informa

healthcare

Acta Oncologica, 20145 53: 1423-1433

ORIGINAL ARTICLE

Socioeconomic inequalities in cancer survival: A population-based
study of adult patients diagnosed in Osaka, Japan, during the period
1993-2004
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ABSTRACT B

Background. Long-term recession of the Japanese economy during the 1990s led to growing social inequalities whilst
health inequalities also appeared. The 2007 National Cancer Control Program of Japan targeted “equalisation of cancer
medical services”, but the system to monitor health inequalities was still inadequate. We aimed to measure socioeco-
nomic inequalities in cancer survival in Japan.

Material and methods. We analysed 13 common invasive, primary, malignant tumours diagnosed from 1993 to
2004 and registered by the population-based Cancer Registry of Osaka Prefecture. An ecological socioeconomic dep-
rivation index based on small area statistics, divided into quintile groups, was linked to patients according to their area
of residence at the time of diagnosis. We estimated one-, five-year and conditional five-year net survival by sex, period
of diagnosis (1993-1996/1997-2000/2001-2004) and deprivation group. Changes in survival over time, deprivation
gap in survival, and change in deprivation gap were estimated at one and five years after diagnosis using variance-
weighted least square regression.

Results. The deprivation gap in one-year net survival was narrower than in five-year net survival and conditional
five-year survival. During the study period, there was no change in deprivation gap, except for reductions for pancreas
(men) and stomach (women), and an increase for lung (men) in one-year survival. We observed a linear association
between level of survival and deprivation gap at five years and conditional five years, but no association at one-year
survival.

Conclusion. A wide deprivation gap in survival was observed in most of the adult, solid, malignant tumours, within
the universal healthcare system in Japan. Overall, cancer survival improved in Osaka without any widening of inequal-
ities in cancer survival in 1993-2004, shortly after the long-term economic recession and deep modifications in the
social and work environments in Japan. The longer term impact of the recession on inequalities in cancer survival needs
to be monitored using population-based cancer registry data.

Substantial deficit in cancer survival among socio-
economically deprived patients has been repeatedly
reported in several countries [1-10], despite univer-
sal access to the healthcare system in most of these
countries. Furthermore, in England and Wales, wid-
ening of these inequalities was shown to be posi-
tively associated with the improvement in cancer

survival [11], suggesting progress in diagnosis and
treatment offered greater benefit to the more afflu-
ent patients [12].

Few studies of socioeconomic inequalities in can-
cer survival based on wide ecological data have been
reported in Japan [13,14]. Until recently, Japan was
among the group of more equitable high-income
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countries [15,16]. Life expectancy in Japan has been
one of the longest in the world for decades [17] and
cancer survival is among the highest [18]. While a
clear relationship between income inequalities and
mortality has been established in many populations,
this relationship was fairly weak in Japan, compared
with other high-income countries [19]. However, the
long-term recession of the Japanese economy during
the 1990s led to growing social inequalities whilst
wider health inequalities also appeared [20]. The
2007 National Cancer Control Program in Japan
targeted “equalisation of cancer medical services”,
but the system to monitor health inequalities was still
inadequate in Japan. We aimed to measure the socio-
economic inequalities in cancer survival and their
time trends in Japan.

Material and methods

We analysed the survival of 20 sex-cancer combina-
tions corresponding to 13 common invasive, primary,
malignant tumours diagnosed from 1993 to 2004,
registered by the population-based Cancer Registry
of Osaka Prefecture (population 8.8 million), and
followed up for at least five years after their cancer
diagnosis (Table I). The Osaka Cancer Registry

follows the international rules for the sources of their
data and the data quality checks [21]. As a result, the
cancer registry has been included in the IARC-led
series of Cancer Incidence in Five Continents (CI-V)
since the volume III in 1976 [22] until the most
recent volume X in 2014 [23]. The Osaka Cancer
Registry assessed the vital status of patients using
two sources: vital statistics from the database of the
Osaka Prefecture (every year) and the residential reg-
istry database (five and 10 years after diagnosis). It
is compulsory for any resident in Japan to have their
address recorded in the residential registry and
updated every time they move, e.g. to another pre-
fecture. As a result, lost to follow-up cases repre-
sented 2.1% of the study subjects. Furthermore,
nearly 12% of the cases were excluded because the
cancer diagnosis was based on death certificate only
(DCO).

With the exception of laryngeal cancer, these can-
cers (colon and rectum being grouped in a single
site) are the most common solid tumours in Japan,
representing over 75% of all incident cancer cases in
the country during the study period [24]. Laryngeal
cancer in men was included in the analysis because
the socioeconomic inequalities in survival were by far
the largest observed in England and Wales [25].

