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history (n = 32) in the current study, especially the subset of cases
who were homozygotes of the risk allele with a family history.

Recently, Meyer et al.*® clarified that 2 FGFR? intronic SNPs
(rs7895676 and rs2981578) alter the binding affinity of FGFR2
for transcription factors and increase FGFR2 expression. These 2
SNPs are located in the same linkage disequilibrium block of in-
terest, although these 2 SNPs were not evaluated in this study. The
study by Meyer er al. was the first evidence regarding mechanisms
between particular FGFRZ intronic SNPs and breast cancer risk
by an experimental study. In epidemiological studies, a significant
additive interaction of risk genotypes of FGFR2 intronic polymor-
phisms with menopausal status was found in Chinese women® and
with combined hormone replacement therapy use® in Ewopean-
American women. In this study, we could demonstrate clear inter-
actions of FGFR2 intronic polymorphisms with age at menarche
and parity in Japanese women. These recently accumulated evi-
dences from both epidemiological and experimental studies
including this study suggest that the risk alleles of FGFR2 poly-
morphisms increase FGFR2 expression on breast cancer cells and
this effect would depend on the exposed reproductive hormone
level. Elevated expression of FGFR2 may induce proliferation of
the cells due to establishing an autocrine signaling loop and inhibi-
tion of apoptosis.>’ Therefore, individuals with expected high life-
time exposure to reproductive hormones, for example, women
with early age at menarche or nulliparous women, would be more
susceptible to the effect of risk alleles of FGFR2 polymorphisms
on increasing breast cancer risk. Thus, FGFR2 would be
considered to play an important role in the association between
reproductive hormone level and increased breast cancer risk. Fur-
ther epidemiological and experimental studies are warranted to
explore and confirm the roles of FGFR2 polymorphisms in
increasing breast cancer risk.

The methodology of this study warrants discussion. First, with
regard to the control population, we used noncancer patients at
the ACCH on the basis of the fact that our subjects arose within
this population, warranting internal validity. To account for the
difference in background between the cases and controls, we
adjusted for referral pattern to our hospital. In addition, with
regard to the external validity of our results, we previously
showed that individuals selected randomly from our control pop-
ulation were similar to the general population from which they
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were drawn in terms of the exposure of interest.'” Second, as
with other case-control studies, this study may have suffered
from recall bias. As the questionnaires were completed before di-
agnosis at our hospital, the HERPACC system is less prone to
this type of bias. A further potential source of bias was the medi-
cal background of the controls, but this would have had only lim-
ited impact'® as described in the Material and Methods section.
However, several of the diagnoses of the controls (benign tumors,
mastitis and benign gynecologic disease) could be influenced by
hormone exposure. This could possibly explain some oddities in
our analyses, namely, that null parity and hormone replacement
therapy use seem to protect against breast cancer (Table I). Third,
although we tried to perform conditional logistic regression as
the primary analysis, we finally applied unconditional logistic
regression to avoid dropping of controls, leading to unstable esti-
mation in stratified analysis. Bias from ignoring the matching
was possible; however, consistency between conditional and
unconditional logistic regression models was confirmed. Lastly,
the results in this study may be false-positive due to small sample
size, particularly in subgroup analysis; thus, a large-scale study is
needed to confirm our results.

In conclusion, our case-control study revealed a significant
association between FGFR2 intronic SNPs and breast cancer risk
with a relatively high population-attributable risk (17.7%), as well
as a significant interaction between FGFR2 intronic SNPs and
reproductive hormones-related environmental risk factors in the
Japanese population. These findings suggest that FGFR? intronic
SNPs contribute to the development of female breast cancer
through a reproductive hormone-related pathway. Furthermore,
with the results of genotyping of FGFR2 intronic polymorphisms,
it would be possible to tell the risk of individual Japanese women
for breast cancer according to their reproductive lifestyles or
reproductive history, and develop individualized plans for preven-
tive actions against the development of breast cancer.
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Mortality for childhood cancer has declined in Osaka, as well as all
over Japan, since the 1970s, but whether this decline can be
explained by trends of incidence or survival of childhood cancer
has not been examined. A total of 5960 malignant tumors
diagnosed between 1973 and 2001 in children <15 years of age
were registered at the Osaka Cancer Registry in Japan. The time
trends for childhood cancer were analyzed over 29 years for
incidence and 20 years for survival. Leukemia was the most
common among childhood cancer for both sexes and accounted
for one-third of all cases. The age-standardized annual incidence
rate of all tumors was highest in 1988-1992: 155.1 per million for
males and 135.9 for females. Five-year survival for all tumors
improved from 50.1% in 1978-1982 to 73.0% in 1993-1997 for
males and from 52.3% to 76.3% for females. Thus, the constant
decline in mortality in childhood cancer was primarily due to
improved survival between the 1970s and 1980s and reduced
incidence after the 1990s. (Cancer Sci 2010; 101: 787-792)

ancer is the second-highest cause of death for children

<15 years of age in Japan, following accident as uninten-
tional injury.®’ According to Vital Statistics, mortality rates for
childhood cancer all over Japan have declined consistently since
the beginning of 1970s for both sexes and it is similar to
Osaka."™? However, no studies have systematically examined
trends for incidence and survival of childhood cancer to explain
this mortality decline in Japan. In the USA, the Surveillance
Epidemiology and End Result (SEER) program pubhshes annual
reports on mortality, incidence, and survival.® Europe has
large-scale registries such as the Automated Childhood Cancer
Information System Project (ACCIS) and the EUROCARE
study which reports incidence and survival periodically. @6
However, mortality data for individual countries is not available.
Information on mortality, incidence, and survival has been
exceptionally available from Britain.‘ A An important question is
to what degree the decline in the mortality from childhood can-
cer reflects incidence and survival trends. Marugame et al. have
reported on the incidence of childhood cancer from 1993 to
2001, using the data of 15 population-based cancer registries in
Japan, but long-term trends have not been examined.® In Japan
there is no nationwide cancer registry, although a large popula-
tion is needed to monitor childhood trends of cancer. The Osaka
Cancer Registry is one of the few registries in the world that has
a long history and covers a large-enough population to monitor
trends of childhood cancer. Ajiki et al. described incidence
trends for childhood cancer based on 12 major cancer classifica-
tions from 1971 to 1988 by using data from the Osaka Cancer
Registry.® They also rePoned trends for survival from cancer
between 1975 and 1994.9? However, they treated incidence and
survival separately, and did not focus on the effects of these two
factors on mortality trends. This article reports incidence trends
for childhood cancer in Osaka from 1973 to 2001 and survival
trends from 1978 to 1997 to clarify whether the continuous
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decline in cancer mortality between 1973 and 2001 was caused
by trends for incidence, survival, or both.

Materials and Methods

The incidence data were obtained from the Osaka Cancer
Registry, which covers all communities in Osaka Prefecture. The
population in Osaka Prefecture was 8.8 million at the 2000
census, which accounts for 7% of the total Japanese population,
and the analysis of incidence included childhood cancer cases
diagnosed between 1973 and 2001. The data on survival was
collected from patients diagnosed in 1975 for all communities
except for Osaka City, which is the biggest city in Osaka
Prefecture and includes a quarter of its population, and we com-
pleted the 5-year follow-up for the cases diagnosed until 1997.
Although the survival data for Osaka City was available from
1993, for the analysis in this study it was not used to examine
long-term trends in the defined population of Osaka Prefecture
excluding Osaka City. Compared with the data for incidence
trends, the analysis of survival covered approximately 3500
childhood cancer cases (82%) diagnosed between 1978 and 1997.

