A Comparative Risk Assessment in Japan

@ PLoS Medicine | www.plosmedicine.org 17 January 2012 | Volume 9 | Issue 1 | e1001160

311



Annals of Oncology

Annals of Oncology 23: 1362-1369, 2012
doi:10.1098/annonc/mdr437
Published online 2 November 2011

Attributable causes of cancer in Japan in
2005—systematic assessment to estimate current
burden of cancer attributable to known preventable risk
factors in Japan

M. Inoue™, N. Sawada', T. Matsuda?, M. lwasaki’, S. Sasazuki', T. Shimazu®, K. Shibuya® &
S. Tsugane'

"Epidemiology and Prevention Division, Research Center for Cancer Prevention and Screening, National Cancer Center, Tokyo; 2Surveillance Division, Center for Cancer
Control and Information Services, National Cancer Center, Tokyo; *Department of Global Health Policy, Graduate School of Medicine, The University of Tokyo, Tokyo,
Japan

Received 16 May 2011; revised 8 August 2011; accepted 8 August 2011

Background: To contribute to evidence-based policy decision making for national cancer control, we conducted
a systematic assessment to estimate the current burden of cancer attributable to known preventable risk factors in
Japan in 2005.

Methods: We first estimated the population attributable fractions (PAFs) of each cancer attributable to known

risk factors from relative risks derived primarily from Japanese pooled analyses and large-scale cohort studies and
the prevalence of exposure in the period around 1990. Using nationwide vital statistics records and incidence
estimates, we then estimated the attributable cancer incidence and mortality in 2005.

Results: In 2005, ~55% of cancer among men was attributable to preventable risk factors in Japan. The
corresponding figure was lower among women, but preventable risk factors still accounted for nearly 30% of cancer.
In men, tobacco smoking had the highest PAF (30% for incidence and 35% for mortality, respectively) followed

by infectious agents (23% and 23%). In women, in contrast, infectious agents had the highest PAF (18% and 19%
for incidence and mortality, respectively) followed by tobacco smoking (6% and 8%).

Conclusions: In Japan, tobacco smoking and infections are major causes of cancer. Further control of these factors
will contribute to substantial reductions in cancer incidence and mortality in Japan.
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introduction 1t is well known that cancers are largely caused as

a result of lifestyle and environmental factors that are
potentially preventable. On the other hand, substantial
differences in the pattern of cancer by geographical region
and socioeconomic level may be identified [4]. Cancer control
policies in any country must therefore be tailored to reflect
the local burden of cancer and characteristics of the health
system.

The first national systematic quantitative assessment of
multiple cancers was reported in the United States in 1981 [5]
and was followed by updated estimates for the United States
suggest that 54% of Japanese men and 41% of (6, 71, .estimates for European countries including t.he Nordic
Japanese women will be diagnosed with cancer during their countries [8, 9], and France [10, 11] and global estimates [12].
lifetime [3]. Although the cancer burden attributable to sectioned individual

risk factors has been reported for East Asian countries [13-16],
no single study has provided a reliable estimation of attributable
fraction for known risk factors on multiple cancer risks in Japan.
*Correspondence to: Dr M Inoue, Epidenjo!ogy a.nd Prevention Division, Researc? In the present study, we conducted a systematic assessment
Center for Cancer Prevention and Screening, National Cancer Center, 5-1-1 Tsukiji, . .
Chuo-ku, Tokyo 104-0045, Japan. Tel: +81-3-3542-2511 (ext. 3389 to estimate the current burden of cancer attributable to known
Fax: +81-3-3547-8578; E-mail: maminous@nce.go.p preventable risk factors in Japan in 2005.

Japan has experienced a drastic change in disease structure
~and pattern over the past five decades [1, 2], due to
economic, demographic, and lifestyle changes experienced after
World War II. Together with rapid aging, the transition in
patterns of disease from communicable diseases such as
tuberculosis and pneumonia to noncommunicable diseases,
including cancer [1, 2], poses challenges to health systems
and to public health in Japan. Cancer has been the leading
cause of death in Japan since 1981, accounting for ~30% of
all deaths in recent years. Cancer registry data in 2005

© The Author 2011. Published by Oxford University Press on behalf of the European Society for Medical Oncology.
All rights reserved. For permissions, please email: journals.permissions@oup.com

