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Abstract

Up-to-date monitoring of long-term survival is an important task of population-based cancer registries. Period analysis, a new
method of survival analysis introduced a few years ago, has been shown to be particularly useful for that purpose. The “classical”
period analysis uses a life-table approach which requires both the year and month of diagnosis for implementation in pertinent soft-
ware programs. However, an increasing number of cancer registries remove the month of diagnosis from their datasets, mainly to
ensure the highest possible protection against re-identification of patients. In this paper, we present modifications of period analysis
that allow the application of this technique, while almost completely preserving its advantages, in datasets without the month of
diagnosis. The modified techniques are illustrated and evaluated using examples from the Surveillance, Epidemiology, and End
Results (SEER) programme of the United States (US) National Cancer Institute (NCI), which also has removed month of diagnosis

from its most recently released public use database.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Up-to-date monitoring of long-term survival is an
important task of population-based cancer registries
[1]. Period analysis, a new method of survival analysis
introduced a few years ago [2], has been shown to be
particularly useful for that purpose, as it enables detec-
tion of time trends in long-term survival rates long be-
fore they can be disclosed by traditional survival
analysis [3-5]. The principle of period analysis is to re-
strict the survival experience to be included in the anal-
ysis to some recent time period, such as some recent
calendar year, which is achieved by left truncation of
observations at the beginning of that period in addition
to the commonly employed right censoring at its end.
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The “classical” period analysis as introduced by
Brenner and Gefeller in 1996 [2] uses a life-table ap-
proach which requires both the year and month of diag-
nosis for implementation in pertinent software programs
[6,7]. Recently, an increasing number of cancer registries
started to remove the month of diagnosis from their
datasets, mainly to ensure the highest possible protec-
tion against re-identification of patients. For example,
both the year and month of diagnosis had been included
in former releases of data from the Surveillance, Epide-
miology, and End Results (SEER) programme of the
United States (US) National Cancer Institute (NCI),
whereas the month of diagnosis was removed, for the
first time, from the 1973 to 2001 dataset released in April
2004 [8]. Similarly, the European database of the Auto-
mated Childhood Cancer Information System (ACCIS)
includes only the year, and not the month of diagnosis
[9]. Although these datasets still include the survival
time of patients in months, this information, along with
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calendar year of diagnosis, is not sufficient to determine
the calendar year of death (or of end of follow-up
among censored patients) which would be required for
a classical period analysis.

In this paper, we propose and evaluate modifications
of period analysis that still allow application of this use-
ful technique in datasets in which the month of diagno-
sis has been removed.

2. Patients and methods
2.1. The “classical” period analysis

The classical period analysis is illustrated by the fol-
lowing example. Let us assume that one wished to ob-
tain an up-to-date estimate of 10-year survival for
patients with some form of cancer using a database of
cancer registry data that includes incident cases as well
as follow-up of patients with respect to vital status up
to and including the year 2000.

With a traditional cohort analysis, 10-year survival
might have been obtained from patients who could have
been observed for 10 years following diagnosis by the
end of 2000, i.e., patients diagnosed in 1990 or earlier.
To increase the precision of estimates, one might have
pooled data from several consecutive years of diagnosis,
such as the years 1988-1990, as indicated by the solid
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frame in Fig. 1. However, this approach would not have
reflected improvements in prognosis achieved in the
1990s, e.g., by advancements in early detection or
therapy.

By contrast, a period analysis for the period of 1998—
2000 would have exclusively reflected the survival expe-
rience in these three recent years. With this approach,
survival during the Ist year following diagnosis would
have been obtained from patients diagnosed in 1997—
2000, survival in the 2nd year following diagnosis would
have been obtained from patients diagnosed in 1996—
1999, and so on, until conditional survival in the 10th
year following diagnosis, which would have been ob-
tained from patients diagnosed between 1988 and 1991
(dashed frame in Fig. 1). These conditional survival
rates by year following diagnosis would then be multi-
plied to come up with a period estimate of 10-year
survival.

