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The lung cancer death rate among Japanese males was projected for 50 years to the year 2041 by a
computerized simulation model. Long-term effects of anti-smoking measures and mass screening on
lung cancer deaths were also evaluated. The simulation showed that the age-adjusted lung cancer
death rate would increase and reach a peak of 166 per 100,000 in 1989 and then decrease to 148 per
100,000 in 2003. It then shows an increasing tendency again, up to 255 per 100,000 in 2028, The
smoking initiation rates estimated from the observed lung cancer death rates showed that the changes
in death rates may be attributed to a lower smoking initiation rate among those born in the 1930’s.
Promotion of mass screening programs is effective more quickly than anti-smoking measures but the
reduction in annual cancer deaths is expected to be only 11%, even if 100% participation is achieved
by the year 2000, A reduction in smoking initiation rate, on the other hand, affects lung cancer deaths
very slowly. It was predicted that a 1% annual reduction in smoking initiation rate would result in a
20% decrease in the number of lung cancer deaths in 2041, A smoking cessation program is
intermediate with regard to promptness. The predicted reductions in lung cancer deaths in 2041 were
13%, 47%, and 66%, respectively, when the annual smoking cessation rate was increased from 0.46%
{present status) to 1%, 3%, and 5%. In conclusion, the combined application of all three preventive

measures seems essential to realize the most effective reduction in lung cancer deaths.
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An increase in lung cancer death rate has been noted
among Japanese males in recent decades."? In particu-
lar, the increase among those over 70 years of age is more
marked than in younger age groups. It has been argued
that cigarette smoking plays a substantial role in this
epidemic and emphasis has been placed on the impor-
tance of anti-smoking measures.” A community-based
mass screening program is also recommended by the
Japanese government as a preventive measure for lung
cancer deaths. The effectiveness of mass screening was
evaluated recently by a case-control study, and the reduc-
tion in risk of dying from lung cancer was estimated to be
approximately 28%.

In our previous study,” the lung cancer death rates
among Japanese males were projected to 2001, using a
computerized simulation model named CANSAVE
(Cancer Strategy Analysis and Validation of Effect).
This simulation study showed that the increase among
aged males would continue until the late 1990’s and that
this increase would slow down and turn to a decreasing
phase by the year 2001. The potential impact of smoking
cessation programs and mass screening for lung cancer
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were also evaluated for the 10-year period 1991 to 2000
but the simulation period was not sufficient to assess the
long-term effects of these preventive measures.

The objective of the present study was to project lung
cancer deaths to 2041, i.e., for 50 years from the present,
and to evaluate the long-term effects of anti-smoking
measures and mass screening on the lung cancer deaths
in this period.

MATERIALS AND METHODS

The simulation model CANSAVE is based on a set of
formulae which describe the natural history of cancer as
a Markovian stochastic process from cancer-free to a
preclinical, clinical, and finally a terminal state (Fig. 1).
The details of the simulation model have been described
elsewhere.®) The transition probabilities from preclinical
to clinical, clinical to recovery, and clinical to death were
estimated simultancously by the least-squares method,”
minimizing the departure of survival functions in the
model from the observed survival curves in cases
detected by screening and through symptoms.® The
estimated transition probabilities were 0.64/year, 0.13/
year and 0.69/year for preclinical to clinical, clinical to
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Fig. 1. Markovian stochastic model of the natural history of
lung cancer.

recovery, and clinical to death, respectively. The transi-
tion probability from preclinical to recovery was esti-
mated to be 0.16/year for participants in annual screen-
ing and was assumed to be zerc for nonparticipants. The
sensitivity of the screening test for lung cancer was
assumed to be 0.62.” The screening participation rate
among Japanese males aged 55 to 79 was assumed to be
10% during the period 1973 to 1989.” The annual smok-
ing cessation rate among smokers was estimated to be
0.46% by regression analysis of the increase in ex-
smokers among ever-smokers by age.” The age-specific
smoking rates for this analysis were obtained from the
National Health Survey conducted in 1980.” The proba-
bility of death from other causes was estimated for
smokers, ex-smokers, and nonsmokers, separately, based
on the age-specific death rates among Japanese males
during the period 1973 to 1989. The death rates there-
after were assumed to be constant and the rates in 1989
were applied. In estimating the death rates for different
smoking status, the relative risk of death from all causes
was assumed to be proportional to the exponential of the

duration of smoking as follows'”:

RR=1.02 exp(smoking duration).

