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Introduction
Cancer is the second leading cause of

death in the United States. It was esti-
mated, for 1991, that more than 1 million
new cancer cases and 514 000 cancer
deaths would occur in the country.' The
surgeon general of the US Public Health
Service has reported that cigarette smok-
ing is a major cause of cancer mortality in
the US population.2

Eight large prospective studies in five
countries have provided much of the in-
formation on the association between to-
bacco and cancer.3-'0 These mortality
studies have consistently reported that
cigarette smoking increases the risk of
cancer deaths, especially lung cancer.
They also have found that cigarette smok-
ing leads to oral, laryngeal, and esopha-
geal cancer and is associated with cancer
of the pancreas, urinary bladder, and kid-
ney.2

None of these prospective studies re-
ported results on the incidence of cancer
and the attributable risk associated with
cigarette smoking. Because some subjects
afflicted with cancer do not succumb to
their disease, it is also important to study
the impact of smoking on cancer inci-
dence. We had the opportunity to deter-
mine the association of cancer incidence
with cigarette smoking in a large cohort of
8006 men and to compute the attributable
risk due to cigarette smoking. The attrib-
utable risk provides an estimate of the ex-
tent to which the excess cancer risk might
be reduced if cigarette smoking were dis-
continued or not initiated in a study pop-
ulation.

Methods
American men of Japanese ancestry,

born in the years 1900 through 1919 and

living on the Hawaiian island of Oahu,
were identified by the Honolulu Heart
Program in 1965."1 Of the 11 148 identified
men, 8006 (71.8%) were interviewed and
examined between 1965 and 1968, 180
(1.6%) died before they could be exam-
ined, and 2962 (26.6%) did not participate
in the program. Of the 8006 men exam-
ined, the following were excluded from
this analysis: 81 men with prevalent cases
of cancer, 164 men with a diagnosis of
cancer not confirmed by histology, and 1
subject in whom the smoking status was
unknown. A total of 7760 men remained.

During the interview, information on
cigarette smoking was obtained. Current
smokers recorded the usual number of cig-
arettes smoked per day and the number of
years they had smoked. Past smokers re-
corded the age they started smoking, the
maximum number of cigarettes smoked
per day, the number ofyears smoked, and
the age they stopped smoking.

Since examination, newly diagnosed
cases of cancer have been identified
through continuous surveillance of all gen-
eral hospitals on Oahu. From time of ex-
amination to May 1990, the study identi-
fied 1389 incident cancer cases
(International Classification of Diseases,
8th version, codes 140-209) with tissue
confirmation of their diagnosis. There
were 212 men with lung cancer (code
162.1); 104 with renal, ureteral, or bladder
cancer (codes 189 and 188); 35 with pan-
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creatic cancer (code 157); 25 with esoph-
ageal cancer (code 150); 24 with laryngeal
cancer (code 161); 14 with oral-cavity can-
cer (codes 140-146); and 975 with cancer
at other sites.

On the basis of a separate 19-year
follow-up survey of the study subjects
since their examination, we found that
only 1.3% of the men could not be located
on Oahu. However, these men were kept
in the study because some of them could
still be hospitalized on Oahu later even if
they had left the island, and others could
still be on Oahu even though their where-
abouts were unknown.

The lung cancer cases were analyzed
separately, while other cancers that have
been related to cigarette smoking were
combined because of their smaller num-
bers. These included cancer of the oral
cavity, larynx, esophagus, pancreas, kid-
ney, ureter, and bladder. They were des-
ignated as oral-bladder cancers for ease of
presentation.

Site-specific and total cancer inci-
dence rates for never, past, and current
smokers were adjusted for age at exami-
nation via the direct method of standard-
ization, with the entire cohort serving as
the reference population. The reference
population is the same as the one used to
provide age standardization. The relative
risks (RR) and 95% confidence intervals
for the above cancers associated with cig-
arette smoking were derived from Cox's
proportional hazards regression models12
while adjusting for age at exam. Separate
likelihood ratio tests were performed to
evaluate the linear trend associations be-
tween cancer risks for each site and cur-
rent smoking in pack-years (treated as a

continuous variable).
To determine the percentage of can-

cer risk attributable to smoking among
current and never smokers, we calculated
the population attributable risk (AR) using
Bruzzi's methodl3 with adjustment for
age. The estimated AR is similar to the

incidence-density fraction of Greenland
and Robins.'4 Similar analysis was done
for current smokers compared with past
smokers.

Results
Table 1 shows the percentage of cur-

rent, past, and never smokers by 5-year
age groups. The percentage of current
smokers decreased with age.

The age-adjusted incidence rates and
relative risks for specific cancers and all
cancers by smoking status are presented
in Table 2. The rates for past smokers
were consistently higher than those of
nonsmokers. However, the highest rates
were found among current smokers. The
increase in relative risk among current
smokers was statistically significant
(P < .05) for each comparison with non-

smokers.
Table 3 gives the age-adjusted rela-

tive risk of cancer by site for current
smokers according to their pack-years of
cigarette smoking. There was a signifi-
cantly positive trend for each site by in-
creasing amount of cigarette use. The rel-
ative risk oflung cancerwas 23.3 for those
who had smoked more than 45 pack-
years.

The age-adjusted attributable risks of
cancer for current smokers at time of in-
terview compared with nonsmokers and
past smokers are presented in Table 4.
With adjustment for age, 85% of the total
number of lung cancer cases among cur-

rent and never smokers can be attributed to
cigarette smoking. The attnbutable risks
were 46%, 16%, and 29%, respectively, for
oral-bladder cancers, other cancers, and
all cancers combined. In turn, 60% of the
total number of lung cancers among cur-

rent and past smokers can be attnbuted to

the persistence in smoking. The attnbut-
able risks were, correspondingly, 26% for

oral-bladder cancers, 13% for other can-

cers, and 21% for all cancers.