The Osaka Cancer Registry gathers information from reports
from (1) medical institutions in QOsaka Prefecture; (2) death
records of inhabitants of Osaka Prefecture mentioning
neoplasms; (3) autopsy records of medical institutions in Osaka
Prefecture (originally compiled in the Autopsy Records of the
Japanese Society of Pathology); (4) information on cancer cases
in Osaka Prefecture extracted from the Nationwide Registry of
Childhood Cancer of the Society for Protection of Children with
Cancer; (5) records of cancer patients in Osaka Prefecture
extracted from the Childhood Cancer Registry of the Committee
for Malignant Tumors of the Japanese Society for Pediatric
Surgeons; and (6) information from application forms used in
the Research Project for Pediatric Chronic Severe Diseases. !

For the analysis of incidence, cases were children <15 years
of age who were diagnosed with neoplasms defined by the Inter-
national Classification of Childhood Cancers second revision
(ICCC-2) between 1973 and 2001, and for analysw of survival,
those diagnosed between 1978 and 1997.¢ Secondary or more
neoplasms were included in the analysis of incidence but not in
that of survival.

To examine frends for the incidence of all tumors and all
tumors excluding neuroblastoma, joinpoint analysis was
performed and the annual percent change (APC) was calculated
from the joinpoint model by the Joinpoint 3.3 gackage s
National Cancer Institute, Bethesda, MD, USA)® In each
diagnostic group, the annual number of the patients was so small
that we need to examined the number of cases in six periods
(1973-1977, 1978-1982, 1983-1987, 1988-1992, 1993-1997, .
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and 1998-2001), where the joinpoint analysis was not conducted
because of the small number of observations.

The number of cases was expressed in six periods. Incidence
rates were calculated with the direct method as the number of
cases per million person-years. Age-standardized rates (ASR)
were calculated from age-specific incidence rates (for age groups
<1, 14, 5-9, and 10-14 years) using the world standard popula-
tion in 1970 and expressed in the six periods. Age-specific rates
were expressed for two time periods, the first 15 years (1973-
1987) and the following 14 years (1988-2001). The average
change in incidence rate over time was modeled using Poisson
regression, and expressed as the average annual percentage
change (AAPC) for all tumors between 19731987 and 1988-
2001 in age-specific rates. In order to rule out the effect of the
introduction of nationwide mass screening for neuroblastoma
from 1985, a calculation excluding neuroblastoma cases was
added to each analysis. The P-values and 95% confidence inter-
vals (CI) of the trend tests were also calculated.

The distribution of the number of cases used for the analysis of
survival was expressed in 5-year periods: 1978-1982, 1983-1987,
1988-1992, and 1993-1997. The data of prognoses was obtained
throu;%h a magnetic death file of vital statistics and resident
cards."” Observed survival rates and 95% Cls were calculated
with the Kaplan—Meier method. Death Certificate Only (DCO)
cases were excluded from the survival analyses. Relative survival
was not used since mortality from competing causes of death'is
low and our analyses indicated that the difference between
observed and relative survival was at most 0.3%. Changes in sur-
vival among the four periods were tested by log-rank test for trend
followed by calculation of the corresponding P-values.

The annual number of deaths by cancer, stratified for sex, was
derived from reports from the Osaka Cancer Registxy.(z) Mortal-
ity was calculated and joinpoint analysis was performed by sex.
APC was calculated from the joinpoint model. '

SAS software for Windows (version 9.1; SAS Institute Inc.,
Cary, NC, USA) was used for all statistical analyses.

Results

Analyses for incidence are based on 5960 cases diagnosed
between 1973 and 2001. Malignant tumors with a 5th-digit mor-
phology behavior code of 3 according to the International Clas-
sification of Diseases for Oncology accounted for 98% of all
childhood cancer cases (5822/5960), and the remaining cases
were non-malignant turnors occurring in the central nervous sys-
tem (120 cases; 2.0%), intracranial germ cell tumors (18; 0.3%).
DCO cases accounted for 3.5% of the total for 19732001, 4.0%
for 19731987, and 2.7% for 1988-2001. No difference was
observed in the distributions of major diagnostic groups between
the DCO cases and the other reported cases, except for central
nervous system tumors: 34.0% vs 31.4% for leukemia, 9.6% vs
9.9% for lymphoma, 32.1% vs 19.2% for central nervous system
tumors, and 3.8% vs 9.8% for sympathetic nervous system
tumors. The majority (83.9%) of the tumors were microscopi-
cally confirmed for the entire study period, and the proportion
increased from 80.6% for 1973-1987 to 88.7% for 1988-2001.

Figure 1 shows the trends of incidence, survival, and mortal-
ity of all tumors from 1973 to 2001 by sex. The trends of ASR
for all tumors increased, and the peak was identified in 1988 for
males and 1992 for females. In order to rule out the effect of
mass screening for neuroblastomas initiated in 1985, the trends
for ASR for all tumors excluding neuroblastornas were also
examined. ASRs for all tumors excluding neuroblastoma
showed the same trends except for the shift of the peaks from
1988 to 1987 for males and from 1992 to 1986 for females. The
trends of mortality steadily decreased for both sexes with an
APC of ~3.7% since 1977 for males and ~3.3 to ~5.1% during
the time period for females.
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Fig. 1. Trends for incidence, 5-year survival, and mortality of all
childhood cancer in Osaka, Japan. Age-standardized rates (ASRs) of
all tumors (observation; black point and fitted; black line), ASR of
all tumors excduding neuroblastoma (observation; cross mark
and fitted; dashed line), mortality (observation; black point and
fitted; dotted line) and S-year survival (black square) and 95% (.
The annual percent changes (APCs) are indicated in the graph.
*P < 0.05.

Figure 2 and Table S2 presents the sex-specific trends in the
age-standardized rate (ASR) of childhood cancer incidence by
diagnostic group. Leukemia in males and females showed the
highest frequency for the whole period, followed by central
nervous system tumors, except for the excess in sympathetic ner-
vous system tumors in 1993-1997 in males and 1988-1997 in
females. Childhood cancer was more common among males than
females with a male-to-female ratio of 1.27 (Table S1). This ratio
was particularly high for lymphomas (1.69) and renal tumors
(1.70) and slightly higher for retinoblastomas (1.10), malignant
bone tumors (1.05), and epithelial tumors (1.02). The cases in the
four major diagnostic groups (lenkemia, lymphoma, central ner-
vous system tumors, and sympathetic nervous system tumors)
accounted for approximately 70% of all tumors for both sexes.

The incidence rates for sympathetic nervous system tumors
increased until 1993-1997 for males and until 1988-1992 for
fernales, and then declined. For males, the incidence rates for
leukemias, lymphomas, and malignant bone tumors increased
until 1983-1987 and showed no consistent trends. ASRs for
germ-cell tumors and hepatic tumors declined from 1988-1992
to 1998-2001. For females, the incidence rates for lymphomas,
germ-cell tumors, and soft tissue tumors increased until 1983-
1987 and then declined.

doi: 10.1111/.1349-7006.2009.01443.x
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retinoblastoma (====), soft tissue tumor (=== in the
middle), sympathetic nervous system tumor (—-).

Age-specific incidence rates for all tumors were highest in the
0-year age group, followed by the 1-4-year age group for both
sexes (Table 1). This trend was similar to the incidence rates for
all tumors excluding neuroblastomas for both sexes. For the
other diagnostic groups, higher rates in the 0- and 1-4-year age
groups and lower rates for the 5-14-year age groups were
observed for leukemias, sympathetic nervous system tumors,
retinoblastomas, renal tumors, hepatic tumors, and germ-cell
tumors in both sexes. Incidence rates for malignant bone tumors
increased with age for both sexes. Age-specific rates for all
tumors in the 0-year old increased substantially from 1973-1987
to 1988-2001, primnarily due to the increased rate of neuroblas-
torna. AAPCs for all tumors for the various age groups ranged
from 2.0% to 3.1% between 1973 and 1989 and from -04% to
-4.2% between 1988 and 2001 for males, and from 1.2% to
3.7% and -1.8% to ~2.9% for females.

