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case—control study in Japan |
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Recent changes in the histology of lung cancer, namely a relative increase of adenocarcinoma compared to squamous cell carcinoma,
might be due to a temporal shift from nonfitter to filter cigarettes. To investigate the association between type of dgarette and lung
cancer by histologicat type, we conducted a case—control study in Japan, comprising 356 histologically confirmed lung cancer cases
and 162 controls of male current smokers, who provided complete smoking histories. Overall, logistic regression analysis after
controliing for age and prefecture revealed decreased risk, as shown by adjusted odds ratios, for both squamous cell carcinoma and
adenocarcinoma ameng lifelong filter-exclusive smokers as compared to nonfilter or mixed smokers. This decrease was greater for
squamous cell carcinoma than for adenocarcinoma. Among men under 54 years, filter-exclusive smokers displayed increased risk of
adenocarcinoma, but decreased risk of squamous celt carcinoma. The recent shift in histology from squamous cell carcinoma to
adenocarcinama, particularly amaeng younger smokers, might be due to changes in cigarette type. However, among subjects aged 65
years or more, ho differences in histological type appeared related to type of cigarette smoked, implying that other factors are
associated with increases in adenocarcinoma among older Japanese popufation.
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Recently, the overall incidence of lung cancer has increased in  cancer. Several epidemiological studies have found that the effect

Japan. However, incidence by histological type has shown a
changing pattern. A relative increase in incidence of adenocarci-
noma {AC), as compared to squamous cell carcinoma (SCC), has
been observed, particularly for the younger age group (Tanaka
et al, 1988; Yoshimi et al, 2003), While the same trends have been
demonstrated in Western countries {Levi et al, 1997; Russo et al,
1997; Skuladottir et al, 2000; Janssen-Heijnen et af, 2001), AC
accounits for a larger proportion of all lung cancer in Japan (Parkin
et al, 1992). These relative increases in AC do not appear
attributable to changes in pathological diagnosis alone (Charloux
et al, 1997).

Changes in the composition of cigarettes, such as content of tar
and nicotine, might influence lung cancer trends. The market share
held by high-tar nonfilter cigarettes was almost completely taken
over by low-tar filter cigarettes in the 19605 in both Japan and
Western countries (Wynder et al, 1991). The links between
changes in histology of lung cancer and type of cigarettes have
led to the hypothesis that the type of cigarette, that is, filter or
nonfilter, is associated with changing histological patterns of lung

*Correspondence: Dr T Marugame:; E-mail: tmarugam@gan2.res.nccgo.jp
Received |2 September 2003; revised 12 November 2003; accepted 12

Novernber 2003

of low-tar filter cigarettes on lung cancer risk differs according to
histological type of tumour (Wynder and Kabat, 1988; Stellman
et al, 1997). However, to date, no studies have examined possible
relationships between type of cigarette and lung cancer risk by
histelogical type in Asian populations. The present study explored
the relationship between type of cigarettes smoked and lung cancer
histology in Japan, focusing on differences between SCC and AC,
by means of a multicentre, hospital-based case-control study.

MATERIALS AND METHODS

A multicentre, hospital-based case-control study was conducted
in 17 hospitals that participated in the Osaka Anti-Lung Cancer
Association in Osaka prefecture, two hospitals in Okinawa
prefecture, and one hospital in Nagano prefecture in Japan. In
participating hospitals, patients were recruited from all lung
cancer wards, in addition to one or more wards for other diseases.
Study subjects comprised patieats who were newly admitted to the
participating hospitals from January 1996 to December 1998. A
total of 1324 patients (945 men and 379 women) were admitted
with newly diagnosed lung cancer. All lung cancer cases were
confirmed microscopically. Controls comprised 3600 patients
(2169 men and 1431 women) who were admitted to the same
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hospitals during the same period with diseases other than lung
cancer. Of the 3600 controls, 2348 patients with diseases related to
smoking were excluded, that is, no patients with respiratory
tuberculosis (ICD-10: Al5, 16, 19, B90), respiratory infection
{A31), neoplasm (C00-D48), inguinal hernia (K40), ischaemic heart
disease (I20-125), subarachnoid haemorrhage (160}, arterial disease
{170-173), respiratory disease (J00-J99}, peptic ulcer (K25-K27), or
respiratory symptoms (R04, R06, R09) were included in the study,
After further exclusion of subjects <39 or > 80 years (65 cases and
286 controls) and subjects who did not provide complete
information on current smoking habits {104 cases and 86
controls), 1115 lung cancer cases and 880 controls remained for
analysis.

Among the 830 controls, distribution of diagnoses was as
follows: 19% ear and mastoid (FH60-H95); 16% digestive system
(K00-K93); 12% nervous system (G00-G99); 9% circulatory system
(100-19%); 9% endocrine, nutritional and metabolic (E50-90); 8%
symptoms, signs, and abnormal clinical and laboratory findings
not elsewhere classified (R00-R99); 5% infectious and parasitic
(A00-B99); 5% musculoskeletal system and connective tissue
(M00-M99); 4% genitourinary system (NOO-N99); 4% injury,
poisoning, and certain other consequences of external causes
(S00-T98); 3% blood and blood-forming organs and certain
disorders involving the immune mechanisms (D50-D89); 3% skin
and subcutaneous tissue (L00-L99), 3% congenital malformations,
deformations, and chromosomal abnormalities (Q00-Q99) and less
than 2% for other categories.

Information on smoking history and other lifestyle factors was
obtained by means of a self-administered questionnaire completed
during admission. Current smoking status was confirmed using a
closed question. Detailed smoking histories were then obtained
from current and former smokers by means of open questions
regarding ages at which smoking habits changed substantially;
information on number of cigarettes smoked per day and type of
cigarettes (filter, nonfilter, or others) was requested for each
period.

To investigate associations between type of cigarette (filter/
nonfilter} and histological type of lung cancer, we further
examined male current smokers (356 cases and 162 controls) for
whom complete smoking histories regarding filter/nonfilter
cigarettes were available. Owing to the small number of female
current smokers with complete smoking histories, this analysis
was restricted to male current smokers. Duration of nonfilter or
filter use was calculated separately, based on the history of
smoking. Current smokers were categorised into two groups:
filter-exclusive smokers’ comprised men who were lifetime
smokers of filter cigarettes; ‘mixed or nonfilter smokers’ were

Table |
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men who had smoked nonfilter cigarettes at some point. Any
history of cigarette use before 1957, when filter cigarettes first
became commercially available in Japan, was regarded as nonfilter
cigarette use. The mean number of cigarettes per day was defined
as the weighted mean of each average number of filter and
nonfilter cigarettes smoked per day. Total duration was defined as
the sum of durations of filter and nonfilter smoking. Subjects who
reported smoking other types of cigarettes were excluded from the
analysis.