Table I. Cancer patients diagnosed from 1993-2004 in Osaka Japan by deprivation group.

Deprivation group?

1st 5th
All cases (Least deprived) 2nd 3rd 4th (Most deprived)
N % N % N % N % N % N %
Men
Oesophagus 7273 (100.0) 1162  (16.0) 1294 (17.8) 1455  (20.0) 1551 (21.3) 1811  (24.9)
Stomach 37350  (100.0) 6475  (17.3) 7054  (18.9) 7580 (20.3) 7829  (21.0) 8412  (22.5)
Colorectum 24703  (100.0) 4247  (17.2) 4582 (18.5) 4976 (20.1) 5365 (21.7) 5533 (22.4)
Liver 22256  (100.0) 3166  (14.2) 3814 (17.1) 4310 (19.4) 4908  (22.1) 6058  (27.2)
Pancreas 5538  (100.0) 970  (17.5) 1063 (19.2) 1072 (19.4) 1183 (21.4) 1250  (22.6)
Larynx 2048  (100.0) 328  (16.0) 360  (17.6) 379 (18.5) 407 (19.9) 574 (28.0)
Lung 28223  (100.0) 4524  (16.0) 5101 (18.1) 5553  (19.7) 6046 (21.4) 6999  (24.8)
Prostate 7922 (100.0) 1698  (21.4) 1561 (19.7) 1569 (19.8) 1587  (20.0) 1507  (19.0)
Bladder 4844  (100.0) 889  (18.4) 1012 (20.9) 986  (20.4) 968  (20.0) 989  (20.4)
Total 140157 (100.0) 23459 (16.7) 25841 (18.4) 27880 (19.9) 29844 (21.3) 33133  (23.6)
Women
Oesophagus 1446 (100.0) 175 (12.1) 261 (18.0) 303 (21.0) 331 (22.9) 376 (26.0)
Stomach 17635 (100.0) 2808 (15.9) 3330 (18.9) 3645 (20.7) 3786  (21.5) 4066  (23.1)
Colorectum 17953 (100.0) 2996  (16.7) 3202 (18.3) 3734 (20.8) 3960 (22.1) 3971 (22.1)
Liver 8676  (100.0) 1233 (14.2) 1376 (15.9) 1825 (21.0) 1983  (22.9) 2259  (26.0)
Pancreas 4393 (100.0) 753 (17.1) 813 (18.5) 915 (20.8) 899  (20.5) 1013 (23.1)
Lung 11398  (100.0) 1688  (14.8) 1987  (17.4) 2322 (20.4) 2518 (22.1) 2883  (25.3)
Breast 23793 (100.0) 4576  (19.2) 4544 (19.1) 4743 (19.9) 5028 (21.1) 4902 (20.6)
Cervix 4792  (100.0) 746  (15.6) 879 (18.3) 991  (20.7) 1011 (21.1) 1165 (24.3)
Corpus 2854  (100.0) 604 (21.2) 538 (18.9) 567  (19.9) 580  (20.3) 565  (19.8)
Ovary 3421  (100.0) 670  (19.6) 663  (19.4) 705 (20.6) 720 (21.0) 663  (19.4)
Bladder 1330 (100.0) 241 (18.1) 232 (17.4) 277  (20.8) 282 (21.2) 298 (22.4)
Total 97691 (100.0) 16490 (16.9) 17915 (18.3) 20027 (20.5) 21098 (21.6) 22161 (22.7)

#Deprivation group was categorised by the deprivation index from 1st quintile as the least deprived group to 5th quintile as the most
deprived group.
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An ecological socioeconomic deprivation index,
divided in quintile groups, was linked to patients
according to their area of residence at time of diag-
nosis. Briefly, the deprivation index was built accord-
ing to a two-step approach initially developed in
Europe in order to obtain an index of relative depri-
vation, i.e. representative of the deprivation in a given
country, but still enabling international comparisons
[26,27]. The first step consisted of selecting items,
using logistic regression, which define household
poverty based on the Japanese General Social Survey
(JGSS) [28] cumulative data 2000-2003. In the sec-
ond step, similar items from the national census
questionnaire of 2000 were combined to build the
ecological deprivation index. The detailed concept
and procedures for the Japanese deprivation index
are described elsewhere [29] and in Appendix 1 (avail-
able online at http://informahealthcare.com/doi/abs/
10.3109/0284186X.2014.912350). The smallest
common area for data in both the population-based
cancer registry and from national census was “Cho-
Aza” level (average population 3000). The depriva-
tion index was therefore defined for each of the 3152
Cho-Aza in Osaka (except for 193 Cho-Aza whose
population was less than 50). In this study, we cat-
egorised the deprivation level into five groups accord-
ing to the quintiles of the Osaka distribution of the
deprivation index values.

