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Abstract

Rates of lung cancer in American men have greatly
exceeded those in Japanese men for several decades
despite the higher smoking prevalence in Japanese men.
It is not known whether the relative risk of lung cancer
associated with cigarette smoking is lower in Japanese
men than American men and whether these risks vary by
the amount and duration of smoking. To estimate
smoking-specific relative risks for lung cancer in men, a
multicentric case-control study was carried out in New
York City, Washington, DC, and Nagoya, Japan from
1992 to 1998. A total of 371 cases and 373 age-matched
controls were interviewed in United States hospitals and
410 cases and 252 hospital controlsin Japanese hospitals;
411 Japanese age-matched healthy controls were also
randomly selected from electoral rolls. The odds ratio
(OR) for lung cancer in current United States smokers
relative to nonsmokers was 40.4 [95% confidence interval
(Cl) = 21.8-79.6], which was >10 times higher than the
OR of 3.5 for current smokersin Japanese relative to
hospital controls (95% Cl = 1.6—7.5) and six times
higher than in Japanese relative to community controls
(OR = 6.3; 95% CIl = 3.7-10.9). There were no
substantial differences in the mean number of years of
smoking or average daily number of cigarettes smoked
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between United States and Japanese cases or between
United States and Japanese controls, but American cases
began smoking on average 2.5 years earlier than
Japanese cases. The risk of lung cancer associated with
cigarette smoking was substantially higher in United
States than in Japanese males, consistent with population-
based statistics on smoking prevalence and lung cancer
incidence. Possible explanations for this difference in risk
include a more toxic cigarette formulation of American
manufactured cigarettes as evidenced by higher
concentrations of tobacco-specific nitrosamines in both
tobacco and mainstream smoke, the much wider use of
activated charcoal in the filters of Japanese than in
American cigarettes, as well as documented differencesin
genetic susceptibility and lifestyle factors other than
smoking.

Introduction

Since the 1950s, lung cancer rates in American men have
greatly exceeded those in Japanese men, despite a much lower
prevalence of smoking in the United States The mortality rates
of lung cancer were two to three times higher in the United
States during this period, athough both countries experienced
asubstantial increase from 1955 to 1985 (1, 2). Incidence trends
were similar to mortality: the 1988—1992 lung cancer incidence
in white males in the United States Surveillance Epidemiology
and End Results program of the National Cancer Institute areas
was 61.3 per 100,000 compared with 39.6 for malesin Miyagi
Prefecture (3). During the same 30-year period, there was a
decline in the prevalence of smoking from 54% in 1955 to 33%
in 1985 in United States men, whereas the percentage of Jap-
anese men who smoked increased from 76% in 1955 to a peak
of 82% in 1965 before declining to 60% in 1992 (4, 5).

The rates of lung cancer in Japanese migrants and their
offspring in the United States are similar to United States-born
whites, which strongly suggests that most of the international
variation in lung cancer rates is not attributable to ethnic dif-
ferences in susceptibility (6). In a comparison of several pro-
spective studies of lung cancer mortality rates, smoking-
specific rates were consistently lower in Japanese than in
British, Norwegian, Swedish, or American smokers (7, 8).
Although there are other risk factors for lung cancer including
exogenous factors such as diet (9, 10), occupation (11), and
inborn differences in metabolizing enzymes (12), cigarette
smoking causes >90% of cases (8). Therefore, attempts to
explain this anomaly must begin with a comparison of smok-
ing-specific factors such as the duration of smoking habit, cpd,*
or age at onset of smoking.

4 The abbreviations used are: cpd, cigarettes per day; AC, adenocarcinoma of the
lung; ClI, confidence interval; NNK, 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone; SCC, squamous cell carcinoma of the lung; OR, odds ratio.
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This study took advantage of long-standing collaborations
between the American Health Foundation and Japanese re-
searchers. In 1977, Wynder and Hirayama (1) summarized the
trends and differences in United States and Japanese cancer
rates in relation to lifestyle characteristics. Subsequently, they
found that lung cancer rates were rapidly increasing among
Japanese men as a consequence of increased numbers of heavy
cigarette smokers (2). The United States-Japan lung cancer
anomaly has persisted in more recent comparisons (13). Be-
cause these ecological comparisons of population data cannot
directly establish the risk of smoking, we conducted a multi-
centric case-control study in the United States and Japan to
compare smoking behaviors as risk factors in both countries.