0dds ratios (ORs) and 95% confidence intervals (Cls) were
calculated using unconditional logistic regression analysis in order
to estimate the risk of lung cancer by histological type. Statistical
adjustment was made for age (continuous variable) and prefecture
(three categories). Adjusted ORs in relation to type of cigarettes
were presented with and without adjustment for mean number of
cigarettes smoked per day {(continuous variable). All statistical
computations were performed using PC-SAS (SAS Institute Inc.,
Cary, NC, USA). 8

RESULTS

Prevalences of SCC, AC, small cell carcinoma, large cell carcinoma,
and unknown histology were 34.3, 44.0, 11.3, 3.9 and 6.4% for men
and 8.9, 75.6, 7.6, 2.8, and 5.1% for women, respectively.

Current cigarette smoking was associated with increased risk of
overall lung cancer, SCC and AC; adjusted ORs of current smokers
as compared to nensmokers were 4.56 (95% CI: 3.00- 6.94) for all
lung cancers, 24.5 (95% CL: 7.39-80.9) for SCC, and 2.56 (95% CI
1.61-4.07) for AC, respectively, for men, and 2.29 (95% CI: 1.44-
3.64) for all lung cancers, 10.9 {95% CI: 3.99-30.0) for 5CC, and
1.48 (95% CI: 0.87-2.51) for AC, respectively, for women.

Adjusted ORs for lung cancer in relation to duration of smoking
and number of cigarettes per day are presented by sex in Tables 1
and 2. For men, adjusted ORs among current smokers as
compared to lifclong nonsmokers increased with longer duration
of smoking and increasing number of cigarettes per day,
irrespective of histological type of lung cancer {Table 1). The
adjusted OR for SCC was much higher than that for AC. Male
former smokers displayed an approximately 14-fold increase in
risk of SCC, whereas elevation in the adjusted OR for AC was two-
fold.

Similarly, in women, increasing risk regardless of lung cancer
histology (as indicated by adjusted OR) with increasing intensity of
smoking was observed among current smokers (Table 2). Adjusted
ORs for SCC were much greater than those for AC. Female former
smokers were only at significant elevated risk for SCC.

Adjusted odds ratios (ORs) for fung cancer associated with cigarette smoking by histological type among men

Cases

Squamous cell carcinoma

Adenocarcinoma All lung cancers

Controls
Smoking status No. No.  Adjuste OR(95% Cl)  No Adjusted® OR ($5% CI) Mo Adjusted® OR (95% CI)
Nonsmoker 20 3 1.00 (reference) 30 100 (reference) 40 1.00 (reference)
Past smaker 161 87 139 (3.16-£1.0) 120 185 (1.09-3.50) 246 246 (1.47-4.12)
Current smoker
Duration of smoking in yeors
1-20 13 2 5.65 {080-399) 6 156 (0.53-4.62) g 1.85 {0.71 -4.85)
21-39% 137 52 17.4 {5.08-59.9) 94 238 (1.42-399) 189 3.74 (2.37-5590)
40+ 20 144 29.8 (8.96-89.4) 119 289 (1.70-450) 355 602 (376-9.62)
Number of cigarettes per day®
1-20 104 £9 300 (1.61-559) 84 1.67 (1.65-2.65) 197 1.94 (1.31-287)
2139 88 73 701 (374-135) 80 223 (1.39-359) Z10 3.38 {267-505)
40+ 37 43 12,5 (5.88-26.6) 43 301 {1.69-537) 110 461 {2.80-757)

*Adjusted for age and prefecture. "In total, 36 cases and || controls for current smokers were not inctuded because of incomplete data. €l = confidence interval.

© 2004 Cancer Research UK
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Table 2 Adjusted odds ratios {ORs) for lung cancer associated with cigarette smoking by histological type among women

Cases

Squarmous cell carcinoma

Adenocarcinoma All lung cancers

Controls
Smoking status No. Nao. Adjusted® OR (95% C1) No Adjusted™ OR (95% CI) No Adjusted” OR (95% C1)
Nonsmoker 320 10 1.00 (reference) 195 $.00 (reference) 23l 1.0 {reference)
Past smoker 28 8 9.56 (2.73-334) 14 0.54 (0.23-1.26) 29 093 (047-1.81)
Current Smoker
Duration of srmoking in years
1-20 3 [ 248 (0.28-21.8) 4 048 (0.15~150) 6 0.63 (0:23-1.68)
21-39 FX] [ 125 (377-41.5) 15 .85 (0.95-3.63) 32 261 (1.44-474)
40+ 2 3 402 {571-2927) 7 425 (087-209) 18 9.34 (2.63-41.13
Numnber of cigarettes per day®
1-20 33 9 12.3 {434-350) 2 1.31 (072-2.37) 40 158 (1.18-3.32)
21+ [ | 754 (0.75-75.8) 7 309 (057-986) 13 437 (1.57-122)

*Adjusted for age and prefecture. "In total, three case and two contrels for current smokers were not included because of incormplete data. Cl= confidence interval.

Table 3 Mean age and smoking status by histological type and filter/nonfiiter cigarette consumption among male current smokers

Cases
Type of smoking Squamous cell carcinorna Adenocarcinoma All lung cancers Controls
Number {%) Mixed P14 (832) 84 (61.3) 259 (72.8) 80 (494)
Fitter 23 (168) 53 (387 97 (27.2) 82 (508)
Mean age Mixed 67.2 65.5 65.6 63.6
Fitter 563 523 532 51.6
Mean number of cigarettes per day Mixed 283 264 273 239
Filter 345 32t 328 286
Mean total duration Mixed 47.0 45.3 465 437
Filter 34.1 304 320 285
Mean duration of fitered cigarettes Mixed 294 9.2 295 266
Filter 341 304 320 285
Mean duration of nonfiltered cigarettes Mixed 17.6 16,1 17.0 17.2
Filter — — — —
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Mixed = nonfiter-exclusive smoker or filter/nonfiter-mixed smoker; Fiter = filter-exclusive smoker.