We estimated net survival at one year, five years
and five years conditional on being alive at one year,
using a cohort approach, by sex, period of diagnosis
(1993-1996/1997-2000/2001-2004) and depriva-
tion group (from the least deprived in the 1st quintile
to the most deprived in the 5th quintile) for each of
the 13 studied sites. Main sources of all variables
(sex, period at diagnosis, date at diagnosis, end of
follow-up, vital status and patient address) collected
by the Osaka Cancer Registry were based on hospi-
tal records, pathological reports, vital statistics data-
base, and residential registry database. We considered
one-year net survival as showing the short-term
effects of the initial phase of diagnosis and treatment,
five-year net survival as long-term prognosis reflect-
ing both initial treatment and monitoring care. In
addition, conditional five-year net survival can show
the effect of long-term care excluding the effect of
the initial phase [30]. Net survival is the survival of
a group of cancer patients in the hypothetical situa-
tion that the patients cannot die from causes other
than the cancer of interest. It is the only survival
measure which enables unbiased comparisons in sur-
vival between different populations (defined accord-
ing to geography, calendar period, deprivation,
ethnicity etc.). Net survival accounts for the mortal-
ity hazard from causes of death other than the
cancer of interest (expected mortality). As no reliable

individual cause of death information was available,
the expected mortality of the patients was obtained
from life tables derived for the general population of
the Osaka Prefecture. Multivariable flexible Poisson
models were applied to build these life tables by sex,
single year of age and single calendar year for the
period 1990-2010. Net survival was estimated using
the unbiased non-parametric approach described by
Perme et al. [31].

We defined the (absolute) deprivation gap in
three types of net survival (one-year, five-year and
conditional five-year survival) as the difference in
survival between the most deprived (5th quintile of
deprivation index) and most affluent groups (Ilst
quintile of deprivation index) of patients. For each
cancer (and sex), we estimated the change in survival
over the three periods and the deprivation gap in
survival, and the change in deprivation gap using a
least square regression weighted by the variance of
each of the 15 period- and deprivation-specific net
survival estimates (see Appendix 2, available online
at http://informahealthcare.com/doi/abs/10.3109/
0284186X.2014.912350, for more detail).

We finally performed two additional sensitivity
analyses in order to account for weaknesses in our
study (see Appendix 3, available online at http:/
informahealthcare.com/doi/abs/10.3109/0284186X.
2014.912350, for more detail). First, all-cause mor-
tality and life expectancy of the general population
usually vary by deprivation and it is important to
account for the differential expected mortality in the
net survival estimation by deprivation. Using general
life tables leads to over-estimation of the inequalities
in survival. However, due to the unavailability of
death data at Cho-Aza level, we were unable to build
deprivation-specific life tables. We then applied the
gradients in mortality by deprivation observed in the
general population of England in 2001 to the general
Osaka life tables and re-ran the net survival analysis.

Second, the size of the area (Cho-Aza) on which
deprivation index is defined is quite wide, leading a
dilution effect within the mechanism. Based on anal-
yses carried out in a similar context in England and
Wales, we calculated that the under-estimation of
inequalities in cancer survival could be as large as
25% [32]. This correction factor was therefore
applied to our deprivation gap estimates.

Unless specifically mentioned, all survival estimates
used the general Osaka life tables. All analyses were
performed with the statistical package Stata 12 [33].

Results
Net survival by deprivation

Net survival was generally lower in the more deprived
groups, both at one and five years since diagnosis
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(Supplementary Table IA-C, available online at
http://informahealthcare.com/doi/abs/10.3109/
0284186X.2014.912350, for the patients diagnosed
in 2001-2004 and Table IIA—C for the all study
period). The widest deprivation gap in one-year sur-
vival was observed in men for oesophagus, stomach
and in women for ovary (Table ITA). At five years,
inequalities in survival were largest in men for stom-
ach, colorectum, larynx and prostate, and in women
for ovary and bladder (Table IIB). The deprivation
gap in survival hardly changed during the study
period for almost all cancer sites (Table IIA-C). In
men, inequalities in one-year survival from pancre-
atic cancer reduced in absolute terms by + 10.5%
from —13.3% in 1993-1996. By contrast, the depri-
vation gap in survival widened for lung cancer (men),
by —4.6% at one year and —3.5% at five years, both
from —1.2%. Among women, the deprivation gap in
one-year survival from stomach cancer, at —7.0% in
1993-1996, narrowed by + 6.0%.