Materials and Methods

Participating Centers. Study subjects were interviewed in a
case-control study conducted simultaneously in large urban
centersin the United States and Japan. Eight Japanese hospitals
in Nagoya and 10 United States hospitals participated (see
“Acknowledgments’). The majority of United States patients
(80%) were enrolled in hospital cancer centers in New York
City (Memoria Sloan-Kettering Cancer Center, Columbia-
Presbyterian Medical Center, Tisch Hospital-New York Uni-
versity Medical Center, and Long Island Jewish Medical Cen-
ter) and Washington, DC (George Washington University
Medical Center). Japanese cancer patients were recruited at
Aichi Cancer Center in Nagoya (44%), National Nagoya Hos-
pital (24%), First Red Cross Hospital (17%), Aichi Prefectural
Hospital, and several smaller hospitals in Aichi Prefecture
(15%).
Eligibility. Cases were patients between the ages of 20 and 81
years newly diagnosed with primary lung cancer within 1 year
of the interview date and who had no previous history of
another tobacco-related cancer. All of the cases were histolog-
icaly or cytologicaly confirmed through hospital pathology
reports or discharge summaries. United States|ung cancer cases
were patients admitted to participating hospitals between
March 1992 and February 1997; Japanese cases were enrolled
between June 1993 and May 1998. Hospital controls were
patients ages 20—81 years admitted for a nontobacco related
condition and having no history of the following tobacco re-
lated diseases: cancer of the esophagus, larynx, oral cavity,
nasal sinus, pancreas, liver, kidney, or bladder. Patients hospi-
talized for other tobacco-related cardiovascular conditions (i.e.,
myocardia infarction, stroke, or coronary artery disease) and
respiratory disorders (i.e., emphysema, chronic bronchitis, or
chronic obstructive pulmonary disease) were also excluded as
hospital controls. Hospital controls in both countries were fre-
quency matched on age (*5 years), hospital, and date of
interview (initially +2 months, extended in September 1995
to = 4 monthsin Japan because of the requirement of obtaining
individual physician consents). Hospital controls in both coun-
tries included large percentages of patients with digestive, gen-
itourinary, and muscul oskeletal diseases, and injury or poison-
ing. However, a higher percentage of United States controls
were admitted for neoplasms (29.0% versus 1.2% in Japan), of
which 38.9% were cases of malignant neoplasm of prostate, and
25.9% were cases of leukemia and lymphoma; 56.3% of Japan
hospital controls were diagnosed with digestive and genitouri-
nary diseases compared with 32.1% of United States hospital
controls.

Hospital controls were included in the United States com-
ponent of the study because we previously showed no differ-
ences in smoking prevalence between hospital and community-

based controls (14). Because it had not been determined
previously whether smoking prevalence was similar in Japa-
nese hospital patients and community members, the Japanese
study design included both hospital and community-based con-
trols. Controls were frequency matched by age (+5 years), date
of interview (£2 months, =4 months after September 1995),
and neighborhood of residence to cases. Community controls
were chosen from residents who lived in the same or neigh-
boring district of the hospital in which matching cases were
chosen in arandom selection process from alist of names with
corresponding addresses and dates of birth, kept as part of the
electoral records system in Nagoya and Okazaki City. The
United States portion of the study comprised 371 white male
cases and 373 white male hospital controls. The total number of
mal e Japanese subjects available for analysisincluded 410 lung
cancer cases, 252 hospital controls, and 411 community con-
trols. The overall response rate among United States patients
was 82.8% of those approached and was nearly identical among
cases and controls. Response rates in Japanese cases and con-
trols were similar and also exceeded 80%.

Questionnaires and Interview Procedures. The Japanese
version of the questionnaire was developed by trandating the
English version and then back-trandating it into English by a
different translator to insure comparability. Trained interview-
ers were given the same instructions in both countries. To
assure procedural uniformity in the two countries, three of the
Japanese investigators, who are al fluent in English, received
intensive training in New York, whereas one of the United
States investigators (S. D. S.) made frequent visits to the Jap-
anese sites. The Japanese questionnaire was printed in bilingual
form to facilitate data entry by the American keypunchers. All
of the subjects signed a consent form, which was approved by
the Institutional Review Boards of the collaborating institu-
tions. The questionnaire included detailed items on smoking
history such as age at onset, smoking status, years and amount,
cigarette brand, history, and years since quitting.

Smoking Categories. Subjects were classified as nonsmokers
(never smoked regularly; i.e., at least once a day for 1 year),
current smokers (smoked within the past year), or ex-smokers
(did not smoke within the past year). Persons who smoked
cigars or pipes only were excluded from the analyses except for
the descriptions of mean age and years of education. Among
United States men, “cigar/pipe only” smokers made up 5.4%
and 0.85% of cases and controls, respectively; there were no
Japanese subjects who reported smoking either cigars or pipes.

Statistical Methods. OR and 95% Cl were calculated by lo-
gistic regression, and adjusted for confounding variables such
as age at diagnosis, education (three categories: <12, 12, >12
years), and hospital (for analyses using hospita controls).
Dummy variables were introduced to code categories of smok-
ing status (non-, current, or ex-smoker), total years of smoking
(=40 or 41+ years), average number of cpd (<20, 2029, =30
cpd), age at onset of smoking (0-14, 15-17, 1820, >20 years
old), and number of years since quit smoking (1-9, 10-15, 16+
years). Wald's x? statistic was used to test statistical signifi-
cance against the null hypothesis of no association, and 95%
Cls were obtained. Differences in mean values were tested for
significance with Student’s t. The x? test for trend was con-
ducted by the Mantel-Haenszel extension method with data
stratified into age groups by decade.

