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Abstract

Monitoring of long-term survival rates, which is now routinely performed by many cancer registries throughout the world,
should be as up-to-date as possible. A few years ago, a new method of survival analysis, denoted period analysis, has been proposed
which provides more up-to-date estimates of long-term survival rates than traditional survival analysis by exclusively reflecting the

survival experience of patients within a recent calendar period. However, application of this method has so far been hindered by the
lack of pertinent computer programs. In this paper, we present a simple and easy-to-use computer program (SAS macro) that
enables one to carry out period analysis (as well as conventional analysis) of both absolute and relative survival rates with the type

of data commonly available in population-based cancer registries. We illustrate application of the program with examples from the
nationwide Finnish Cancer Registry. # 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Long-term survival rates are essential outcome mea-
sures of patients with cancer. Monitoring of long-term
survival rates is now routinely performed by many can-
cer registries throughout the world. The most com-
monly reported measures of long-term survival reported
by population-based cancer registries are 5- and 10-year
survival rates (e.g. Refs. [1–7]). Occasionally, survival
rates are also reported for longer follow-up times, such
as 15 or 20 years [8].
Survival rates are typically monitored and reported

for patients diagnosed within defined calendar years by
traditional methods of survival analysis [9–12]. Often,
only patients who have been followed over the full fol-
low-up period of interest are included in the analysis.
For example, the most recent estimate of 10-year survi-
val of patients with acute lymphocytic leukaemia pro-
vided in a recent report from England and Wales

pertained to patients diagnosed between 1981 and 1985
and followed until the end of 1995 [13].
As survival estimates derived in this way of a cohort

approach pertain to survival experience of patients
diagnosed many years ago, they do not reflect potential
recent progress in prognosis, and they may strongly lag
behind the survival expectations of newly diagnosed
patients in cases of recent improvement in prognosis.
Other analyses also include more recently diagnosed
patients who have not completed the full follow-up
period of interest at the closing date of follow-up, but
who are censored at that point of time. For example, a
recent survival analysis from the Finnish Cancer Reg-
istry included patients diagnosed in 1985–1994 and fol-
lowed until the end of 1995 to derive the most up-to-date
10-year survival rates [14]. However, even with this
approach, the most up-to-date long-term survival esti-
mate reflects survival experience over a time period that
dates back quite a long term in the past, and it may still be
quite outdated in case of recent improvement of survival.
A few years ago, a new method of survival analysis,

denoted period analysis, has been proposed in order to
obtain more up-to-date estimates of long-term survival
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rates [15,16]. Period analysis exclusively reflects the sur-
vival experience of patients within a most recent calen-
dar period, e.g. the most recent calendar year, for which
mortality follow-up is available. This is achieved by left
truncation of observations at the beginning of this per-
iod, in addition to right censoring at its end as pre-
viously described in Refs. [15,16].
Recently, period analysis has been used by various

cancer registries to derive more up-to-date estimates of
long-term survival rates [17–21]. However, more wide-
spread application has been hindered by the lack of
pertinent computer programs which is often the obstacle
retarding the wider utilisation of a new statistical
method. In this paper, we present a simple and easy-to-
use computer program that enables one to carry out per-
iod analysis of survival with the type of data commonly
available in population-based cancer registries, and we
illustrate its application by examples from the Finnish
Cancer Registry. We thereby hope to facilitate use of this
new approach by cancer registries interested in deriving
more up-to-date estimates of long-term survival rates.

2. The Computer Program

2.1. Statistical method

The program uses a life table approach in which con-
ditional survival probabilities for 1-year intervals fol-
lowing diagnosis are combined to derive cumulative
survival rates. Both absolute and relative survival rates
can be estimated. The relative survival rates, which are
commonly reported by cancer registries along with
absolute (observed) survival rates, reflect the net mor-
tality of patients in the hypothetical situation in which
cancer is the only cause of death. The relative survival
rates are derived as the ratios of the observed survival
rates to the expected rates for groups of people in the gen-
eral population similar to the patient group with respect to
sex, age and calendar period of observation [11,12].
In our program, the relative survival rates are esti-

mated according to the method commonly known as the
Ederer II method [22] adapted (by left truncation of
observations at the beginning of the period of interest)
to the period analysis approach. Point estimates and
standard errors, calculated according to Greenwood’s
method [23], are provided.