‘The distribution of cases used for survival analysis was
expressed by tumor group over S-year periods (Table S3). A
total of 3460 childhood cancer cases diagnosed during 1978-
1997 were used for the survival analysis. DCO cases numbered
47 (1.4%) between 1978 and 1987 with 22 cases between 1978
and 1982. Central nervous system tumors, leukemias, and lym-
phomas accounted for more than half of the DCO cases in every
period.

Figure 3 illustrates trends for sex-specific 5-year survival
rates in each diagnostic group in S-year periods. Survival
improved significantly over the four survey periods for all tumor
groups. Overall survival for all tumors increased from 50%
(95% CI: 46-55) to 74% (95% CIL: 70-79) for males, and from
52% (95% CIL: 47-58) to 77% (95% CI: 73-82) for females.
These trends did not change for all tumors excluding neuroblas-
tomas. Survival for all tumors excluding neuroblastornas was
slightly higher (at most 2%) during 1978-1982 and 1983-1988
and slightly lower (at most 2%) during 1988-1992 and 1993-
1998 than survival for all tumors for both sexes. Improvement
in survival was statistically significant for leukemias, lympho-
mas, sympathetic nervous system tumors, germ cell tumors, all
tumors excluding neuroblastomas, and all tumors. Central ner-
vous system tumors and some other minor diagnostic groups
showed no significant changes in survival.

Discussion
The data presented here from the large-scale and long-term can-

cer registry in Osaka showed a unique trend in the incidence of
total childhood cancer: an increase until 1988 with an APC of
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1.5% for males and until 1992 with an APC of 1.7% for females,
and then successive decrease with declining APCs of —2.0% for
males and —1.9% for females. These trends did not change when
neuroblastomas were excluded from this analysis.

As for survival, we have found an approximately 50-75%
increase for the periods 1978-1982 and 1993-1997 for both
sexes. The trend for mortality in Osaka was similar to that in all
over Japan (Fig. 1)." These findings indicate that the continu-
ous decline in mortality from childhood cancer throughout the
perod 1973-2001 was due to substantial improvement in sur-
vival in spite of an increase in incidence between the 1970s and
1980s, and a stable survival but declining incidence after the
1990s. Mortality and survival in our study showed similar trends
to those in the USA and European countries, although these
countries reported a continuous increase in the incidence of
childhood cancer between the 1970s and 1990s.°*7

The reason why the total childhood incidence in Osaka
increased but has declined since 1998 for males and 1992 for
females is unknown. That decline is unlikely due to a systematic
drift for collecting data. If systematic drift occurs, the trends
would be similar regardless of diagnostic grouping. However, the
incidence of. leukemia, retinoblastoma, central nervous system
in males, and hepatic tumors in females did not decline over time,
while other tumors such as sympathetic nervous system tumors
and germ-cell tumors declined from the middle of the study per-
iod for both sexes, a tendency which is not seen in other areas
such as the USA and Europe.a"” Moreover, the incidence of
sympathetic nervous system tumors declined in spite of continu-
ous and vigorous national screening and accurate detection of
neuroblastorna. There is a concern that data came mostly from
the Research Project for Pediatric Chronic Severe Diseases,
which is originally for subvention of treatment costs. However,
this research project has been conducted vigorously and the
possibility of the systematic drift of detection may be small.

The proportion of DCO cases in the registry used for this
study was 3.5% throughout the study period, higher than the per-
centages in other registries in the USA and Europe, which
according to the SEER and ACCIS project was <1% in almost
all European areas.®® The distribution among diagnostic
groups between DCO and other cases did not differ substantially
except for central nervous system tumors, which consists of var-
ious morphological types in the present study.

The screening for neuroblastomas in 6-month-old infants
from 1985 to 2003 resulted in an increase of almost six times
the incidence of neuroblastomas among infants in 1988-2001
compared to 1973-1987. The ASR for neuroblastomas tripled
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Fig. 3. Trends for age-standardized rates (ASRs) of
childhood cancer by diagnostic groups in Osaka,
Japan, from 1978 to 1997. Central nervous system
(CNS) (~--), germ-cell tumor (—), hepatic tumor
(~—), leukemia (—), lymphoma (==), malignant

Survival %

404

3{)1

bone tumor (---), renal tumor (=), 20
retinoblastoma (——), soft tissue tumor (~-- in the
middle), sympathetic nervous system tumor {==<),

but the ASR for all turmors increased by only 10% because
0O-year infants accounted for only approximately 5-7% of all
incident cases. Although our reports covered the period until
2001, this screening was stopped in 2004 after two reports that
screening for neuroblasotomas among infants had no effects on
monality.( 16.17)

The survival of childhood cancer patients in the leukemia and
other diagnostic groups in Osaka markedly improved between
1978 and 1992, probably due to earlier diagnosis and more effec-
tive thempies.é‘m The introduction of mass screening for neu-
roblastomas had no effect on the total tumor survival rates, since
the rates excluding and including neuroblastomas were similar.

Survival for the major diagnostic groups in 1993-1997 in our
study was generally lower than that in the USA and UK. The
5-year survival for leukemias, for example, was 73% for males
and 76% for females in Osaka, 80% in the USA, and 76% in the
UK. The exception is the higher 5-year survival rate for neurobl-
astomas in our study (86%) compared with that in the USA
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(69%) and UK (57%), probably due to over-diagnosis resulting
from nationwide mass screening.!!**® :

In conclusion, our study has clarified the trends for incidence,
survival, and mortality of childhood cancer in Japan. The
constant decline in mortality from childhood cancer was primar-
ily due to the improvement in survival during: the 1970s and
1980s, and the reduction in incidence after the 1990s.
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We used new methods to examine differences in population-based
cancer survival between six prefectures in Japan, after adjustment for
age and stage at diagnosis. We applied regression models for relative
survival to data from population-based cancer registries covering each
prefecture for patients diagnosed with stomach, lung, or breast cancer
during 1993-1996. Funnel plots were used to display the excess hazard
ratio (EHR) for each prefecture, defined as the excess hazard of death
from each cancer within 5 years of diagnosis relative to the mean
excess hazard (in excess of national background mortality by age and
sex) in all six prefectures combined. The contribution of age and stage
to the EHR in each prefecture was assessed from differences in deviance-
based R? between the various models. No significant differences
were seen between prefectures in 5-year survival from breast cancer.
For cancers of the stomach and lung, EHR in Osaka prefecture were
above the upper 95% control limits. For stomach cancer, the age- and
stage-adjusted EHR in Osaka were 1.29 for men and 1.43 for women,
compared with Fukui and Yamagata. Differences in the stage at
diagnosis of stomach cancer appeared to explain most of this excess
hazard (61.3% for men, 56.8% for women), whereas differences in
age at diagnosis explained very little (0.8%, 1.3%). This approach
offers the potential to quantify the impact of differences in stage at
diagnosis on time trends and regional differences in cancer survival.
It underlines the utility of population-based cancer registries for
improving cancer control. (Cancer Sci 2009; 100: 1306-1311)

The Japanese Government launched the Fundamental Planning
of Cancer Control Promotion based on the Fundamental Bill
on Cancer Control in June 2007. One of the mainstays of this
new strategy was to ‘narrow the inequalities of cancer medical
services’. Monitoring cancer survival among the prefectures of
Japan is important, both to evaluate progress toward this goal
and as a contribution to the next Cancer Control Plan or regional
cancer control planning. Wide regional differences in cancer
survival in Japan have been reported, but the findings were only
adjusted by age at diagnosis.tV

Multivariable models of relative survival have increasingly
been used to guantify the impact of various prognostic factors
(e.g. country, hospital, calendar period, age).*¥ Funnel plots,
mostly used in meta-analyses, have been used more recently as
additional tools for such comparisons.®™ In the present study,
we combined multivariable relative survival models with the funnel
plot approach,® to investigate differences in population-based
cancer survival between six prefectures in Japan. The role of age
and stage at diagnosis was evaluated for cancers of the stomach,
lung, and breast (women).