Results

Table 1 compares the distributions of age and education in
cases and controls in the United States and Japanese study
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Table1l Distribution of age and education levels in years for the United States and Japanese study populations®
United States Japan
Cases Controls Cases Hospital controls Community
(n = 371) (n = 373) (n = 410) (n = 252) controls (n = 411)
Age

=39 1.6 1.3 1.7 24 15

40-49 5.7 8.6 10.0 155 10.0

50-59 20.8 185 242 341 221

60-69 42.9 424 422 35.7 41.1

=70 29.1 29.2 220 12.3 25.3

Total 100 100 100 100 100

Education level in years

<12 17.6 11.5 52.8 43.0 424

=12 27.6 22.8 22,6 26.3 19.8

>12 54.9 65.7 24.6 30.7 37.8

Total 100 100 100 100 100

2 Distribution is by percentage.
Table2 Smoking status and adjusted ORs for lung cancer
United States Japan
Smoking status % Hospital ; % Community
(?Sﬁ) controls OR (95% CI)? (‘:f’fﬁ) Coml’r/glg"(’:pﬁa‘m) controls OR (5% Cl) (HCHCC?)
- (n=373) B B (n = 412)
Nonsmokers 43 41.0 1 46 115 17.0 1
Ex-smokers 55.8 485 10.5 (6.2-19.0) 26.1 429 44.0 1.3(0.6-2.9)/2.2 (1.3-4.0)
Current smokers 39.9 10.5 40.4 (21.8-79.6) 69.3 45.6 38.9 3.5(1.6-7.5)/6.3 (3.7-10.9)
Total 100 100 100 100 100

2HC, hospital controls. Reference group is nonsmokers; adjusted for age, education, and hospital.
b CC, community controls. Reference group is nonsmokers; adjusted for age and education.

populations. As expected, cases in both countries were less
educated than controls, but the matching insured that the ages
were similar between hospital cases and controls. Japanese
community controls were somewhat younger than their corre-
sponding cases.

Table 2 showsthe smoking prevalencein the two countries
and corresponding ORs for lung cancer. In controls, the per-
centage of current smokers was greater in Japan than in the
United States. In both countries smoking was strongly related to
the risk of lung cancer, and the risk for former smokers was
about one-third that for current smokers. However, the strength
of the association between lung cancer and smoking differed
substantially between the two countries. The OR for lung can-
cer among current smokersrelative to nonsmokersin the United
States was 40.4 (95% Cl = 21.8—79.6), which was >10 times
larger than that in Japan when using hospital controls (OR =
3.5; 95% Cl = 1.6—7.5) and more than six times as large as that
in Japan when using community controls (OR = 6.3; 95% Cl =
3.7-10.9). Similarly, the ORs for ex-smokers were five to eight
times as great in the United States asin Japan, respectively. The
small number of nonsmokers among cases in both countries
resulted in wide Cls; however, the 95% ClI for lung cancer risks
for United States and Japanese subjects do not overlap.

We examined whether specific smoking variables such as
smoking duration, cpd, or age at onset accounted for the lower
risk in Japan (Table 3). For al three of the variables, the
magnitudes of the ORs were much greater in the United States
subjects than in the Japanese subjects. There were no signifi-
cant differences in mean years of smoking between United
States and Japanese cases or between the United States controls
and either set of Japanese controls. In both countries there was

a strong dose-response relationship with years of smoking, but
within each duration stratum the adjusted American ORs were
from 5 to 12 times as high as the Japanese ORs. For example,
the adjusted OR for lung cancer in United States subjects who
had smoked for >40 years was 57.8 (95% Cl = 27.4-132),
whereas for Japanese subjects it was 7.4 (95% Cl = 2.9-19.4)
using hospital controls and 8.3 (95% Cl = 4.5-15.4) using
community controls.

Also as expected, there was a strong dose-response rela-
tionship between lung cancer risk and cpd in both United States
and Japanese subjects. There were no significant differencesin
the average number of cpd between United States and Japanese
controls. The adjusted ORs in the United States study popula-
tion ranged from 4 to 15 times that of the Japanese within the
same cpd stratum. For example, for subjects who currently
smoked 20—29 cpd, the OR in United States subjects was 53.4
(95% CI = 23.1-135), whereas in Japanese subjects it was 3.5
(95% Cl = 1.5-8.4) when using hospital controls and 4.3 (95%
Cl = 2.4-7.6) when using community controls.

Table 3 a'so shows that the average age of smoking onset
was 2.5 years later for Japanese cases than American cases
(P < 0.001) and 2.4 to 2.7 years later for Japanese compared
with American controls (P < 0.01). Whereas one-fifth of the
currently smoking controls in the United States had started
smoking before age 15, there were amost no Japanese who
reported starting smoking so young. Statistically significant
trends of decreasing lung cancer risk with later age of onset of
smoking were observed in both countries (P < 0.01 in United
Statesand P < 0.001 in Japan). The estimated effect of starting
to smoke at a later age was more apparent using community
controls as a reference than hospital controls.
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Table3 Lung cancer risk in current smokers in relation to smoking duration, cpd, and age at onset of smoking habit

