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Cigarette smoking and liver cancer risk

Table 3. Summary of cohont studics on cigaretie smoking and liver cancer among Japanese

Reference Study period Study population Magnitude of
association
Sex Number of subjects Age range Event Number of incident
cases or deaths
Kono et al. (8) 19651983 Men 5130 Not specified  Death 51 -
Akiba and Hirayama (9)  1966-1981 Men 122261 =40 Death 652 1"
Women 142857 =40 Death 398 m
Inaba et al. (10) 19731988  Men 270 (liver cirrhosis) Not specified Death 46 11
Shibata et al (11) 1958-1986  Men 639 (farming arca) A0-69 Death 11 -
677 (fishing arca) 40-69 Death 2 n
Kato et al. (12) 1987-1990  Men and women 1784 (cirrhosis and =16 Incidence 122 -
post-transfusion
hepatitis)
Tsukuma et al. (13) 1987-1991  Men and women 917 (chronic liver discase)  40-69 Incidence 54 1
Goodman et al. (14) 1980-1989  Men 36 133 (men und women)  Not specified  Incidence 156 m
Women Not specified  Incidence 86 1
Chiba et al. (15) 1977-1993  Men and women 412 (HCV-associated 40-72 Incidence 63 m
chronic liver disease)
Tanaka et al. (16) 1985-1995  Men and women 96 (liver cirrhosis) 40-69 Incidence 37 -
Mori et al. (IT) 1992-1997  Men and women 3052 =30 Incidence 22 1
Mizoue ot al. (18) 19861996 Men 4050 =40 Death 59 11
Ogimoto et 4l (19) 1988-1999  Men 28287 40-719 Death 186 (number by m
sex nit described)
Women 37241 40-79 Death i

HCV, hepatitis C virus: 11, strongly positive: 1, moderately positive: T, weakly positive: — no association.

Table 4. Summary of case-control studies on cigarette smoking and liver cancer among Japanese

Reference Study period Study subjects Magnitude of association
Sex Age range Number of cases  Number of controls
Oshima et al, (20) 1972-1980 Men Not specified 19 I8 mn
Tsukuma et al. (21} 19831987 Men and women =74 29 266 -
Tanaka et al. (22) 1985-1989 Men and women 4069 24 410 -
Fukuda et al. (23) 19861992 Men und women  40-69 68 485 H
Murata et al. (24) 1984-1993 Men Nat specified 66 132 1
Shibata et al. (25) 1992-1995 Men 40-69 115 115 hospital controls -
115 community controls -
Mukaiya et al. (26) 1991-1993 Men Not specified 104 104 (chronic liver disease) (il
Takeshita et al. (27) 19931996 Men Not specified 85 101 1
Koide et al. (28) 1994 Men and women 46-79 84 84 m
Matsuo et al. (29) 1995-2000 Men 40-75 177 177 hospital controls -~
177 community controls 1
Women 40-75 45 149 hospital controls -
149 community controls 11
Munaka et al. (30) 19971998 Men and women 3492 % 138 -

111, strongly positive; 11, modertely positive: 1, weakly positive: -, no association; |, weakly inverse; ||, moderately inverse.

138



infections was not addressed in most studies. Since, in Japan,
individuals with either or both infections may have more than
100 times higher risk than those without either (3,31), only a
slight change in smoking habit among such infected individu-
als could result in a substantial distortion of associated RRs.
Alcohol consumption, another potential confounder, was not
adequately controlled in some studies. In addition. the lack of
dose-response relationship in three-quarters of the cohort stud-
ies has made our conclusion more conservative.

As for the case—control studies, the data have been contro-
versial. In some studies, the recruitment of hospital controls,
which possibly included those with smoking-related diseases,
may have biased the RRs towards unity. Confounding issues by
hepatitis virus infection and alcohol drinking were the same as
those in the cohort studies. The absence of dose-response
relation in majority of the case—control studies appears very
perplexing. Among cases. symptoms resulting from pre-
existing liver disease or physicians’ advice on their health
can lead to lifestyle changes including a reduction in number
of cigarettes smoked per day. This might be responsible for
elevated risks among light to moderate smokers observed in
most case~control studies. However, the situation was similar
in the cohort studies where smoking habit many years before
the development of liver cancer was evaluated. Some unknown
biological implications might exist in these non-linear
relations.