One of the key issues in modeling the natural history of
lung cancer is how to formulate the effect of smoking on
the pathogenesis of cancer. We assumed that the lung
cancer death rate increases in proportion to the 4’th
power of age among non-smokers and to the 4.5’th power
of the effective years of smoking among current smokers
as follows'" '

Rate=r,(age)* ()
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for non-smokers,
Rate=r,(effective years of smoking)**  (2)

for current smokers.

The effective years of smoking denotes the duration of
smoking minus the period of cancer growth, which was
assumed to be independent of cigarette smoking, and was
given on a birth cohort basis; 22.4 years for the cohorts
born after 1933, up to 31.0 vears for the cohort born in
1902.'¥ The parameters r, and r, were set at 0.15X 107?
and 1.7X107° per 100,000, respectively, based on esti-
mates reported by Mizuno et al.'? The reduction in the
relative risk among ex-smokers was assumed to be 39
per year, which was estimated recently by a case-control
study in Japan.'” Simulation results were generated for
smokers, ex-smokers and nonsmokers separately, then
added to obtain the numbers of deaths from lung cancer
for each age and calendar year. In projecting the lung
cancer death rate of each birth cohort, the proportion of
individuals who started smoking in that birth cohort was
set so that the projected lung cancer death rates during
the period 1981 to 1987 became the closest to the ob-
served death rates in the same period. An iterative
method was used for this procedure. The mortality data
used as the reference were the death rates observed
among Japanese males over 36 years of age during the
period from 1981 to 1987. For age 36 to 39, Poisson
regression equations were fitted to the increases in age-
specific death rates to smooth the random fluctuations
due to small numbers of deaths. The simulation period
for the present study was from 1981 to 2041, of which the
period from 1981 to 1987 was included for the iterative
fitting procedure described above. The estimated smok-
ing initiation rates were compared with observed rates in
Nagano Prefecture {40,324 male participants in a mass
screening program in 1988) and in Fukuoka Prefecture
(9,609 male participants in a mass-screening program in
1986). These screening data come from a hospital in
Nagano Prefecture and a screening provider organiza-
tion in Fukuoka Prefecture, which offer annual screening
programs to residents on a community basis as well as to
farmers and other workers on a work-site basis.

The potential impact of prevention programs on future
lung cancer deaths was evaluated with regard to changes
in the smoking initiation rate, the smoking cessation rate,
and the annual screening rate. The lung cancer death rate
adjusted to the 1985 model population'? and the total
number of lung cancer deaths among those aged 55 to 79
were used as the indices of impact. Two different sce-
narios were considered for the smoking initiation rate
among the younger cohorts: (1) the same smoking initia-
tion rate as the cohort born in 1951 and (2) linear de-
crease in the smoking initiation rate at a rate of 1% per
year. The smoking cessation rate which was originally



set at 0.46% per year was modified to 19, 3% and 5%
per year to evaluate the effects of smoking cessation
programs on future lung cancer deaths. To see the impact
of increased participation in screening for lung cancer,
the annual screening rate, which was originally set at
109%, was modified to 1009 in the year 2000 by in-
creasing it at 109 per year from 1992 to 2000.

RESULTS

The smoking initiation rates estimated by fitting simu-
lation results to the observed lung cancer death rates are
illustrated in Fig. 2. It was noted that the smoking
initiation rate decreased from around 859% among the
cchorts born prior to 1920 to around 65% among the
cohorts born in the 1930’s. The rate then showed an
increasing trend again, returning to the level of 80% in
the cohort born around 1930. The lower smoking initia-
tion rates among the cohorts born in the 1930’s showed a
good agreement with the observed rates in Nagano and
Fukuoka prefectures, as shown in Fig. 2. The observed
and projected lung cancer death rates displayed for
selected cohorts born in 1930, 1935 and 1945 (Fig. 3)
showed that the 1935 birth cohort actually had lower risk
of lung cancer death than the 1930 and 1945 birth
cohorts, as reflected in the estimated smoking initiation
rate. Poisson regression equations fitted to observed lung
cancer death rates are shown in Table 1. Statistically
significant increases were found during the period 1973
to 1987 among those aged 34, and 36 to 39. The observed
death rates among those aged 36 to 39, which were
referred to in the iterative fitting procedure, are displayed
in Fig. 4. No sign of deceleration of the increase was
observed in this age group. These increases among
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Fig. 2. Observed and estimated smoking initiation rates by
birth cohort.
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younger birth cohorts also indicated that the increasing
trend in estimated smoking initiation rates in the cohorts
born in the 1940°s reflects the actual increase in lung
cancer death rates. It was also noted that the observed
rates in the two regions were lower than the estimated
rates in the cohorts born prior to 1920. The smoking
initiation rate among the cohorts born in the 1950°s and
1960’s showed a decreasing tendency in Nagano Pre-
fecture.