United States Japan
Cases ggﬁﬂéi OR (95% CI) Cases gg{ffr'éf‘s Cg(‘:rft‘:(’)'?gy OR (85% Cl) (HC; CC)*
n 148 39 284 115 160
Smoking duration (yr) %
<40 385 56.4 252 (11.9-61.0)° 405 713 45.0 2.2 (1.1-5.2); 4.8 (2.6-8.9)°
>40 615 436 57.8(27.4-131.9)> 595 28.7 55.0 7.4(2.9-19.4); 8.3 (4.5-15.4)°
Mean (SD) 426(10.8) 38.7(12.3) 416(9.8) 35.4(9.8) 40.6 (10.3)
cpd %
<20 10.8 385 10.9 (4.4-28.0)° 16.8 29.8 30.6 1.6 (0.7-3.9); 2.6 (1.4-4.9)°
20-29 351 28.2 53.4(23.1-135.2)> 350 342 413 3.5(1.5-8.4); 4.3 (2.4-7.6)°
=30 54.1 333 73.3(32.5-181.6)° 482 36.0 28.1 6.2 (2.6-15.0); 9.3 (5.2-16.7)°¢
Mean (SD) 30.6(155) 22.9(16.4) 295(15) 25(14.8) 227 (12.8)
Age at onset of smoking (yr) %
<14 30.4 205 1.2 (0.4-3.4)° 0.7 0.0 0.0 "
15-17 385 333 1 (reference)® 211 113 15.6 1 (reference)?
18-20 18.2 25.6 0.6 (0.2-1.7)¢ 61.6 68.7 60.0 0.2 (0.1-0.6); 0.8 (0.5-1.3)¢
>20 12.8 205 0.5 (0.2-1.4)° 16.6 20.0 244 0.2 (0.1-0.8); 0.5 (0.3-0.9)%"
Mean (SD) 168(58) 17.8(5.0) 19.3(29) 20.2(4.7) 20.5(5.8)

2HC, hospita controls; CC, community controls.

P Adjusted for age, education, and hospital; reference group is nonsmokers.
¢ Adjusted for age and education; reference group is nonsmokers.

4P < 0.001, test for linear trend.

€ Adjusted for age, education and hospital; reference group is 15-17 yrs.

T ORs were not computed because no current smokers started smoking before the age of 15 in Japanese controls.

9 Adjusted for age and education; reference group is 15-17 yrs.
"p < 0.01, test for linear trend.

Table4 Adjusted ORs for lung cancer comparing ex-smokers with current
smokers according to years since quitting

United States ) Japan
; Hospital )
Time since Hospital Controls Community
Controls Controls

quitting in years

OR (95% Cl)°  OR (95% CI)®>  OR (95% Cl)°

Current Smokers 1 1 1

Ex-smokers
14 0.5(0.3-1.0) 0.9 (0.3-2.9) 0.9 (0.5-1.7)
59 0.5(0.2-0.9) 0.8(0.3-1.8) 0.8 (0.5-1.4)
10-15 0.4 (0.2-0.8) 0.2 (0.1-0.5) 0.2 (0.1-0.4)
16+ 0.1(0.1-0.2)¢ 0.2 (0.1-0.4)¢ 0.2 (0.1-0.30)¢

2 Reference group is current-smokers; adjusted for age, education, and hospital.
b Reference group is current-smokers; adjusted for age and education.
¢P < 0.001, test for linear trend.

Table 4 displays the pattern of the reduction in lung cancer
risk in ex-smokers according to years since quitting, relative to
current smokers. Among United States subjects, the risk was
reduced as much as 50% for those who had quit within the last
10 years, whereas among Japanese former smokers, the corre-
sponding reduction was only 10—20%. The relative risk esti-
mates were examined by the two most common histological
types of lung cancer: AC and SCC (Table 5). OR estimates for
SCC are not shown for the United States study population,
because there were no SCC cases among nonsmokers and only
32 among current smokers. ORs for AC in the United States
population and for both histological types in Japan increased
both with duration and with cpd. ORs for AC in the United
States population were all significantly >1 and were greater
than those in Japan. Among Japanese current smokers, a steeper
increase in ORs was observed for SCC compared with ORs for
AC, and ORs calculated from community controls were larger
than those obtained by using hospital controls.

Discussion

The risk of lung cancer in the United States study population
was at least 10 times higher than in Japanese despite the higher
percentage of smokers among the Japanese. These findings are
consistent with ecological data on smoking and lung cancer
rates in the United States and Japan described previously (13).
Our results are also consistent with comparisons of studies of
lung cancer risk associated with ever-smoking (4, 15-23). For
example, Sobue et al. (17) showed that the relative risk for
Japanese smokers versus nonsmokers had risen over time but
was still less than the risks for Western European smokers. The
risks for lung cancer in current cigarette smokers ranged from
2.1 t0 4.4 in Japanese studies as compared with 9 to 15.8 in
United States and Western European studies (15, 18, 19).

An important difference between United States and Japa-
nese smokers was the lower average age at onset of smoking in
American men (<15 years), which was associated with an
elevated risk of lung cancer. Almost no Japanese smokers
began smoking before the age of 15. Nevertheless, earlier age
of smoking onset was also a risk factor in Japanese men as
shown by the lower ORs associated with smoking onset at age
of 18 or older compared with an earlier age at onset of smoking
(between 15 and 17 years of age). Sobue et al. (17) have noted
that smoking has been illegal in Japan for persons under age 20
since 1900. However, this prohibition is clearly flouted by
younger Japanese, according to surveys in Japanese high
schools that showed rapidly increasing smoking rates during
the 1980s (24).