2.2. Software requirements

The program is written as a SAS macro called ‘period ’
and can be run with the SAS statistical software pack-
age version 8 or older. The macro and its documenta-
tion can be downloaded free of charge from the
statistical archive network maintained by the Depart-
ment of Informatics, Biometry and Epidemiology at the

University of Erlangen-Nuremberg (http://www.imbe.
med.uni-erlangen.de/issan/issan.html). Extensive valida-
tion efforts have been made to guarantee the correctness
of the macro. The macro is presented and explained in
detail below, so that investigators may easily adapt the
program to their specific needs.

2.3. Data requirements

As with traditional survival analysis, the following
minimal information is needed for each patient included in
the analysis (notation and definition of variables in par-
entheses; see also Table 1): Month of diagnosis (dm,
14dm412) and year of diagnosis (dy, four digits, e.g.
1990), month of end of follow-up ( fm, 14fm412) and
year of end of follow-up ( fy, four digits, e.g. 1995), and
vital status at the end of follow-up (vitstat; 1=alive,
2=dead). Patients with missing information on any of
these variables should be excluded prior to analysis.
Although the programmay easily be extended to allow for
the use of more precise dates (e.g. day of diagnosis and
death), this is neither necessary nor commonly done for
most applications of monitoring of cancer patient survival.
If relative survival rates are to be obtained in addition

to absolute survival rates (or if age- and sex-specific
analyses are performed), which is common practice in
the cancer registry world, one also needs to have sex
(sex; 1=males, 2=females) and age at diagnosis (diag-
age; in years) of each patient, as well as conditional
1-year survival rates by age and sex of the general
population for the calendar period included in the ana-
lysis. This information is commonly provided as an
integral component of period life tables by national or
state statistical offices. In the absence of such life
tables, they may also be easily be constructed from age-
and sex-specific mortality rates as described in detail

Table 1

List of variables needed for each patient and required specifications

Variables needed for all patients

diagage age at diagnosis (in years)

sex gender (1=males, 2=females)

dy year of diagnosis (e.g. 1990)

dm month of diagnosis (e.g. 6 for June)

fy year of end of follow-up (e.g. 1995)

fm month of end of follow-up

(e.g. 12 for December)

vitstat vital status at the end of follow-up (1=alive, 2=dead)

Specifications

k length of follow-up (e.g. k=10 for 10-year survival rates)

perbeg first calendar year of period of interest (e.g. 1995)

perend last calendar year of period of interest (e.g. 1997)

P[2,100] 2�100 dimensional array

Elements P [sex,toage] indicate conditional survival

rates from age toage-1 to age toage of male (sex=1)

or female (sex=2) subjects in the general population

during the period of interest
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elsewhere in [24]. The conditional one year survival
rates by sex and age must be read in a 2�100 dimen-
sional array (P[2,100]) with elements p[sex,toage], where
toage=1,. . .,100 indicates the upper end of 1-year age
intervals. For example, p[1,50] equals the conditional 1-
year survival of a male person from his 49th to his 50th
birthday.
Other specifications that need to be made include the

length of follow-up in years (denoted k, e.g. k=10 for
10-year survival rates), and the first and last calendar
year of the period of interest (denoted perbeg and per-
end, respectively). These settings can be specified in the
macro call.

2.4. Macro composition

The macro period, which is shown in the Appendix,
includes four steps. Each of these steps is outlined by per-
tinent comments (lines starting with ‘**’) in the macro.
Step 1, which is the core step of the macro, determines

the contribution of each patient to person-times at risk
(perl[i]), observed deaths (perd[i]), as well as expected
deaths in the absence of cancer (perde[i]) for each fol-
low-up year i (1<=i<=k). This step starts with speci-
fications of pertinent arrays of length k, whose cells are
initially set to 0. All further calculations are done itera-
tively for each calendar year (cy) included in the period
of interest, and they are restricted to those patients
whose year of diagnosis equals or precedes the cy by up
to k years, and who are still at risk in the cy (only those
patients may contribute deaths and/or person-time at
risk in cy). For these patients, their age in cy is
calculated (age, in years), and the expected 1-year
probability of survival of a person of the same age and
sex in the general population, denoted gp, is derived
from the population life table. Because life tables are
typically limited to ages below 100 years, and because
the number of subjects above that age is typically very
small, the simplifying assumption is made that the 1-
year survival probability of subjects above the age of
100 years in the general population equals the 1-year
survival probability of 99-year-old people (this assump-
tion has very little impact on the overall estimates of
relative survival).
The contribution of each patient to the person-time at

