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Abstract

Background—~Past studies have examined the relationship of lung cancer to smoking using
longitudinal data for select samples. This study applies the two-stage clonal expansion model to
U.S. +smoking data over a 25 year period.

Methods—Smoking Base Case (SBC) data on actual smoking duration and intensity from the
years 1975-2000 are applied by gender to separate TSCE models, which are then calibrated to
historical trends in lung cancer death rates using regression analysis. The uncalibrated and
calibrated TSCE models are also applied to SBC data for two scenarios: 1) no tobacco control and
2) complete tobacco control. The results are used to develop estimates of the number of lives
saved as a result of tobacco control and how many lives would be saved if cigarette use had ceased
in 1965.

Results—Predictions of lung cancer from the TSCE models with CPS-11 and especially the CPS-
| data for males and especially females are considerably below historical rates with the deviations
from historical rates increasing over time. Residual trends unrelated to the smoking models were
also found. Tobacco control activities saved approximately 625,000 lives between the years 1975
and 2000. An additional 2,110,000 lives would have been saved if all smoking was stopped in
1965.

Conclusions—Taobacco control has successfully prevented lung cancer deaths, but many more
lives could be saved with further reductions in smoking rates. Systematic biases were observed
from TSCE models using CPS-1 and CPS-11 data to estimate smoking-related lung cancer deaths.
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1. INTRODUCTION

Trends in U.S. lung cancer death rates have dramatically changed in the last twenty years 1.
After a long upward climb, the age-adjusted lung cancer mortality rate for men has been
declining steadily since 1984 and for women began to level off in the 1990s. The reversal in
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trends has generally been attributed to reduced smoking.2 Smoking has been established as
the leading cause of lung cancer deaths, with as much as 90% of the deaths due to
smoking.3 4 The relationship of lung cancer to smoking has been established by biological
and epidemiological studies 3. At a population level, lung cancer has been strongly linked to
the smoking dose, both in terms of the number of cigarettes smoked per day and the number
of years smoked.>10

Estimates of lung cancer deaths due to smoking for the U.S.3 11 are usually based on
relative risks estimated from the CPS-I1 data. Nevertheless, this data is not representative of
the U.S. population, because it over-represents those who are middle class, married, White,
and more educated.12 13 In addition, there may be bias from misclassification error, due to
former or current smokers classifying themselves as never smokers, exposure of true never
smokers to second hand smoke and undetected lung cancer.14-17 Risks also appear to be
changing over time. Comparing the CPS-I (1959-1981) to the CPS-I1 (1982-1988), the
relative risk of lung cancer in smokers increased from 11.9 to 23.2 for men and from 2.7 to
12.8 for women.® While much of the change can be explained by the changes in smoking
behaviors, such as duration and intensity, a large portion of the difference is still
unexplained.18: 19

This study examines the role of smoking in explaining levels and trends in lung cancer
deaths. We employ a macro modeling approach that uses smoking prevalence, duration and
intensity data and lung cancer data by age, year and gender. We first apply this data, known
as the smoking base case (SBC), to the two stage clonal expansion (TSCE) model to
incorporate the role of smoking in predicting lung cancer deaths. We aggregated the
predictions from the TSCE over age groups for each year and gender and compare the
results to levels and trends in historical lung cancer deaths by gender over the years 1995
through 2000. We develop separate predictions using the CPS-1 and CPS-II versions of the
TSCE models. By separately considering models that use CPS-1 and CPS-I1 data, we also
indirectly consider how well these two data sets, as applied to the TSCE model, explain lung
cancer deaths. Unlike other studies in this supplement, we focus on annual trends using a
population level “top down” approach rather than an individual level “bottom up” approach,
with the aim of examining how predicted trends in lung cancer deaths using CPS data
deviate from actual trends.

This paper also considers the role of tobacco control efforts in reducing lung cancer deaths.
Beginning with the Surgeon General’s Report in 1964, efforts have been aimed at reducing
smoking; restrictions have been placed on certain types of advertising and on smoking in
public places, and higher taxes have been imposed on cigarettes. Using SBC data, we
consider the counterfactual cases of how lung cancer rates would have been affected 1) in
the absence of tobacco control policies since the early fifties, and 2) if all cigarette use (i.e.,
all smokers permanently quit and no new initiation takes place) was terminated in 1965.