An interaction issue between hepatitis viruses and cigarette
smoking (i.e. possible difference in risk increase due to smok-
ing according to hepatitis virus infection) should also be con-
sidered. Since the great majority of patients with
hepatocellular carcinoma in Japan is known to be chronically
infected with HBV or HCV (2,3), the following question natu-
rally arises: ‘Does smoking increase the risk of hepatocellular
carcinoma among people without either HBV or HCV
infection?’ This question has not fully been addressed. proba-
bly due to the difficulty in conducting epidemiologic studies
on this subject and its low practical implication in the preven-
tion of liver cancer. It scems biologically implausible that
cigarette smoking, without any hepatitis virus infection or
heavy alcohol consumption, causes chronic liver disease,
thereby playing a major role in hepatocarcinogenesis, On
the other hand, the evaluation of the nsk for smoking
among people infected with HBV or HCV will be easier to
be performed and will provide more practical information. It is
noteworthy that, based on such evaluations, a limited number
of cohort or case-control studies demonstrated clear dose-
response relationships between smoking and liver cancer
risk (13,15,20),

Finally, the authors consider that it will be problematic to
perform a meta-analysis to obtain a summary estimate for
the overall magnitude of association, since such an estimate
may not be applicable to general populations of the Japanese
due to the above interaction issue. Therefore, the planned
meta-analysis was not conducted in this particular evaluation.
In addition, the authors cannot exclude the possibility of
publication bias and missing relevant epidemiologic studies,
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although they have long heen knowledgeable about the
situation of such studies in Japan.

EVALUATION OF THE EVIDENCE ON
CIGARETTE SMOKING AND LIVER CANCER
RISK AMONG JAPANESE

From these results and based on assumed biological plausibil-
ity as previously done by the International Agency for
Research on Cancer (5), we conclude that cigarette smoking
‘probably’ increases the risk of primary liver cancer among the
Japanese. Potential confounding by hepatitis virus infection
and virus-smoking interactions need to be addressed in future
studies.
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Background: Our research group undertook an appraisal of the body of epidemiological studies
on cancer in Japan to evaluate the existing evidence concerning the association between
health-related lifestyles and cancer. As tobacco smoking may be one of the few modifiable
risk factors for breast cancer, we focused on the association between tobacco smoking and
the risk of breast cancer in this review.

Methods: A MEDLINE search was conducted to identify epidemiological studies on the
association between smoking and breast cancer incidence or mortality among the Japanese
from 1966 to 2005. Evaluation of associations was based on the strength of evidence and
the magnitude of association, together with biological plausibility as previously evaluated by
the International Agency for Research on Cancer.

Results: Three cohort studies and eight case-control studies were identified. The relative risk
(RR) or odds ratio (OR) of breast cancer for current smokers ranged from 0.71 to 6.26 in these
studies. A significantly increased risk among current smokers compared with never smokers
(RR = 1.7) was reported in one out of the three cohort studies. Moderate or strong associations
between smoking and breast cancer risk (OR > 2.0) were observed in four of the eight case-
control studies. Experimental studies have supported the biological plausibility of a positive
association between tobacco smoking and breast cancer risk.

Conclusion: We conclude that tobacco smoking possibly increases the risk of breast cancer

in the Japanese population.

Key words: systematic review — epidemiology — tobacco smoking — breast cancer — the Japanese

INTRODUCTION

Breast cancer 1s the most frequently diagnosed cancer in
women, the incidence rate of which has increased considerably
among Japanese women in recent years. The established risk
factors include menstrual and reproductive history, family
history of breast cancer, postmenopausal obesity, genetic
susceptibility and exposure to ionizing radiation (1). Yet
more than half of breast cancer risk remained unexplained.
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Epidemiology & Preventive Medicine, Gifu University Graduate School of
Medicine, Gifu, Jupan, 1-1 Yanagido, Gifu 501-1194, Japan; E-mail:
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Our research group undertook an appraisal of the body
of epidemiological studies on cancer in Japan to evaluate
the existing evidence concerning the association between
health-related lifestyles and cancer (2). Tobacco smoking
may be one of the few modifiable risk factors for breast cancer.
The following is a summary of information from epidemio-
logical studies on smoking and breast cancer.