Inequalities tended to be more marked in men
than in women (Figures 1A-C). We did not find
any linear relationship between the average (over
the three periods) level of net survival and the
average deprivation gap in survival at one year since
diagnosis (Figure 1A, Supplementary Table II,
available online at http://informahealthcare.com/
doi/abs/10.3109/0284186X.2014.912350). By con-
trast, a strong association was found at five years
(Figure 1B, Supplementary Table IT available online
at http://informahealthcare.com/doi/abs/10.3109/
0284186X.2014.912350) among men, the coeffi-
cient of five-year survival was —0.159 (95% CI
-0.253, —0.065), while among women no statisti-
cally significant association was found [coefficient:
—0.082 (95% CI —0.212, 0.049)]. For the condi-
tional five-year survival of one-year survivors, a
strong association was observed among both
men [coefficient: —0.088 (95% CI-0.168,—0.009)]
and women [coefficient: —0.144 (95% CI —0.259,

Table IIA. Temporal change and deprivation gap in one-year net survival and change in deprivation gap from 1993-2004 in Osaka,

Japan.
One-year net survival of Deprivation gap between the Change in deprivation
patients diagnosed from Change in survival from most deprived and the least gap from 1993-96 to
2001-04 1993-96 to 2001-04 deprived 2001-04
% 95% CI %2 95% CI %P 95% CI %° 95% CI
Men
Oesophagus 54.4 (52.5-56.3) 8.7 (5.8, 11.6)*** —8.4 (—11.7, =5.1)*** —1.2 (=9.4,7.1)
Stomach 70.6 (69.8-71.5) 2.5 (1.3,3.7)%** —8.1 (9.4, —6.7)*** 0.9 (=2.5,4.3)
Colorectum 82.1 (81.3-83.0) 2.0  (0.7,3.3)** —5.0 (—6.5, —3.5)%** 0.6 (—3.1,4.2)
Liver 62.2 (61.0-63.3) 7.6 (5.9,9.2)%** -5.9 (—7.8, —4.0)*** 1.0 (=3.7,5.7)
Pancreas 24.9 (23.1-26.7) 6.2  (3.5,8.8)*** -2.5 (—5.5,0.5) 10.5 (2.9, 18.2)**
Larynx 93.3 (91.1-95.6) 29 (-0.4,6.2) -3.3 (=17.0,0.5) 3.6 (—5.8,13.0)
Lung 48.8 (47.8-49.7) 6.4 (4.9, 7.8)*** -5.9 (—17.6, —4.2)*** —4.6 (—8.7, —0.5)*
Prostate 94.2 (93.2-95.2) 6.7 (4.6, 8.7)*** —6.0 (—8.0, —4.0)*** 2.9 (—2.9, 8.6)
Bladder 86.7 (84.8-88.5) 0.2 (—2.6,2.9) —4.2 (—=7.4, —1.1)** -0.9 (—8.6,6.9)
Women
Oesophagus 60.3 (56.2-64.5) 11.4 (5.0, 17.7)%** -7.3 (—14.9, 0.3) —8.0 (=26.7, 10.7)
Stomach 68.9 (67.6-70.1) 43 (2.5, 6.0)*** -1.0 (-3.1,1.1) 6.0 (1.0, 11.0)*
Colorectum 78.9 (77.8-79.9) 0.1 (-1.5,1.6) -23  (—4.1, -0.5)* -0.7  (=5.1,3.8)
Liver 60.1 (58.3-61.8) 4.3 (1.7, 6.9)** —-0.5 (—3.6, 2.6) 2.9 (—4.7, 10.5)
Pancreas 24.8 (22.8-26.8) 4.6 (1.6, 7.6)** —-0.5 (—3.9, 3.0) —-0.6 (=9.1,7.8)
Lung 58.2 (56.7-59.6) 123 (10.0, 14.6)*** —44  (=7.0, —1.7)** ~1.6  (—8.2,4.9)
Breast 97.7 (97.4-98.1) 1.4 (0.8, 2.0)%** -0.7  (—1.4,0.0)* 1.1 (—0.7,2.9)
Cervix+NOS 87.7 (85.9-89.4) -0.2 (—2.6,2.1) —3.7 (—6.5, —1.0)** 2.7 (—3.9,9.3)
Corpus uteri 89.1 (87.1-91.0) 0.7 (-2.2,3.7) ~1.9 (-5.3,1.6) 7.2 (-1.1, 15.6)
Ovary 73.8 (71.3-76.3) 3.5 (—0.3,7.2) —8.7 (—13.0, —4.5)*** -2.9 (=13.5,7.7)
Bladder 76.7 (72.7-80.8) 2.6 (—3.4,8.7) -3.5 (—10.1, 3.2) —3.7 (—20.7, 13.3)