Materials and Methods

Patients. The collaborative study of cancer survival® collated
data from 11 prefectural cancer registries on some 373 000

CancerSci | July2009 | vol. 100 | no.7 | 1306-1311

cancer patients diagnosed between 1993 and 1996. The national
cancer survival figures were estimated on 279 469 records from the
seven registries (Yamagata, Miyagi, Niigata, Osaka, Fukui, Tottori,
and Nagasaki) that met the quality requirements (death certificate
only cases less than 25%; death certificate notification less than
30%; vital status unknown for less than 5% of patients).®”

These data formed the basis of the analyses reported here,
but the data from the Tottori registty (4% of the total) were
excluded because tumor stage was missing. Overall, 84 350
cases diagnosed with a first, primary, invasive malignant tumor
of the stomach (ICD-10Y” code C16), lung (C33-C34), or breast
(C50; only women) between 1993 and 1996 and followed up for
at least 5 years were considered as eligible for survival analysis.
Of these, we excluded 11 874 patients (14.1% of those eligible)
for whom the tumor stage at diagnosis was unknown, and
72 476 patients (85.9%) were included in the survival analyses.

Methods. We first applied relative survival models to examine
differences in cancer survival between the six prefectures. The
adjusted excess hazard of death for each prefecture was then
compared with the grand mean using the funnel plot approach.

In a second step, focussing on the prefecture with the lowest
survival, we assessed the influence of age and stage at diagnosis
on survival using the R? measure to estimate the proportion of
variation explained by each variable.

Regional differences in survival up to 5 years since diagnosis: the
funnel plots. The excess hazard ratios (EHR) of death from each
cancer within 5 years of diagnosis were estimated for each
prefecture with a Poisson regression model for relative survival,!'?
adjusting first for age, then for age and stage combined. The
expected (background) mortality, which is removed from the
observed overall mortality, was obtained from complete (single-
year-of-age) national life tables.'® The contrasts used in the
model were modified such that the excess hazard of each
prefecture was compared to the overall mean hazard of death in
excess of the national background mortality. This ‘grand mean’
across the six prefectures represents the ‘target’ in the funnel
plots,7® that is, the excess hazard of death against which the
hazard among cancer patients in each prefecture was compared.
Both 95 and 99.8% control limits were estimated according to
the ‘precision’, represented by the inverse variance of the grand
mean, and displayed on the x-axis of the funnel plots. An excess
hazard outside the 95 (dotted lines) or 99.8% (dashed lines)
control limits means that the excess hazard of death from that
cancer in that prefecture was considerably higher (if above the
limits) or lower (if below) than the risk of death from that cancer
in all the prefectures combined.

Evaluation of the role played by prognostic factors on the lowest
survival. We then focused on the prefecture with the lowest

*To whom correspondence should be addressed. E-mail: itou-yu2@mc.pref.osaka.jp
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Fig. 1. Funnel plots of the age-adjusted log excess hazard of death within 5 years of diagnosis, by prefecture: cancers of the stomach, lung, and
breast. Precision (x-axis) is the inverse of the variance of the age-adjusted log excess hazard of death. The target (‘grand mean’) is the average of

the log excess hazard of death across the six prefectures

survival for each cancer and evaluated the role of age and tumor
stage at diagnosis using R? measures for the Poisson regression
model, based on deviance residuals.""® We used four models to
quantify the effect of adjusting -the excess hazard for age and
stage. Model 1 comprised the follow-up time (0-, 0.25-, 0.5-, 1-,
2-, and 3-5 years since diagnosis) and the region. In model 2,
age at diagnosis was added to model 1, whereas model 3
consisted of model 1 plus stage at diagnosis. Model 4 included
both age and stage. The effect of age adjustment was defined as
the difference in R? between model 4 (adjusted for both age and
stage) and model 3 (adjusted for stage). The effect of adjusting
the excess hazard for stage was represented by the difference in
R? between model 4 (age and stage) and model 2 (age).

Results

Stomach cancer. Five-year relative survival was lower in Osaka
than in the other five prefectures for both sexes (data not shown).
After adjustment for age at diagnosis, the excess hazard of death
in Osaka was above the upper 99.8% control limit (Fig. 1).
Additional adjustment for stage at diagnosis reduced the excess
hazard in Osaka slightly, but it was still above the upper 95%
control limit for both sexes (Fig. 2). Some realignment of the
prefectural excess hazards was also observed. The data from
Miyagi and Niigata showed a significantly low excess hazard
of death from stomach cancer. In Miyagi, this persisted after
adjustment for both age and stage (Figs 1, 2).

We examined further the role of age and stage on the lower
survival in Osaka. Cancer patients in Osaka tended to be
diagnosed at a younger age and, for stomach cancer, at a more
advanced stage (Table 1). We further restricted the analysis to

Ito et al,

those cancer registries that conducted active follow up of cancer
patients, namely Osaka, Yamagata, and Fukui.

In this restricted analysis, the excess hazard of death for both
sexes in Osaka was still significantly higher than in the comparison
group of Yamagata and Fukui combined (Table 2: model 1). The
EHR barely changed after adjustment for age (model 2). The
EHR fell after accounting for stage (models 3 and 4), but it was
still significantly high. We estimated that differences in age at
diagnosis explained as little as 0.8% in men and 1.3% in women
of the difference in cancer survival between Osaka and Yamagata
and Fukui combined (Table 3). By contrast, differences in
tumor stage appeared to explain 61.3 and 56.8% of the survival
differences in men and women respectively (Table 3). This mainly
reflects a higher proportion of patients with advanced stage
(Table 1), particularly for regional disease (data not shown).

Lung cancer. Age-adjusted excess hazards were lower than the
99.8% control limit in both sexes in Niigata and among women
in Nagasaki (Fig. 1). These populations had a higher proportion
of localized tumors (Table 1) and, after additional adjustment
for tumor stage, the excess hazards of death were all within
the 95% control limits except for men in Miyagi prefecture
(Fig. 2).

Breast cancer. No outlier was found among the six prefectures
for 5-year relative survival or the excess hazard of death from
breast cancer within S years of diagnosis (Figs 1, 2).