2. METHODS

This study considers male and female lung cancer rates, confining the analysis to ages 30 to
84 and to the years 1975 to 2000. Lung cancer deaths by smoking status, age, gender and
year are predicted using separate versions of the TSCE model using CPS-I and CPS-11 data.
Predictions are developed under three scenarios: 1) actual tobacco control (ATC), 2) no
tobacco control (NTC), and 3) complete tobacco control (CTC). We then fit the predicted
rates under ATC to historical lung cancer deaths to evaluate the predictions of the models
and calibrate the models. Finally, we apply the calibrated equations to the NTC and CTC
scenarios.
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SBC data on smoking prevalence, smoking intensity and smoking duration were provided
for each of the smoking scenarios: ATC, NTC and CTC. Smoking prevalence data were
distinguished by 7 smoking categories: never, current, and former smokers, with former
smokers further divided into 5 groups based on how long ago they had quit (1-2, 3-5, 6-10,
11-15, and 16+ years). For smokers and former smokers, intensity data were measured as
the average number of cigarettes smoked per day. Duration of smoking for smokers was
measured as the current age minus the age of smoking initiation, and for former smokers
was measured as the current age minus the age of smoking initiation, minus the number of
years quit.

SBC data were provided by 5 year cohort, gender and year. We converted the data by
cohort, gender and year into age groups by gender and year. To obtain data for a single age,
we smoothed over 5 ages starting at age 32 and ending at age 82, and extrapolated estimates
for ages 30 and 31 from smoothed estimates for ages 32 and 33, and for ages 83 and 84 from
smoothed estimates for ages 81 and 82.

SBC data were also provided on population and historical U.S. lung cancer deaths by age,
gender and year for 1975 to 2000, from which we calculated lung cancer deaths per 100,000.
Population data were also applied to the smoking prevalence data to obtain the number of
never, current and former (by years quit) smokers by age, gender and year.

2.b. Methods used to predict lung cancer death rates by smoking-related factors

To relate smoking duration and intensity to lung cancer death rates, we used the TSCE
model as applied by Hazelton et al.19 to the CPS-1 and CPS-II data. They estimated a series
of non-linear equations that related the lung cancer death rate to rates of initiation, cell
division, apoptosis of initiated cells, and malignant conversion of initiated cells, which, in
turn, were a function of smoking intensity and duration. Programming for the models was
made available to us by the authors as a Microsoft Excel add-in.

Following Hazelton et al., 1% we developed separate estimates of lung cancer death rates for
the CPS-1 and CPS-Il models and separate estimates by gender. Specifically, for each of the
three scenarios (ATC, NTC and CTC), four (male CPS-I, female CPS-1, male CPS-II, and
female CPS-II) separate sets of estimates of lung cancer death rates were developed,
yielding a total of 12 separate cases. Data on smoking intensity and duration (both equal to
zero in the case of never smokers) by smoking status (never, current, and 5 categories of
former smokers), age and year were loaded into the programmed TSCE model for each of
the 12 cases

For each of the 12 cases, death rates were applied by smoking status, age and year to the
population in the respective categories to obtain total deaths. The deaths were summed over
the 7 smoking status categories and age for each of the 12 cases to obtain predicted total
lung cancer deaths by age and year, which were then converted to lung cancer death rates.

In addition to considering lung cancer death rates for the 30 to 84 year old age group, we
considered selected age sub-groups. Based on a visual inspection of historical rates by 5 year
age groups, we grouped together ages 30 to 49, 50 to 69, and 70 to 84 because of the similar
trend patterns observed within those groups. We also considered rates distinguished by
smoking status.
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2.c. Calibration and Comparison of Predicted to Historical Rates

The TSCE models were originally estimated using either CPS-1 or CPS-11 data, neither of
which are representative of the U.S. population and may be subject to misclassification
error. Consequently, predictions from the TSCE models based on these data may be biased
when applied to the population at large. In addition, the biases may change over time if the
risks from smoking or non-smoking factors (e.g. air pollution, radon, or second hand smoke)
vary over time. To detect and correct for potential biases, we estimated regression models
that allow for deviations in the predictions of lung cancer death rates of the ATC models
from historical lung cancer death rates.

To control for population size, results from the TSCE models were converted to rates and
calibrated against the lung cancer death rates rather than total lung cancer deaths. These
models were estimated by gender using data aggregated over the 30 to 84 age group for each
of the years from 1975 to 2000. We consider general trends for the population as a whole
after netting out smoking factors, as incorporated in the TSCE models. Specifically, for each
model, we regressed the historical lung cancer rates (HLCR) against the predicted lung
cancer rates (PLCR) alone, PLCR interacted with time trends, and separate time trend
factors:

HLCR=bg+b; * PLCR+b, TT, * PLCR+b; TT,? « PLCR,+a; TT,+a, TT:>+e,

where TT denotes a time trend (TT=11in 1975, TT =21in 1976, ..., TT = 26 in 2000),
subscript t = year (t= 1975, ..., t = 2000), and e is the error term. The first part of the
equation shows the influence of smoking as predicted by the TSCE model (b;) with any
constant deviation (bg), while the next two terms correct the predictions of the smoking
model for linear (by) and non-linear (b3) biases over time. The second part of the equation
allows for linear (a;) and non-linear (ay) trends not captured by the smoking model. We also
estimated log specifications of the above model, which imply a proportional rather than
constant deviation of model predictions from the historical rates, and a multiplicative rather
than linear relationship between the variables.