2Estimated by the coefficient of the regression model one-year net survival on periods at diagnosis and deprivation groups (Model 1). The
% was calculated by two times the coefficient of period at diagnosis and represents absolute change in one-year net survival (%) from 1st
period and 3rd period.
bEstimated by the coefficient of the regression model one-year net survival on periods at diagnosis and deprivation groups (Model 1). The
% was calculated by four times the coefficient of deprivation group and represents the absolute deprivation gap of one-year net survival
(%) between the least deprivaed and the most deprived group.
¢Estimated by the coefficient of the regression model one-year net survival on periods at diagnosis, deprivation groups and these interaction
(Model 2). The % was calculated by 8 times of coefficient of the interaction (two for period and four for deprivation) and represents the

absolute change in the deprivation gap for the entire period and between the least deprived and most deprived groups.

*p<0.05, **p<0.01, ***p < 0.001.
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Table IIB. Temporal change and deprivation gap in five-year net survival and change in deprivation gap from 1993-2004 in Osaka,

Japan.
Five-year net survival Change in survival from Deprivation gap between the Change in deprivation
of patients diagnosed 1993-96 to most deprived and the least gap from 1993-96 to
from 2001-04 2001-04 deprived 2001-04
% 95% CI %*? 95% CI %® 95% CI %< 95% CI
Men
Oesophagus 23.4 (21.7-25.0) 4.4 (1.8, 6.9)*** -5.9 (—8.9, —3.0)*** —3.7 (—11.0, 3.5)
Stomach 49.6 (48.6-50.6) -0.8 (—2.2,0.7) —10.6 (—12.3, —8.9)*** 3.8 (—0.4,7.9)
Colorectum 57.8 (56.5-59.0) —-35 (—5.3, —1.6)*** —10.9 (—13.0, —8.8)*** 1.9 (—3.3,7.2)
Liver 22.8 (21.7-23.9) 5.9 (4.5, 7.3)%** —4.5 (—6.2, —2.8)*** —1.4 (—5.6,2.7)
Pancreas 4.1 (3.2-4.9) —-1.1 (—2.6,0.4) —-0.8 (—2.4,0.9) 4.1 (—=0.5, 8.8)
Larynx 72.6 (68.3-77.0) —2.2 (—8.2,3.8) —14.7 (—21.7, —7.8)*** -3.0 (—19.7, 13.8)
Lung 16.6 (15.8-17.4) 2.6 (1.4, 3.7)*** —-4.9 (—6.3, —3.6)*** -3.5 (—6.8, —0.2)*
Prostate 79.6 (77.6-81.6) 17.9 (14.0, 21.7)*** —-15.3 (—19.3, —11.3)*** 1.5 (9.1, 12.1)
Bladder 67.7 (64.7-70.7) -6.0 (—10.5, —1.5)** —6.9 (—12.0, —1.8)** —4.7 (—17.6, 8.2)
Women
Oesophagus 28.8 (24.8-32.9) 5.3 (—1.0, 11.6) —4.8 (—12.1, 2.6) -0.8 (—19.6, 17.9)
Stomach 47.1 (45.7-48.6) -1.3 (—3.3,0.7) —2.7 (—5.1, —0.3)* 3.4 (=2.4,9.1)
Colorectum 56.6 (55.3-58.0) -0.5 (2.6, 1.5) —5.4 (—17.8, —3.0)*** 1.7 (—4.2,7.5)
Liver 21.1 (19.6-22.7) 4.2 (2.0, 6.3)*** —1.1 (=3.7, 1.5) 3.7 (2.7, 10.2)
Pancreas 4.4 (3.4-5.4) -0.1 (—=1.7, 1.5) 0.4 (—=1.4,2.1) -1.6 (=5.9,2.7)
Lung 27.6 (26.2-29.0) 11.7 (9.8, 13.7)*** —4.7 (—17.0, —2.4)%*** -3.0 (—8.6,2.7)
Breast 85.6 (84.7-86.5) 2.6 (1.2, 3.9)*** —2.8 (—4.3, —1.2)*** 1.3 (=2.5,5.1)
Cervix+NOS 64.7 (62.1-67.4) —-3.2 (—6.7,0.4) —6.6 (—10.8, —2.5)** 6.2 (—3.8,16.2)
Corpus uteri 71.0 (68.1-73.9) —2.7 (=7.1,1.7) -7.8 (—12.8, —2.8)** 9.9 (—=2.3,22.2)
Ovary 40.8 (37.9-43.7) 2.6 (—1.6, 6.8) —12.0 (—16.9, —7.2)*** —-3.2 (—15.2,8.8)
Bladder 56.3 (50.9-61.7) —-2.2 (—=10.5, 6.2) —10.8 (—20.0, —1.6)* 9.2 (—14.4, 32.8)

2Estimated by the coefficient of the regression model five-year net survival on periods at diagnosis and deprivation groups (Model 1). The
% was calculated by two times the coefficient of period at diagnosis and represents absolute change in five-year net survival (%) from 1st

period and 3rd period.

bEstimated by the coefficient of the regression model five-year net survival on periods at diagnosis and deprivation groups (Model 1). The
% was calculated by four times the coefficient of deprivation group and represents the absolute deprivation gap of five-year net survival

(%) between the least deprivaed and the most deprived group.