Table 3 shows mean age and smoking status in terms of filter/
nonfilter cigarette consumption among current male smokers by
histological type. Lifelong nonfilter-exclusive smokers comprised
7.5% (39 of 518 men). Filter-exclusive smokers were much younger
and consumed more cigarettes per day. Total duration of smoking
among nonfilter or mixed cigarette smokers was substantially
longer than that of filter smokers; this difference was largely due to
the duration of nonfilter cigarette smoking among nonfilter or
mixed smokers. Although duration of filter cigarette smoking
showed less variation, smoking duration was slightly longer among
filter-exclusive smokers, Men with SCC were older, had smoked for
a longer duration and consumed more cigarettes per day than men
with AC, for both filter and nonfilter users,

Table 4 shows adjusted ORs for lung cancer according to filter/
nonfilter use among male current smokers by histological type.
Overall, after adjustment for age and prefecture, OR for all lung
cancers tended to be decreased by 30% (not significant) among
filter-exclusive smokers as compared to mixed or nonfilter
smokers. A nonsignificant tendency towards a reduction in
adjusted OR was found for SCC, but not for AC. When we further
examined the association between type of cigarettes and lung
cancer histology according to age, by dividing participants into age
groups of <54-, 55-64-, and >65-year old, ORs were shown to

British Journal of Cancer (2004) 90(3), 64665

vary according to age and histology. Adjusted ORs in filter-
exclusive smokers compared to mixed or nonfilter smokers
decreased with increasing age group, regardless of histology. For
men < 54-year old, a nonsignificant two-fold increase in risk in
prefecture-adjusted OR of AC was observed among filter-exclusive
smokers, whereas the adjusted OR indicated 2 nonsignificant 60%
reduction in the risk of SCC. For men 55 -64-year -old, a reduction
in adjusted ORs in filter-exclusive smokers as compared to mixed
or nonfilter smokers was observed for SCC, but not for AC. For the
oldest group {2 65-years), filter-exclusive smoking was associated
with decreased risk irrespective of histological type. The reduction
in adjusted ORs related to SCC and AC in filter-exclusive smokers
was similar, Odds ratios after further controlling for mean number
of cigarettes smoked per day were not substantially different,
generally displaying a slight decline in adjusted ORs.

DISCUSSION

The present study supports existing evidence of increased risks of
both $CC and AC with higher numbers of cigarettes smoked and
longer duration of smoking. In current smokers, risks indicated by
adjusted ORs were higher for SCC than for AC. Furthermore,
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Table 4 Adjusted odds ratios (ORs) for lung cancer by histological type according to filtter/nonfilter cigarette consumption and age
Cases
Squamous cell carcinoma Adenocarcinoma All lung cancers
Controls

No. No. ORI*(95%Cl) OR2"(95% ClI) No. ORI™(95% CI) OR2®(95% CI) No. ORI*(95% Ci) OR2® (95% CI)
Alf subjects
Mixed 80 114 1.00 (ref) 1.00 (ref) 84 1.00 {ref) 1.00 (ref) 259 1.00 (ref) 1.00 (ref)
Filter 82 23 052 (027-10%) 055 (027-1.15) 53 088{047-163) 083{044-159) 97 070 (040-1.15) 070 (041-121)
Age <54
Mixed 12 5 100 (ref) 1.00 {ref) 4 1.00 (ref) $.00 (ref) 13 1.00 {ref) 1.00 (ref)
Fitter 53 B 038(0.10-142) 038(0I10-145) 33 20! (0&D-681) 254 (066-979) 54 100 (042-240) 105 (0:43-256)
55 €age €64
Mixed 34 33 1.00 {ref) 1,00 (ref) 24100 (ref) 1.00 (ref) 72100 (ref) 1.00 {ref)
Filter 25 13 038 (0.10-142) 049 (0.18-135 18 105(046-243) 083 (033-211) 37 068 (034-136) 062{029-135)
Age 265
Mixed 34 76 100 {ref) 1.00 (ref) 56 100 (ref) 1.00 {ref.} 174 1.00 (ref) 1.00 (ref)
Filter 4 2 036 (005-224) 030 (005-157) 2 030{005-4.74) 028 (005-171) 6 031 (COB-121) 031 (0.08-120)

Mixed = nonfitter-exclusive smoker or filterinonfilter-mixed smoker, Filter= fiter-exclusive smoker. *Adjusted ORs were presented after controfiing for age and prefecture for

all subjects, and for prefecture for each age-specific stratum. "Additional control for number of cigarettes smoked per day.

overall, although filter cigarette smokers were at lower risk
compared to nonfilter smokers regardless of histology, a greater
reduction in adjusted OR was observed for SCC than for AC.

Lower risk of all lung cancers has been observed among filter
cigarette smokers compared to nonfilter cigarette smokers in some
case—control studies of men (Wynder and Stellman, 1979; Lubin
et al, 1984; Benhamou et al, 1989; Benhamou ef al, 1994; Armadans
et al, 1999) and women (Wynder and Stellman, 1979; Lubin et al,
1984; Agudo et al, 2000). However, the reduction in risk of all lung
cancers among filter cigarette smokers compared to nonfilter
cigarette smokers has been obscured. This results from the fact
that the total incidence of lung cancer has increased in recent
years, despite the widespread predominance of filter cigarettes, It
is possible that, since this move towards filter cigarettes,
insufficient time has elapsed to reflect a reduction in lung cancer
incidence. Furthermore, overall lung cancer mortality rates had
been increasing, although they have tended to level off in the last 5
years (Yoshimi et al, 2003), Separate analysis of an association
between type of cigarette and lung cancer should therefore be
performed by histological type of lung cancer.

One US case-control study has shown that the effect of filter
cigarettes varies depending on the histological type of lung cancer,
and revealed that reduced risk of $CC, but not AC, was apparent
among filter cigarette smokers compared to nonfilter smokers
(Stellman et al, 1997). These results are consistent with those of the
present study. Another case-control study demonstrated a
reduction in risk of Kreyberg I lung cancer, but not of Kreyberg
11, among filter smokers (Wynder and Kabat, 1988). Trends
towards a relative increase in AC compared to SCC might be
partially attributable to a greater reduction in SCC among filter
cigarette smokers compared to nonfilter cigarette smokers.

However, we cannot assume that the relative increase in AC
observed in Japan is attributable to the same mechanisms seen in
Western countries, since smoking has a lower impact on lung
cancer risk among Asian populations and overall lung cancer
death rates are lower in Japan than in Western countries {Sobue
et al, 2002). This implies that factors other than smoking, such as
Jifestyle and diet, particularly the traditional Japanese diet, play
important roles in lung cancer development (Wynder and
Hoffmann, 1994). Furthermore, the association between certain
dietary factors and lung cancer may be histological type specific
(De Stefani et al, 1997; Kubik et al, 2001). The traditional Japanese
diet, incorporating elements such as fish and soybean produets,
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was found to be associated with a reduced risk of AC (Takezaki
et al, 2001}, and one study found the protective effects of tofu (a
soybean product) appeared more significant for SCC (Wakai et al,
1999}, In contrast, high levels of fat consumption increase the risk
of lung cancer, particularly for AC (Ozasa et al, 2001). The
Japanese diet has recently undergone substantial Westernisation,
and such dietary alterations might represent an alternate explana-
tion for the observed changes in histological types of lung cancer.