313

zloz ‘cT 1(9]/\[ uo OI()IO_L Jo I(J!S.I’-)A}Hﬂ je /BJO'S]P-ILIHO[[),IOJ,XO'OﬂOmlE//Zdl)q WOy papeojumo



Annals of Oncology

methods

We estimated the population attributable fraction (PAF) of site-specific
cancers occurring in Japan in 2005, PAF in the present study is the fraction
of total cancer incidences or mortality that is attributable to a particular
exposure and that could be avoided if that exposure were eliminated or
reduced to an alternative scenario that would result in the lowest risk, or in
other words, the theoretical minimum risk exposure distribution [17].

data sources

Estimation of PAF of known causes of cancer in Japanese requires the
availability of cancer incidence and mortality data in Japan, data on the
prevalence of exposure to each risk factor and relative risk (RR) for each
causally related cancer.

selection of risk factors for cancer in Japan. Risk factors included in this study
were those for which there is evidence for a causal association with cancer
(Table 1). These factors were selected based on the agents classified by the
International Agency for Research on Cancer (IARC) [18] as Group 1
carcinogens in humans; risk and protective factors that were judged as
‘convincing’, with the exception of ‘convincing’ or ‘probable’ for vegetable,
fruit, and salt intake by the second ‘Food, Nutrition, Physical Activity, and
the Prevention of Cancer: a Global Perspective’ report, produced by the
World Cancer Research Fund and American Institute for Cancer Research in
2007 [19]; and the conditions evaluated by the IARC Cancer Prevention
Handbook Series [20] as causally associated with a reduced risk. Some
established carcinogens, such as infection with Schistosoma haematobium
(blood fluke), Opisthorchis viverrini (liver fluke), human immunodeficiency
virus, and intake of aflatoxin, were not included in this study due to their
very rare or very low prevalence in Japan. Further, due to the lack of reliable
prevalence data in Japan, we did not include risk factors such as occupational
exposure, air pollution, and ultraviolet and radiation exposure.

cancer incidence and mortality in Japan in 2005, Cancer incidence data in
2005 were obtained from the annual estimate by the Japan Cancer

Table 1. Risk factors and cancers included in the present analysis

Surveillance Research Group as part of the Monitoring of Cancer Incidence
in Japan project [3] on the basis of data collected from population-based
cancer registries in Japan. We obtained sex- and age-specific incidence data
for target cancers using code of the International Statistical Classification of
Diseases and Related Health Problems, 10th Revision (ICD-10), with
morphology code of the International Classification of Disease for
Oncology, 3rd Edition (ICD-O-3).

Data on cancer mortality statistics in 2005 were obtained from the vital
statistics of Japan. We extracted sex-, age-, and cause-specific mortality
from an electronic database obtained from the Japanese Ministry of Health,
Labour and Welfare, with permission. Cause of death was classified using
the ICD-10.

Table 2 summarizes cancer incidence and mortality in Japan in 2005.

prevalence of exposures to each risk factor. The current burden of cancer
reflects the cumulative effect of past exposures. For most cancers and risk
factors, average latency between first exposure and diagnosis is ~15 years
[11]. We therefore assumed a latency time of ~15 years and considered
exposures around 1990. We collected prevalence data of exposures to each
risk factor from different sources, giving priority to representative Japanese
surveys. No latency time was considered and current prevalence was applied
for exogenous hormone use (hormone replacement therapy and oral
contraceptive use) in women given the assumption that cancer risk
decreases rapidly after the cessation of use of exogenous hormones [21].
Occupational exposures such as asbestos, etc. were not included in this
analysis due to a lack of reliable prevalence data in Japan.

selection of RR for each causally related cancer. Data on RR included in this
study were obtained from epidemiologic studies identified from different
sources, including PubMed, Ichushi, and websites, in either English or
Japanese. We employed priority ranking for the inclusion and selection of
RRs as follows: for selection, a study should include RR and corresponding
95% confidence intervals (Cls). Among these studies, highest priority was
given to meta-analyses that included pooled analyses of Japanese
populations. When meta-analyses were not available, we selected the most

MALT, mucosa-associated lymphoid tissue; MET, metabolic equivalents.
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Table 2. Incidence* and mortality® of cancer in Japan in 2005
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“Japan Cancer Surveillance Research Group as part of the Monitoring of Cancer Incidence in Japan project [3].

bVital statistics of Japan [1].