The observed and projected lung cancer death rates are
illustrated for 5-year age groups from 55-59 to 75-79 in
Fig. 5. A constant smoking initiation rate of 80% in the
1952-1986 birth cohorts was assumed in this simulation.
The observed death rates showed increasing tendencies in
all age groups, with the steepest increase in the 75-79 age
group followed by the 70-74 age group. The projected
death rate in the 75-79 age group showed the largest
changes, with four phases. It reaches a peak of 457 per
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Fig. 3. Observed and projected lung cancer death rates in
selected birth cohorts.

Table I. Poisson Regression Equations Fitted to the Increase
in Lung Cancer Death Rates (per Million) by Year 1973 to
1987 '

Age Slope SE t P-value

30 —0.31 0.17 —1.78 0.076

3 —0.01 0.18 —0.38 0.969

32 0.00 0.20 0.02 0.983

33 0.09 0.21 0.43 0.664

34 0.66 0.24 2.72 0.006**
35 0.24 0.25 0.95 0.339

36 0.94 0.25 3.77 0.0002 ***
37 0.84 0.29 2.93 0.003**
38 0.80 0.31 2.54 0.011*
39 1.27 0.32 3.99 0.00006***

% P<0.05. k% P<0.01. k%% P<0.001.
253



Jpn. J. Cancer Res. 83, March 1992

Age 36
5
=)
(=]
by 3
w
|_
L
o« 24
T
!—
h
a 1
0 T T T T T T
1970 1975 1980 1985 1990
YEAR
Age 38
5
o
e
‘-3_
w
=
P
o 2
e
'_
o -
= 1
0 T 1 T T—
1970 1975 1980 1985 1990
YEAR

Fig. 4.

100,000 in 1994, then decreases and reaches the lowest
level of 276 per 100,000 in 2014. It shows an increasing
tendency again and reaches a plateau of 616 per 100,000
in 2035. The constant death rate thereafter resulted from
the assumption of constant smoking initiation rate
among those born after 1951. The peak and trough for
the 70-74 age group are 296 per 100,000 in 1989 and 190
per 100,000 in 2009, respectively. The shift of the peak
and trough toward the earlier years indicates that they
reflect higher and lower death rates in specific birth
cohorts. The peak corresponds to the 1915-19 birth
cohort and the trough to the 1935-39 cohort. The pro-
jected death rates for the other age groups showed simni-
lar but smaller changes. The constant death rates seen in
later years resulted from the assumption of constant
smoking initiation rates among those born after 1951.
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Increase in lung cancer death rates
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death rates by 5-year age groups.
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Fig. 6. Observed (circles) and projected (lines) lung cancer
death rates adjusted to the 1985 model population of Japan.
Scenario (1) is a present-status simulation, in which the smok-
ing initiation rate is constant (809%) among those born after
1951, the annual smoking cessation rate is 0.46%, and the
screening rate is 109%. In scenarios (2) to (6), one of the above
mentioned settings is modified; the smoking initiation rate
decreases at a rate of 19 per year in scenario (2), the smoking
cessation rate is set at 1% (3), 3% (4), or 5% (5), and in
scenario {6), the screening rate increases from 10% in 1991 to
100% in 2000 and thereafter.
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Fig. 7. Observed (circles) and projected (lines) numbers of

lung cancer deaths. The lung cancer deaths were projected for

six different scenarios of varying smoking and screening status.

The parameter settings are the same as in Fig. 6.