Although some epidemiological studies have suggested
that age at onset of smoking is an independent risk factor for
lung cancer (25), this relationship remains controversial, since
early age at onset of smoking is associated with heavy subse-
quent cigarette consumption (26). A recent study also showed
that the effect of age at onset of smoking is not strong enough
to explain the causal relationship between smoking and damage
in lung tissues among current smokers, but was a significant
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Table5 Adjusted ORs for SCC and AC comparing current smokers with nonsmokers according to smoking duration and cpd

United States®

Japan

AC

AC SCC

Hospital controls
OR (95% CI)®

Hospital controls
OR (95% CI)®

Community controls
OR (95% CI)°©

Hospital controls
OR (95% CI)®

Community controls
OR (95% Cl)¢

Smoking duration in years

Nonsmokers 1 1

=40 15.1 (5.2-43.9) 1.1(0.4-2.8)
>40 34.7 (14.1-85.5) 39(1.3-11.5)

cpd

Nonsmokers 1 1

<20 7.0 (2.2-22.4) 0.6 (0.2-1.8)
20-29 37.3(12.7-109.7) 2.2(0.8-5.9)
=30 54.6 (18.8-158.4) 3.3(1.2-8.8)

1 1 1

2.6(1.3-5.4) 6.3 (1.2-33.4) 131 (2.9-58.6)
41(1.9-8.6) 19.3 (3.8-99.0) 22.8(5.2-99.4)
1 1 1

1.2 (0.5-29) 7.4(13-422) 10.2 (2.2-46.7)
2.9(1.4-5.9) 13.7 (25-76.2) 14.1 (3.2-62.1)
55 (2.7-11.3) 31.8 (5.4-185.8) 35.7 (8.1-156.5)

20Rs for SCC were highly unstable in the United States study population; there were no cases observed among nonsmokers and only 32 among current smokers.

b Reference group is current-smokers; adjusted for age, education, and hospital.
¢ Reference group is current-smokers; adjusted for age and education.

Table6 Comparison of ORs for lung cancer in recent Japanese and Western studies

scec2 AC? All types®
Ex Current Ex Current Ex Current

Japan

Present study® 5.7 185 15 3.2 22 6.3

Nakamura?? 3.7 6.0 17 2.8

Ohno?® 25 4.1

Gao* 3.6 6.6

Shimizu?* 12.8° 15° 3.10d

Sobuet” 13.1 18.1 15 19 2.8 4.1
Western Europe

Lubin?® 8.4-23.0 20.9 1.8-35 35
United States

Present Study € € 6.4 25.6 10.5 40.4

Thun?® f 19.2

2 Reference group is nonsmokers.

b Risks estimated using community controls.

¢ Ex-smokers were included with current smokers.

d Estimated from published data.

€ Could not be estimated because of the lack of nonsmoking cases.
"Not reported because of too few nonsmoking cases.

factor among ex-smokers (27). Hence, although it is possible
that the higher risk of lung cancer in the United States might
partly result from earlier age at onset of smoking among current
smokers, it isunlikely to account for the large difference in OR
between United States and Japan.

Numerous studies have found that lung cancer risk de-
creases with increasing years since quitting in the United States
(8, 28, 29) and Japan (17, 30). In the present study, it was
observed that American former smokers experienced a more
dramatic reduction in lung cancer risk during the first decade
after cessation than the Japanese ex-smokers did. After 16 years
of cessation, lung cancer risks for ex-smokers in both countries
were dlightly lower for the United States group. Given the
higher overall risk among United States current cigarette smok-
ers, this additionally emphasizes the importance of smoking
cessation as an essential risk reduction step for all smokers.

The dose-response for SCC was considerably steeper than
for AC in the Japanese population whether duration or cpd was
the dosage variable (Table 5). This disparity in histology-
specific risks is consistent with reports from case-control stud-
ies reported from both the United States and Japan over the past
2 decades (Refs. 17, 31, 32; Table 6). The risk for SCC in the

United States group would undoubtedly have been much
greater than for AC had there been sufficient cases to permit
computation; however, the steady decline in the prevalence of
current smokers among American men in the lung cancer age
group aong with the continuing clinical shift from SCC to AC
(33) has greatly reduced the available number of cases with
SCC that are either current smokers or nonsmokers. The rela-
tive proportions of SCC and AC were similar in both countries.

There are severa possible explanations for higher smok-
ing-related risks in the United States than in Japan, beginning
with the observation that mainstream smoke from American
cigarettes may contain higher concentrations of toxic and car-
cinogenic compounds than that of Japanese cigarettes (34).
Measurements made in our laboratories have found that the
leading brands of United States cigarettes deliver 35% more
benzo(a)pyrene and 170% more NNK than do the leading
Japanese brands when measured in mainstream smoke under
standardized experimental conditions (i.e., the United States
Federal Trade Commission machine-smoking protocol; Ref.
35) despite similar deliveries of nicotine (34). This marked
difference in delivery of two major classes of lung carcinogens
is probably partly attributable to differences in the tobacco
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blends used in the manufacture of American and Japanese
cigarettes and partly to the much wider use of charcoal filtersin
Japanese cigarettes. Samples of American blended tobacco
contain 2.6 times the concentration of NNK and 1.4 times the
concentration of nitrate as do samples of Japanese blended
tobacco (36). Furthermore, for the past two decades, more than
two-thirds of cigarettes purchased in Japan have had charcoal
filters, compared with <1% of cigarettes purchased in the
United States (34). Charcoa filter tips selectively remove cer-
tain gaseous/volatile compounds (e.g., hydrogen cyanide, form-
aldehyde, acetaldehyde, and acrolein) in mainstream smoke
that are known inhibitors of lung clearance; charcoal filters also
have a tendency to selectively retain benzene and toluene (37,
38). Doses of carcinogens “presented” to Japanese and Amer-
ican smokers may also differ because of differencesin smoking
topography (inhalation, puff volume, and so forth). We have
found that American smokers of low- and medium-yield ciga-
rettes (=1.2 mg nicotine) inhale more than twice as much
nicotine, “tar,” and NNK as predicted by the United States
Federal Trade Commission protocol (35); such measurements
have yet to be made for Japanese smokers.