ICD-10, International Statistical Classification of Diseases and Related Health Problems, 10th Revision.

comprehensive studies of Japanese available. Results from cohort studies
had priority over case~control studies. When RRs for Japanese populations
were not available, we then substituted the data with those for other Asian
populations and finally with non-Asian values from the literature.

analysis
PAF was calculated based on the RR of cancer associated with exposure to
the risk factor and the prevalence of exposure to the risk factor in the total
population (P) [22] using the following formula:
Px(RR—1)
PAF = B RR=D+T'
When RR or exposure data were reported in multiple exposure
categories, they were combined in a dichotomous variable [10, 23].
Different methods were used for estimations related to infection. To
estimate major infectious causes of cancer in Japanese such as Helicobacter
pylori, hepatitis B virus and hepatitis C virus (HCV), we used an alternative
formula [23, 24] based on the distribution of exposure in cases (Pc) since
the prevalence of each infection among cases was more stable than that

among control or reported populations in the literature:

RR-1
PAF = Potm—.,
“RR

For other infectious agents, we applied the PAF values from a previous
estimation [25] due to a lack of prevalence or RR data for Japanese.

For physical inactivity and salt intake, we derived the risk of cancer
per unit increase in exposure and average RR for the whole population
based on the average level of exposure, assuming a log-linear
relationship between exposure and risk, by means of the following
formula [10]:

Risk = [In(risk per unit)xaverage exposure levell;

To account for interactions among multiple risk factors, such as
tobacco smoking and alcohol drinking, we used the following formula
under the assumption of independent exposures and effect [26]:
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PAF = 1- [ [ (1-PAF),

i=1

where i refers to ith risk factor.

To account for uncertainty in the estimation of PAFs arising from RRs
and the exposure prevalence of risk factors, the 95% CI of PAF was
calculated using the variance of PAF based on a delta method, where P was
the prevalence of exposure and f§ was defined as In (RR):

_ [Bp(p)=1F - Var(P{PBxp(B)] - Var(p)

Var(PAR) {PEp(H 1171}

The variance of prevalence was considered null when the prevalence data
were based on the whole population. When PAF was derived directly from
the literature, as with some infectious agents, estimation of 95% CI was
carried out under the assumption of no variability for the PAF.

results

Overall, ~55% of cancer (53% for incidence and 57% for
mortality, respectively) among men was attributable to
preventable risk factors in Japan. The corresponding figure was
lower among women, but preventable factors still accounted for
nearly 30% of cancer (28% and 30%; Table 3; detailed results of
cancer burden by risk factor are shown in supplemental
Appendix Tables A1-A8, available at Annals of Oncology online).

The estimated PAFs for each risk factor are summarized in
Table 3. Tobacco smoking and infectious agents are the major risk
factors for cancer in Japan, followed by alcohol drinking. Other
risk factors such as salt intake, excess body mass index (BMI),
vegetable intake and fruit intake, physical inactivity, and female
exogenous hormone use accounted for a small share (<2%) of
both cancer incidence and mortality. A substantial difference is
seen in the pattern of cancer attributable to preventable risk
factors by sex, primarily due to differences in the past cumulative
exposure to tobacco smoking. In men, tobacco smoking,
including both active and passive smoking, had the highest PAF
(30% and 35% for incidence and mortality, respectively), followed
by infectious agents (23% and 23%). Among women, in contrast,
infectious agents had the highest PAF (18% and 19% for
incidence and mortality, respectively), followed by tobacco
smoking, including active and passive (6% and 8%).

Summary results for individual cancers are shown in Table 4.
In both sexes, infections and tobacco smoking remained the
major causes of site-specific cancer, i.e. oral cavity and pharynx,
stomach, and liver in men and nasopharynx, liver, and cervix
uteri in women due to both tobacco smoking and infection;
esophagus, larynx, and urinary tract in men due to tobacco
smoking; and anus in men and women due to infection. For
other cancers, on the other hand, such as pancreas and leukemia;
male prostate; and female colorectum, breast, corpus uteri,
ovary, and urinary tract, no strong associations with the
currently known preventable risk factors were seen.

discussion

This is the first study in Japan to systematically analyze the current
burden of cancer attributable to multiple known preventable risk
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factors. Our study suggests that ~45% of cancer incidence and
mortality in Japan in 2005 was potentially preventable.

