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Lung cancer risk among exsmokers according to years since cessation of smoking was assessed by
means of a case-control study. The case series consisted of 1,052 lung cancer patients who were newly
diagnosed and admitted to eight hospitals in Osaka in 1986-88. Smoking histories were compared with
those of 1,111 controls admitted to the same hospitals during the same period without any diagnosis
of smoking-related disease. The odds ratic of lung cancer for exsmokers compared to current smokers
was estimated to be 0.90, 0.50, 0.51, 0.59, 0.48 and 0.29, for 1-4, 5-9, 10-14, 15-19, 20-24 and = 25
years after cessation of smoking, respectively. Risk reduction appeared to be greater for those who
smoked less than the 1200 cigarette index, compared to those who smoked more. In classification
according to histologic type, small cell and large cell carcinoma showed a rapid decrease compared to
adenocarcinoma, while squamous cell carcinoma showed an intermediate pattern. Quantitative
estimates for reduction of lung cancer risk among exsmokers can be used for projecting lung cancer
incidence in the future, by assuming future trends of smoking prevalence, as well as for health

education among individual smokers.
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It has been established through various epidemiologic
studies that cigarette smoking is causally related to lung
cancer."” It is estimated in Japan that 67% of lung
cancer incidence among males is attributable to smok-
ing.” However, this does not mean that if all smokers
quit smoking, lung cancer incidence could be immedi-
ately reduced to this extent. This is because the risk of
lung cancer among smokers will not decrease to the
nonsmoker’s level immediately after cessation of smok-
ing. In the US, the smoking rate among males has de-
creased from 50% to 30% during the past two decades.”
As a result, mortality rates of lung cancer at ages below
45 began to decline after 1980, but at ages above 50,
when most lung cancer occurs, mortality rates of lung
cancer continued to rise at least until 1986.” In Japan,
lung cancer incidence in males has been increasing rap-
idly, while the smoking rate for males has been decreas-
ing gradually.” This discrepancy cannot be explained if
lung cancer risk among smokers decreases to the
nonsmoker’s level within a short period after cessation of
smoking.

Based on the analysis of age-sex-period specific mor-
tality rates in the US, it is projected that lung cancer

mortality will maintain its current high level up to the
year 2000, even if the smoking rate continues to decrease
to 15% in 2000, and the effect of smoking control ac-
tivities on lung cancer mortality will not become appar-
ent until 2020. In this analysis, it is assumed that the
decrease of cigarette consumption leads to a decrease in
lung cancer mortality with a lag time of 24 years, which
was determined by goodness-of-fit during the period
when lung cancer incidence and the smoking raie were
both increasing. In order to conduct this type of projec-
tion more precisely, however, it is necessary to know how
the risk of lung cancer decreases after cessation of smok-
ing among individual exsmokers.

In the US and Europe, reduction of risk for lung
cancer among exsmokers has been observed by cohort
studies,”" and case-control studies."'® A large-scale
case-control study conducted in Western Europe showed
that lung cancer risk among exsmokers who had given up
smoking 10 years before was approximately half of that
for people who continued to smoke.'” For those who had
smoked for 19 years or less, lung cancer risk after not
smoking for 10 vears was roughly the same as that for
lifelong nonsmokers. For those who had smoked for 20
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years or more, however, risks remained substantially
raised even after 10 years of not smoking.'” In contrast,
some cohort studies have shown that the risk of lung
cancer reached the level of nonsmokers after 10 years of
not smoking,” " while other cohort studies have in-
dicated a much slower decrease.”®'®

However, in Japan, the incidence of lung cancer is still
low,'” the frequency of adenocarcinoma, which is less
related to smoking, is higher,'® and the history of a high
prevalence of cigarette smoking among the general popu-
lation is rather short'** compared to the US and
Europe, so that the results obtained in these countries
cannot be directly applied to Japan.