Both genetic and lifestyle factors may modify smoking-
related lung cancer risk. A higher prevalence has been reported
in Japanese of genetic polymorphisms in some P450 enzymes
that catalyze activation of carcinogenic polycyclic aromatic
hydrocarbons such as those found in cigarette smoke (39, 40).
Tyndale et al. (41) recently found the prevaence of the (pro-
tective) *2 and *4 null aleles of CYP2A6 to be 21.2% in
Japanese compared with 2.6% in Caucasians; this enzyme is
one of several that metabolically activate N-alkylnitrosamines
such as NNK (42). Polymorphisms such as these may be
associated with as much as a 2-fold risk of lung cancer in both
white and Japanese populations (12), but many other factors
may also be needed to explain the 10-fold differential inrelative
risk observed by us. Marmot and Smith (43) have pointed out
that Japanese in general have a longer life expectancy than
people in England, and possible explanations for the lower
mortality in Japan could be the effects of different aspects of
Japanese lifestyle. Wynder et al. (13) have suggested previ-
ously that differences in diet, particularly dietary fat, may aso
contribute to the differences in lung cancer rates. Gao et al. (4),
using data obtained earlier from a Nagoya hospital population,
reported a protective effect of fruit and vegetable consumption
on risk of lung cancer. Ohno et al. (20) also reported a protec-
tive effect of tea consumption against lung cancer in residents
of Okinawa. All of these factors may be considered as candidate
effect modifiers of smoking-related lung cancer risks in future
studies.

Potential biases from misclassification of ex-smokers as
nonsmokers in some Japanese case-control studies could result
in an underestimate of OR (17). However, it is unlikely that a
substantial nonrandom misclassification would occur in only
one of the two countries unless Japanese ex-smokers and
United States ex-smokers differ greatly in the variety of self-
reports of smoking status. Comparison of the distribution of
smoking prevalence from this study with population statistics
suggests that thisis not the case. Because lung cancer in young
patients differs from lung cancer in older patients (44), al of the
OR calculations were adjusted for age in this study. Also,
because smoking behaviors vary by social class (45, 46), edu-
cation level was controlled in the analyses.

Lung cancer cases from hospitals may not be representa-
tive of al of the lung cancer casesin the underlying population.
The smoking prevalencein the control groups was reduced after
excluding hospital patients with diseases related to smoking.

However, the exclusion of smoking related diseases from hos-
pital controls was an important element of the study design and
has been shown to be a successful strategy for reducing selec-
tion bias in case-control studies of tobacco-related diseases in
United States studies (14). In the Japanese study population, all
of the ORs calculated using community controls were higher
than those estimated using hospital controls, but these differ-
ences were small in comparison with United States-Japan dif-
ferences for al of the major dosage variables.

Acknowledgments

We thank Marion Moore and Anna Mondora, field supervisors, and the following
individuals and ingtitutions: Drs. Stephen N. K. Ng; Zuo-Feng Zhang and Marianne
Berwick, Memoria Sloan-Kettering Cancer Center, New York, NY; Drs. Ronald H.
Blum and William Rom, New York University Medical Center; and Dr. Philip
Witorsch, George Washington University Medical Center, Washington, DC.

References

1. Wynder, E. L., and Hirayama T. Comparative epidemiology of cancers of the
United States and Japan. Prev. Med., 6: 567-594, 1977.

2. Wynder, E. L., Fujita, Y., Harris, R. E., Hirayama, T., and Hiyama, T.
Comparative epidemiology of cancer between the United States and Japan-a
second look. Cancer (Phila), 67: 746—763, 1991.

3. Parkin, D. M., Whelan, S. L., Ferlay, J.,, Raymond, L., and Young, J. Cancer
Incidence in Five Continents. IARC Scientific Publ. No. 143. Vol. VII. Lyon,
France: IARC, 1997.

4. Gao, C. M., Taiima, K., Kuroishi, T., Hirose, K., and Inoue, M. Protective
effects of raw vegetables and fruit against lung cancer among smokers and
ex-smokers: a case-control study in the Yokal area of Japan. Jpn. J. Cancer Res,,
84: 594-600, 1993.

5. Ministry of Health, and Welfare. Figures on Cancer in Japan-1995. Tokyo:
Ministry of Health and Welfare, 1996.

6. Haenszel, W., and Kurihara, M. Studies of Japanese migrants. |. Mortality
from cancer and other diseases among Japanese in the United States. J. Natl.
Cancer Inst., 40: 4368, 1968.

7. Hirayama, T. Life-style and mortality. In: J. Wahrendorf (ed.), A Large-Scale
Census-Based Cohort Study in Japan, pp. 41-45. Basel, Switzerland: Karger,
1990.