Discussion
All Cancers

The incidence data in this study
showed that current and past smokers at
time of interview had a significantly
greater risk for all cancers than their non-
smoking counterparts. The observed rel-
ative risks were 1.9 for current smokers
and 1.2 for past smokers. These results
were similar to those of cancer mortality
studies that found that the overall cancer
mortality risks ranged from 1.7 to 2.6 for
current cigarette smokers and from 1.4 to
1.5 for past smokers.5,'5,16

A principal observation in this study
is that 29% of total cancer risk among cur-
rent and never smokers can be attributed
to cigarette smoking. It was also observed
that total cancer risk among smokers
could be reduced by 21% if current smok-
ers became past smokers, as shown in Ta-
ble 4. These data are encouraging and sug-
gest that the cessation of cigarette
smoking can reduce the risk of cancer.
The 1982 surgeon general's report noted
that smoking contributed to 43% of all US
male cancer deaths.2 However, the report
neither separated the effect among current
and past smokers nor adjusted for age. If
current and past smokers are combined in
our study, 26% of all incident cancer cases
can be attributed to cigarette smoking.

Lung Cancer
Lung cancer is the site with the high-

est relative risk due to cigarette smoking.
Current smokers at time of interview had
a relative risk of 12, while a threefold in-
crease in risk for lung cancer was also ob-
served for past smokers. In addition, a
strong dose-response trend was observed
with increasing number of pack-years
among current smokers.

Our findings are similar to those of
the 16-year follow-up study of US veter-
ans.5 It reported that the mortality ratios
for lung cancer were 11.3 for current
smokers and 4.0 for past smokers. Seven
other prospective studies3,4,6-10 and three
case-control studies17-'9 showed a consis-
tently positive pattern between cigarette
smoking and lung cancer, with a relative
risk up to 14.2 in the Canadian Veterans
Study.6

Our study observed that 85% of lung
cancer incidence among current and never
smokers could have been avoided if cur-

rent smokers had never smoked ciga-
rettes. If current smokers had ceased
smoking, 60% of the lung cancer risk that
occurred within the population of current
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and past smokers could have been
avoided. For smokers in a case-control
study in Louisiana, 90% of the lung cancer
risk was attributable to active cigarette
smoking.19 The 1982 surgeon general's re-
port estimated that 91% of lung cancer
deaths were attributable to the effects of
smoking.2

Oral-Bladder Cancers
The risk of oral-bladder cancers

among current smokers at time of inter-
view was significantly elevated in this
study. An accentuation in risk was ob-
served with increasing number of pack-
years of cigarette smoking among current
smokers.

Wynder et al. have noted that smok-
ing-related cancers in men include cancer
ofthe mouth, larynx, esophagus, pancreas,
and bladder, in addition to the lung.20 In
four earlier studies,3"15,21'22 the mortality
risks for the combination of oral, pharyn-
geal, laryngeal, and esophageal cancer
ranged from 2.2 to 7.0 for smokers com-
pared with nonsmokers. Other studies
have reported results separately for cancer
of the pancreas,5,22-26 bladder,5, '2. and

kidney.5 22 29 The risks for these cancers
ranged from 1.4 to 5.4 for current smokers,
1.2 to 1.6 for past smokers, and 1.4 to 2.7
for smokers as a group, compared with
nonsmokers.

The 1982 surgeon general's report
noted that the percentages of death among
US males possibly due to smoking were
75% for mouth, pharyngeal, laryngeal, or
esophageal cancer; 56% for bladder can-
cer; and 40% for pancreatic cancer. Our
findings showed that 46% of the incidence
due to oral-bladder cancers among cur-
rent and never smokers could be avoided

if current smokers had never smoked.
Alternatively, if they give up smoking,
their excess risk for these cancers could be
reduced by 26%.

Other Cancers
Current smokers had a modest risk

(RR = 1.5) for other cancers in the study.
A positive trend in risk with increasing
pack-years of smoking among current
smokers was also noted, but the dose-
response trend was not linear. If there is a
true increase in risk of other cancers due
to cigarette smoking, it is not as substan-
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tial as that for lung and oral-bladder can-
cers. The data suggest that up to 16% of
the incidence of other cancers among cur-
rent and never smokers could be avoided
if current smokers had never smoked.

Limitations ofthe Study
The assumption was made in this

study that a person's smoking status at
time of interview would remain the same
throughout the follow-up period. Other
studies,3-5 however, have indicated that
some men who reported themselves as
current cigarette smokers at the beginning
of the study had stopped smoking during
the course ofthe study. Consequently, the
group of current smokers included an ap-
preciable proportion ofex-cigarette smok-
ers. If such misclassifications/biases ex-
isted in our study, the reported risks of
cancer for current smokers would proba-
bly be underestimated, suggesting that the
actual benefits ofsmoking cessation could
be greater than those shown. It is very
unlikely that nonsmoking subjects, who
were 45 through 68 years of age at time of
interview, started smoking during the
course of the study.

Condluion
The present study provides cancer in-

cidence data consistent with past cancer
mortality data of the hannful effects of cig-
arette smoking. Evidence is espeiallyover-
whehning on the association between cur-
rent cigarette smoking and the risk of lung
cancer. An effective way of reducing the
risk of cancer associated with cigarette
smoling is to quit smoking, as shown by the
data on attributable risk. Development of
smoldng-cessation programs thatwould en-
able current smokers to permanently quit
their cigarette habit within the shortest time
period should be strongly supported. O
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