Discussion
Analysis of population-based cancer data showed wide differences in

5-year relative survival from stomach cancer between the six
prefectures, after adjustment for age and stage. Patients in Osaka
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Table 1. Characteristics of cancer patients diagnosed between 1993 and 1996 in six prefectures in Japan: selected cancers

Prefecture
Total
Yamagata Fukui Osaka Niigata Miyagi Nagasaki
Resident population (1995) 1256 958 826 996 8797 268 2488 364 2328739 1544 934 17 243 259
Stomach
Men Incidence 111.8 104.3 742 113.5 97.7 823 87.1
(per milion)!
Mortality 48.5 37.5 47.5 49.3 42.8 37.5 42.1
(per milion)*
Age (years) No. % No. % No. % No. % No. % No. % No. %
15-44 157 4.5 87 4.7 466 4.5 263 4.6 177 52 125 5.5 1275 4.7
45-54 389 1.2 208 1.1 1582 154 658 1.5 437 129 233 10.2 3507 13.0
55-64 908 26.0 484 259 3212 313 1637 286 992 29.2 636 27.9 7869 29.1
65-74 1308 375 649 347 3170 30.9 2082 364 1215 358 813 35.6 9237 34.2
75-99 724 208 444 23.6 1830 17.8 1082 189 577 17.0 474 20.8 5128 19.0
Stage
Localized 2007 57.6 1040 55.6 4830 47.1 3391 59.3 1914 563 1193 523 14375 53.2
Regional 941 27.0 499 267 3442 33.5 1619 283 919 270 716 314 8136 30.1
Distant 538 154 330 17.7 1988 194 712 124 565 166 = 372 16.3 4505 16.7
Total 3486 100.0 1869 100.0 10260 100.0 5722 100.0 3398 100.0 2281 1000 27016 100.0
Women Incidence 48.5 44.0 28.2 40.8 35.2 34.4 33.7
(per milion)*
Mortality 22.0 17.8 179 17.5 14.9 14.4 16.4
(per milion)* .
Age (years) No. % No. % No. % No. % No. % No. % No. %
15-44 110 5.9 84 7.9 438 87 215 7.5 170 104 107 9.1 1124 8.3
45-54 138 7.4 109 10.3 876 174 309 108 210 128 134 11.4 1776 13.0
55-64 354 19.1 208 19.6 1118 223 610 21.4 330 20.1 243 20.7 2863 21.0
65-74 690 37.2 312 29.4 1371 27.3 951 333 545 333 362 30.8 4231 31.1
75-99 565 30.4 348 32.8 1221 243 772 27.0 384 234 330 28.1 3620 26.6
Stage
Localized 1018 54.8 526 49.6 2198 43.8 1668 58.4 841 51.3 590 50.2 6841 50.2
Regional 526 28.3 351 331 1761 35.1 841 294 495 302 3N 315 4345 319
Distant 313 16.9 184 173 1065 21.2 348 12.2 303 185 215 183 2428 17.8
Total 1857 100.0 1061 100.0 5024 100.0 2857 100.0 1639 1000 1176 100.0 13614 100.0
Lung
Men Incidence 51.8 56.8 65.0 63.4 60.3 68.8 55.9
(per milion)?
Mortality 45.7 50.8 57.9 47.8 50.8 55.3 47.3
(per milion)*
Age (years) No. % No. % No. % No. % No. % No. % No. %
15-44 22 1.8 21 22 179 2.7 M 1.7 35 2.7 36 2.8 334 2.4
45-54 63 5.1 50 5.3 696 10.4 180 73 101 7.8 92 7.2 1182 8.5
55-64 263 213 184 19.5 1636 244 509 205 275 214 256 19.9 3123 22.4
65-74 517 41.8 386 40.9 2514 37.5 1077 435 587 456 565 44.0 5646 40.5
75-99 372 30.1 303 32.1 1680 25.1 671 27.1 290 225 335 26.1 3651 26.2
Stage
Localized 236 19.1 240 254 1209 18.0 808 326 245 19.0 320 24.9 3058 219
Regional 444 35.9 372 39.4 2826 421 986 39.8 485 37.7 507 39.5 5620 40.3
Distant 557 45.0 332 35.2 2670 398 684 276 558 433 457 35.6 5258 37.7
Total 1237 100.0 944 100.0 6705 100.0 2478 100.0 1288 1000 1284 1000 13936 100.0
Women Incidence 15.6 14.9 19.0 17.4 16.0 19.2 16.8
(per milion)*
Mortality 12.0 9.4 174 105 10.8 14.1 12.6
(per milion)*
Age (years)  No. %  No. % No. %  No. %  No. %  No. % No. %
15-44 17 3.7 13 38 101 39 24 2.9 19 44 23 4.4 197 3.8
45-54 44 9.6 26 7.6 309 121 77 9.3 48 11.0 43 8.3 547 10.6
55-64 97 211 61 179 526 205 177 213 104 239 117 225 1082 21.0
65-74 156 339 119 350 814 31.8 310 373 156 358 195 374 1750 34.0
75-99 146 31.7 1221 356 813 31.7 242 29.2 109 25.0 143 274 1574 30.6
Stage
Localized 133 289 110 324 514 20.1 344 41.4 109 25.0 178 342 1388 27.0
Regional 112 243 114 335 1003 39.1 250 30.1 131 30.0 160 30.7 1770 34.4
Distant 215 46.7 116 34.1 1046 40.8 236 28.4 196 45.0 183 35.1 1992 38.7
Total 460 100.0 340 100.0 2563 100.0 830 100.0 436 160.0 521 100.0 5150 100.0
1308 doi: 10.1111/1.1349-7006.2009.01170.x
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Table 1. Continued
Prefecture
Total
Yamagata Fukui Osaka Niigata Miyagi Nagasaki
Breast
Women Incidence 435 40.3 41.6 388 535 43.1 43.6
(per milion)!
Mortality 9.2 9.6 120 8.3 9.8 9.7 10.4
(per milion)?
Age (years) No. % No. % No. % No. % No. % No. % No. %
15-44 189 19.9 152 202 1174 19.7 511 23.9 371 21.5 272 22.1 2669 20.9
45-54 247 259 232 309 2121 35.6 647 30.2 536 31.0 352 28.6 4135 32.4
55-64 201 211 156 20.7 1330 22.3 424 19.8 389 225 240 19.5 2740 215
65-74 210 221 135 18.0 840 14.1 389 18.2 305 17.7 254 20.6 2133 16.7
75-99 105 11.0 77 10.2 489 8.2 17 8.0 127 7.3 114 9.3 1083 8.5
Stage
Localized 563 59.1 439 58.4 3275 55.0 1215 56.7 930 53.8 641 52.0 7063 55.4
Regional 320 336 263 350 2324 39.0 827 38.6 686 39.7 521 42.3 4941 387
Distant 69 7.2 50 6.6 355 6.0 100 4.7 112 6.5 70 5.7 756 5.9
Total 952 100.0 752 100.0 5954 100.0 2142 100.0 1728 100.0 1232 100.0 12760 100.0

"The age-adjusted incidence rates per 100 000 (Standard Population: Japanese 1985 model population) in 1998 (the estimation of the incidence in
each prefecture was based on the collaborative study of cancer incidence in Japan®" and the total incidence was estimated using data from the
12 population-based cancer registries in Japan®?).
*Age-adjusted mortality rate per 100 000 (Std. Pop.: 1985 Japanese model population) in 1998 (data from vital statistics of Japan®).
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prefecture had higher than average excess mortality attributable
to stomach cancer, whereas lower excess mortality was seen
in Miyagi prefecture. Additional analyses restricted to three
prefectures showed that more advanced stage at stomach cancer

ito et al.
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diagnosis accounted for approximately 60% of the excess
hazard of death in Osaka.

Many cancer screening programmes (stomach, lung, breast,
cervix, colorectal, even prostate cancer) have been implemented

CancerSci | July2008 | vol. 100 | no.7 | 1309
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Table 2. Stomach cancer: excess hazard ratio (EHR) of death within five years since diagnosis in Osaka relative to Yamagata and Fukui combined-

patients diagnosed 1993-1996

Model 1 Model 2 Model 3 Model 4
No. Follow-up time Model 1 + age Model 1 + stage Model 1 + age
patients and region at diagnosis at diagnosis and stage
EHR 95% Cl EHR 95% Cl EHR 95% ClI EHR 95% Ci

Men
Region

Yamagata + Fukui 5355 1.00 1.00 1.00

Osaka 10260 1.53 1.44-1.62 1.59 1.50-1.68 1.26 1.19-1.33 1.29 1.22-1.36
Age group

15--59 4858 1.00 1.00

60-69 5508 1.29 1.21-1.37 1.16 1.09-1.24

70-99 5249 1.77 1.66-1.88 1.42 1.33-1.52
Stage

Localized 7877 1.00 1.00

Regional 4882 12.43 11.07-13.95 11.54 11.07-13.95

Distant 2856 47.02 41.78-52.90 42.77 41.78-52.90
Women
Region

Yamagata + Fukui 2918 1.00 1.00 1.00 1.00

Osaka 5024 1.55 1.44-1.68 1.65 1.53-1.78 1.34 1.25-1.45 1.43 1.32-1.54
Age group

15-59 2522 1.00 1.00

60-69 2057 1.09 0.99-1.20 1.12 1.02-1.24

70-99 3363 1.70 1.57-1.85 1.52 1.40-1.65
Stage

Localized 3742 1.00 1.00

Regional 2638 12.90 10.96-15.17 11.69 10.03-13.63

Distant 1562 49.43 41.85-58.38 44.19 37.75-51.73

Cl, confidence interval.