risk and to the observed and expected number of deaths
are then determined for each follow-up year i following
diagnosis (14i4k). Follow-up year specific person-
times at risk and observed and expected numbers of
death are summed up over calendar years cy included in
the period of interest.
In step 2 of the macro, the follow-up year specific

person-times at risk and observed and expected num-
bers of deaths are summed up over all patients. These
sums (sperl[i], sperd[i] and sperde[i], 14i4k) are
written into a new dataset called sumvar.

In step 3, cumulative absolute and relative survival
rates (abssur[i] and relsur[i], respectively) with their
standard errors (abserr[i] and relerr[i], respectively)
are derived for each follow-up year i (14i4k) using
standard methodology [12].
In step 4, the requested output is specified. The

default ouput consists of the cumulative absolute and
relative survival rates and their standard errors for each
year (up to the kth year) following diagnosis, but this
may be easily customised as desired by simple mod-
ifications of the variables included in the ‘print’ pro-
cedure (second line from bottom).

2.5. Use of the program for conventional survival
analysis

The program may also be used for conventional sur-
vival analysis by simply including all calendar years
from the earliest year of diagnosis of the patients to the
last calendar year of the follow-up (to be defined by
appropriate specifications for perbeg and perend) in the
period of interest. If only patients diagnosed within
defined calendar years are to be included, the sample
needs to be restricted accordingly prior to invoking the
macro.
Calculations of long-term survival rates by traditional

methods typically include survival experience of patients
over a wide range of calendar years, and it may be pru-
dent to refer to different life tables for the general
population rather than to a single life table for different
calendar years in the derivation of relative survival
rates. This may easily be accomplished by additional
invoking of a macro that reads the life table information
for the specific calendar year of interest into the array
P[2,100] at the beginning of the calendar year specific
calculations in step 1 of the macro period (such an
addition may also be considered for period analyses
encompassing calendar periods of more than one calen-
dar year).

3. Empirical examples

We illustrate use of the macro with an analysis inten-
ded to derive up-to-date estimates of 10-year relative
survival rates of patients with various forms of cancer in
Finland. Our estimates are based on data of the
nationwide Finnish Cancer Registry, which is among
the highest quality cancer registries in the world. Vir-
tually complete cancer registration and mortality fol-
low-up has been achieved since the early 1950s [25,26].
At the time of this analysis, the data base of cancer
registration and mortality follow-up had been com-
pleted until the end of 1997.
We calculated 10-year absolute and relative survival

estimates for various common forms of cancer (colon,
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lung, breast, prostate) and their standard errors for the
periods 1990–1992, 1993–1995 and 1996–1997 to investi-
gate recent trends in long-term prognosis. We a priori
restricted the sample to patients diagnosed in 1980 or
later years, because patients diagnosed in earlier years
have completed all of their 10-year follow-up prior to
1990. We used a period life table for 1991–1995 in all
analyses. The macro calls for the three analyses are
simply given by %period (10, 1990, 1992), %period (10,
1993, 1995) and %period (10, 1996, 1997), respectively.
The results are presented in Table 2. As expected, prog-

nosis varied according to the type of cancer. The highest
10-year survival rates were seen for breast cancer, and the
lowest 10-year survival rates were seen for lung cancer.
The difference between relative and absolute survival
rates was largest for prostate cancer, as the mean age
and hence mortality from other causes is much higher
for patients with this cancer than for other patients. For
all types of cancer, except for lung cancer, our analysis
shows substantial recent improvement in long-term sur-
vival rates. In the 1996–1997 period, the 10-year relative
survival rate exceeded 55% for both colon and prostate
cancers, and 75% for breast cancers. These improvements
had not been disclosed in previous reports which were
based on traditional methods of survival analysis [14].