2.2. A modified period analysis

As mentioned previously, the year of diagnosis is not
sufficient for the classical period approach, as it does not
allow an unequivocal attribution of deaths to calendar
years, even if the exact survival time is known. However,
deaths by year of follow-up can be unequivocally attrib-
uted to a pair of calendar years, as shown in Fig. 2. For
example, it is clear that a death during the 10th year

Years of Years of Follow-up
Diagnosis 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997|_1928 1999 2_000_I
1988 1 12 23 34 45 56 67 78 89 9/10 | 10 |
1989 1 12 23 34 45 56 67 18 891 910 10 I
1990 1 1223 3/4 4/5 5/6 67 /8 ! 89 9/10 10 I
1991 1 12 2/3 3/4 45 5/6 6/7 ; 7/8 89  9/10 :
1992 1 12 23 34 45 sl e s 89 |
1993 1 172213  3/4 45 I 56 6/7 /8 I
I I
1994 1 172 213 3/4 I 4/5 56 6/7 I
1995 1 12 2/3 : 3/4 45  5/6 :
1996 1 121 23 34 45 |
1997 1 I 12 23  3/4 I
1998 : 1 172 273 :
1999 | 1 172 |
1 1
2000 1

Fig. 1. Data included in a traditional cohort analysis of 10-year survival for a cohort of patients diagnosed in 1988-1990 (solid frame) and in a
classical period analysis of 10-year survival for the 1998-2000 calendar period (dashed frame). The numbers within the cells indicate the years of

follow-up after diagnosis.
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Years of Years of Follow-up
Diagnosis 1988/ 1989/ 1990/ 1991/ 1992/ 1993/ 1994/ 1995/ 1996/ 1997/ 1998/ 1999/
1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
I —— I
1988 1 2 3 4 5 6 7 8 9 | 10 |
1989 1 2 3 4 5 6 7 8 |9 10 |
I I
1990 1 2 3 4 5 6 7 .8 9 10 |
1
1991 1 2 3 4 5 6 | 7 8 9 |
1992 1 2 3 4 5 : 6 7 8 :
1993 1 2 3 4 |5 6 7
1994 1 2 3 : 4 5 6 :
1995 1 2 13 4 5
1996 1 I 2 3 4 I
I I
1997 I 1 2 3 I
1998 | o2 |
I I
1999 | L

Fig. 2. Data included in a traditional cohort analysis of 10-year survival for a cohort of patients diagnosed in 1988-1990 (solid frame) and in a
modified period analysis of 10-year survival within the 1997-2000 calendar period (dashed frame). The numbers within the cells indicate the years of

follow-up after diagnosis

following diagnosis of a patient diagnosed in 1988 oc-
curred at some time during 1997/1998. Hence, a modi-
fied period analysis for (overlapping) pairs of calendar
years 1997/1998, 1998/1999, and 1999/2000 would still
be feasible, as indicated by the dashed frame in Fig. 2.
The result should be similar, but not equivalent to a
classical period analysis for the period of 1998-2000.
Like the latter, the modified period analysis covers all
of the patients’ survival experience in 1998 and 1999.
However, some part of the patients’ survival experience
in 1997 is also included, whereas the survival experience
of patients in 2000 is only partly included. Hence, sur-
vival rates obtained with this analysis, would be ex-
pected to be slightly (i.e., approximately half a year)
less up-to date than the classical period survival rates,
but still much more up-to-date than the traditional co-
hort survival rates. A traditional cohort analysis of 10-
year survival for the 1988-1990 cohort could be realised
with this data structure (Fig. 2, solid frame) in the same
way as in cases with complete dates of diagnosis (Fig. 1,
solid frame).

2.3. Other alternatives
An even simpler alternative approach to come up

with period estimates of survival in datasets lacking
month of diagnosis would be to impute a common

month for each patient. June or July would initially ap-
pear to be natural choices for that month, as they should
represent the “median” month of diagnosis for the can-
cer patients. However, December might also be consid-
ered as an alternative, as this would ensure that
follow-up is complete and vital status is known for all
patients until the closing date of follow-up (except for
those patients who were lost to follow-up anyway), be-
cause the date of diagnosis is not artificially advanced
to an earlier date for any of the patients.