°Estimated by the coefficient of the regression model five-year net survival on periods at diagnosis, deprivation groups and these interaction
(Model 2). The % was calculated by eight times the coefficient of the interaction (two for period and four for deprivation) and represents
the absolute change in the deprivation gap for the entire period and between the least deprived and most deprived groups.

*p<0.05, **p <0.01, ***p<0.001.

—0.028)] (Figure 1C, Supplementary Table II
available online at http://informahealthcare.com/
doi/abs/10.3109/0284186X.2014.912350).

General net survival results

Net survival improved over the three calendar periods
for most cancers at one year since diagnosis, with the
notable exceptions of colorectum (women), cervix,
uterus, and bladder (men). The improvement pattern
was less general at five years, with no increase in survival
for oesophagus (women), stomach (both sexes), colo-
rectum (women), pancreas (both sexes), cervix, uterus,
ovary, and bladder (both sexes) (Table IIA-C).

Sensitivity analyses

Three estimates of deprivation gap in survival
are presented in Figure 2A-C for each of the 20

sex-cancer combinations at one, five and conditional
five years: 1) using general Osaka life tables (as in
Table II) (central estimates in Figure 2A—C); 2) using
general Osaka life tables adjusted for deprivation
according to mortality patterns observed in England
(upper estimates in Figure 2A-C); and 3) applying a
25% inflation factor to the deprivation gap estimates
previously reported in Supplementary Table IITA-C
(available online at http://informahealthcare.com/
doi/abs/10.3109/0284186X.2014.912350) (lower
estimates in Figure 2A-C). The deprivation gaps
were observed at most sites of cancer, even though
we applied adjusted life tables in an England-like pat-
tern. At one-year survival, the overestimation was
smaller than in five-year survival and conditional
five-year survival. When we considered 25% inflation
by using the deprivation index based on the larger
area, we observed a maximum deprivation gap of
10-12% in one-year survival for oesophagus and
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Table IIC. Temporal change and deprivation gap in five—year conditional survival and change in deprivation gap from 1993-2004 in

Osaka, Japan.

Five—year conditional
survival of patients

Change in survival from

Deprivation gap between the
most deprived and the least

Change in deprivation
gap from 1993-96 to

diagnosed from 2001-04 1993-96 to 2001-04 deprived 2001-04
% 95% CI %:? 95% CI %P 95% CI %° 95% CI
Men
Oesophagus 43.8 (41.0-46.6) 1.3  (—3.3,5.8) -5.2  (-10.3, —0.1)* —5.5 (—18.4,17.3)
Stomach 72.0 (70.8-73.3) —4.0  (—5.8, —2.3)%** —6.8  (—8.7, —4.8)*** 47  (—0.2,9.6)
Colorectum 72.1 (70.8-73.5) —6.4  (—8.4, —4.4)*** -9.1  (—11.3, —6.8)*** 1.7 (—3.9,7.4)
Liver 37.5 (35.8-39.1) 54 (3.1, 7.7)%** —4.6  (—7.2, —1.9)%** —2.0 (—8.7,4.6)
Pancreas 16.3 (12.9-19.8) —12.8  (—19.4, —6.1)*** -2.1  (—8.9,4.8) 7.9  (—12.9,28.7)
Larynx 79.8 (75.4-84.1) -8.2 (—14.6, —1.8)* -103  (—17.8, —2.7)** 10.0 (—9.6,29.5)
Lung 35.0 (33.5-36.5) 0.7 (—1.6,3.1) —6.7  (—9.3, —4.0)*** -2.8 (—9.4,3.9)
Prostate 87.6 (85.6-89.6) 12.9 (8.8, 16.9)%** —11.2  (—15.3, —7.1)%** 1.4 (—9.8,12.7)
Bladder 80.8 (77.6-83.9) —7.4  (—12.1, —2.8)** -3.6 (—8.9,1.7) -55 (—18.9,7.9)
Women