METHODS

A MEDLINE search was conducted to identify epidemio-
logical studies on the association between smoking and breast
cancer incidence or mortality among the Japanese from 1966

£ 2006 Foundation for Promotion of Cancer Research
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to 2005. Papers written in either English or Japanese were
reviewed, and only studies on the Japanese populations living
in Japan were included.

Individual results were summarized in tables separately by
study design as cohort or case-control studies. Relative risks
(RRs) or odds ratios (ORs) in each epidemiological study were
grouped by magnitude of association, with consideration of
statistical significance (S8) or no statistical significance (NS),
as strong, <0.5 or >2.0 (§8); moderate, either (i) <0.5 or >2.0
(NS), (ii)> 1.5 to 2(S8), or (iii) 0.5 to <0.67 (55); weak, either
(i) >1,5-2.0 (NS), (ii) 0.5 to <0.67 (NS) or (iii) 0.67-1.5 (S8);
or no association, 0.67-1.5 (NS). After this process, the
strength of evidence was evaluated in a similar manner to
that used in the WHO/FAO Expert Consultation Report (3),
in which evidence was classified as ‘convincing’, *probable’.
‘possible’” and ‘insufficient’. We assumed that biological
plausibility corresponded to the judgment of the most recent
evaluation from the International Agency for Research on
Cancer (IARC) (4). In the case of multiple publications of
analyses of the same or overlapping datasets, only data
from the largest or most updated results were included. and
incidence was given priority over mortality as an outcome
measure. Details on the evaluation methods are described
elsewhere (2).

MAIN FEATURES AND COMMENTS

We identified three cohort studies (5-7) and eight case-
control studies (8-15). Besides these studies, two case-control
studies (16,17) referred to the association between smoking
and breast cancer risk in addition to their main findings.
However, they were not included in this review because the
data overlapped with those used for previous study conducted
by the same institute. Details of the component studies
including age range, study period, numbers of women enrolled,
RR or OR of breast cancer for smoking status or/and number of
cigarettes smoked per day and years of smoking, and covari-
ates used in adjustment are described in Tables | and 2.
Summaries of the magnitudes of association for these studies
are shown in Tables 3 and 4.

Among the three cohort studies, a significantly increased
risk among current smokers compared with never smokers
was reported in one study (RR = 1.7) (7) but not in the others
(Table 1). The RRs for current vs. never/non-smokers were
1.28 and 0.97 in the other two studies, respectively.

Moderate or strong associations between smoking and breast
cancer risk were observed in four of the eight case-control
studies (11—14). The ORs of breast cancer for current or ex-
smokers reported from the case-control studies ranged from
0.71 to 6.26, All the case-control studies were hospital-based
except one study by Ueji et al. (14). This study reported the
highest OR for current smokers. The response rates from cases
and community controls were 75.5 and 67 4%, respectively in
the study.

As alcohol drinking and smoking are closely associated,
there is potential for confounding of alcohol use on the

association between smoking and breast cancer, One of the
three cohort studies (7) and two of the eight case-control stud-
ies reported associations after adjustment for alcohol use
(9,15). However, in most of the other studies, information
on alcohol use was obtained. Authors did not observe con-
founding effect of alcohol on the association between smoking
and breast cancer risk. Some but not all studies took account of
other known risk factors of breast cancer, such as parity, age at
menarche, age at first birth, age at menopause and family
history of breast cancer. However, the studies showing RRs/
ORs with and without adjustment for these factors (7,8,13-15)
revealed that the association between smoking and breast can-
cer was not substantially altered.