8. IARC. Tobacco Smoking. Monographs on the Evaluation of the Carcinogenic
Risk of Chemicals to Humans. IARC Sci. Publ. 38: 1986.

9. Koo, L. C. Diet and lung cancer 20+ years later: more questions than answers?
Int. J. Cancer Suppl. 10: 22-29, 1997.

10. PRillow, P. C., Hursting, S. D., Duphorne, C. M., Jiang, H., Honn, S. E.,
Chang, S., and Spitz, M. R. Case-control assessment of diet and lung cancer risk
in African Americans and Mexican Americans. Nutr. Cancer, 29: 169-173, 1997.

11. Stellman, J. M., and Stellman, S. D. Cancer and the workplace. CA Cancer
J. Clin., 46: 70-92, 1996.

12. Xu, X., Kelsey, K. T., Wiencke, J. K., Wain, J. C., and Christiani, D. C.
Cytochrome P450 CYP1A1 Mspl polymorphism and lung cancer susceptibility.
Cancer Epidemiol. Biomark. Prev. 5: 687-692, 1996.

13. Wynder, E. L., Taioli, E., and Fujita, Y. Ecologic study of lung cancer risk
factorsin the U. S. and Japan, with special reference to smoking and diet. Jpn. J.
Cancer Res,, 83: 418—423, 1992.

14. Morabia, A., Stellman, S. D., and Wynder, E. L. Smoking prevalence in
neighborhood and hospital controls: implication for hospital-based case-control
studies. J. Clin. Epidemiol., 49: 885-889, 1996.

15. Hanai, A., Benn, T., Fujimoto, I., and Muir, C. S. Comparison of lung cancer
incidence rates by histological type in high and low incidence countries, with
reference to the limited role of smoking. Jpn. J. Cancer Res., 79: 445-452, 1988.
16. Mizuno, S., Akiba, S., and Hirayama, T. Lung cancer risk comparison among
male smokers between the “six-prefecture cohort” in Japan and the British
Physicians' Cohort. Jpn. J. Cancer Res., 80: 1165-1170, 1989.

17. Sobue, T., Takaichiro, S., Fujimoto, I., Matsuda, M., Doi, O., Mori, T.,
Furuse, K., Fukuoka, M., Y asumitsu, T., and Kuwahara, O. Case-control study for
lung cancer and cigarette smoking in Osaka, Japan: comparison with results from
Western Europe. Jpn. J. Cancer Res., 85: 464—473, 1994.

18. Lubin, J. H., Blot, W. J,, Berrino, F., Flamant, R., Gillis, C. R., Kunze, M.,
Schmahl, D., and Visco, G. Patterns of lung cancer risk according to type of
cigarette smoked. Int. J. Cancer, 33: 569-576, 1984.

19. Sobue, T., Suzuki, T., Fujimoto, I., Matsuda, M., Doi, O., Mori, T., Furuse,
K., Fukuoka, M., Yasumitsu, T., Kuwahara, O., Ichitani, M., Taki, T., Kuwabara,



Cancer Epidemiology, Biomarkers & Prevention

M., Nekahara, K., Endo, S., Sawamura, K., Kurata, M., and Hattori, S. Lung
cancer risk among exsmokers. Jpn. J. Cancer Res., 82: 273-279, 1991.

20. Ohno, Y., Wakai, K., Genka, K., Ohmine, K., Kawamura, T., Tamakoshi, A.,
Aoki, R., Senda, M., Hayashi, Y., Nagao, K., Fukuma, S, and Aoki, K. Tea
consumption and lung cancer risk: a case-control study in Okinawa, Japan. Jpn.
J. Cancer Res., 86: 1027-1034, 1995.

21. Shimizu, H., Nagata, C., Tsuchiya, E., Nakagawa, K., and Weng, S. Y. Risk
of lung cancer among cigarette smokers in relation to tumor location. Jpn. J.
Cancer Res,, 85: 1196-1199, 1994.

22. Nekamura, M., Hanai, A., Fujimoto, |., Matsuda, M., and Tateishi, R.
Relationship between smoking and the four major histologic types of lung cancer.
Lung Cancer, 26: 137-148, 1986.

23. Thun, M. J,, Laly, C. A., Flannery, J. T., Calle, E. E., Flanders, W. D., and
Heath, C. W. J. Cigarette smoking and changes in the histopathology of lung
cancer. J. Natl. Cancer Inst., 89: 1580—-1586, 1997.

24. Minagawa, K., Nishioka, N., Kawabata, T., Takahashi, H., Mochizuki, Y.,
Nozu, Y., Nakamura, M., Ichimura, K., and Okajima, Y. Tobacco use among
Japanese schoolchildren: results from preliminary study of Japan Adolescent
Smoking Survey (JASS). Hedth Prom. Int., 7: 37—44, 1992.

25. Dall, R., and Peto, R. Mortdlity in relation to smoking: 20 years' observation
on male British doctors. Br. Med. J., 2: 1525-1526, 1976.

26. Taioli, E., and Wynder, E. L. Effect of the age at which smoking begins on
frequency of smoking in adulthood. N. Engl. J. Med., 325: 968—969, 1991.

