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Abstract

oncologists.

stage for survivors under the age of 70.

survival.

Background: We usually report five-year survival from population-based cancer registries in Japan; however these
survival estimates may be pessimistic for cancer survivors, because many patients with unfavourable prognosis die
shortly after diagnosis. Conditional survival can provide relevant information for cancer survivors, their family and

Methods: We used the period approach to estimate the latest 10-year survival of 38,439 patients with stomach,
colorectal, lung, breast and prostate cancer diagnosed between 1990 and 2004 and followed-up from 2000-04 in
Osaka, Japan. Conditional survival is an estimate, with the pre-condition of having already survived a certain length
of time. Conditional five-year relative survival of one to five years after diagnosis was calculated by site, age and

Results: Five-year relative survival for stomach cancer was 60%. Conditional five-year relative survival was 77% one
year after diagnosis and 97% five years after diagnosis. This means that 97% of patients who survive five years after
diagnosis can survive a further five years. Conditional five-year relative survival improved successively with each
additional year that patients lived after diagnosis for stomach, colorectal and lung cancer. These figures for breast
and prostate cancer were stable at high survival. Liver cancer did not show an increase in conditional five-year

Conclusion: Conditional five-year survival is a relevant figure for long-term cancer survivors in Japan. It is important
for population-based cancer registries to provide figures which cancer patients and oncologists really need.

Keywords: Conditional survival, Cancer registries, Relative survival, Japan

Background
In recent years cancer patients have been able to survive
for longer than those diagnosed a few decades ago. We
usually report five-year relative survival rates after diag-
nosis in the annual reports of regional cancer registries
in Japan. However, these survival estimates may be pes-
simistic for cancer survivors, because many patients with
unfavourable prognosis die shortly after diagnosis.
Conditional survival analysis is a method to estimate
survival rates, with the pre-condition of having already
survived a certain length of time. The figures have been

* Correspondence: itou-yu2@mc.pref.osaka.jp

Center for Cancer Control and Statistics, Osaka Medical Center for Cancer
and Cardiovascular Diseases, 3-3 Nakamichi 1-Chome, Higashinari-ku, Osaka
537-8511, Japan

() BioMed Central

reported in the US and other countries, and can provide
cancer survivors, their families and oncologists with
more relevant information [1-11].

In 2007, the Basic Plan to Promote Cancer Control
Programs of Japan was approved, following the establish-
ment of the Cancer Control ACT of Japan in 2006. Im-
provement of cancer care support and information
services is one of the specific goals of this program [12].
Longstanding population-based cancer registry data can
provide this type of useful information to cancer survi-
vors. We used cancer patient data from the Osaka Can-
cer Registry, which has a long history and covers the
largest population in Japan, to report conditional sur-
vival in patients with six major cancers by age group and
stage at diagnosis.

© 2013 Ito et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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Methods

Data sources

We analysed 38,439 cases diagnosed with first, primary,
invasive malignant tumour of the following cancers:
stomach (International Classification of Diseases, 10™
revision code [13]: C16), colorectal (C18-C20), lung
(C33, C34), breast (C50, female only) and prostate (C61)
from 1990-2004. They were followed up between 2000
and 2004 in Osaka, Japan, from the Osaka Cancer Regis-
try database. We limited the data to patients who were
diagnosed at age 15 to 69 years. Patients over 70 years of
age at diagnosis were excluded from the analyses as
long-term survival estimates are unstable for older age
groups. In the Osaka Cancer Registry, we followed pa-
tients up using the death certificate database for residents
in Osaka prefecture. However, if patients had moved out-
side the Osaka Prefecture after diagnosis the death certifi-
cate database would be unable to capture their details. In
these cases resident registries were used to follow the pa-
tients up. Residents in Osaka-city (30% of total population
of Osaka prefecture) were not followed-up using residence
registries before 1993, so patients who lived in Osaka-city
were excluded from the analysis. Cases diagnosed from
1990 to 1999 were followed up for 10 years after diagnosis,
whereas follow-up was limited to 5 years for those diag-
nosed from 2000 to 2004 (Figure 1).