In Japan, there has been one large-scale cohort study
for estimating the risk reduction of lung cancer among
exsmokers, in which smoking habits were investigated
only once at the time of initial survey and followed up for
over 16 years.”»* This study showed that the mortality
rate of lung cancer in daily smokers tended to approach
the level of nonsmokers within five to ten years after
cessation of smoking. To estimate these risks, however,
additional surveys should be conducted after the initial
survey to observe changing smoking habits among the
study population, particularly when the follow-up period
is long, such as 16 years. Therefore, the results from this
study may not be accurate, especially those within a short
period, such as 5 years, after cessation of smoking. A
case-control study, in which changes in smoking habits
can be observed up to the diagnoses of cases and controls,
can avoid this type of problem, although it will suffer
from other sources of bias.

This study aims to investigate the risk of lung cancer
among exsmokers according to years since cessation of
smoking in Japan, by means of a case-control study.

MATERIALS AND METHODS

According to the Osaka Cancer Registry, 2,481 pri-
mary lung cancer patients (1,809 males and 672 females)
were diagnosed in Osaka Prefecture in 1985.% Of these,
about one-quarter were registered from the top eight
hospitals, which have special departments for lung
cancer. These eight hospitals participated in a multi-
center, hospital-based case-control study with the sup-
port of the Osaka Anti-Lung Cancer Association.

Both cases and controls were collected from patients
newly admitted to the eight hospitals from January 1,
1986 to December 31, 1988, and their ages ranged from
40 to 79 years at the time of admission. In the above eight
hospitals, all wards for lung cancer and one or two wards
for other diseases were involved in this study. All newly
admitted patients in these wards were investigated by
means of a self-administered questionnaire at the time of
admission to the hospital.
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A uniform questionnaire was used in all hospitals,
designed specially for this study, which included ques-
tions on smoking status, i.e. whether they were smoking
or not at present, and if so, the age at which the smoker
had started, and the average amount smoked per day. If
the smoker had quit smoking, the age at which the
smoker had quit was also asked.

“8moking habits were classified into 3 categories, cur-
rent smoker, exsmoker, and nonsmoker. Exsmoker was
defined as those who had smoked regularly in the past
and quit smoking 1 year or more before the date of
admission. For current smoker and exsmoker, smoking
intensity was classified according to the cigarette index,
which was calculated by multiplying the average number
of cigarettes smoked per day by the number of years of
smoking.

Among patients with other diseases, those with
smoking-related diseases (cancer of oral cavity, nasal
sinus, pharynx, larynx, esophagus, pancreas, kidney,
bladder, cervix uteri; chronic obstructive pulmonary dis-
eases; coronary heart diseases, atherosclerosis of the
aorta, arterioscierotic peripheral vascular diseases; peptic
ulcer; and chronic sinusitis) were excluded from the
analysis.

A total of 1,079 lung cancer patients and 1,369 patients
with other diseases were investigated for males, and 295
lung cancer patients and 1,073 patients with other dis-
eases for females. However, females were not included in
this analysis because of the limited number of exsmokers.
Among male lung cancer patients, there were 737 current
smokers, 286 exsmokers, 29 nonsmokers, and 27 patients
with unknown smoking status, and the corresponding
numbers were 633, 352, 126 and 35 for male patients with
other diseases, respectively. Patients with unknown
smoking status were excluded from the analysis. Also, 69
lung cancer patients and 65 patients with other diseases
were excluded because detailed smoking information,
such as the age at which they had started smoking or the
average number of cigarettes smoked per day, was miss-
ing for exsmokers or current smokers. Therefore, analy-
sis was conducted on 1,052 male lung cancer patients as
cases, and 1,111 male patients with other diseases as
controls. No matching procedure was performed be-
tween cases and controls.

Adjusted odds ratios of current smoker versus ex-
smoker were calculated by the Mantel-Haenszel
method™ using 3 levels of cigarette index (<599, 600
1199, 1200<0) and eight age categories (5-year intervals)
at admission. The trend for linearity was evaluated by the
extended Mantel-Haenszel test.” Analysis was con-
ducted with the PROC FREQ subroutine in the com-
puter program SAS.*



RESULTS

All cases were microscopically confirmed, and had the
following distribution of histologic type®®; squamous cell
carcinoma 408 (39%), adenocarcinoma 410 (39%),
small cell carcinoma 128 (12%), large cell carcinoma 80
(8%}, and other histologic types 26 (2%). For cases who
were current smokers, the above distribution was 292
(40%), 270 (37%), 101 (14%), 58 (8%), and 16 (2%),
respectively, while for cases who were exsmokers, the
distribution was 114 (40%), 115 (40%), 27 (9%), 20
(7%), and 10 (3%), respectively. The proportion of
adenocarcinoma was slightly lower among current
smokers than exsmokers, while those of small cell car-
cinoma and large cell carcinoma were slightly higher in
current smokers than exsmokers. For nonsmokers, most
of the cases (25 out of 29) were adenocarcinoma.