2.4. Empirical evaluation

We evaluate and compare the different approaches
for cancer patients in the US using the SEER 1973-
2000 database [10]. This database includes records of
cancer patients diagnosed in 1973-2000 and followed
with respect to vital status until the end of 2000 from
nine population-based cancer registries in the US (Con-
necticut, New Mexico, Utah, Iowa, Hawaii, Atlanta,
Detroit, Seattle-Paget Sound, and San Francisco-Oak-
land) covering a population of approximately 30 million
people. The SEER programme is the most authoritative
source of information on cancer incidence and survival
in the US, and is considered a model for quality among
cancer registries around the world. Quality control has
been an integral part of SEER since its inception. Every



H. Brenner, V. Arndt | European Journal of Cancer 41 (2005) 438—444 441

year, studies are conducted in the SEER areas to evalu-
ate the quality and completeness of the data being re-
ported (SEERS’ standard for case ascertainment is 98%).

The 1973-2000 SEER database was released in April
2003 and contains both the year and month of diagnosis
for cancer patients [10]. Hence it allows us to estimate
traditional 10-year cohort survival rates for the 1988-
1990 cohorts of patients, as well as both classical 10-year
period survival rates for the 1998-2000 period and mod-
ified 10-year period survival rates for 1997-2000, as
shown in Figs. 1 and 2.

In this analysis, all three types of estimates were de-
rived for patients with a first diagnosis of either one of
22 common forms of cancer (which together account
for approximately 90% of all cancers). In addition, clas-
sical period analyses for the 1998-2000 period were re-
peated after imputation of either June or December as
the month of diagnosis to assess the performance of
these alternative potential analytical strategies in situa-
tions with missing information on the month of
diagnosis.

The analysis was restricted to patients above the age
of 15 years because childhood cancers, which account
for less than 1% of all cancers, differ from adulthood
cancers in many respects. Furthermore, patients with a
truly unknown month of diagnosis (0.6%) or length of
follow-up (1.5%) were excluded, as were patients who
were reported to the registries by death certificate only
(1.2%) or by autopsy only (0.3%).

To address both total and cancer-related mortality,
both absolute and relative survival rates are presented.
Relative survival rates indicate so-called net survival
of patients with cancer. They can be interpreted as ex-
pected survival rates of cancer patients in the hypo-
thetical situation in which cancer is the only cause
of death [11]. Relative survival rates are calculated
as the ratio of absolute survival rates of cancer pa-
tients divided by the expected survival rates for a
group with similar age and gender distribution from
the general population. Expected survival was esti-
mated according to calendar year, age (single years),
gender, and race from population life-tables according
to Hakulinen’s method [12]. For the years 1986-1995,
US life-tables for the year 1990 provided from the
SEER public use database were used [10], for the
years 1996-2000, US life-tables for the year 2000 were
used [13]. Standard errors were calculated according
to Greenwood’s method [14]. However, as standard er-
rors were generally very small (<1% for 205 of 220
survival estimates shown in this paper, <1.5% for all
cases) given the very large numbers of patients in-
cluded in all analyses, standard errors are not indivi-
dually reported in this paper.

All analyses were done with the SAS statistical soft-
ware package version 8.2 using a previously published
macro for both cohort and classical period analyses

[7], with minor adaptations to realise the modified peri-
od analysis shown in Fig. 2.

3. Results

Table 1 shows the total numbers of patients (diag-
nosed in 1988-2000) by cancer site included in this anal-
ysis, as well as the various estimates of absolute 10-year
survival rates. The most common form of cancer was
prostate cancer, followed by breast cancer, lung cancer
and colon cancer.