Table 3. Summary of the excess hazard of death for stomach cancer
patients in Osaka compared with Fukui + Yamagata

Variables included Men Wornen
Model .
in model EHR R? EHR R?
1 Follow up, region 1.53 0.344 1.55 0.380
2 + Age 1.59 0.364 1.65 0.403
3 + Stage 1.26 0.970 1.34 0.958
4 + Age and stage 1.29 0.978 1.43 0.971

The effect of age (difference in R? between model 4 and model 3: see
text) was 0.8 and 1.3% in men and women respectively. The effect of
stage (difference in R? hetween model 4 and model 2) was 61.3 and
56.8% in men and women respectively. EHR, excess hazard ratio.

in Japan with public resources, but they have often not been well
organized, with deficient management, poor definition of the target
population, low participation (e.g. stornach cancer screening
uptake 43.2% in Yamagata, 28.8% in Fukui, 17.9% in Osaka),(¥
and poor quality control. Although such issues have not yet been
fully documented, the uptake or quality of screening may
have been worse in Osaka, by far the most populous prefecture
examined here (Table 1).

The proportion of records excluded from analysis because of
missing data on stage varied widely by prefecture. The inclusion
of cases with missing stage in unadjusted analyses did not,
however, eliminate regional differences in stomach cancer survival.
Stage distribution is an indication of early detection of cancer,
but it does not explain the lower overall survival in Osaka:
stage-specific survival was also lower. Patients with regional
disease and, to a lesser degree, those with localized cancer,

1310

had much lower survival in Osaka prefecture than in Yamagata
and Fukui.

Regional disparities in health care management could play
a major role in the remaining differences in stomach cancer
survival, First, differential cancer screening coverage between
Osaka and Yamagata-Fukui was likely to produce lead-time bias
and/or length bias and roight explain some of the differences in
survival. Second, only 25% of cancer patients in Osaka were
treated in the designated cancer care hospitals, whereas this
proportion reached 70-80% in Fukui and Yamagata.!® Third,
lower S-year survival has been reported for cancer patients
treated in low-volume hospitals: (%' in Osaka, 2 higher proportion
of cases was treated in such hospitals.

Significant differences between prefectures in the age-adjusted
EHR for lung cancer disappeared after adjustment for stage. We
infer that the differences in lung cancer survival arose mainly
from differences in stage at diagnosis. In particular, cancer
patients in Niigata and Nagasaki were on average diagnosed at
an earlier stage than those in other prefectures. The high propor-
tion of localized cases in Niigata could be explained by the high
participation in screening. In Miyagi, the survival of localized
cases was much higher than in other prefectures (data not
shown), which could be due to lead-time bias and/or length bias
among screen-detected cases. Niigata and Miyagi are two of the
prefectures that have promoted cancer screening the most.

By contrast, no large disparities in survival were observed for
breast cancer while all six prefectures achieved high survival on
an international scale.® Such observations show that regional
differences in survival are not inevitable and that the overall
organization of health care (from early diagnosis and screening
through to treatment) can reach a uniformly high standard. It
also demonstrates that the differences in survival observed

doi: 10.1111/}.1349-7006.2009.01170.x
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for the other cancers were not simply the result of a complex
data artefact.

This is to our knowledge the first report of differences in
population-based cancer survival in Japan using multivariable
relative survival models, whereas crude survival (e.g. estimated
with Cox proportional hazard models) does not account for the
differences in background mortality. We did not control for
background mortality by prefecture because it was shown to
vary very little.®”

The contrast used here for the funnel plots enabled us to
examine the distribution of the excess hazard of death from each
cancer in each prefecture in relation to an overall mean excess
hazard, after adjustment for age and stage at diagnosis. This
approach also enabled us to take into account the differences
in precision of the estimates arising from the wide differences in
the population of each prefecture.

This cancer survival study was limited to six prefectures.
Population-based cancer registration is present in 35 of the 47
prefectures and one city in Japan, but the quality of registration
and follow up is often too poor and the proportion of records
with missing information on stage too high for systematic survival
analysis. Even in the six prefectures that met the predetermined
quality criteria, there were some unresolved data management
issues. Furthermore, we limited the additional analysis on three
prefectures with similar follow-up procedure in order to make
the results more comparable.

Analysis of secular trends in these regional disparities in
survival, using more recent data, will enable us to improve these
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investigations. Comparable approaches could also be applied
to examine differences in cancer survival between smaller
administrative geographies within a given prefecture, such as
second-level medical care districts.

High-quality cancer registries with individual follow-up
information are a key requirement for effective cancer control.
The infrastructure of cancer registration in Japan has lagged
behind that in European countries, Canada, and the USA.
Systematic analysis of the data from a network of cancer registries
is indispensable for monitoring improvements in cancer survival,
for assessing equity in the outcome of cancer care, and for
implementing and evaluating cancer control policies.

We showed that the use of the multivariable relative survival
model combined with funnel plot approach was useful for
assessing the regional disparities in cancer survival. It enabled us
to quantify the impact of differential age and stage distributions
on these regional inequalities. Our study illustrates the value of
population-based cancer registries for improving cancer control.

Acknowledgments

In 2005, the Research Group conducted a collaborative study on population-
based cancer survival with contribution from 11 cancer registries: Miyagi
(D Shibuya), Yamagata (T Matsuda), Chiba (H Mikami), Kanagawa
(N Okamoto), Niigata (KOgoshi), Fukui (M Fujita), Aichi (H Ito), Osaka
(HT), Tottori (T Kishimoto), Hiroshima City (N Nishi), and Nagasaki (M
Soda). The study was supported by a Grant-in-Aid for Cancer Research from
the Japanese Ministry of Health, Labour, and Welfare (14-2 and 20-2).

14 Ministry of Health, Labour and Weifare. Comprehensive Survey of Living
Conditions of the People on Health and Welfare (H.16), Tokyo: Health and
Welfare Statistics Association, 2004. (in Japanese)

15 Tsukuma H, Ioka A, Matsuda T er al. Proportion and survival of cancer
patients treated in the designated regional cancer hospitals: 3 prefectures
comparison. In Proceeding of 66th Annual Meeting of the Japanese Cancer
Association; 3~5 Oect. 2007, Yokohama, Japan. Tokyo: The Japan Cancer
Association, 2007; 514 (P-1198).

16 Toka A, Tsukuma H, Ajiki W er al. Influence of hospital procedure volume
on ovarian cancer survival in Japan, a country with low incidence of ovarian
cancer. Cancer Sci 2004; 95: 233-7.

17 Ioka A, Tsukuma H, Ajiki W et al. Influence of hospital procedure volume
on uterine cancer survival in Osaka, Japan. Cancer Sci 2005; 96: 689-94.

18 Ioka A, Tsukuma H, Ajiki W et al. Hospital procedure volume and survival
of cancer patients in Osaka, Japan: a population-based study with latest
cases. Jpn J Clin Oncol 2007; 37: 544-53.