Oesophagus 48.5 (42.5-54.4) 0.8 (-9.5,11.1) -3.1 (—14.2,8.0) 0.6  (—28.4,29.6)
Stomach 69.5 (67.8-71.2) —6.7  (—9.0, —4.3)*** -2.9 (=5.6, —0.1)* -13  (-8.0,5.4)
Colorectum 73.0 (71.5-74.5) -0.8 (—3.0, 1.5) —4.9  (—7.4, —2.3)%** 2.6 (—3.6,8.9)
Liver 35.7 (33.3-38.2) 4.6  (1.1,8.1)* -1.7  (=5.9,2.4) 48 (—5.5,15.2)
Pancreas 17.9 (14.1-21.7) —4.6  (—11.4,2.1) 2.4 (-5.5,10.4) -7.5  (—25.9,10.9)
Lung 48.3 (46.1-50.4) 122 (8.7, 15.6)*** -5.8  (—9.7, —1.9)** -0.9 (-10.5,8.8)
Breast 88.3 (87.4-89.1) 1.4 (0.1,2.7)* -1.8  (—3.3, -0.4)* 0.4 (—3.3,4.0)
Cervix+ NOS  74.4 (71.7-77.0) -3.7  (=7.2,-02)* -42  (—8.3,-0.1)* 4.4  (—5.4,14.3)
Corpus uteri 80.2 (77.5-83.0) -3.8 (=17.9,0.3) -6.8 (—11.5, —2.1)** 3.8 (—17.8,15.3)
Ovary 55.6 (52.1-59.1) 0.5 (—4.6,5.7) -10.2  (—16.1, —4.4)***  —2.0 (-16.7,12.7)
Bladder 74.9 (68.9-80.9) —6.6  (—15.6,2.5) -10.8  (—20.6, —1.0)* 19.8  (—6.0, 45.6)

2Estimated by the coefficient of the regression model five—year conditional survival on periods at diagnosis and deprivation groups (Model
1). The % was calculated by two times the coefficient of period at diagnosis and represents absolute change in five—year conditional

survival (%) from 1st period and 3rd period.

bEstimated by the coefficient of the regression model five—year conditional survival on periods at diagnosis and deprivation groups (Model
1). The % was calculated by four times the coefficient of deprivation group and represents the absolute deprivation gap of five—year
conditional survival (%) between the least deprived and the most deprived group.
“Estimated by the coefficient of the regression model five—year conditional survival on periods at diagnosis, deprivation groups and these
interaction (Model 2). The % was calculated by eight times the coefficient of the interaction (two for period and four for deprivation) and
represents the absolute change in the deprivation gap for the entire period and between the least deprived and most deprived groups.

*p<0.05, ** p<0.01, *** p<0.001.

stomach in men and ovary, 20% in five-year survival
for larynx and prostate, and 15% in conditional five-
year survival for prostate.

Discussion

Our study showed the deprivation gap in one-year
net survival was narrower than in five-year net sur-
vival; this is confirmed by the wider inequalities in
conditional five-year net survival. Apart from a few
exceptions for one-year survival, the deprivation gaps
hardly changed during the study period. We observed
a linear relationship between the level of survival and
the deprivation gap in five-year survival and in con-
ditional five-year survival, whilst no association was
found for one-year survival.

This is the first study of socioeconomic inequalities
in cancer survival to use population-based cancer reg-
istry data and the small area deprivation index in

Japan. The literature on socioeconomic inequalities in
cancer survival comes almost exclusively from western
countries including the UK, particularly when consid-
ering population-based studies. To our knowledge, our
study is one of the very few based in a non-western
country, i.e. in a very different social structure where
local networks play an important role in individual
health care. Osaka Prefecture, one of the largest pop-
ulation-based cancer registries in Japan, presents cer-
tain specificities. Compared with other prefectures, the
standardised cancer mortality ratio is high in Osaka,
with wide socioeconomic inequalities [29]. Cancer
survival is also lower in Osaka than in other prefectures
[34]. Nevertheless, investigating the inequalities in a
cancer outcome in Osaka helps us understand their
mechanisms both in Japan and in other countries.
These inequalities were estimated for most can-
cer sites in Japan and at a level similar to those in
England and Wales [11], despite having a universal
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Figure 1. (A) Association between the average level of one-year net survival and the deprivation gap in one-year net survival in 1993-2004
in Osaka, Japan. (B) Association between the average level of five-year net survival and the deprivation gap in five-year net survival in
1993-2004 in Osaka, Japan. (C) Association between the average level of five-year conditional survival and the deprivation gap in five-year