27. Wiencke, J. K., Thurston, S. W., Kelsey, K. T., Varkonyi, A., Wain, J. C,,
Mark, E. J,, and Christiani, D. C. Early age at smoking initiation and tobacco
carcinogen DNA damage in the lung. J. Natl. Cancer Inst., 91: 614—619, 1999.
28. Halpern, M. T., Gillespie, B. W., and Warner, K. E. Patterns of absolute risk
of lung cancer mortality in former smokers. J. Natl. Cancer Inst., 85: 457-464,
1993.

29. Higgins, I. T. T., and Wynder, E. L. Reduction in risk of lung cancer among
ex-smokers with particular reference to histologic type. Cancer (Phila), 62:
2397-2401, 1988.

30. Sobue, T., Yamaguchi, N., Suzuki, T., Fujimoto, ., Matsuda, M., Doi, O.,
Mori, T., Furuse, K., Fukuoka, M., and Y asumitsu, T. Lung cancer incidence rate
for male ex-smokers according to age at cessation of smoking. Jpn. J. Cancer
Res., 84: 601-607, 1993.

31. Wynder, E. L., and Stellman S. D. The comparative epidemiology of tobacco-
related cancers. Cancer Res., 37: 4608—4622, 1977.

32. Stellman, S. D., Muscat, J. E., Hoffmann, D., and Wynder, E. L. Impact of
filter cigarette smoking on lung cancer histology. Prev. Med., 26: 451-456, 1997.
33. Austin, J. H. M., Stellman, S. D., and Pearson, G. D. N. Screening for lung
cancer. N. Engl. J. Med., 344: 935, 2001.

34. Djordjevic, M. V., Eixarch, L., Bush, L. P., and Hoffmann, D. A comparison
of the yields of selected components in the mainstream smoke of the leading US

and Japanese cigarettes, CORESTA Congress Proceedings. Y okohama, Japan,
1996.

35. Djordjevic, M. V., Stellman, S. D., and Zang, E. Dosages of nicotine and lung
carcinogens delivered to cigarette smokers. J. Natl. Cancer Inst., 92: 106—111,
2000.

36. Djordjevic, M. V., Hoffmann, D., Thompson, S., and Stellman, S. D. To-
bacco and mainstream smoke chemistry of the leading U. S. and Japanese
cigarettes. Proceedings of the 52nd Tobacco Science Research Conference, At-
lanta, GA, Sept. 13-16, 1998, p. 42.

37. Brunnemann, K. D., Kagan, M. R., Cox, J. E., and Hoffmann, D. Analysis of
1,2-butadiene and other selected gas-phase components in cigarette mainstream
and sidestream smoke by gas chromatography-mass selective detection. Carci-
nogenesis (Lond.), 11: 1863-1868, 1990.

38. Morrison, C. C., Wingate, D. E., Beard, K. A., Winkler, L. S., Simmons,
D. F, Rogers, J. C., and Borgerding, M. F. The effects of cigarette design
modifications on selected mainstream vapor phase smoke constituent yields.
Proceedings of the 49th Tobacco Chemists Research Conference, Lexington,
Kentucky, Sept. 24-27, 1995, p. 44.

39. Hayashi, S., Watanabe, J., and Kawajiri, K. High susceptibility to lung cancer
analyzed in terms of combined genotypes of P450IA1 and Mu-class glutathione
S-transferase genes. Jpn. J. Cancer Res. 83: 866—870, 1992.

40. Inoue, K., Asao T., and Shimada, T. Ethnic-related differences in the fre-
quency distribution of genetic polymorphismsin the CYP1Al and CYP1BL1 genes
in Japanese and Caucasian populations. Xenobiotica, 30: 285-295, 2000.

41. Tyndale R. F., Hoffmann, Y., Rao, C. M. A. H., Kim, R., Ahijevych, K., and
Sellers, E. M. CYP2A6 genetic variants alter smoking and vary in frequency
among ethnic groups. Proceedings of the Society for Research on Nicotine and
Tobacco, Seattle, March 23-25, 2001, p. 63.

42. Kushida, H., Fujita, K., Suzuki, A., Yamada, M., Endo, T., Nohmi, T., and
Kamataki, T. Metabolic activation of N-alkylnitrosamines in genetically engi-
neered Salmonella typhimurium expressing CY P2E1 or CYP2A6 together with
human NADPH-cytochrome P450 reductase. Carcinogenesis (Lond.), 21: 1227—
1232, 2000.

43. Marmot, M. G., and Smith, G. D. Why are the Japanese living longer? Br.
Med. J., 299: 1547-1551, 1989.

44. Sekine, |., Nishiwaki, Y., Yokose, T., Nagai, K., Suzuki, K., and Kodama, T.
Y oung lung cancer patientsin Japan: difference characteristics between the sexes.
Ann. Thorac. Surg., 67: 1451-1455, 1999.

45. Stellman, S. D., and Resnicow, K. Tobacco smoking, cancer and social class.
In: M. Kogevinas, N. Pearce, M. Susser, P. Boffetta (eds.). Social Inequalities and
Cancer. IARC Sci. Publ. 138: 229-250, 1997.

46. Marmot, M. G., Smith, G. D., Stansfeld, S., Patel, C., North, F., Head, J,
White, 1., Brunner, E., and Feeney, A. Health inequalities among British civil
servants: the Whitehall 11 study. The Lancet, 337: 1387-1392, 1991.

1199