19 Nomura E, Tsukuma H, Ajiki W eral Population-based study of
relationship between hospital surgical volume and S-year survival of stomach
cancer patients in Osaka, Japan. Cancer Sci 2003; 94: 998-1002.

20 Okamoto N, Ito Y, Tsukuma H. Difference in relative survival using regional

versus national life tables in Japan. In: Tsukuma H, ed. Report for Grant-in-

Aid for Cancer Research (14-2) from the Ministry of Health, Labour and

Welfare, Osaka: Department of Cancer Control and Statistics, Osaka Medical

Centre for Cancer and Cardiovascular Diseases, 2008: 3840, (in Japanese)

Ajiki W, Tsukuma H, Oshima A et al. The 28th collaborative study of

population-based cancer incidence and survey of medical treatment for

cancer patients and the 8&th collaborative study of the distribution of stage at
diagnosis of cancer patients in Japan. In: Oshima A, ed. Report for Grant-in-

Aid for Cancer Research (8-2) from the Ministry of Health, Labour and Welfare,

Osaka: Department of Cancer Control and Statistics, 2002: 17-40. (in Japanese)

22 Research Group for Population-based Cancer Registration in Japan. Cancer
incidence and incidence rates in Japan in 1998: estimates based on data from
12 population-based cancer registries. Jpn J Clin Oncol 2003; 33: 241-5.

23 Ministry of Health, Labour and Welfare. Vital Statistics of Japan (Website on
the internet), Tokyo: Center for Cancer Control and Information Services,
National Cancer Center. 2009. {Cited 20 Feb. 2009] Available from URL:
http://ganjoho.nce.go. jp/professional/statistics/odjrh3000000hwsa-att/cancer_
mortality(1958-2006).xls (in Japanese).

2

Cancer Sci | July2009 | vol. 100 | no.7 | 1311
© 2009 Japanese Cancer Association

—139—



= Théaﬂicialiau(na!nuheJépaneseCarcerAssé:iaﬁon i

Fresh and pickled vegetable consumption and
gastric cancer in Japanese and Korean populations:
A meta-analysis of observational studies

Hyun Ja Kim,! Sun Young Lim,? Jung-Sug Lee,? Sohee Park,? Aesun Shin,2 Bo Youl Choi, Taichi Shimazu,**
Manami Inoue,** Shoichiro Tsugane*® and Jeongseon Kim?®

iDepartment of Preventive Medicine, Hanyang University College of Medicine, Seoul; 2Cancer Epidemiology Branch, Research Institute, National Cancer
Center, Goyang; 3Cancer Registration and Statistics Branch, National Cancer Control Research Institute, National Cancer Center, Goyang, Korea;
4Epidemiology and Prevention Division, Research Center for Cancer Prevention and Screening, National Cancer Center, Tokyo, Japan; SResearch Group for
the Development and Evaluation of Cancer Prevention Strategies in Japan, Tokyo, Japan

(Received May 21, 2009/Revised September 17, 2009/Accepted September 23, 2009/0nline publication October 27, 2009)

It is widely known that vegetable consumption contributes to
reducing the risk of gastric cancer (GC). However, the incidence
rates of GC remain high in both Japanese and Korean populations,
even though they have a high consumption of total vegetables.
This may be due to the fact that Japanese and Koreans mainly con-
sume processed vegetables, such as cooked, salted, or pickled veg-
etables, rather than fresh vegetables. To determine whether the
intakes of fresh and pickled vegetables have different effects on
the risk of GC in Japanese and Korean populations, we carried out
a meta-analysis of published epidemiological reports. Eight studies
on the consumption of fresh vegetables and 14 studies on the con-
sumption of pickled vegetables related to GC risk were included in
this meta-analysis. Four studies exploring differences in GC risk in
men and women were considered separately. We observed that a
high intake of fresh vegetables was significantly associated with a
decreased risk of GC (overall summary OR = 0.62, 95% Cl = 0.46-
0.85) but that a high intake of pickled vegetables was significantly
associated with an increased risk of GC (overall summary
OR = 1.28, 95% ( = 1.06-1.53). The results of this meta-analysis
provide evidence that a high intake of pickled vegetables may
increase GC risk and suggest that a high consumption of fresh veg-
etables, rather than a large total amount of vegetables including
pickled vegetables, is important to reduce GC rvisk. (Cancer Sci
2010; 101: 508-516)

V egetable consumption is known to contribute to a reduc-
tion of gastric cancer (GC) risk."® The mean daily intake
of ve%etables in Korea (327.0 g/day)” and Japan (253.9
g/day)® is higher than that of the USA (189 g/day)® and
northern Europe (104.6-119.1 g/day in men and 119.4-
131.0 g/day in women),"*? all regions characterized by low
rates of GC incidence (<15/100 000).' However, the age-
standardized incidence rate of GC remained high in Korea
(67-73/100 000 men and 20-30/100 000 women) and Japan
(60-92/100 000 men and 24-39/100 000 women) during the
1990s.%? Moreover, the seroprevalence of Helicobacter pylori
infection, considered as a major risk factor for GC, is also high
in Japan (60.0%) and Korea (59.6%).0>!¥

This paradox might be explained by the fact that Japanese
and Korean people consume more pickled vegetables than fresh
vegetables. Vegetables are the main source of various antioxi-
dants (such as carotenoids, vitamin C, folate, and selenium),
fiber, and phytochemicals that play an important role in the eti-
ology of cancer.¢ However, vegetables have varying effects
on GC risk, depending on how they are prepared and preserved,
Fresh vegetables contain greater amounts of these nutrients
because there is no nutrient loss due to preparation, so fresh veg-

Cancer Sdi | February 2010 | vol. 101 | no.2 | 508-516

etable consumption appears to be a stronger protective factor
against GC than total vegetable consumption.'® Unfortunately,
Japanese and Korean people often consume processed vegeta-
bles, such as cooked, salted, or pickled vegetables, rather than
fresh vegetables.”” Pickling, also known as brining or corning,
is the process of greserving food by soaking and storing it in
vinegar or brine."® Although pickled vegetables may offer
health benefits due to the fermentation process,"” they may
have adverse effects on GC risk due to the addition of large
amounts of salt and the loss of key nutrients contained in vegeta-
bles under acidic and oxygenic conditions.?>?%?) I addition,
pickled vegetables are a possible source of nitroso compounds
that may contribute to gastric carcinogenesis.®*

Although the evidence from case—control studies supporting
the protective effects of vegetables against GC risk remains
strong, evidence about the effects of ve;etable consumption on
GC risk from cohort studies is equivocal, 16:24-26) and meta-anal-
yses of the relationships between pickled vegetable intake and
GC risk have not been carried out. Therefore, we examined the
relationships between the consumption of fresh vegetables and
pickled vegetables and GC risk through a meta-analysis of stud-
ies carried out in Japanese and Korean populations that indicated
a high risk of GC but also a high intake of vegetables.

Materials and Methods

Selection of studies for meta-analysis. Case—control studies
and cohort studies evaluating the relationships between vegeta-
ble intake and GC risk published before November 2008 were
identified using databases including PubMed (hitp://fwww.
ncbi.nlm.nih.gov/pubmed/), KoreaMed (http://www.koreamed.
org/SearchBasic.php), and Ichushi (Japana Centra Revuo Medi-
cina, http://www jamas.or.jp). The keywords used in these
searches were (‘‘gastric cancer”’ or ‘‘stomach cancer’’), (‘‘vege-
table’” or ‘‘pickled vegetable’’), and (‘‘Japan’’ or ‘‘Korea’’).
We also reviewed the references cited in the articles to identify
additional studies for inclusion. We included published works
written in Japanese, Korean, and English.

