population. The latter depend

on the length of follow-up and may be difficult to obtain

in some instances, e.g. when adjustment is made to some

external standard, such as the world standard cancer

population. The alternative method of age adjustment

introduced in this paper is not affected by these

limitations.
The empirical illustration given in this manuscript

was restricted to 10-year relative survival rates calcu-
lated according to the Hakulinen method. However,

the proposed alternative method is equally applicable

to relative survival rates calculated by other methods,

to calculation of absolute survival rates, or for different

lengths of follow-up.

While the proposed alternative adjustment procedure
has clear advantages in the comparison of survival be-

tween populations or between various calendar periods

within one population, preferences may be different in

situations where the focus is on comparisons of patient

survival in various follow-up periods since diagnosis.

As shown by Hakulinen more than 25 years ago [16],

the age distribution of surviving cancer patients tends

to change during follow-up (typically towards younger
ages), and this change may confound comparisons of

patient survival over time. This type of confounding

would be eliminated or reduced by traditional age

adjustment, where the weights for the various age

groups remain the same in all of the follow-up periods.

In summary, we have outlined an alternative method

of age adjustment of cancer survival rates which should

facilitate valid comparisons of cancer survival rates be-
tween different populations or over time within one pop-

ulation even when data are sparse.
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