It should be noted that the effects of filter cigarettes on lung
cancer by histological type varied according to age. Among men
aged <54 years, elevation in the adjusted OR for filter cigarettes
compared to nonfilter cigarettes was found for AC, but not 5CC.
For men aged 55-64 years, use of filter cigarettes was associated
with a reduction in adjusted ORs for SCC, but not for AC, whereas
the magnitude of reduction was similar for $CC and AC in men
265 years. No clear explanation for the age-related effects of filter
cigarettes was apparent. Among young smokers, the tendency of
filter smokers to inhale deeply to compensate for the low-tar
delivery of filter cigarettes (Wynder and Muscat, 1995) might
sufficiently affect the more peripheral regions of the lung, where
most AC appear, even among short-term filter cigarette smokers.
However, for older smokers, and considering long-term smoking,
the cumulative exposure to tar contained in smoke might be
substantially reduced among filter-exclusive cigarette smokers
than among nonfilter or mixed cigarette smokers. The total
protective effects for both SCC and AC might therefore be more
apparent among older smokers. Indeed, trends in SCC and AC
incidence from 1974 to 1997 among Japanese men differed
according to age group, and the relative increase of AC compared
to $CC was intensified in younger age groups (Yoshimi et al, 2003).
Any elevation in risk of AC (or a smaller reduction in AC
compared to SCC) attributable to filter cigarette use among
younger smokers might represent an important issue, as the
younger the age group, the more the smokers consume filter
cigarettes in preference to nonfilter cigarettes. However, since no
studies have addressed age-specific or duration-dependent pro-
tective effects of filter cigarettes, further confirmation is needed for
other populations,

Reasons other than deep inhalation have been proposed as being
responsible for filter cigarettes not providing relative protection
against AC. These include reduced tar and nicotine delivery in
filter cigarettes. Filter cigarettes remove the larger carcinogenic
particles, meaning that smaller particles in the smoke from filter
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cigarettes reach the peripheral regions of the lung. Although tar
delivery from filter cigarettes is reduced, concentrations of
nitrosamines such as NNK (4-(methylnitrosamino)-1-3(pyridil)-
1-butanone), which is known to induce the formation of AC, are
not decreased in filter smoke {Agudo et al, 2000).

When we analysed the association between filter and nonfilter
smoking, the most likely confounding factors were age and total
duration of smoking. Duration of smoking was strongly associated
with both SCC and AC in a dose-dependent manner, As age and
total duration of smoking were also well correlated (correlation
coefficient = 0.80 {P < 0.0001)), we avoided simultaneous inclusion
of these variables in the logistic regression model. However,
tesidual confounding related to cumulative smoking exposure
might be partially responsible for the protective effects of filter
cigarettes observed. In our subjects, mean number of cigarettes
smoked per day was associated with risk of overall lung cancers
and was higher among filter cigarette smokers than among
nonfilter or mixed smokers. Comparison of filter/nonfilter
cigarette smokers might thus be confounded by daily cigarette
consumption. In this regard, the relationship between type of
cigarette and lung cancer with adjustment for mean number of
cigarettes is interesting. However, controlling for the amount of
smoking, as a measure of exposure to lung carcinogens, requires
caution when comparing the risks of different types of cigarettes.
As low-nicotine low-tar filter cigarette smokers tend to smoke
more cigarettes in order to maintain nicotine intake, adjustment
by number of cigarettes may not be appropriate in case
comparison between low-tar filter smokers and nonfilter or mixed
cigarette smokers. These result in a spurious reduction in risk for
filter cigarette smokers as compared to nonfilter or mixed cigarette
smokers. Indeed, after adjustment for mean number of cigarettes

.per day, most adjusted ORs for overall lung cancers, SCC, and AC
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for filter cigarette smokers as compared to nonfilter or mixed
cigarette smokers were slightly decreased. However, the increased
risk of AC among men < 54-year and no reduction in the risk of
AC among men aged 55-64 years were not changed even after
controlling for this variable.

As controls were patients admitted to hospital, and controls with
conditions known to be related to cigarette smoking were
excluded, the possibility of underestimating lung cancer risks in
smokers due to over-representation of smokers among hospital
patients was minimised. However, one limitation of the present
study should be considered. Smoking histories were obtained
using self-reported questionnaires, and the number of subjects
recording complete smoking histories was low; among current
smokers, only 65% of the original subjects eligible as cases or
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controls were used for further analysis of associations between
type of cigarette and lung cancer. The present study might
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In conclusion, this study of a Japanese population revealed a
type-specific association of filter cigarettes as compared to
nonfilter cigarettes, that is, a protective effect against $CC, but
no such effect (or, at least, a relatively reduced effect) against AC,
particularly among younger smokers. Further confirmation is
required to ascertain possible differences in risks of filter cigarettes
for lung cancer. However, almost all smokers have now changed to
filter cigarettes. The more prevalent smoking of filter cigarettes
becomes, the more limited the opportunities for further investiga-
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Cigarette smoking is an established risk factor for lung cancer.
However, the magnitude of the relative risk (RR} on lung cancer
mortality in relation to cigarette smoking is reported to be lower in
Japan than in Western countries. We investigated whether this
discrepancy could be explained by differences in the exposure to
cigarettes smoked, by differences in sensitivity to smoking, or by
differences in lung cancer mortality among non-smokers. We
examined the 10-year follow-up data on 88 153 participants in a
Japanese population-based prospective study conducted in three
prefectures. Data used as a Western counterpart was retrieved from
a, published report of the US Cancer Prevention Study (CP5)-Il.
Although there was a significant increased risk of lung cancer death
among current smokers compared with non-smokers, the observed
RRin the Three-Prefecture Study were much lower than RR reported
in the CP5-Il. Lung cancer mortality of our lapanese sample was
lower among current smokers and higher among non-smokers
regardless of age and sex. Current smokers in our sample had
initiated smoking at an older age and smoked fewer cigarettes per
day for shorter durations than those in the CPS-l sample. The
Poisson regression medel (controlling for age, number of cigarettes
smoked per day and duration of smoking) showed that male current
smokers in our sample had a lower risk of lung cancer compared
with those in the CPS-Il sample (rate ratio 0.34 [95%C1 0.27-0.43]).
These findings might explain why Japanese risks of lung cancer are
lower than those observed in Western countries. (Cancer Sci 2005;
96: 120~126)