Inclusion/exclusion criteria. Inclusion/exclusion criteria for
this meta-analysis were as follows.

1 To examine the relationships between overall fresh or pickled
vegetables intake and GC risk, we included only the results
that specified the food item to be ‘‘fresh vegetables,”’” “‘raw
vegetables,”’ ‘‘pickled vegetables,”” ‘‘pickles,”” or ‘‘pickled
food’’ in each study, and the results obtained from single
food item questions have been excluded.

§To whom correspondence should be addressed. E-mail: jskim@nccre.kr
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2 Subjects were of Japanese or Korean ethnicities. Migrant
studies were also included.

3 Cohort or case—control studies were included. Review or
meta-analysis articles were excluded.

4 The studies that presented adjusted 95% confidence intervals
(CD as well as relative risks (RR) or odds ratios (OR) were
included for meta-analysis in order to use adjusted values.
Studies that did not report adjusted 95% CI or that presented
regression coefficient values were excluded even if the
number of cases and controls were presented.

5 In cases of multiple publications drawn from studies of the
same population, only the most recent study was included.

6 Case—control studies that evaluated mortality instead of GC
incidence were excluded.

Data abstraction. The studies were reviewed independently
by two reviewers using the same inclusion/exclusion criteria,
with disagreements between the reviewers resolved by consen-
sus. The following information was collected from each study:
the study design; author; publication year; nation; study period;
study subjects (type and sources, definition, and numbers of
subjects); measure unit of food intake (consumption frequency
or quantitative intake amount); category of food intake; RR/OR
and 95% CI; P for trend; and confounding variables.

Statistical analysis, To consider the values adjusted for the
confounding factors and to include the studies that did not
present each cell number (cross-tabulation) in the tables,( 7
we used the values of RR or OR with its 95% CI. Statistical
heterogeneny across the studles was assessed by calculc\tmg the
between-stud ly variation (7%) from the Q statistic.®® In addition
to Q, the I" statistic describing the percentage of variation
attributable to heterogeneity across the studies was also cal-
culated from Q values because it is easily interpretable. It has
been suggested that I values of 25%, 50%, and 75% is
dsblgncd to low, moderate, and high heterogeneity, respec-
tively.®” Depending on these results for heterogeneity, we
decided whether a fixed-effect or random-effect model would
be used to calculate the summary OR and its 95% CI. Addition-
ally, we discovered sources of heterogeneity between studies
through a meta-regression analysis including nationality (Japa-
nese vs Korean), study design (cohort vs case—control study),
sex (total, men, vs women), and the year the study_started. To
assess the degree of publication bias, we tested asymmetry in
the funnel plot using Begg’s test.cmS P-values less than 0.05
were considered statistically significant. All analyses were
carried out using STATA 10 software (STATA, College
Station, TX, USA).

Results

We identified a total of 75 articles through an initial computer-
ized search of published work. By screening the articles
according to title and abstract, 54 articles (11 review papers, 1
meta-analysis study, 9 experiment studies or clinical trials, 9
studies of populations from other countries, 23 studies on other
foods or vegetables or non-dietary factors, and 1 study on
atrophic gastritis) were excluded. We added 11 articles through
citation searches, and then 32 original articles related to the
relationships between the consumption of fresh and/or pickled
vegetables and GC risk were included. Among these articles, the
number of studies on the relationships between fresh vegetable
intake and GC risk was 14 (2 cohort studies®'*? and 12 case~
control studies(®?7334 ), and the number of studies on the
rcldhonshlpb between pxc}dcd ve%etdble intake and GC risk was
25 cohort _studies@®313243 and 10 case—control stud-
jes? '33'34'36‘4"55 - 9)). Based on the exclusion criteria, three
case—control studies that did not report adjusted 95% CI
values, =" one cohort study that presented the regression
coefficient values,"™”’ one cohort study that compared the mean
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intake times per week, “9 nine pubhcatmns ‘Prescntmg multiple
studies of the same populdnon, 33.37-39 and one
case—control study using death cases”” were excluded. Fmdlly,
a total of eight articles (one cohort study®® and seven case—
control studies!®?73436:40-42) ) on the effects of consummg fresh
vegetdbleb and 14 dmcles (Cl%h[ cohort studigs@>32:4649-33)

six case—control studies® 6.41.58.5 ) on the effects of con-
suming pickled ve%getdbles were included in this meta-analysis.
Four articles®43*3753) that presented results separately for men
and women were considered in the separate articles for meta-
analysis.

The details of the eligible studies are presented in Tables 1
and 2 by vegetable type (fresh or pickled). Confounding fac-
tors, including typical confounders such as age and sex, were
adjusted for in most studies. We obtained statistically signifi—
cant results in tests of heterogeneity between studies of fresh
vegemblcs (Q = 28.369 on 8 degrees of freedom, P < 0.001;
?=71.8%) and pickled vegemblcs (Q=45292 on 16
degrees of freedom, P < 0.001; I = 64.7%). Therefore, we
selected a random-effect model to present the summary statis-
tics. The results of the meta-analysis of the relationships
between fresh and pickled vegetable intake and GC risk are
presented in Figures | and 2, respectively. A high intake of
fresh vegetables was significantly associated with a decreased
risk of GC (overall summary OR =0.62, 95% Cl=
0.46-0.85), whereas a high intake of pickled vegetables was
significantly associated with an increased risk of GC (overall
surnmary OR = 1.28, 95% CI = 1.06-1.53). The adjusted
RR/OR for the highest category of fresh vegetable intake
were skewed in the negative direction (RR/OR range,
0.20-0.92) except for one study (OR = 120)( % whereas the
adjusted RR/0OR for the highest category of pickled vegetable
intake varied (RR/0OR rcm%e 0.60~3.80). After excludmg two
studies by Lee JK eral and Lee SA eral,“” which
reported excessive right- or left-sided skew in their associa-
tions between fresh vegetable intake and GC risk, the level
of heterogeneity became low (Q =13.074 on 6 degrees of
freedom, P = 0.042; I? = 54.1%; data not shown). However,
the significance levels of the overall summary estimate of the
effect of the consumption of fresh vegetables on GC risk did
not change (overall summary OR =064, 95% Cl=
0.49-0.83; data not shown).

To explore the possible variables that explain why the resulis
varied from study to study, a meta-regression analysis was car-
ried out that included nationality (Japanese vs Korean), study
design (cohort vs case—control study), sex (total, men vs
women), and the year the study started. Of these variables,
nationality (P = 0.043 for fresh vegetables and P < 0.001 for
pickled vegetables) was observed as a source of heterogeneity.
However, study design (P = 0.690 for fresh vegetables and
P = 0.126 for pickled vegetables), sex (P = 0.449 for fresh veg-
etables and P = 0.567 for pickled vegetables), and the year the
study started (P = 0.081 for fresh vegetables and P = 0.512 for
pickled vegetables) were not significant sources of heterogeneity
between studies. Therefore, we carried out a subgroup analysis
according to nationality. The protective effects of fresh vegeta-
bles on GC risk from Japanese studies (OR = 0.56, 95%
CI = 0.45-0.69) was stronger than that of the overall analysis,
and the heterogeneity between studies dlbappeared (Q = 3.609
on four degrees of freedom, P = 0.461, I = 0%). However, the
heterogeneities between Korean btudles on fresh vegetables as
well as Japanese studies on pickled vegetables remained after
the subgroup analysis according to nationality (data not shown).

Begg's funnel plots for assessment of publication bias are pre-
sented in Figure 3. Begg’s test and funnel plots did not detect
publication bias in the meta-analyses of the effect of fresh
(Z=094, P=0.348) or pickled vegetables (Z =078, P =
0.434) on GC risk.
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