Tobacco smoking has been suggested as a cause of breast
cancer. In the evaluation of IARC (4), smoking and tobacco
smoke are judged to be carcinogenic to humans. Chemical
carcinogens in tobacco smoke can cause mammary tumors
in animals (4,18). Metabolites of tobacco smoke have been
formed in the breast fluid or tissue of smokers (19,20). Thus, it
is biologically plausible that exposure 1o tobacco smoke is
related to breast cancer. However, epidemiological studies
of smoking and breast cancer have produced inconsistent
results (4.21-23), A recent pooled analysis of 53 epidemio-
logical studies showed no increased risk of breast cancer
associated with smoking (24). However, passive smoking
has been suggested to be associated breast cancer risk rather
consistently (23). Thus, the risk of active smoking may be
canceled out by the passive smoking risk in the control
group. Some studies suggested that longer duration or high
intensity of smoking may be associated with an increased
risk of breast cancer (25.26). Studies referring to years of
smoking, age at smoking started or pack-years of smoking
were few in the present review and implications of these
factors in breast cancer risk among Japanese women were
equivocal.

Unlike the previous reviews of studies among non-Japanese
populations, the present review indicates a positive association
between smoking and breast cancer. We have no explanation
for this difference at this moment. It is unlikely that female
smokers in Japan smoke more heavily and have a longer
duration of smoking. Marugame et al. (27) reported that
both the number of years of smoking and the number of
cigarettes smoked per day were lower among Japanese
smokers than those observed for smokers of both sexes
in the USA. Differences in endogenous estrogen status or
distribution of certain genes related to metabolic enzymes
among populations may partially explain the discrepancy
between the present and previous reviews. Any antiestrogenic
effects of smoking may be smaller in women with low
circulating estrogen levels as in the case of postmenopausal
Japanese women. However, there was no consistent interaction
with menopausal status in the present and previous reviews
(22). Certain genotypes, such as GSTTl-null (28.29).
XPD-Gly/Gly (30,31), XRCC1 Arg399GIn/Gln (31,32),
CYPIAI*2A (33,34) and slow NAT2 genotypes (29,35)
have been suggested 1o increase the risk of breast cancer
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among women who smoke. Conceming these genotypes,
Japanese appear to have higher frequency for GSTTI1-null
and CYPIAI*2A but not for the others compared with
Caucasians (36-38). Confounding by other unmeasured fac-
tors, such as diet including phytoestrogen intake. cannot be
excluded.

Integration of evidence based on case-control studies is
compromised because of limitations in participants’ memory
of past exposure history and selection biases introduced in the
recruitment of cases and controls. There was a tendency that
positive association was reporied in the case-control studies
with small sample size. In addition, we cannot exclude the
effect of publication bias. The number of cohort studies is
insufficient to draw a definite conclusion.

EVALUATION OF THE EVIDENCE ON
TOBACCO SMOKING AND BREAST CANCER
RISK IN JAPANESE

From these results and assumed biological plausibility, we
conclude that tobacco smoking possibly increases the risk
of breast cancer in the Japanese population.

Acknowledgments

This work was supported by the Third Term Comprehensive
10 year Strategy for Cancer Control from the Ministry of
Health, Labor and Welfare, Japan.

References

. World Cancer Research Fund/American Institute for Cancer Research.
Food, nutrition and the prevention of cancer: a global perspective. USA:
American Institute for Cancer Research 1997; 252-87.

Jpn J Clin Oncol 2006:36(6) 393

10. Katol Miura S, Kasumi F, Iwase T, Tashiro H, Fujita Y, et al. A case-control
study of breast cancer among Japanese women: with special reference to
family hi and reproductive and dietary factors. Breast Cancer Res Treat
1992:24:51-9.

11. Wakai K, Ohno Y, Watanabe 5, Sakamoto G, Kasumi F, Suzuki S, et al.
Risk factors for breast cancer among Japanese women in Tokyo: a case-
control study. J Epidemiol 1994:4:65-71.

12. Hitose K, Tajima K. Hamajima N, Inove M, Takezaki T, Kuroishi T,
et al. A large-scale, hospital-based case-control study of risk factors of
breast cancer according to menopausal status. Jpn J Cancer Res
1995;86:146-54.

13. Yao-Hua H, Kuroishi T. Matsushita Y, Nagata C. Shimizu H Birth
season and breast cancer risk in Japan. Breast Cancer Res Treat
1996;39:315-9,

14, Ueji M, Ueno E, Osei-Hirayama D, Saito T, Takahashi H, Kano K. Risk
factors for breast cancer among J women: a case-control study in
Ibaraki, Japan. Breast Cancer 1998:5:351-8.