The simulation results for six different scenarios as
regards smoking initiation rate, smoking cessation rate
and screening rate are illustrated with the age-adjusted
death rate as the index in Fig. 6 and with the number of
deaths among those aged 55 to 79 in Fig. 7. In the
present-status simulation, in which the smoking initiation
rate of 80%, smoking cessation rate of 0.46% per year

Fifty-Year Projection of Lung Cancer Deaths

and the annual screening rate of 109 persist in the
future, the age-adjusted lung cancer death rate is pre-
dicted to change with four phases [scenario (1) in Figs.
6 and 7]. It reaches the first peak of 166 per 100,000 in
1989. It then decreases to 148 per 100,000 in 2003, shows
an increasing tendency up to 255 per 100,000 in 2028,
and stays at this level thereafter. The number of lung
cancer deaths, on the other hand, shows a monotonic
increase up to 51,225 in 2026, decreases slightly to 47,973
in 2033, and increases again thereafter. In this scenario,
the overall smoking rate among those aged 55 to 79 was
predicted to decrease from 64% in 1981 to 519 in 2001,
It then showed an increasing tendency and reached a
plateau of 61% in 2029. o

Among the five prevention strategies [scenarios (2)-
(6) in Figs. 6 and 7], the increase in screening rate
exhibits the most rapid effect on lung cancer deaths. The
number of lung cancer deaths decreases to 89% of that of
the present-status simulation in 2003 and stays at this
level thereafter, Of the five prevention strategies, the
modification of smoking initiation rate, on the other
hand, is the slowest to show an effect. The number of
lung cancer deaths stays as high as 98% of the present-
status simulation until 2019. It then shows a decreasing
tendency and reaches 809 in 2041. It was predicted that
the overall smoking rate among those aged 55 to 79
would decrease to 41% in 2041 in this scenario. The
predicted smoking initiation rate was 30% among the
cohort born in 2000. The effect of increase in smoking
cessation rate appears earlier than that of reduction in
smoking initiation rate but later than that of increase
in screening rate. When the three levels of increase in
annual smoking cessation rate (1%, 3% and 5%) were
compared with regard to the relative decreases in the
number of lung cancer deaths, the differences between
the three scenarios were within 5% until 2005. The
differences become more marked thereafter and the num-
bers of lung cancer deaths in the 3% and 5% annual
cessation scenarios become 61% and 40%, respectively,
of the 1% annual cessation scenario in 2041. The overall
smoking rate among those aged 35 to 79 was predicted to
decrease to 46%, 17% and 69 resulting from 1%, 3%
and 5% annual cessation, respectively.

DISCUSSION

One interesting finding in the present analysis of ob-
served lung cancer death rates is an increasing trend of
age-specific death rates in the 34 to 39 age group (exclud-
ing 35), as shown in Table I and Fig. 4. This age group
corresponds to the 193439 birth cohort in 1973 and the
1948-1953 birth cohort in 1987. The smoking initiation
rate estimated from these mortality data was 66% for the
1934 birth cohort versus 80% for the 1950 birth cohort.
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The ever-smoker’s rates (=current+ ex-smokers) ob-
served in Nagano Prefecture (1988) were 69% for the
1934 cohort and 82% for the 1953 cohort, as shown in
Fig. 2. A similar trend in ever-smoker’s rate was observed
in Fukuoka Prefecture (1986); 72% in the 1932-36
cohort versus 81% in the 1952-56 cohort. Therefore, it
can be inferred that the observed increase in lung cancer
death rate was due to the increase in the smoking initia-
tion rate in the corresponding birth cohort.

The fact that no increasing trend was observed in the
30-33 age group can be interpreted in various ways.
First, it might be explained by the existence of the 14-
year latency period of smoking-caused lung cancer. Sec-
ondly, the factor raising the lung cancer death rates at
carlier times may have subsided because the smoking
initiation rate stopped increasing in the cohort born after
1953. Finally, it may also be explained by inadequate
statistical power in detecting a positive trend due to the
small number of deaths in younger age groups. Accord-
ing to the analysis of lung cancer mortality by Mizuno et
al,'® the death rate among smokers expressed by Equa-
tion (2} does not exceed that among non-smokers ex-
pressed by Equation (1) until the age of 34. This also
suggests the existence of a 14-year latency period, inde-
pendently of the present analysis. The second hypothesis
is supported by the observed ever-smoker’s rate in
Nagano Prefecture as displayed in Fig. 2. The ever-
smoker’s rate reached a peak of 83% in the 1956 birth
cohort then decreased to 74% in the 1968 birth cohort. A
similar decreasing tendency was observed in the National
Health Survey conducted in 1980; 819% in the 1946-1955
cohort versus 72% in the 1956-1960 cohort.” In sum-
mary, it can be inferred that the three factors are all to
some extent related to the stable death rates for those
vnder 34 years of age.