Controls were diagnosed as having the following dis-
eases; stomach cancer 302 (27.19%), other cancer 277
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(27.9%), benign tumor 87 (7.8%), circulatory disease 76
(6.89), respiratory disease 153 (13.8%), infectious dis-
ease 89 (8.0%), digestive disease 31 (2.8%), neuro-

Table II.  Odds Ratios” of Lung Cancer according to Years
since Cessation of Smoking

Years since

cessation Case Control Odfls
of smoking No. A No. % ratio
oP 737 72.0 633 64.3 1.00%
1-4 128 12.5 116 11.8 0.90
5-9 67 6.5 92 9.3 0.50
10-14 35 34 50 5.1 0.51
15-19 24 2.3 31 3.2 0.59
20-24 15 1.5 23 2.3 0.48
=125 17 1.7 40 4.1 0.29

a) Adjusted by age and cigarette index.

Table I. Distribution of Age and Smoking Status at Admis-
sion in Cases and Controls
. Control
Characteristics
No. Yo No. %
Age
40-49 86 8.2 194 17.5
50-59 266 25.3 385 347
60-69 398 37.8 330 29.7
70-79 302 28.7 202 18.2
Smoking status
Current smoker 737 70.1 633 57.0
Exsmoker 286 27.2 352 31.7
Nonsmoker 29 2.8 126 11.3

b) Baseline category. Risk for current smoker relative to non-
smoker was 4.5.
¢) Test for linear trend, P<0.05.

Table III.  QOdds Ratios” of Lung Cancer according to Years
since Cessation of Smoking by Cigarette Index

Years since Cigarette index

cessation
of smoking 1-599 600-1199 1200-
0 1.00% 1.16 1.50
1-4 0.84 0.85 1.63
5-9 0.59 0.42 0.97
=10 0.49 0.44 0.82

a) Adjusted by age.
b} Baseline category. Risk for current smoker who had smoked
for 1-599 cigarette index relative to nonsmoker was 4.0.

Table IV. Odds Ratios” of Lung Cancer according to Years since Cessation of Smoking by Histologic Type

Histologic type®

Years since
cessation Ad Sm La
of smoking No.? OR? OR No. OR No. OR
09 292 1.0 1.0 101 .08 58 1.0°
1-4 52 0.9 0.9 Y 0.8 12 1.1
5-9 32 0.6 0.5 7 0.4 4 0.4
=10 30 0.4 0.7 3 0.1 4 0.3

a) Adjusted by age and cigarette index.
b) Sq, squamous cell carcinoma; Ad, adenocarcinoma; $m, small cell carcinoma; La, large cell carcinoma.
¢) Number of cases.

d) Odds ratio.

) Baseline category. Risks for current smoker relative to nonsmoker: 28.0 (Sq), 2.1 (Ad), unable to estimate
because no nonsmoker existed among cases (8m), 5.6 (La).

f) Test for linear trend P<0.05.
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logical or psychological disease 26 (2.3%), congenital
disorder 18 (1.6%), endocrinal disease 15 (1.4%), and
others 37 (3.3%).

Table I shows the distribution of age and smoking at
admission for cases and controls. Age distribution tended
to be higher in cases than in controls. The proportion of
current smokers was higher in cases, while that of ex-
smokers and nonsmokers was higher in controls.

Table II shows the odds ratios.of developing lung
cancer according to years since cessation of smoking. A
comparison was made between current smokers and ex-
smokers. The odds ratio gradually decreased from unity
to 0.29 as years passed after cessation of smoking. The
test for linear trends showed statistical significance. The
risk of lung cancer among current smokers was estimated
to be 4.5 times higher compared to that among non-
smokers. Therefore, those who have quit smoking for 25
years or more still have a 1.3 times higher risk of lung
cancer than nonsmokers.