15. Tungi'l'l' Tsukuma H, Tanaka H, Kinoshita N, Koyama Y, Ajiki W, et al.

fmsfwhmrmmlapm.wuhspanllmlo
and

productive history. Jpn J Clin
Ollraf 1999.29:13746.

16. Hirose K, Tajima K. Hamajima N, Takezaki T, Inoue M, Kuroishi T, et al.
Impact of established risk factors for breast cancer in nulligravid Japanese
women, Breast Cancer 2003;10:45-53.

17. Yoo KY, Tajima K, Park SK, Kang D, Kim SU, Hirowe K, et al
Postmenopausal obesity as a breast cancer risk factor according to

status (Jupan). Cancer Lent

gen and p P
2001:167:57-63.

18, Cavalieri N. Rogan E, Sinha D. Carcinogenicity of aromatic hydrocarbons
directly applied to rat mammary gland. J Cancer Res Clin Oncol
1988:114:3-9,

19. Petrakis NL. Grurnke LD, Beelen TC, Castagnori N Jr, Craig JC. Nicotine
in breast fluid of nonlactating women. Science 1978:199:303-5,

20. Li D, Wang M. Firozi PF, Chang P, Zhang W, Baer-Dubowska W, et al,
Characterization of a major aromatic DNA adduct detected in human
breast tissue. Environ Mol Mutagen 2002:39:193-200.

21. Palmer JR. Rosenberg L. Cigar king and the nsk of breasi cancer.
Epidemiol Rev 1993;15:145-56,

22. Temry PD, Rohan T, Cigarette smoking and the risk of breast cancer in
women: a review of the literature, Cancer Epidemiol Biomarkers Prev
2002:11:953-71.

23, Johnson K. Accumulating evidence on passive and active smoking and
twustmccrmk .vmc‘mwm 117:619-28,

24. Col ive group on Hi l Factors in Breast cancer. Alcohol,
tobaceo and breast cancer—collsborative reanalysis of individual data from
53 epidemivlogical studies, including 58515 women with breast cancer
and 95067 women without the disease, 8r J Cancer 2002:87:1234-45,

25, Calle EE, Miracle-McMahill HL, Thun MJ, Heath CW Jr. Cigarette

2. Inoue M, Tsuji L, Wakai K.Nngmc leue‘l‘ Tanaka K, etal. F
based on sy ic review of logi .-cwd:nceamongl
populations: tobacco smoking ind total cancer risk. dpn I Clin Oncol
2005:35:404-11.

3. World Health Organization. WHO Technical Reports Series 916, Diet,
Nutrition, the Prevention of Chronic Disease. Report of a Joint WHO/
FAD Expert Consultation. Geneva: WHO 2003,

4, [mmmt Agency for Rnem:h on Cancer. IARC Monographs on the

luation of Carci Risks to Hi Volume 83. Tobacco Smoke
and lnvoluntary Smuiung. Lyon, France: IARC 2004,

. Hirayama T. Life-style and mortality. A large-scale census-based cohort
study in Japan. In: Wahrendorf, editor, Contribution 1o epidemiology and
biostatistics, Vol. 6. Basel: Karger 1990.

6. Goodman MT, Cologne JB. Moriwaki H, Vaeth M. Mabuchi K. Risk factors
for ;limury breast cancer in Japun: 8-year follow-up of atomic bomb
survivors. Prev Med 1997:26:144-53,

7. HanaokaT, Yamamoto 5. Sobue T, Sasaki S, Tsugane S. Japan Puh!ur:

-

g and risk of fatal breast cancer, Am J Epidemiol 1994;139:
1001-7.

26. Terry P, Miller AB, Rohan TE. Cigaretic smoking and breast cuncer risk:
a long latency period? Inr J Cancer 2002:100:723-8.