Statistical analysis

First, we estimated ten-year relative survival using the
Osaka Cancer Registry data by sex, age group (15-49,
50-59 and 60-69 years old) and stage at diagnosis
(localised, regional and distant metastasis). Relative sur-
vival is a ratio of the observed survival (overall survival)
and the survival that would have been expected if the
cancer patient had only experienced the normal (back-
ground) mortality of the general population in which
they live [14]. In this study we estimated relative survival
using the maximum likelihood method developed by
Esteve et al. [15] and the publicly available Stata
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programme strel [16]. We derived the expected survival
from complete (single-year-of-age) national population
life tables by sex [17]. We used conventional 10-year
relative survival estimating based on data from patients
who were diagnosed from1995-1999 and were followed-
up over 10 years (dashed line in Figure 1). However, cal-
culation of long-term survival using the conventional
method is outdated. We therefore used period analysis
to derive more up-to-date long-term survival using data
from recently followed-up cancer patients [18]. In this
study, we used data from cancer patients who were diag-
nosed from 1990-2004 and followed-up between 2000
and 2004 (solid black line, in Figure 1).

Second, we calculated conditional five-year survival for
patients who survived for O to 5 years after diagnosis using
ten-year cumulative relative survival. To estimate the five-
year conditional survival of patients who survived x years,
the (x + 5)-year cumulative survival rates is divided by the
x-year cumulative survival. In the other words, conditional
five-year survival is five-year survival of the patients who
are alive several years after diagnosis [2,10].

Third, for missing stage cases, we used the multiple im-
putation approach [19]. We examined the characteristics
of patients with missing stage before multiple imputation,
then we assumed the mechanism of missingness as Miss-
ing At Random. The relative survival of the ten completed
data sets contained the imputed value of stage for cases
with missing information (6.4-17.1%). The imputation
model was a multinomial logistic regression including
follow-up time, vital status, period of diagnosis, age at
diagnosis, and interactions between follow-up time and
other factors. Rubin’s rules were applied to estimate rela-
tive survival and standard errors combining the ten com-
pleted data sets. All statistical analyses were performed
using the standard statistical package Stata Ver. 12.1 [20].

Results
The characteristics of patients we analysed are shown in
Table 1. Conditional five-year survival for all stage

Year of follow-up

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

2005 2006 2007 2008 2009

2190 0 1 2 3 4 5 6 7 8 9|10
S 1991 0i1]2:3|4i5b 6i7 :8fF9! 10

& 1992 01121374 5 !6:7F8 /910

o 1993 0; 1] 2:3{4 5| 6F7]8;i89i10

5 1994 0! 1i 21 3i4 7 5867 ;:8]|9:10

o 995 0! 1 213 4fF65 617 ]8:9]10

11996 0o 1 2 314 5 6 7 8|9 10

11997 o 1 2}3 4 5 6 7|8 9 10

11998 0 1} 2 3 4 5 6)]7 8 9 10
L1 1999 _ Conventional method ol 1 2 3 4 5] 6 .7 8 9 10
2000 0i1:21374]5

2001 61 23|45

2002 0/ 1:2]3:4 5

2003 0 1] 2:3 45
2004 0] 172 34 5

Figure 1 lllustration of period approach to estimate up-to-date long-term survival.

Period approach
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Table 1 Characteristic of cancer patients for selected sites of cancer in Osaka, Japan in 1990-2004
Stomach Colon/rectum Liver Lung o Breast Prostate
N % N % N % N % N % N %
Total 10278 1000 8411 100.0 4800 100.0 6397 100.0 7229 100.0 1324 100.0
Age
15-49 1266 123 897 10.7 296 6.2 549 86 2591 358 6 0.5
50-58 3442 335 2830 336 1344 280 2024 316 2752 38.1 214 16.2
60-69 5570 542 4684 55.7 3160 658 3824 59.8 1886 26.1 1104 834
Stage (before imputation)
Localised 4863 50.7 3568 453 2897 728 1426 238 3747 573 785 654
Regional 2758 288 2577 327 663 16.7 2167 362 2439 373 145 146
Distant 1972 206 1728 219 421 106 2397 400 350 54 241 201
Missing 685 6.7) 538 64) 819 (17.1) 407 (6.4) 693 9.6) 123 (9.3)
Stage (after imputation)
Localised 5202 506 3817 454 3436 716 151 236 4139 573 865 65.3
Regional 2960 288 2757 328 818 17.0 2304 36.0 2701 374 196 14.8
Distant 2116 206 1837 21.8 546 114 2582 404 389 54 263 199