Table III shows the odds ratios of developing lung
cancer according to years since cessation of smoking and
the cigarette index. The decreasing patterns of odds
ratios were almost the same for cigarette index groups
1-599 and 600-1199, but they tended to be slower for
cigarette index group 1200 or over.

Table IV shows the odds ratios of developing lung
cancer according to years since cessation of smoking and
histologic type. Decreasing patterns of odds ratios were
steeper in small and large cell carcinoma than in adeno-
carcinoma. Sqguamous cell carcinoma showed an inter-
mediate pattern.

DISCUSSION

To our knowledge, this is the first study in Japan which
has attempted to evaluate the risk of developing lung
cancer among exsmokers according to years since cessa-
tion of smoking, by means of a case-conirol approach.
The risk of exsmokers compared to current smokers
decreased rapidly over the first 10 years after cessation of
smoking. After that, the decrease became slower, and the
risk was still elevated 20 years or mors after cessation of
smoking. These results suggest that the role of cigarette
smoking in lung carcinogenesis can be divided into two
parts. One is related to promoting activity which may be
diminished immediately after the cessation of smoking.
The other is related to initiating activity which remains
for an extended period after the cessation of smoking.

Table V summarizes the resuits from the previous
case-control studies' '*'® and the cohort studies™” on

Table V. Reduction of Lung Cancer Risk among Male Exsmokers according to Years since Cessation of Smoking

in Previous Studies

Current Years since cessation of smoking
Authors (Year) Subgroup VS,
non? ¢ 14 5-9 10-14 15-19 20-24 25+
Case-control study
Lubin e al (1984)'» 9.0% 1.0 1.07 0.71 0.56 0.43 0.43 0.29
Benhamou ef al. (1989)' 159 1.0 1.5 0.7 0.5 0.49
Wynder and Steliman (1977)'9 KB I1? 323 1.0 L& 0779 0539 0427 015
KB II 10.7 1.0 133 0.55 0.62 0.50 0.11
Cohort study
Doll and Peto (1976)" 15.8 1.0 1.10 0.37 0.34 0.13%
Hammond and Horn (1958)® <1 pack” 16.9 1.0 0.62™ 0.14"
1 pack+ 462 1.0 0.49 0.39
Hammond (1966} <1 pack 6.5 1.0 0.71 0.15 0.06”
1 pack+ 13.7 1.0 0.88 0.53 0.08
Rogot and Murray (1980)'® 11.3 1.0 1.7 0.7 0.4 0.4 0.29
Hirayama (1987)® 4.4 1.0 0.46 0.369

@) Odds ratio of lung cancer for current smoker versus nonsmoker.

b) From reference 27.

¢) Calculated by the authors from the data in reference 28.
d) 15 years or more. e) Kreyberg type L.

) 1-3 years. g) 4-6 years. A) 7-10 years. i) 11-15 years.
J) 16 years or more. k) 15 years or more.

1) Average number of cigarettes smoked per day.

m) 1-10 years. n} 11 years or more. o) 10 years or more. p) 20 years or more. g) 5 years or more.
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lung cancer risk among exsmokers. For comparison, risk
reduction for exsmoker relative to current smoker was
recalculated for studies in which excess risks for ex-
smoker relative to nonsmoker were presented. The odds
ratios observed in this study for various cessation periods
were very similar to those observed in large-scals case-
control studies conducted in Western Burope™ '> and the
US,'¥ despite some differences in smoking habits, lung
cancer incidence, and distribution of histologic types
between these countries.

On the other hand, the results obtained from most of
the cohort studies showed more rapid reductions than
those from case-control studies. This difference can prob-
ably be attributed to two factors. First, in most cohort
studies, smoking habits were surveyed only once at the
beginning of follow-up, and the years since cessation of
smoking were fixed at that time. This caused each cate-
gory of years since cessation to contain person-years over
a longer period since cessation, because the actual period
since cessation increases as the follow-up period in-
creases. As a result, the reduction of lung cancer risk
within shorter periods after cessation will be over-
estimated, if the risk decreases as the period since cessa-
tion increases. In the US Veterans® study,'® the number
of years since cessation was increased by one year with
each year of follow-up, which resulted in slower reduc-
tions within a short period after cessation, compared to
other cohort studies. Only in the British physicians’
study” were three additional surveys conducted during
20 years of follow-up, However, even in this study, years
since cessation were still at 5-7 year intervals.