27. Marugame T. Sobue T, Satoh H, Komatsu S, Nishino Y, Nakmsuka H.
Lung cancer death rates by smoking status: comparison of Three-
Prefecture Cohort Study in Japan to the Cancer Prevention Study 1l in
the USA. Cancer Sei 2005:96:120-6,

28. Zheng T, Holford TR, Zahm SH, Owens PH, Boyle P, Zhang Y. Cigaretie
smoking, glutaferase M1 and t1 genetic polymorphisms, and breast cancer
risk (United Statex), Cancer Canses Control 2002:13:637-45.

29. vander Hel OL, Peeters PH, Hein DW, Doll MA, Grobbe DE, Kromhout D,
et al. NAT2 slow acetylation and GSTM1 null genotypes may increase

breast cancer risk in long-term smoking women.
Pharmacogenetics 2003;13:399-407.

30. Terry MB, Gammon MD, Zhang FF, Eng SM, Sagiv SK, Paykin AB, etal.

Pulym.rplum in the DNA |q1dr gene XPD pulytyclic aromatic

Health Center-Based Prospective Study on Cancer and Cardi
disease Study Group, Active and passive smoking and breast cancer risk
in middle-aged Japanese women, Int J Cancer 2005:20:317-22,

8. Hirohata T, Shigematsu T, Nomura AM, Nomura Y. Horie A, Hirohata 1.
Occurrence of breast cancer in relation to diet and reproductive history:
a case-control study in Fukuoka, Japan. Natl Cancer Insi Monogr
1985:69:187-90,

9. Kato I, Tominaga S, Temo C. Alcohol consumption and cancers of
hormone-related organs in females. Jpr J Clin Oncol 1989;19:202-7.

147

DNA breast cancer.
Cancer Epidemiol Biomarkers Prev 2004; IizﬁﬂH
31. Metsola K, Kataja V, Sillanpaa P, Siivola P, Heikinheimo L, Eskelinen M, etal

XRCCI and XPD genetic polymorphisms, smoking and breast cancer risk
in a Finnish case-control study. Breast Cancer Res 2005;7:R987-97,

32. Patel AV, Calle EE, Paviuck AL, Feigelson HS, Thun MJ, Rodriguez C.
A prospective study of XRCCl (X-ray cross-complementing group 1)
polymorphisms and breast cancer, Breast Cancer Res 20057
R1168-73.



394 Tobacco smoking and breast cancer risk

3.

34,

s,

Li Y, Millikan RC. Bell DA, Cui L, Tse CK, Newman B, ef al, Cigaretie
smoking. cytochrome P4501A1 polymorphisms, and breast cancer anong
African-American and white women. Breast Cancer Res 2004,6:R460-73.
Bartsch H, Nair U, Risch A, Rojas M, Wilkman H, Alexandrov K.
Genetic polymorphism of CYP genes, alone or in combination, as a risk
modifier of tobacco-related cancers, Cancer Epidemiol Biomarkers Prev
2000;9:3-28,

Sillanpaa P, Hirvonen A, Kataja V, Eskelinen M, Kosma VM, Unsitupa M,
et al. NAT2 slow acetylator genotype as an important modifier of breast
cancer risk. In1 J Cancer 2005:114:579-84,

36. Sckine A, Saito S, lida A, Mitsunobu ¥, Higuchi S. Harigae S, et al,
Idenification of single-nucleotide polymorphisms (SNPs) of human
N-acetyhransferase genes NATL, NAT2ZAANAT ARDI, and LICAM in
the Japanese population, J Hum Genet 2001:46:314-9,

7.

38

148

Garte §, Gaspari L, Alexandrie AK, Amb

C. Autrip H. Autrip JL,

et al. Metabolite gene polymorphism frequencies in control populations.
Cancer Epidemiol Biomarkers Prev 2001;10:1239-48.
HmpmnN SuluT Matsuo K, Suzuki T, Nakamura T, Matsuura A, ctal.