10-year absolute survival for the cohorts of patients
diagnosed in 1988-1990 strongly varied according to
the cancer site, ranging from 90.5% for testicular cancer
to 1.5% for pancreatic cancer. According to the classical
period analysis for the 1998-2000 period using the full
information on the month of diagnosis (“true month
of diagnosis”), 10-year absolute survival increased for
most cancer sites in the 1990s. The strongest increase
was seen for prostate cancer (52.8% vs. 39.9%). For
many other cancers, somewhat less pronounced, but still
relevant improvements were disclosed by the period
analysis (e.g. oral cavity cancer: 34.4% vs. 30.1%, rectum
cancer: 36.3% vs. 32.7%, breast cancer: 61.8% vs. 58.7%,
ovarian cancer: 38.5% vs. 35.0%, kidney cancer: 38.6%
vs. 35.3%, Non-Hodgkin’s lymphoma: 35.3% vs.
29.4%). Unfortunately, no major improvements were
achieved for some cancers that have a very dismal prog-
nosis, including lung and pancreatic cancers.

In general, the modified period analysis covering the
survival experiences of patients in 1997-2000 as de-
scribed above, which would still be feasible if no informa-
tion on months of diagnosis was included in the dataset,
provided very similar, and, in most cases, almost identi-
cal estimates of 10-year absolute survival rates as the
classical period analysis for the 1998-2000 period. Hence
the major improvements achieved in the 1990s could
have been disclosed by this modified method almost as
well as with the classical period analysis. Only for pros-
tate cancer would the large increase not have been cap-
tured as completely by the modified period analysis.

Of the two alternative approaches with an imputed
month of diagnosis, the one using December also pro-
vided very similar and often essentially identical results
as the classical period analysis including a known (true)
month of diagnosis. By contrast, 10-year absolute sur-
vival was generally somewhat overestimated for all pa-
tients if June was imputed as the month of diagnosis.

10-year relative survival estimates are generally con-
siderably higher than 10-year absolute survival rates,
particularly for those cancers which occur predomi-
nantly at older ages, such as cancers of the prostate, co-
lon, rectum, corpus uteri, and urinary bladder (see Table
2). As a result, the differences between the various sur-
vival estimates are, in absolute terms, also somewhat
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Table 1

10-year absolute survival estimates for cohorts of patients diagnosed in 1988-1990, “classical” period estimates for the 1998-2000 period (see Fig. 1)
with the true month of diagnosis, or imputing June or December as the month of diagnosis, and modified period estimates for the 1997-2000 period
(see Fig. 2)

Cancer site n 10-year absolute survival (%)

Cohort analysis 1988-1990

Classical period analysis 1998-2000 Modified period analysis 1997-2000

Month of diagnosis

True “June” “December”
Oral cavity 28,969  30.1 34.4 359 34.3 34.2
Oesophagus 11,192 4.5 6.5 7.6 6.7 6.1
Stomach 22,240  10.5 11.3 12.6 114 11.2
Colon 97,008  32.9 333 35.2 332 33.0
Rectum 39,205  32.7 36.3 38.0 36.5 36.0
Pancreas 27,288 1.5 2.0 2.5 2.3 22
Larynx 11,294 372 36.4 38.2 36.0 36.0
Lung 161,293 6.3 6.9 7.9 7.0 7.0
Melanoma 41,195  69.9 70.7 71.6 71.0 70.5
Breast 184,532 58.7 61.8 63.4 61.9 61.4
Cervix 14,296  58.6 59.8 61.4 59.5 59.5
Corpus 35,782 61.7 62.4 64.0 63.1 62.7
Ovaries 24,339  35.0 38.5 404 38.7 38.8
Prostate 201,578  39.9 52.8 54.6 53.2 51.6
Testis 8,607  90.5 91.0 91.7 91.3 90.6
Urinary bladder 50,215  44.1 44.2 46.3 44.6 44.3
Kidneys 25,483 353 38.6 40.6 39.5 38.7
Hodgkin’s lymphoma 16,380 16.8 19.0 20.4 19.6 19.2
Non-Hodgkin’s lymphoma 48,111 294 35.3 36.8 35.0 34.3
Myeloma 13,954 7.0 9.4 10.7 9.8 9.3
Lymphocytic leukaemia 12,603 29.5 31.7 34.0 31.8 31.8
Myeloid leukaemia 13,001 8.9 11.2 12.6 11.7 11.1
Difference from 1988 to 1990 cohort estimate
Maximum +12.9 +14.7 +13.3 +11.7
Minimum —0.8 +1.0 -1.2 -1.2
Median +2.1 +3.35 +2.25 +1.9
Difference from period analysis with true month of diagnosis
Maximum +2.3 +0.9 +0.3
Minimum +0.5 —-0.4 —-1.2
Median +1.55 +0.2 —0.15
Within +0.5% 1 of 22 19 of 22 21 of 22