The major advantage of the present study was the use of best
available evidence from the Japanese population, particularly
given that exposure-disease relationships can vary substantially
between populations even after adjustment for potential
confounders. A well-known example of this is the difference in
tobacco smoking and BMI between Western and Asian
populations [27, 28]. RRs of cancer incidence and mortality
used in the present study were derived primarily from pooled
analyses or large-scale cohort studies of Japanese, which
enabled a more appropriate and realistic estimation than
studies that extrapolate RRs from other populations.

Our results confirmed that tobacco smoking and infectious
agents are currently the major causes of cancer in Japan.

The prevalence of current smokers among Japanese men has
constantly decreased, from 53% in 1990 to 39% in 2005. The
higher prevalence of ever smokers in 1990 (73%) than recently
led to the large attribution of tobacco smoking in Japanese
men. In women, in contrast, the prevalence of current smoking
has been stable since 1990 (10%-11%) despite an increasing
trend in younger age groups (aged 20—40 years: 11% in 1990
and 18% in 2005) [2]. We anticipate that the burden of cancer
attributable to tobacco smoking will decrease in men but not in
women in the next few decades due to the 20- to 30-year time
lag between tobacco exposure and diagnosis.

Previous studies have consistently shown that the RR of
tobacco smoking on cancer is lower in the Japanese as well as
other East Asian populations than in Western populations [29].
There are several potential reasons for this. First, the uptake of
smoking began later in the Japanese than in Western
populations and the shortage of cigarettes during and shortly
after World War II meant that consumption in this period at
least was lower [27]. Secondly, Japanese nonsmokers have
a higher incidence of cancers due to environmental tobacco
smoke [30] and other indoor air pollutants [31]. Thirdly,
susceptibility to tobacco smoke appears to have a genetic
component; and finally, other lifestyle or environmental factors
commonly found in the Japanese population appear to have
a protective effect [27].

Another important finding from our study is its confirmation
of the notion that infectious agents are a major cause of cancer in
the East Asian region [16]. Its advanced socioeconomic status
and high degree of hygiene and sanitation notwithstanding,
Japan is not an exception: H. pylori and HCV are major
infectious causes that account for a relatively large share of
preventable cancers. In contrast, the contribution of infectious
agents has recently been reported as <5% in Western populations
[6, 9, 10]. The prevalence of these infectious agents shows
a strong cohort effect, namely a huge variation by birth cohort,
and has been declining rapidly among younger birth cohorts.

The majority of gastric cancer in Japan is derived from the
noncardia stomach (91% in men and 94% in women in 2000)
[32], and the prevalence of H. pylori is >80% in the birth cohort
born before 1950 and 40%-50% in those born after 1950
[33, 34]. Because of this cohort effect, gastric cancer is expected
to decline rapidly in a next few decades after the reduction of
H. pylori infection in Japan. Hepatocellular carcinoma, which
accounts for 90% of all liver cancer cases, is primarily caused by
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Table 3. Number and PAF (%) of cancer incidence and mortality attributable to selected risk factors in Japan in 2005

PAF, population attributable fraction; CI, confidence interval; HCV, hepatitis C virus; HBV, hepatitis B virus; EBV, Epstein-Barr virus; HPV, human
papillomavirus; HTLV-I, human T-cell leukemia type I; MET, metabolic equivalents.

chronic HCV infection in Japan. The peak incidence between incidence is therefore likely to decline further in the next

the 1970s and the 1990s in Japanese men was affected by the decade [35].

birth cohort effect among those born during 1931-1935, which Other important infections in Japan include human T-cell
was attributed to HCV outbreaks in Japan [35]. This spread leukemia type I (HTLV-I), which is the main cause of adult
was ended by the early 1990s by the control of parenteral HCV ~ T-cell leukemia (ATL). However, the attribution of this agent

transmission and interferon therapy for patients with chronic to total cancer burden is small due to the low prevalence of
HCV infection, followed by a community-based anti-HCV HTLV-I and small proportion of carriers (6% and 2% among
screening system started in 2002. Japanese liver cancer men and women, respectively) who develop ATL [36].
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Table 4. PAF (%) of incidence and mortality attributable to known risk factors by site of cancer in Japan in 2005

PAF, population attributable fraction; Cl, confidence interval; ICD-10, International Statistical Classification of Diseases and Related Health Problems, 10th

Revision; NHL, non-Hodgkin lymphoma.