4. Discussion

In this paper, we provide an easy-to-use computer
program (SAS macro) that should facilitate use of the
period approach for estimating long-term absolute and
relative survival rates, which are commonly reported by
cancer registries for monitoring progress against cancer.
The period approach which has been introduced some
years ago leads to more up-to-date estimates of long
term survival rates than traditional methods of survival
analysis [15,16]. Nevertheless, even period estimates

may still lag behind the survival expectations of newly
diagnosed patients in the case of ongoing improvement
in survival. In theory, period analysis might also pro-
vide overoptimistic estimates of long-term survival rates
in situations in which recent advancements in cancer
care or early diagnosis merely postpone death rather
than increase the chance of survival. However, an
extensive empirical evaluation of the method in the
database of the Finnish Cancer Registry, which encom-
passes registrations over almost half a century, revealed
that this theoretical possibility is of much less concern in
practice than potential underestimation of survival
rates, even though the latter is typically much less severe
for period analysis than for traditional survival analysis
[27,28]. Like other forms of survival analysis, period
analysis does not by itself disclose the reasons for
increased survival. They may include earlier diagnosis
(in which case survival time may only be increased by
the lead time in some instances) or more effective ther-
apy. In the unusual case of deteriorating survival rates
over time, such an alarming development would like-
wise be more timely disclosed by period analysis than by
traditional methods of survival analysis.
In contrast to survival analysis, the principle of period

analysis is well established for other health statistics.
For example, up-to-date estimates of life expectancy are
commonly derived from period life tables, which reflect
mortality rates of people at various ages (belonging to
various birth cohorts) during a recent calendar period,
such as a recent calendar year, rather than from cohort
life tables, which would reflect mortality rates of birth
cohorts born at least a life-span ago. Similarly, cumulative
rates or risks up to a certain age, e.g. age 75 years,
which are well established measures of cancer incidence
or mortality [26], are derived for the most recent calendar
periods for which age-specific data on cancer incidence
are available rather than for cohorts of patients born 75
years ago (the latter would not even be possible with
existing cancer registries).
The program presented in this paper uses a modified

life table approach, in which cumulative long-term sur-
vival rates are derived from conditional survival prob-
abilities within 1-year intervals following diagnosis.
Like conventional life table analysis, this approach is
based on the assumptions that censoring of patients is
independent from their risk of death, and that the
probability of death is constant within time intervals.
Although the latter assumption does typically not fully
hold in practice, the impact of its violation on the esti-
mation of long-term survival rates is typically negligible
for practical purposes, and life table analyses using
1-year time intervals are common practice in the cancer
registry world [8,12]. The program may be adapted to
allow for shorter time intervals, but the (typically very
modest) gain in accuracy may, for practical purposes,
not be worth the increased complexity this would imply.

Table 2

Period estimates of absolute and relative 10-year survival rates (in %;

standard errors in parentheses) for common forms of cancer in Fin-

land in 1990–1992, 1993–1995 and 1996–1997

Cancer site 1990–1992 1993–1995 1996–1997

Colon Absolute 28.2 (0.9) 29.7 (0.9) 33.4 (1.1)

Relative 46.8 (1.5) 49.8 (1.5) 57.0 (1.8)

Lung Absolute 4.4 (0.2) 4.4 (0.3) 5.0 (0.4)

Relative 6.5 (0.4) 6.6 (0.4) 7.5 (0.5)

Breast Absolute 51.4 (0.6) 54.0 (0.6) 58.5 (0.7)

Relative 66.5 (0.8) 69.9 (0.8) 75.2 (0.9)

Prostate Absolute 18.1 (0.7) 19.1 (0.7) 23.0 (0.9)