1

of
patients. J Epnirwa{ 2002:12:229-36.

for 241 Japanese non-cancer



Jpn J Clin Oncol 2006:36(5)309-324
doi:10.1093 jjcolhyl025

Tobacco Smoking and Lung Cancer Risk: An Evaluation Based
on a Systematic Review of Epidemiological Evidence Among

the Japanese Population

Kenji Wakai', Manami Inoue?, Tetsuya Mizoue®, Keitaro Tanaka®, Ichiro Tsuiji®, Chisato Nagata®
and Shoichiro Tsugane? for the Research Group for the Development and Evaluation of

Cancer Prevention Strategies in Japan*

'Division of Epidemiology and Prevention, Aichi Cancer Center Research Institute, Nagoya, “Epidemiology

and Prevention Division, Research Center for Cancer Prevention and Screening, National Cancer Center,
Tokyo, *Department of Preventive Medicine, Graduate School of Medical Sciences, Kyushu University, Fukuoka,
“Depariment of Preventive Medicine, Saga Medical School, Faculty of Medicine, Saga University, Saga,
5Division of Epidemiclogy, Department of Public Health and Forensic Medicine, Tohoku University Graduate
School of Medicine, Sendai, ®Department of Epidemiology and Preventive Medicine, Gifu University

School of Medicine, Gifu, Japan

Received Dacember 18, 2005; accepted March 12, 2006; published online May 30, 2006

Background: Although tobacco smoking is the best established risk factor for lung cancer,
the association is not as strong among Japanese as among Western populations. It would be
of value, therefore, to quantify that association in Japan based on a systematic review of
epidemiological evidence for the primary prevention of lung cancer.

Methods: Original data were obtained from MEDLINE searches using PubMed, supplemented
with manual searches. The evaluation of associations was based on the strength of evidence and
the magnitude of the association, together with biological plausibility as previously evaluated by
the International Agency for Research on Cancer. A meta-analysis was also conducted to estimate
the summary measure of those associations.

Results: A total of 8 cohort studies and 14 case—control studies were identified, almost all of
which consistently showed a strong association of current smoking with the risk of lung cancer.
The summary relative risk for current smokers versus never smokers was estimated as 4.39
(95% confidence interval 3.92-4.92) for men and 2.79 (95% confidence interval 2.44-3.20)
for women. Cohort studies and case—control studies gave reasonably consistent summary
measures. The summary relative risks were 11,7 and 2.30 for squamous cell carcinoma
and adenocarcinoma, respectively, in men, and were 11.3 and 1.37 correspondingly in
women.

Conclusion: There is convincing evidence that tobacco smoking strongly increases the risk of
lung cancer in the Japanese population, with the relative risk for current smokers compared with
never smokers measuring around 4.4 for men and 2.8 for women.

Key words: systematic review - epidemiology — smoking — lung neoplasms — Japanese
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Although tobacco smoking is the best established nisk factor
for lung cancer, the association between smoking and that risk
is not as strong among Japanese as among Western popula-
tions, The relative risk (RR) of current smokers is much smal-
ler in Japan than in Western countries, where the RR reaches
more than 10 in men (1). This may mean that the epidemio-
logical information on smoking and lung cancer from Western
countries is not directly applicable to Japanese.

© 2006 Foundation for Promotion of Cancer Research



310 Smoking and lung cancer risk in Japanese

It will therefore be of importance to quantify the impact of
smoking on the development of lung cancer using data from
Japanese populations in order for us to estimate how much of a
decrease in the incidence or mortality of lung cancer can be
expected by reducing the smoking prevalence in this country.
Fortunately, large prospective studies have recently provided
highly reliable evidence for the association between smoking
and lung cancer risk, thus making a more accurate assessment
possible. Such studies include the Three-Prefecture Cohort
Study (2), the Japan Collaborative Cohort Study (3) and the
Japan Public Health Center-based Prospective Study (1).

In the present study, we evaluated the magnitude of the
association between tobacco smoking and the risk of lung
cancer among Japanese by conducting a systematic review
of epidemiological evidence to provide the basic data for
the primary prevention of lung cancer in Japan. This report
is one among a series of articles by our research group, which is
investigating the association between health-related lifestyles
(e.g. tobacco smoking, alcohol consumption and diet) and the
risk of total cancers and major cancer siles (i.e. the stomach,
colon and rectum, liver, lung and breast) in Japan (4,5).