Numcrous epidemiological studies have consistently
reported smoking as a risk factor for lung cancer. Three
prospective studies™® and several case-control studies® in
Japan have shown that the magnitude of the relative risk (RR}
associated with cigarette smoking is lower than those in
Western countries.” For example, in the Six-Prefecture Study®
and the Japan Collaborative Cohort Study for Evaluation of
Cancer Risk (JACC),™ the RR of lung cancer death among
smokers compared to non-smokers was estimated at 4.5 for
men, whereas the RR for men ranged from 11.6 to 23.2 in
prospective studies conducted in the USA™* and the UK."® For
women, the RR were 2.3 in the Six-Prefecture Study® and 3.6 in
the JACC study,”” while corresponding RR ranged from 2.7 to
12.8 in the USA." The first aim of this study was to verify
these figures by evaluating lung cancer death and smoking
habits with a new large-scale, population-based prospective
survey (The Three-Prefecture Cohort Study), conducted in three
prefectures in Japan.

CancerS¢i | February 2005 | vol.96 | no.2 | 120-126

The RR expresses a single summary estimate of the effects
of smoking on lung cancer. However, the RR is computed by
simply dividing the death rate among smokers by that among non-
smokers. For a better understanding of the reasons for the lower
RR of lung cancer among the Japanese, it would be more accu-
rate to compare the death rates by smoking status. Furthermore,
exposure levels to smoking might account for differences in
the risk of lung cancer between Japanese and Western current
smokers. It is well known that lung cancer risk depends on the
amount, duration, and initiation age of smoking. Thus, to deter-
mine the reason for the lower RR associated with smoking in
Japanese subjects, it is also important to compare the exposure
levels 1o smoking as well as the lung cancer death rates between
Japanese and Western subjects,

The second aim of this study was to compare death rates by
smoking status and smeking exposure levels with published
data from a large American prospective sample, the Cancer
Prevention Study I (CPS-11),”) which began at nearly the same
time as the Three-Prefecture Cohort Study (1982). Finally, we
examined whether any discrepancy in the RR of lung cancer
between the studies could be explained by the difference in
death rates due to smoking status (i.e. non-smokers vs smokers}
and smoking exposure level between the Japanese and the US
samples.

Materials and Methods

Study population. The Three-Prefecture Cohort Study collected
data from February 1, 1983 to November 1, 1985, in selected
areas of three prefectures in Japan: Miyagi, Aichi, and Osaka.
The study areas of each prefecture included six areas of a city
and two towns in Miyagi Prefecture, five elementary school
districts in one area of a city and two areas of a city in Aichi
Prefecture, and three towns in Osaka Prefecture. An additional
study cohort was sampled in December 1, 1990, in one city in the
Osaka Prefecture. The study pepulation included all persons aged
40 years or older, who resided in the study areas according to
each town's residential registry. A self-administered questionnaire
was distributed to 130 839 persons, and 108 774 (50 544 men
and 58 230 women) of them responded (83.1%). We then
excluded individuals under 40 years (one man and cne woman)
and over 80 years of age (1 427 men and 2 465 women), any who

"To whom correspondence should be addressed, E-mail; tmarugam@gan2.res.nee.go.jp
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moved out before the start of the follow up (five men and three
women), and any whose information on smoking status at
enrollment was incomplete (4 660 men and 12 059 women).
After exclusion of these individuals, 44 451 men and 43 702
women remained in the analysis. This study was approved by
the institutional review board of the National Cancer Center,
Tokyo, Japan.

Follow up. Information on whether each subject was still alive
and living in the same location was obtained from residential
registries. If the subject had died, we then searched the
population-based cancer registry in each prefecture and
ascertained whether they had died from lung cancer. Sites of any
cancers were coded using the International Classification of
Disease and Injuries—ninth revision (ICD-9), except for one
city in Osaka where the ICD 10th revision was used. Study
subjects were followed for 10 years tn each area. Therefore,
the end of the study period varied from January 31, 1993 1o
October 31, 1995 (and February 28, 2000 for the one city in
the Osaka Prefecture) according to the dates of enrollment.
During the follow up, 8 836 (15.6%) individuals moved out of the
study areas.

smoking Information. At enrollment, study participants com-
pleted a self-administered questionnaire, including demographic
information such as sex, date of birth, and smoking habits. The
smoking habits questions were the same in each study area,
except for one town in the Osaka Prefecture. All participants
were asked: ‘Do you smoke?' Response categories included:
(1) yes; (2) smoked but quit; and (3) never smoked. We defined
participants who chose response (1) as current smokers; those
who chose response (2) as former smokers; and those who
chose response (3) as non-smokers. For one city in the Osaka
Prefecture, the response categories were: (1} yes (smoking every
day); (2) yes, but occasionally; (3) smoked, but quit; and (4) never
smoked. We defined participants who chose response (1) and
(2) as current smokers, those who chose response (3) as former
smokers, and those whe chose response (4) as non-smokers.

The ages at initiation of smoking and the average number of
cigarettes smoked per day for current and former smokers were
obtained. The number of years of smoking that current smokers
had smoked prior to enrollment was calculated by subtracting
the age at initiation of smoking from the age at enrollment.
Pack-years were defined as the number of years of smoking
multiplied by the number of packs of cigarettes per day.

Cancer Prevention Study Il. The CPS-II® is a prospective cohort
study, conducted by the American Cancer Soctety (ACS). It was
selected as the Western counterpart to our Japanese prospective
cohort study because it contained detailed data on lung cancer
mortality by sex, age group and smoking status, as well as data
on smoking patterns of current smokers by sex and age group.
The CPS-11 data for the comparison were retrieved from the
Smoking and Tobacco Control Monograph no. 8. Study
participants were friends, neighbors, and acquaintances of ACS
volunteers. Approximately 1.2 million men and women were
enrolled in 1982. Enrollment included all household members
30 years of age or older if at least one family member was
45 years of age or older. Study participants completed an initial
questionnaire including smoking habits and other lifestyle
factors. The vital status of study participants was determined
through personal inquiry by the volunteers. The underlying
cause of death was obtained through death certificates. During
the 6-year follow up of 711 363 current cigarette smokers and
lifelong non-smokers, 3 229 died of lung cancer.