Relative 43.2 (1.6) 46.5 (1.6) 56.1 (2.1)
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As it stands, the output of the program is limited to a
list of absolute and relative cumulative survival rates
and their standard errors. The program may be easily
modified to provide additional output, such as the
numbers of deaths and person-times at risk, as well as
the conditional survival probabilities by follow-up
interval. Other possible extensions might include further
processing of the results, e.g. for generating graphical
presentations of survival curves, but this is beyond the
scope of this paper.
The program is provided as a SAS macro, and it

should therefore be readily applicable by scientists who
have access to this widely used software package. For
those who use other statistical software packages, it
should not be too difficult to translate the macro
accordingly, given its brevity and simple structure.
Apart from its use for period analysis of survival, the
program may also facilitate carrying out conventional
(cohortwise) analyses of relative survival rates (as
described above), as procedures for estimating relative
survival rates are typically not included in commonly
used commercial software packages and therefore
require special software.
In conclusion, we hope that our paper may be helpful

to researchers interested in conducting period analyses
of survival rates, and that it may promote the use of this
approach for deriving more up-to-date estimates of
long-term survival of patients with cancer.
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Appendix. Macro ‘period’

%macro period(k,perbeg,perend);

** Step 1: Determining the contribution of each patient
to person-times at risk (perl[i]), observed
deaths (perd[i]), and expected deaths in the
absence of cancer (perde[i]) for each follow-
up year i (1<=i<=k);

array perl [&k]; array perd [&k]; array perde [&k];
do i=1 to &k; perl[i]=0; perd[i]=0; perde[i]=0; end;

do cy=&perbeg to &perend;
i=cy-dy;
if 0<=i<=&k and cy<=fy then do;

age=diagage+(cy-dy);
if age>99 then gp=p[sex,100];

else if age=0 then gp=p[sex,1];
else gp=(p[sex,age]+p[sex,age+1])/2;

** note: gp=expected 1-year survival prob-
ability of a person of the same sex and age in
the general population;
if i>0 then do;

perl[i]=perl[i]+0.5; perde[i]=perde[i]+
0.5*(1-gp); end;

if ((vitstat=1 and fm>=dm) or cy< fy) and
i<&k then do;

perl[i+1]=perl[i+1]+0.5; perde[i+1]=
perde[i+1]+0.5*(1-gp); end;

if vitstat=2 and fm<dm and i>0 and fy=cy
then perd[i]=1;
if vitstat=2 and fm>=dm and fy=cy and
i<&k then do;

perl[i+1]=1; perde[i+1]=1-gp;
perd[i+1]=1; end;

end;
end;

** Step 2: Summing up person times at risk, observed
and expected deaths over all patients
(dataset sumvar, variables sperl[i], sperd[i]
and sperde[i], respectively);

proc means noprint sum; var perl1-perl&k perd1-
perd&k perde1-perde&k;
output out=sumvar sum=sperl1-sperl&k sperd1-
sperd&k sperde1-sperde&k; run;

** Step 3: Determining absolute cumulative survival
rates (abssur[i]) and their standard errors
(abserr[i]), expected cumulative survival
rates in the absence of cancer (expsur[i]), and
relative cumulative survival rates (relsur[i])
and their standard errors (relerr[i]) for each
follow-up year i (1<=i<=k);

data sumvar; set sumvar;
array sperl[&k]; array sperd[&k]; array sperde[&k];
array abssur[&k]; array expsur[&k];
array vari[&k]; array abserr[&k]; array relsur[&k]; array
relerr[&k];

do i=1 to &k;
if sperd[i]>0 and sperd[i]>=sperl[i] then
abssur[i]=0;

else if i=1 then abssur[i]=1-sperd[i]/sperl[i];
else if abssur[i-1]=0 then abssur[i]=0;

else abssur[i]=abssur[i-1]*(1-sperd[i]/
sperl[i]);

if i=1 then expsur[i]=1-sperde[i]/sperl[i];
else expsur[i]=expsur[i-1]* (1-sperde[i]/
sperl[i]);

if abssur[i]=0 then vari[i]=.;
else if i=1 then vari[i]=sperd[i]/(sperl[i]*
(sperl[i]-sperd[i]));
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else vari[i]=vari[i-1]+sperd[i]/(sperl[i]*
(sperl[i]-sperd[i]));

** note: var[i] is the variance of absolute cumu-
lative survival for follow-up year i;
abserr[i]=abssur[i]*sqrt(vari[i]);
if abssur[i]=0 then relsur[i]=0;

else relsur[i]=abssur[i]/expsur[i];
relerr[i]=abserr[i]/expsur[i];

end;

** Step 4: specification of output;

proc print; var abssur1-abssur&k abserr1-abserr&k
relsur1-relsur&k relerr1-relerr&k;
%mend period;
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