METHODS

The original data for this review were identified by searches
of MEDLINE using PubMed, supplemented with manual
searches of references from relevant articles where necessary.
All epidemiological studies on the association between
tobacco smoking and lung cancer incidence or mortality
among Japanese from 1968 to 2005 were identified using the
search terms ‘smoking’, "lung cancer’, “cohort studies’, ‘case—
control studies” and ‘Japan® as keywords found in the abstract.
Papers published in either English or Japanese were reviewed,
and only studies on Japanese populations residing in Japan
were included. In the case of multiple publication of the
same or overlapping datasets, only data from the latest or
most comprehensive results were included. The individual
results were summarized separately in the tables by a study
design as cohort or case—control studies.

We evaluated the results based on the magnitude of asso-
ciation and the strength of evidence. First, the RRs by gender
in each epidemiological study were grouped by magnitude of
association, with consideration for statistical significance (SS)
or no statistical significance (NS), as strong (symbol {11 or
111). <0.5 or >2 (§5); moderate (symbol 11 or | ), (1) <0.5 or
>2 (NS), (2) >1.5 to 2 (88) or (3) 0.5 to <0.67 (SS); weak
(symbol T or |}, (1) >1.5 10 2 (NS), (2) 0.5 to <0.67 (NS) or
(3) 0.67 to 1.5 (SS); or no association (symbol —), 0.67 to
1.5 (NS). The RR was approximated by the odds ratio in case—-
control studies. When the amount smoked was grouped
into several levels or subgroup analyses by cell type were
made, we considered the highest RR or odds ratio among
all the exposure levels or subgroups.

After this process, the strength of evidence was cvaluated
in a similar manner to that used in the WHO/FAO Expert
Consultation Report (6), in which evidence was classified as

‘convincing’, ‘probable’, ‘possible’ or ‘insufficient’, based on
a consensus of the research group members. We assumed that
biological plausibility corresponded to the judgment of the
most recent evaluation from the International Agency for
Research on Cancer (IARC) (7). The details underlying
those judgments have been described elsewhere (4.5).

In addition, when we reached a conclusion that there was
‘convincing’ or ‘probable” evidence of an association, a meta-
analysis was conducted to obtain summary estimates for the
overall magnitude of association. In principle, studies that
reported RRs or odds ratios and their confidence intervals
(CIs) by comparing current smokers with never smokers
were included in the meta-analysis. For those that categorized
risk values separately according to the smoking amount, such
as the number of cigarettes smoked per day or the pack-year
index, we first conducted a meta-analysis to estimate summary
risk values for current smokers and then used these values for
further meta-analysis. Studies without information on Cls of
risk estimates or those with a reference group other than a
group of never smokers were excluded from the meta-analysis.
General variance-based methods were used 1o estimate
summary statistics and their 95% Cls. Heterogeneity among
studies was tested using the Q statistic together with a model to
determine the summary RR and its 95% CI, i.e. a random- or
fixed-effect model, selected according to the statistical signifi-
cance in the Q statistic. The meta-analysis was performed
using the meta command of the STATA statistical package
(Stata Carporation, College Station, TX, USA), version & (8).

MAIN FEATURES AND COMMENTS

A total of 8 cohort studies (1-3,9-13) and 14 case—control
studies (14-27) were identified (Tables 1 and 2, respectively).
Of the cight cohort studies, three (1,2,10) were population-
based. in which subjects were recruited from general popula-
tions in geographically defined areas with a high response rate
(>80%). The endpoint was defined as incidence of lung cancer
in three studies (1,12,13) and death due to cancer in other
cohort studies (2,3,9-11). The follow-up rate exceeded 90%
in all the studies reporting the follow-up status of participants
(1,3,9-11), except for one study in which 15.6% of the subjects
migrated from the study areas (2).

All the identified case—control studies were hospital-based,
that is cases were enrolled in arbitrarily selected hospitals,
In all (14,16-22,25-27) but three investigations (15,23,24)
control subjects were also selected from patients in the
hospitals where cases arose (hospital controls). Two studies
(15.23) included controls randomly sampled from general
populations (population or community controls). Stellman
et al. (24) adopted both hospital and community controls.
The diagnosis of cases was microscopically confirmed in
most of the studies (14-16,18,19,21-2527), and the response
rale was reasonably high (at least 70%) in studies reporting
the relevant figures among cases (14,15,18,21,23,24) and/or
controls (15,18,21.24).
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