Statistical Analysis. Person years during the follow-up were
counted from the date of enrollment into the study until the date
of death, migration from the study areas, or the end of the study
period, whichever came first. The RR was estimated with a Cox
propertional hazards model with adjustments for age (continuous
variable) and prefecture. Non-smokers were used as a reference
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category. A dose—response relationship among current smokers
was examined in terms of the number of pack-years.

Using data from the CPS-II, we compared the baseline data
on smoking patterns among current smokers and the follow-up
data on lung cancer deaths among non-smokers and current
smokers. Follow-up data were restricted o the first 6 years, the
duration of the CPS-II. The mean number of cigarettes smoked
per day and the mean number of years of smoking were calcu-
lated within the 5-year age groups fixed at the baseline. The
age-adjusted number of cigarettes smoked per day and the age-
adjusted number of years of smoking was obtained by directly
standardizing to the combined distribution of age groups of the
Japanese and US cohorts. Because the mean age at initiation of
smeking among the CPS-I1 subjects was provided as 10-year
birth cohorts, we calculated mean age of initiation in the Japanese
study in the same way.

Sex- and age-specific death rates of lung cancer (per 100 000)
were computed for non-smokers and current smokers, Calcula-
tion of the number of person years at risk was based on atiained
age. To compare the death rates of the Japanese and US cohorts,
cumnulative death rates between 40 and 84 years were presented.
Rate ratios of the Japanese cohort to US cohort were calculated
by using a Poisson regression model.

Lung cancer death rates were computed for male current
smokers, stratified by the duration of smoking and the number
of cigarettes smoked per day. Because of limited CPS-II data,
only subjects who smoked 20 or 40 cigarettes per day were
analyzed. To compare the lung cancer risks among male current
smokers in Japan to those in the USA, adjusted rate ratios were
obtained by Poisson regression analysis. The model included
the patural logarithm of the number of lung cancer deaths as
a response variable and the natural logarithm of person-years as
an offset. Indicator variables for age group, number of cigarettes
per day, and duration of smoking were used as covariates.
Statistical computations were carried out using the SAS statistical
package (version 8.02; SAS Institute, Cary, NC, USA).

Results

Current and former smckers in the Three-Prefecture Cohort
Study showed a significantly increased risk of lung cancer death
for both men and women compared with non-smokers (Table 1).
A statistically significant dose—response trend of RR was
observed for men and women current smokers (Table 2).

In the first 6 years of follow up, the Three-Prefecture Cohort
Study had 341 deaths due to lung cancer (260 men and 81
women). Adjusted RR for current smokers versus non-smokers
were 3.16 (95%CI 1.29-3.64) for men and 2.68 (95%CI 1.58-
4.53) for women. Corresponding reported RR in the CPS-I1
study were 23.2 (95%CI 19.3~27.9) for men and 12.8 (95%CI
11.3-14.7) for women.

Death rates among current smokers and non-smokers were
calculated, based on attained age (Fig. ). Compared with the
CPS-11, death rates among Japanese current smokers were lower
in all age groups, with the exception of the youngest and oldest
female age groups. In contrast, death rates among Japanese non-
smokers were higher than those in the USA, for both men and
women regardless of age. Cumulative death rates between 40
and 84 years and rate ratios are presented in Table 3, Compared
with US non-smokers, Japanese non-smokers had a higher
cumulative mortality of lung cancer with an approximately
threefold increased risk for men and a twofold increased risk
for women. However, Japanese current smokers were at a sig-
nificantly 60% lower risk of lung cancer compared to those in
the USA.

The mean number of cigarettes smoked per day (Fig. 2a)
decreased with age for men and women in both Japan and the
USA. However, current smokers in Japan had a lower daily
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Table 1. Relative risk of lung cancer death associated with cigarette smoking, Three-Prefecture Cohort Study, Japan

. . No. lung Crude mortality Relative risk®
Smoking status No. subjects Person-years cancer deaths rates (95%C)
Men

Non-smokers 7 590 64 645 23 356 1.00

Former smokers 11164 91 792 102 1109 2.60 (1.65-4.10}

Current smokers 25 697 215139 34 158.5 5.10 {3.34-7.79)
Women

Non-smokers 36 884 321170 79 246 1.00

Former smokers 18630 13 258 13 93.1 2,94 (1.62-5.31)

Current smokers 5188 42 931 40 93.2 3.66 (2.50-5.35)

*Adjusted for age and prefecture,

Table 2. Relative risk of lung cancer death by pack-years among current smokers, Three-Prefecture Cohort Study, Japan

Pack-years of smoking MNo. subjects Person-years No. I::;;t;asncer Cru:iea i eath RE:;;';:CT)*'
Men?*
<20 3982 33 592 19 56.6 1.16 {0.72-1.88)
20-39 12 066 101 910 113 110.9 2.10 {1.62-2.71)
40-59 6574 54 374 129 23712 2.86 {2.23-3.65)
60 + 2765 22710 78 3426 4.49 (3.34-5.89)
P for trend <0.0001
Women$
<20 3136 26212 12 45.8 1.75 {0.96-3.15)
20-39 1545 12 642 15 118.7 3.92 (2.27-6.76)
40 + 397 3157 10 3168 7.22 (3.75-13.9)
P for trend <0.0001

'Adjusted for age and prefecture.
excluded because of missing data.
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Reference category was non-smokers. *310 men were excluded because of missing data, 110 women were
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a o Fig- 1. Age-specific death rates due to lung cancer
by attained age among current smokers and
non-smokers in the Three-Prefecture cohort in

1 2 L . . - 1 ! . L L + Japan and Cancer Prevention Study Il (CPS-1I) in
2 }39 }3’ D %Q" 2 /45’5 @ L ‘bQ" the USA, (a), Death rates of men; (b), death rates
O & W W & of women. (4), Three-Prefecture cohort cusrent
) smokers; (@), Three-Prefecture cohort nonsmokers;

Attained age (years) Attained age (years) (A), CPS-Il current smokers; (Q), CPS-Il non-smokers.

cigarette consumption for all age groups and for both men and
women than current smokers in the USA. The differences ranged
from 0.8 (aged 40—-44 years) to 4.4 (aged 55-59 years) for men.
Daily consumptton of cigarettes in the youngest male age group
showed the least difference. Japanese women constantly used
approximately five fewer cigarettes per day in all age groups.
The age-adjusted number of cigarettes per day for the Japanese
and US cohorts were 21.5 and 24.8 for men, respectively, and
14.1 and 19.4 for women, respectively.