conditional survival in 1993-2004 in Osaka, Japan.
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healthcare system in place in both countries from
1948 in the UK and from 1961 in Japan. The depri-
vation gap in survival could be explained by differ-
ences in both the early detection and the quality of
cancer treatment among deprivation groups, and
further research is needed to explore the relative con-
tribution and mechanisms of these factors. Certain
patient factors are often mentioned as potentially
playing an important role in these inequalities. For
example, more prevalent and severe co-morbidity in
the more deprived patients could limit the choice
and efficacy of cancer treatment, as well as increase
the adverse effects of the treatment. However, the
role of co-morbidity in those inequalities remains to
be demonstrated [35,36]. In Finland, low educa-
tional level of patients was strongly associated with
low cause-specific five-year survival of most cancers
and adverse stage distribution in 1996-2005. Avoid-
able cancer deaths were estimated at 4-7% of deaths
if differences in five-year cancer survival across edu-
cation levels were eliminated [5]. The authors sug-
gested “earlier cancer diagnosis and ability to cope
with the healthcare system” as potential factors.
Swedish study observed that educational level
affected survival of breast and colorectal cancer. Dif-
ferences were related to management of cancer care,
such as diagnostics and treatment intensity. In
Denmark, education and income were positively
associated with breast cancer survival up to 10 years
after diagnosis in 1983-1999. Interestingly, while
comorbidity plays a role on survival, this role is
higher in low socioeconomic categories, and the
authors conclude that differential management of
comorbidity could explain some of the socioeco-
nomic inequalities in survival [8]. In the Nether-
lands, socioeconomic inequalities in breast cancer
survival were greatly reduced by adjusting for stage
at diagnosis [9]. However, differential stage by socio-
economic level hardly explained inequalities in sur-
vival from colorectum, lung and prostate [10]. The
Netherlands, most European Nordic countries and
Japan, in contrast to the UK, are equitable societies
and they have achieved the highest cancer survival
in the world [18]. Further comparative study between
these European countries, the UK and Japan using
data on diagnosis and treatment could investigate the
mechanisms of socioeconomic inequality in cancer
survival under universal healthcare systems.

For a few cancers (stomach, colorectum, lung,
corpus uteri, ovary, prostate and bladder), the less
deprived patients were diagnosed at a younger age in
Osaka, Japan. This may reflect the employer-based
and community-based organisation of health insur-
ance in Japan. The more affluent have more stable
employment in bigger companies, which offer more
opportunities for early diagnosis, in particular for

cancers with screening, such as stomach, colorectum,
and lung. However, accounting for these differences
in age distribution between the deprivation groups
hardly modified the estimation of deprivation gaps in
the regression models (data not shown).

A striking difference from England and Wales is
that, in Japan, the inequalities tended to widen with
time since diagnosis (see Supplementary Figures 1A
and B available online at http://informahealthcare.
com/doi/abs/10.3109/0284186X.2014.912350).This
could reflect different mechanisms underlying these
inequalities in both countries. In Japan, patients can
freely choose a hospital for diagnosis and treatment,
while the hospital where patients in England and
Wales are diagnosed and treated is usually deter-
mined by their place of residence. Early inequalities
may be due to delay in diagnosis associated with a
lower proportion of treatment with curative intent in
the UK, while inequalities in time since diagnosis
may reflect understaging and/or lack of (neo-)adju-
vant treatment, which is increasing risk of late recur-
rence in Japan. This non-optimal management of
cancer patients is more pro-eminent in the small and
non-specialised hospitals, which are particularly
numerous in Osaka Prefecture. It will of interest to
investigate whether the more deprived patients are
more likely to be treated in these hospitals rather
than specialised cancer centres or teaching hospitals,
which was similarly observed in the Swedish breast
cancer patients: lower educated patients were treated
rather in local hospitals [6].

The lack of deprivation-specific life tables is a
limitation of our study. The assumption that the
inequalities in the Osaka general population were
as wide as in the England and Wales modified our
conclusions. However, without full access to the
mortality data in Japan, it is not possible to confirm
or inform our hypothesis, nor to assess “the reduc-
tion in health inequalities” published by the govern-
ment in the health policy “the second term of Healthy
Japan 21st (century)”. In near future, we hope we
can establish deprivation-specific life tables.

Our study makes an important contribution
towards understanding inequalities in cancer survival
by considering different societies which have a univer-
sal healthcare system. However, additional, detailed
and comparative studies are required to identify the
common mechanisms leading to those inequalities.
Universal access to health care does not mean univer-
sal access to optimal health care, as observed, e.g. in
the UK [37-39] and other European countries [5-8].

Conclusion

A wide deprivation gap in survival was observed in
most of the adult, solid, malignant tumours within
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the universal healthcare system in Japan. Overall,
cancer survival improved in Osaka without any wid-
ening of the inequalities in cancer survival from 1993
to 2004, shortly after the long-term economic reces-
sion and deep modifications in the social and work
environment in Japan. The longer term impact of the
recession on inequalities in cancer survival needs to
be monitored using population-based cancer registry

data.
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