Second, most of the cohort studies were initiated in the
1950s-60s, while most of the case-control studies have
been conducted more recently. In the US, it was reported
that earlier cohorts were less exposed to cigarette smok-
ing than recent cohorts, in terms of the age at which
smoking begins and the daily number of cigarettes
smoked.”” It has also been shown that risk reduction
among heavy smokers was less than among light smokers
in this study and other previous studies.'”?" Therefore,
the different periods in which the investigations were
conducted could partly explain the different results.

This study showed more rapid risk reduction for small
and large cell carcinoma, compared to adenocarcinoma,
which is consistent with other studies.'” This may sug-
gest that smoking contributes mainly to the later stage of
carcinogenesis for small and large cell carcinoma, while
it contributes mainly to the ecarlier stage for adenocar-
cinoma.

Lung cancer is not the only disease related to cigaretie
smoking. It has been reported that risk reduction after
cessation of smoking is most rapid for influenza and
pneumonia, followed by cardiovascular diseases, such as
coronary heart diseases, while the risk of lung cancer
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continues for an extended period.'"” This was supported
by results from an autopsy study, which showed that
abnormalities in bronchial epithelium, such as atypical
nuclei, remained among exsmokers for as long as 10
years after cessation of smoking.>®

This study contains some methodological problems to
be discussed. First, smoking status observed in hospital
controls may not represent that in the general population
from which the cases were derived. Based on the results
from the population survey conducted in Osaka in 1983~
85, rates of current smokers, exsmokers and nonsmokers
were estimated to be 62.9%, 22.2% and 14.9%, respec-
tively, adjusting to the age distribution of the controls in
this study. On the other hand, rates of current smokers,
exsmokers and nonsmokers in the controls after ex-
cluding smoking-related diseases were 57.0%, 31.7% and
11.3%, respectively. Therefore, the rate of exsmokers
was relatively high in this control group, probably be-
cause hospital patients tend to quit smoking even when
their diseases are not related to smoking. Difference in
time between the population survey and the present study
could partly explain the different rates for exsmokers,
because the cessation rate has recently been increasing.
However, caution is necessary in concluding that risk
reduction among exsmokers would be overestimated if
the rate of exsmokers in the control group is over-
estimated. This problem may also exist with other previ-
ous case-controls studies,”'® in which hospital controls
were used.

Second, a substantial proportion of controls consisted
of cancer patients, especially stomach cancer. Although
use of cancer controls has various merits and drawbacks,
it is obviously not appropriate to choose controls from a
single disease entity. When stomach cancer was excluded
from the controls, however, the results did not show
substantial change.

Third, the reasons why individuals quit smoking were
not investigated in this study. However, some of the
patients quit smoking due to symptoms which appeared
as a result of lung cancer. Therefore, the risk reduction
of lung cancer within a short period after cessation of
smoking may be underestimated. Actually, an elevated
risk of lung cancer relative to current smokers was ob-
served for exsmokers within a short period after cessation
of smoking in the previous cohort studies®” as well as
case-control studies.'>'®

Fourth, exsmokers may not be the same as current
smokers in terms of various life style factors other than
smoking, which might cause different lung cancer inci-
dence between the two groups. It is reported that ex-
smokers consume more vegetables and fruits than cur-
rent smokers,’” and this is expected to decrease the risk
of lung cancer.” Actually, among controls in this study,
more exsmokers ate green-yellow vegetables daily (429%)
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than current smokers (309 ). However, the effects of
smoking cessation showed very little change after making
adjustments for daily green-yellow vegetable intake. The
same question may be raised when comparing exsmokers
for longer duration after cessation and those for shorter
duration. Comparison between these two groups in terms
of green-yellow vegetable intake, however, showed no
substantial difference, which suggests that the effect of
this type of bias would also be small.

Quantitative estimates for reduction of lung cancer
risk among exsmokers can be used for projecting lung
cancer incidence in the future, by assuming future trends
of smoking prevalence. They can also be used for health
education programs for individual smokers. These pro-
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