% n = total number of patients in 1988-2000 included in the analyses.

higher than the differences seen for the 10-year absolute
survival rates. However, otherwise, the relative perfor-
mance of the various analytical strategies is essentially
the same: the often substantial increase in the 1990s is
disclosed by the modified period analysis and by the
classical period analysis using December as the month
of diagnosis almost as well as by the classical period
analysis with information on the true month of diagno-
sis, whereas imputing June as the month of diagnosis in
the classical period analysis again led to higher 10-year
survival estimates in all cases.

4. Discussion
In this manuscript, we provide alternative approaches

to the classical period analysis of survival to enable
application of the period analysis methodology even in

situations in which the month of diagnosis is not in-
cluded in the dataset. Our empirical evaluation using
cancer registry data of the SEER programme illustrates
that two of these approaches are, for practical purposes,
essentially equivalent to a classical period analysis.
However, the apparently obvious approach of imputing
June for the missing month of diagnosis provided higher
survival estimates and should not be used.

The latter finding may initially be surprising, as June
or July presumably represent the median month of diag-
nosis for cancer patients diagnosed in any given year.
One might therefore expect that imputing June or July
would introduce only minor imprecision. However, a
more careful look at the implications reveals that this
apparently obvious reasoning is flawed. For the “shift”
of some patients with a true month of diagnosis between
July and December to a diagnosis in June will, for some
patients, a shift their death from the first calendar year
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Table 2
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10-year relative survival estimates for cohorts of patients diagnosed in 1988-1990, “classical”” period estimates for the 1998-2000 period (see Fig. 1)
with the true month of diagnosis, or imputing June or December as the month of diagnosis, and modified period estimates for the 1997-2000 period

(see Fig. 2)

n

Cancer site 10-year relative survival (%)

Cohort analysis 1988-1990  Classical period analysis 1998-2000

Modified period analysis 1997-2000

Month of diagnosis

True “June” “December”
Oral cavity 28,969 41.8 47.2 49.4 47.2 47.0
Oesophagus 11,192 6.9 10.0 11.8 10.3 9.4
Stomach 22,240 17.6 19.0 21.2 19.1 19.0
Colon 97,008 57.1 57.2 60.5 57.0 56.9
Rectum 39,205  52.6 56.5 59.2 56.8 56.2
Pancreas 27,288 2.5 3.3 42 3.8 3.7
Larynx 11,294 533 51.8 54.4 51.3 51.1
Lung 161,293 9.6 10.5 12.2 10.7 10.6
Melanoma 41,195 85.5 87.2 88.4 87.6 87.3
Breast 184,532 76.8 80.5 82.5 80.6 80.1
Cervix 14,296  67.0 68.2 70.0 67.8 67.9
Corpus 35,782 82.7 84.0 86.2 84.9 84.3
Ovaries 24,339 452 50.2 52.6 50.4 50.6
Prostate 201,578  78.7 92.4 95.7 93.1 90.1
Testis 8,607 94.2 94.6 95.3 94.9 94.1
Urinary bladder 50,215  74.6 73.6 77.2 74.3 74.0
Kidneys 25,483  51.2 55.3 58.1 56.6 55.5
Hodgkin’s lymphoma 16,380 21.4 24.2 26.0 25.1 244
Non-Hodgkin’s lymphoma 48,111 41.5 49.7 51.8 49.3 48.5
Myeloma 13,954 114 15.2 17.3 15.8 15.0
Lymphocytic leukaemia 12,603  46.8 48.7 52.3 48.9 49.3
Myeloid leukaemia 13,001 133 16.5 18.5 17.3 16.5
Difference from 1988 to 1990 cohort estimate
Maximum +13.7 +17.0 +14.4 +11.4
Minimum -1.5 +1.1 -2.0 -2.2
Median +2.35 +4.75 +2.8 +2.5
Difference from period analysis with the true month of diagnosis
Maximum +3.6 +1.3 +0.6
Minimum +0.7 —0.5 —-23
Median +2.15 +0.3 —0.1
Within +0.5% 0 of 22 15 of 22 17 of 22