The mean number of years of smoking was slightly lower
among Japanese men in all age groups than those in the USA
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(range 0.8-2.1) (Fig. 2b). Except for the youngest and oldest
age groups, Japanese women had smoked for a much shorter
time than comparable women in the USA. The range of differences
was from 1.7 (aged 75-79 years} to 8.9 (aged 55-59 years).
The age-adjusted years of smoking for the Japanese and US
smokers were 37.1 and 38.6 years for men, respectively, and
26.8 and 34.2 years for women, respectively.

Japanese smokers in all age groups started smoking later than
their counterparts in the USA, and this was especially true for
women (Fig. 2¢). While the age at initiation of smoking for
Japanese women gradually became younger in recent birth
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Table 3. Cumulative mortality and rate ratios for lung cancer among non-smokers and current smokers, Three-Prefecture Cohort Study in Japan

compared to Cancer Prevention Study Il in the USA

Non-smokers

Current smokers

Three-Prefecture CPS-IN Three-Prefecture CPS-N
Men
Cumulative mortality rate (%) 3.0 11 1.6 275
Rate ratio* (35%Cl) 2.95(1.79-4.87) 1.00 0.38 {(0.32-0.41) 1.00
Women
Cumulative mortality rate (%)! 1.9 0.8 5.3 1.6
Rate ratio* {95%Cl) 2.10 (1.56-2.82) 1.00 0.42 (0.27-0.67) 1.00

Analysis restricted to first 6 years of follow-up to enhance comparability to Cancer Prevention Study Il {CPS-I1) data. 'Cumulative mortality rates

between 40 and 84 years. *Estimated based on Poisson regression model.
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Fig. 2. Comparison of smoking patterns of current smokers at baseline between Three-Prefecture study in Japan and Cancer Prevention Study Il
(CPS-11} in the US. (), Mean number of cigarettes smoked per day by age at enrolment; (b), mean duration of smeking by age at enrolment;
(C), mean age of initiation of smoking by birth cohort. {A), Three-Prefecture cohort men; (@)}, Three-Prefecture cohort women; (A), CPS-Il men;

{O), CPS-1l women.

cohorts, they still began smoking much later than US women.
The mean age at initiation of smoking among Japanese men in
all birth cohorts was slightly older than those in the USA.
Finally, we calculated lung cancer death rates by years of
smoking among current male smokers who had consumed 20
cigarettes per day (Table 4). Similar calculations for men who
had smoked 40 cigarettes per day are not presented because there
were too few of these men. We were unable to calculate lung
cancer death rates in strata where no deaths occurred. For strata
where calculations could be made, death rates of current Japanese
smokers were lower than those in the USA. Rate ratios in all strata
were less than 0.6, After controlling for age, duration of smok-

ing and number of cigarettes smoked per day by the Poisson
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regression analysis, rate ratios of male Japanese current smokers
relative to those in the USA was 0.34 (95%CI 0.27-0.43).

Discussion

The present large-scale, population-based prospective study
confirmed an increased lung cancer risk among smokers, as
compared with non-smokers, in Japan. The RR observed for
Japanese smokers was lower than that observed in the USA.
This finding is consistent with other studies conducted in
Japan.-® Comparison of death rates and exposure levels of
current smokers in the two samples revealed one reason for the
lower RR in Japan, namely, higher death rates among non-smokers

Cancer Sci | February 2005 | wvol.96 | no.2 | 123

123



Table 4. Death rates by duration of smoking among current male smokers of 20 cigarettes per day, Three-Prefecture Study in Japan compared

to the Cancer Prevention Study Il in the USA

i Three-Prefecture CPs-il Rate ratio
Attained age Duration® Duration’ Duration'
(years)
30-39 40-49 50 + 30-39 40-49 S50 + 30-39 40-49 50 +
50-59 42.0 —_ — 1431 267.3 483.1 0.29 —_ -
60-69 119.0 1701 - 215.7 452.3 B48.S 0.55 0.38 —
70-79 180.5 1421 590.6 455.9 7021 1149.0 0.40 0.20 0.51

*Duration of smoking was fixed at enrollment. —, no lung cancer deaths observed (Three-Prefecture cohort study), or no data available because of

five or fewer deaths observed (Cancer Prevantion Study 11).

combined with lower death rates among smokers. A lower
exposure level to smoking was responsible for the lower death
rates among current smokers. However, even after adjustment
for age, duration of smoking and daily cigarette consumption,
male Japanese current smokers had a lower risk of lung cancer
compared to those in the USA.

Death rates for non-smokers in all Japanese age groups were
higher than those for non-smokers in the USA, The CPS-II used
more detailed questions regarding smoking habits. For example,
the CPS-II questionnaire clearly asked whether or not partici-
pants had smoked at least one cigarette per day for 1 year.”
However, the questionnaire in our study did not specify the
number of cigarettes or the duration of smoking. Therefore, the
definition of non-smokers in the CPS-II was more strictly
limited in terms of lifelong non-smokers, while non-smokers in
our study might have included former smokers who had guit and
not smoked for a long time. Such a difference in classification of
non-smokers might have led to overestimation of death rates
among Japanese non-smokers. Second-hand smoking might also
have contributed to the difference. The prevalence of current
smokers among Japanese subjects was higher than in the CPS-
IT. Among Japanese men, the prevalence was 58% for current
smokers and 83% for ever smokets {ever smokers = current +
former smokers); somewhat higher than the prevalence reported
in the CPS-II (24% for white, male current smokers, 75% for
white, male ever smokers, 36% for black, male current smokers,
and 73% for black, male ever smokers).” Therefore, Japanese
non-smokers might have had more opportunity to be exposed to
environmental tobacco smoke (ETS). Furthermore, it was only
in 2003 that Japanese law promoted the separation of smoking
and non-smoking areas at the workplace and in public places.
As well, since Japanese residences are small, Japanese non-
smokers who had lived with parents or a spouse who smoked
would have been exposed to concentrated tobacco carcinogens.
Some, but not all, Japanese studies showed higher RR associated
with spousal ETS,"? and a pooled RR calculated from Japanese
studies (1.41) was higher than the pooled RR calculated from
US studies (1.19).9" Therefore, until recently, Japanese non-
smokers would have had a much higher cumulative exposure to
ETS at home and in the workplace than their US counterparts.