Alcohol consumption in Japan and the proportion of heavy
drinkers increased for decades until 1990 and have now peaked
[2]. Our estimates of the PAF of alcohol drinking should be
interpreted with caution because Japanese have a high
prevalence of an aldehyde dehydrogenase 2-deficient
phenotype, a deficiency that results in greater exposure to
acetaldehyde, which is a known carcinogen in alcohol. This
genetic difference may be one reason for the stronger RR in
Japanese than Western populations [37]. In addition, the
nonexposure referent group in many Japanese studies includes
lifetime abstainers who are genetically unable to metabolize
acetaldehyde, as well as past drinkers who quit drinking due to
symptoms caused by alcohol drinking, which may have resulted
in the underestimation of RR.

Other risk factors tended to contribute only a relatively small
portion of the overall burden. For example, the prevalence of
overweight and obesity (BMI 225) in Japan has gradually
increased in men (22% in 1990 and 29% in 2005) but has been
stable in women at ~21%-22% for decades according to the
National Nutrition Survey [38]. In addition, the prevalence of
obesity (BMI 230) has been ~3% in both sexes. As long as the
Japanese maintain current BMI levels, the overall cancer burden
derived from excess BMI may be small. Rather, the prevalence

of underweight (BMI <18.5) in Japan has been greater (5% in
men and 10% in women) than that of obesity. Given that many
previous studies in Japanese and Asian populations have
associated low BMI with an increased risk of cancer {28, 39],
PAF for low BMI may warrant further investigation.

Physical inactivity, high salt intake, low vegetable and fruit
intake, and female exogenous hormone use are associated with
an increased risk of some cancers, but the contribution from
these exposures based on our definition of exposed category
was modest, due to the low prevalence of exposed category and/
or an insufficient or inadequate definition of exposure level. It
is notable that the intake of highly salt-concentrated preserved
foods rather than salt intake as a whole salt equivalent is
suggested to increase the risk of cancer [40], and estimation by
the latter instead of the former may underestimate the real PAF.
In addition, the prevalence of exogenous hormone use in Japan
was and remains significantly low compared with Western
populations, which may have led to its small contribution.
More accurate estimates of the impact of these factors in
Japanese will require a better scientific understanding of the
association and more reliable data for Japanese.

Several limitations of these estimates warrant mention. Due
to a lack of reliable prevalence data in Japan, we did not include
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risk factors such as occupational, air pollution, or ultraviolet or
radiation exposures. From previous estimates from Western
populations [41], the PAF of occupational exposure may be
expected to be ~5% in men, which is not negligible, while the
PAF of other factors may not be substantial. Regarding
infectious agents, we substituted our estimates with the PAF
obtained in a previous estimate [25] due to a lack of prevalence
and RR data in Japan, such as for human papillomavirus and
Epstein—Barr virus, or excluded them from the present estimate
due to the very small number of cases in this population. In
addition, the RR estimates and prevalence data were extracted
independently. Combining biases by using data from multiple
sources would increase the bias of PAF estimation. More
generally, most cancers have a multifactorial etiology, and

a logically multivariate approach is more realistic. Due to an
absence of information on most interactions and the joint
prevalence of multiple exposures, we took account of the
overlap of risk factors. Nevertheless, the results should be
interpreted with caution due to uncertainties over the
interactions among risk factors of cancer [8, 11, 42]. Since we
used the best estimate of RR and prevalence currently available
for Japanese, measured with the most suitable methodology, we
believe that our estimates of PAFs are the best that can be
currently calculated for Japanese. Nevertheless, many PAFs in
the present analysis were based on RRs derived from a single
study, not from pooled or meta-analyses, and estimates based
on them will require updating when more appropriate evidence
become available. At the same time, the cause of more than half
of Japanese cancers remains unexplained. Solving this issue will
require more research targeted at cancer etiology.

Allowing for these methodological issues, this first
comprehensive assessment of cancer burden attributable to
multiple risk factors in Japan showed that ~55% of cancer
in men, 30% of cancer in women, and 45% of cancer in
both sexes was attributable to known risk factors. Our

estimate also confirmed that tobacco smoking and infectious

agents are currently the main causes of cancer in Japan.
These estimates have major implications for national health
policy for cancer prevention and control strategies in Japan,
namely that public health targeting aimed at substantial
reductions in current Japanese cancer incidence and
mortality should more strongly focus on the control of
tobacco smoking and reduction of chronic infections such as
H. pylori and HCV.
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