% n = total number of patients in 1988-2000 included in the analyses.
included in the period analysis to the preceding year. If,
as in our example and as in most applications of period
analysis, the last calendar year included in the period
analysis is also the last year of follow-up, this “loss of
deaths” will not be compensated for by deaths shifted
from the calendar year following the period of interest
into that period, which explains the overestimation of
survival for the most recent calendar period. Although
the shift of some patients with a true month of diagnosis
between January and May to a diagnosis in June will
also, for some patients, shift their death from the pre-
ceding calendar year to the first calendar year included
in the period of analysis, this shift is approximately com-
pensated for by an analogous shift of deaths from the
last calendar year included in the period analysis to
the following year (not included in the analysis).
Analogously, the shift of most patients with a true
month of diagnosis between January and November to
an imputed month of diagnosis in December will imply

for some patients a shift of their death from the preced-
ing calendar year to the first calendar year included in
the period of analysis. However, this shift is approxi-
mately compensated for by an analogous shift of deaths
from the last calendar year included in the period anal-
ysis to the following year (not included in the analysis),
which explains why this approach generally gives results
that are quite similar (although not necessarily exactly
identical) to those obtained in a classical period analysis.
Note that the specific month of diagnosis imputed
would be of little relevance for period estimates for ear-
lier periods (not including the last year of follow-up) and
entirely irrelevant for cohort estimates for cohorts with
complete follow-up.

The modified type of period analysis also gives results
very close to those obtained in a classical period analy-
sis, even though they tend to be, on average, slightly
lower. This very minor difference, which is negligible
for practical purposes in most cases, is explained by a
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delay of approximately half a year in the monitoring of
long-term survival compared with the classical period
analysis of survival, as outlined in Fig. 2. Given that
classical period analysis has been shown to advance
detection of time trends in 5-, 10-, 15- and 20-year sur-
vival by almost 5, 10, 15 and 20 years compared with
traditional cohort analysis [4], this delay is quite minor,
and only slightly diminishes the advantages of period
analysis in timeliness of survival estimates. Nevertheless,
this slight loss of timeliness of survival estimates has to
be kept in mind and weighed against the reasons given
for the removal of the month of diagnosis from datasets
which are mainly confidentiality concerns.

Our empirical evaluation found the performance of
the modified period analysis and the classical period
analysis using December as the month of diagnosis to
be approximately similar. Which of these methods one
might wish to apply may therefore be partly a matter
of taste. If one does not feel too comfortable with imput-
ing a “pseudomonth’ of diagnosis, one might prefer to
use the method herein denoted the modified period anal-
ysis. The “imputation method” has the advantage that
the same computer programs can be used as for the clas-
sical period analysis (e.g. [5,6]), without the need to
switch to yet another program code.

In summary, our analysis provides solutions on how
to almost completely preserve the advantages of period
analysis of cancer patient survival, even in situations
in which a classical period analysis cannot be carried
out due to lack of information on the month of diagno-
sis. Since the month of diagnosis is increasingly being re-
moved from cancer registry datasets, these alternative
solutions should be helpful in an increasing number of
settings.
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