Other risk factors, such as air pollution, raden and asbestos,
do not offer a clear explanation for the observed differences.
Several observational studies have shown an associalion
between air pollution levels and lung cancer.®®'® Even if a
difference in air pollution levels exists between the two countries,
it is unlikely that this small difference could account for the
large difference in the risk of lung cancer among non-smokers
given the only moderate association between air pollution and
lung cancer.! The level of indoor radon in Japan, a known risk
factor for lung cancer in Western countries'™ is much lower
than in the USA.0% Although asbestos consumption per capita
was higher in Japan than in the USA during the mid-1970s,%"
it remains unknown whether low environmental exposure to
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asbestos (in contrast to heavy occupational exposure) causes
lung cancer,t'®

In contrast to non-smokers, death rates among current
smokers in our sample were lower than those observed in the
CPS-TI sample, regardless of age and sex. Because lung cancer
risk and exposure level to smoking are clearly dose-related, the
discrepancy in exposure levels among current smokers is prob-
ably a major factor explaining the difference in death rates among
current smokers. However, considering lower exposure as a reason
for the lower death rates among current smokers assumes that
individuals with similar exposure levels have the same risk of
lung cancer. However, the risk of lung cancer among male
Japanese current smokers was lower than those in the USA,
even after adjustment for age, duration of smoking and number
of cigarettes smoked per day.

Although the difference in smoking patterns between the
Japanese and US samples was greater among women than
among men, the rate ratio for the current smokers was not very
different between men and women. We have no clear explana-
tion for this, However, the unit change in the lung cancer risk
between Japanese female smokers and US female smokers with
low levels of smoking exposure might not have the same mag-
nitude as the unit change seen between Japanese male smokers
and US male smokers with high levels of smoking exposure.
Furthermore, Japanese women might under-report their smoking
history. A single inquiry about smoking at baseline might not
reflect the whole smoking history of individuals in either the
Japanese or US samples.

Caution is advised when exposure levels to smoking are
assessed, based on self-reported smoking history collected from
a single questionnaire at the point of enrollment, Cigarette con-
sumption per capita was much lower in Japan than in the USA
from 1920 to 1970," when the participants in these two cohorts
were in adolescence to young adulthood. Furthermore, Japanese
smokers experienced an extreme tobacco shortage during and
immediately after World War I1. It was not until the 1ate 1970s
that Japanese cigarette consumption per capita caught up with
US consumption levels, Japanese participants classified in the
same strata by smoking exposure undoubtedly experienced
periods of cigarette shortage, and this bias toward overestima-
tion of exposure may have produced spurious lower lung cancer
death rates in our sample, Similarly, possible bias in the CPS-II
sample may have included smokers who underreported usage of
cigarettes due to strong social prohibitions te smoking in the USA.

Changes in tar content and the prevalence of filter-tipped cig-
arettes were also influential. The sales-weighted average yields
of tar in the 1980s, and the reduction in tar levels during the
1960s and 1970s were similar in Japan and the USA. 2029 Filter-
tipped cigarettes were first marketed in the 1950s and their
market share grew to more than 80% in the 1970s, reaching over
90% in both countries. However, as Stellmen ef al. have noted,
American manufactured cigarettes contain higher tobacco-
specific nitrosamines than Japanese cigarettes.?Y Furthermore,
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charcoal filters, which remove certain compounds that inhibit
lung clearance, are more widely used in Japanese cigarettes than
American cigarettes.

Causes of death, other than lung cancer, might be influential in
the estimation of Iung cancer death rates among current smokers.
Coronary heart disease (CHD) was the second leading cause of
death among CPS-II smokers,” Premature death from CHD among
CPS-HI smokers might have led to somewhat lower lung cancer
death rates in the USA. An increase in the discrepancy of lung cancer
death rates among cutrent smokers might have occurred, because
death rates from CHD in Japan are not as high as in the USA.®Y

Other confounding factors, such as lifestyle or genetic fac-
tors, might also lower lung cancer death rates among Japanese
smokers. The traditional Japanese diet, which is low in fat and
high in several phytochemicals, might help decrease the risk of
death due to lung cancer.®*-?" Deletion-type polymorphism
CYP2A6, the principal enzyme in the metabolic activation of
tobacco-specific nitrosamines, was found to be inversely associ-
ated with lung cancer among Japanese male smokers.®® It has
been demonstrated that the frequency of occurrence of this
variant is higher amongst Japanese than among Caucasians.®
However, caution is required, because diet and the odds of having
CYP2A6 can be assumed 10 be constants (i.e. would be equally
likely to affect non-smokers) and non-smokers presented the
opposite pattern to current smokers.

Another potential explanation is different histological distri-
bution of lung cancer between American and Japanese popula-
tions.®® Adenocarcinoma, which is less strongly related to
smoking than squamous cell carcinoma,™ contributes to a larger
proportion of Japanese lung cancer than US lung cancers. The
relatively lower incidence of squamous cell carcinoma among
Japanese smokers would reduce the overall Japanese lung
cancer incidence for the same level of exposure to smoking as
in the US cohort.

Generally, in Western countries non-smokers have a higher
socioeconomic status than smokers. People with a high
socioeconomic status tend to have more health conscious life-
styles, such as a higher intake of fruits and vegetables, as well as
lower occupational exposures to other factors, such as asbestos,
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In the USA, the socioeconomic gap between smokers and non-
smokers is much larger due 1o a strong societal antismoking
campaign. This larger disparity of background risk factors
resulted in a larger difference of lung cancer mortality between
US non-smokers and smokers, as compared with Japanese non-
smokers and smokers.

Finally, the comparability of the Japanese and US samples
should be considered. A potential advantage was that both stud-
ies were conducted using a prospective design during approxi-
mately the same time period. Dates of birth of participants
covered approximately the same years. Because cigarette types,
such as non-filtered versus filtered cigarettes changed similarly
in both the USA and Japan from the 1950s to the 1970s,%" different
study periods or birth cohorts might have weakened the com-
parability, especially in terms of exposure. In addition, lung cancer
deaths were basically diagnosed by the same ICD-9 codes, Lung
cancer deaths were determined based on death certificates for
the US sample, and the Japanese sample lung cancer deaths
were determined using the cancer registry, which was based on
death certificate data. Death certificates were usually considered
complete both in the US and Japan. As well, the cause of death
was also considered to have been identified with reasonable
accuracy. In 1988, the percentage of deaths with no classifiable
diagnosis, including unknown cause of morbidity and mortality
(ICD-9: 780-799) was 3.9% for Japan and 1.4% for USA.,
Therefore, both studies appeared to be equal in their precision
of determining lung cancer deaths. Finally, follow-up periods
were restricted to 6 years in both studies. However, over this
relatively short time interval, there were too few deaths among
the Japanese cohort to produce stable and informative esti-
mates of death rates, especially at high exposure levels. To solve
this problem, further investigation with samples as large as the
CPS-TI sample, or the pooling of several studies, are needed.
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