The estimated smoking initiation rates in the 1923-
1950 birth cohorts showed satisfactory agreement with
the observed ever-smokers’ rates in Nagano and Fukuoka
prefectures, as shown in Fig. 2. On the other hand, the
difference between estimated smoking initiation rate and
observed ever-smokers’ rate becomes more marked in the
cohdrt born prior to 1923, This might be explained by a
difference in life expectancy between smokers and non-
smokers, resulting in a larger proportion of non-smoking
survivors in the older age group. Ohtaki'® proposed that
the proportion of smokers may decrease from 70% to as
low as 30% sclely as a result of better survival among
non-smokers. Given that the smoking initiation rate in
the cohort bomn prior to 1923 was closer to the estimated
rates, factors related to the lower smoking initiation rates
among those born in the 1930’s must be sought. The
1935-39 birth cohort became 20 years old from 19535 to
1959, coinciding with the rapid increase in the sale of
filtered cigarettes beginning in the late 1950°s. In fact,

256

the annual sale of cigarettes increased from 100 billion
in the 1950’s to 300 billion in 1975, and more than 95%
of the latter was filtered cigarettes. The smoking initia-
tion rate was higher than 809% possibly due to wartime
rationing of cigarettes to soldiers. It then decreased after
World War II, probably due in some part to economic
difficulties. The increase in smoking initiation rate after- .
ward might well be explained by the sale of filtered
cigarettes as mentioned, together with nationwide eco-
nomic recovery.

Though the prediction of lung cancer death rates in the
near future is not a primary objective of the present
study, a comparison of predicted death rates with ob-
served ones recently reported for 1989 and 1990'> ' may
provide information on the reliability of the present
simulation. It was predicted in the present study that the
age-adjusted death rate among males aged 55 to 79 would
reach a peak of 166 per 100,000 in 1989 and then would
begin to decline. The observed age-adjusted death rates
for 1989 and 1990 were 174.15 and 173.99, respectively.
The observed rate apparently showed a peak in 1939
but it is also true that an increasing trend can be recog-
nized for the observed age-adjusted death rates from
1973 to 1990. The age-specific death rates observed in
1990 were 53.5, 113.7, 190.8, 301.9, and 422.6 for the
55-59, 60-64, 65-69, 70-74 and 75-79 age groups, re-
spectively. The corresponding predicted death rates were
48.6, 98.9, 171.3, 293.5, and 431.4, respectively. The
predicted death rates in the 70’s showed good agree-
ments, within 3% of the observed rates. The death rates
for age 55 to 69, on the other hand, showed poorer
agreements, around 109 lower than the observed rates.
One possible explanation for this underestimation is that
the actval smoking initiation rate for this cohort was
higher than that estimated. In fact, the smoking initiation
rates estimated for those born in the 1920’s and 1930’s
were lower than the rates observed in Nagano and
Fukuoka, as shown in Fig. 2. The difference between
observed and estimated smoking initiation rates was up
to 129% for Nagano and 14% for Fukuoka. Therefore,
the predicted downward trend shown in Fig. 5 might be
exaggerated to some extent, because of this underestima-
tion of smoking initiation rate.

The present study predicts that the lung cancer death
rates, those in 70-79 age group in particular, will begin to
decrease within 10 years. The results of the present study
suggest that this future decrease is due to the lower
smoking initiation rates in specific birth cohorts and that
the death rate will thereafter increase again, reflecting the
increase in smoking initiation rate among those born
after 1940. Therefore, it is crucial to implement effective
prevéntive méasures as soon as possible. Three kinds of
preventive measures, i.e., lowering smoking initiation
rate, promotion of smoking cessation, and increased



screening participation, seem to have characteristic ad-
vantages and disadvantages. Lowering the smoking initi-
ation rate at an annual rate of 1% will result in a 20%
decrease in the number of lung cancer deaths as well as
the adjusted death rate in 2041 when compared with
persistence of the present initiation rate of 80% among
those born after 1950. Achievement of a 1% annual
reduction in smoking initiation rate does not seem to be
difficult, as shown in the observed smoking initiation rate
in Nagano Prefecture, However, it should also be noted
that the effect of reducing the smoking initiation rate will
be realized most slowly compared with the other mea-
sures. The effect of smoking cessation is realized earlier
than the effect of reducing the smoking initiation, as
shown in Figs. 6 and 7. Moreover, it is the only measure
by which the predicted increase in the number of lung
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