patients under the age of 70 by site of cancer is shown
in Figure 2. For stomach cancer, the five-year relative
survival for all cases is 60% at diagnosis. 77% of patients
who survived one year (one-year survivor) can survive
an additional five years. Conditional five-year survival at
two years after diagnosis was 87%. Conditional five-year
survival at five years after diagnosis was 97%. This
means 97% of the stomach cancer patients who survived
for more than five years can survive another five years.

Colorectal and lung cancer showed similar results to
stomach cancer patients. However, conditional five-year
survival for liver cancer did not increase after any period
post diagnosis. Conditional survival for breast and pros-
tate cancer patients was stable at around 85-90%.

By age group
Results by age group are shown in Figure 3. Most cancer
sites showed similar results among the different age
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L Figure 2 Conditional five-year survival for all patients diagnosed in 1990-2004 and followed-up in 2000-2004 in Osaka, Japan.




Ito et al. BMC Cancer 2013, 13:304
http://www.biomedcentral.com/1471-2407/13/304

Page 4 of 7

Stomach Colon/Rectum Liver
(=] [=] (=]
= =9 27
o o | o |
— (e [co) @
o\o Q o | o
2. © © ©
S 2 Q- =
S 8- 8 8
? o o °
m T T T T T T T T T T T T T T T T T
Q 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
T
o Lung Prostate
= o o o
re = =) =i
85 4 ;
C o] o o | - ‘%”"?"%_- i =
o © o o r--_u___#_——‘rg s &
= ® Hw ¥4
T 8 3 - 3
=
3 %7 = &
8 8 1 & 1
S~ o - o 4
T T T T T T T T T T T T T T T T T
0 1 2 3 4 5 0 1 2 3 4 8 0 1 2 3 4 5)
Years after diagnosis
——— 1549 ====e~=== 5(-59I 60-69
Figure 3 Conditional five-year survival of the patients diagnosed in 1990-2004 and followed-up in 2000-2004 in Osaka, Japan: by age group.

groups. In liver cancer patients, conditional survival in-
creased in the young group (under the age of 50). In
prostate cancer patients, the older age group (60-69
years old) showed better conditional survival than the
younger age group (50-59 years old).

By stage

Figures for conditional survival by stage at diagnosis
were different for different cancers (Figure 4). In all ex-
cept liver cancer patients, the figures for conditional sur-
vival for localised patients were high at around 90%. In
stomach, colorectal and lung cancer patients, even the re-
gional and distant metastasis cases showed high five-year
survival for five-year survivors. In liver cancer patients,
even localised cases showed low conditional five-year sur-
vival. In breast and prostate cancer patients, conditional
five-year survival for each stage was stable.

Discussion

Conditional five-year relative survival improved succes-
sively with each additional year that patients lived fol-
lowing diagnosis for stomach, colorectal and lung
cancer. This pattern was also similar to the regional or

distant metastasis cases. Breast and prostate cancer
showed different trends; conditional five-year survival
was stable at a higher level. Liver cancer did not show
any increase in conditional five-year survival.

Stomach and colorectal cancer

For stomach and colorectal cancer patients who survived
more than five years after diagnosis, conditional five-
year survival was close to 100%. This means that those
who survived five years would have the same survival
probability as the general population, ie. they can be
considered as ‘cured’ of cancer. Although it is difficult to
define clinical ‘cure’ at the individual level, we can define
the concept of ‘cure’ at population level [21,22]. Condi-
tional five-year survival for localised cases was stable at
more than 90%. Those for regional or distant metastasis
increased according to the number of years since diag-
nosis. Even late stage patients who survive a few years
have a chance of living another five years.

Lung cancer
Conditional survival in lung cancer patients increased
according to the additional vyears after diagnosis.