Because reliable data were not available for cohorts born before 1900, values in the SBC
data were inferred for smoking rate variables for the older missing ages in the years 1975 to
1985. To check for bias in the method used to calculate these values, we included a
correction factor in the estimation equation equal to the number of age years with missing
variables: 10 = 1975, 9= 1976,..., 1= 1984, 0 = 1985 and above. The correction factor was
generally insignificant and induced autocorrelation. Consequently, it was dropped from the
model.

Our goal was to determine the most parsimonious model with the highest level of
predictability and with predictions that were not systematically biased over time.
Predictability was gauged by the adjusted R-square. Systematically biased predictions were
gauged by autocorrelation in the error terms. The Durbin-Watson (D-W) statistic was used
to test for first order correlation of the error terms e; and e;—;. We began with a simple model
that regressed HLCR on PLCR and a constant term. We then added variables to the
equation, and kept those variables in the equation if the coefficient of the variable had a t-
statistic < 1 (i.e., which lowers the adjusted R-square) or if autocorrelation was reduced.

2.d. Lung Cancer Deaths under the No, Actual and Complete Tobacco Control Scenarios

For each of the 4 models (male and female TSCE CPS-1 and TSCE CPS-I1) we compared
predicted lung cancer death rates under the NTC, ATC and CTC scenarios. We consider
uncalibrated and calibrated models. To calibrate the counterfactual NTC and CTC

Risk Anal. Author manuscript; available in PMC 2013 July 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Levy etal.

Page 5

predictions we applied the best-fitting calibration equations from the ATC model (for the
corresponding gender and CPS model) to the predicted lung cancer rates for NTC and CTC.
We also calibrated by multiplying the NTC and CTC predicted rates by a correction factor,
measured as the ratio of the historical to the corresponding (gender, year and CPS-type data
set) ATC rates. Corrections were separately applied to each estimate of lung cancer deaths in
two ways: using a measure 1) aggregated over all ages by year and 2) distinguished by each
age and year.

The number of deaths avoided as a result of tobacco control policies was calculated as the
difference in deaths between the ATC and NTC scenarios. The number of deaths that could
have been avoided if smoking was entirely eliminated in 1965 was calculated as the
difference in deaths between the ATC and CTC scenarios.

3. RESULTS
3.a. Predictions of Lung Cancer Deaths Rates from the TSCE Smoking Models

Historical male lung cancer death rates for those ages 30 to 84 increase through 1982,
plateau through 1987, and then fall from 1988 onward. Both male TSCE models predict
levels of lung cancer rates that are considerably less than historical rates. The trend pattern
predicted by the CPS-1 model is similar to that of historical lung cancer rates, with similar
percentage increases albeit at a lower initial level from 1975 to 1981. The lung cancer rates
predicted by the male CPS-I1 model begin to decline almost immediately but are
considerably closer to historical rates than the CPS-I1 model. For males in the 30 to 49 age
group, historical lung cancer death rates followed a continual downward trend with some
flattening beginning in 1990. The rates predicted by the CPS-I and CPS-11 models showed
similar patterns, but with less decline and were generally less than historical rates. Unlike
higher ages, rates predicted by the CPS-1 model were greater than those from the CPS-I11
model for those below age 50. Historical rates of males in the 50 to 69 and 70 to 84 age
groups increased until about 1990 and then declined, with a steeper decline in the 50 to 69
age group. Generally, the male models under-predict historical rates; the CPS-1 models
better mirrored changes in trends, but predictions from the CPS-11 models were closer to
historical rates and mirrored trends from 1990 to 2000. The projected trends from both
models converged toward historical rates for those at lower ages, but diverged for those
above age 70.

For females, historical lung cancer death rates increased over the years 1975 to 2000, but
began to flatten around 1990. Although the rates predicted by the CPS-1 model show a
similar trend to the historical rates, the gap widens, with a 50% relative difference from
historical rates in 1975 increasing to 75% in 2000. The rates predicted by the CPS-11 model
are only 10% lower than historical rates in 1975, but the gap increases to about 40% in 2000.
For females age 30 to 49, the CPS-1 and CPS-Il1 models were considerably below historical
rates and did not fall as rapidly over time. For females age 50 to 69, historical rates
increased quite rapidly through 1993 and then fell. The predictions of the two models,
especially the CPS-1 model, were below historical rates and their trends were much flatter.
For females age 70 to 84, the upward trend exhibited by both models, especially the CPS-I
model, was considerably less than the historical rates. The CPS-11 model, and to a much
greater extent the CPS-1 model, predicted female lung cancer death rates below historical
rates, but both under-predicted the change in rates relative to historical changes. Like for
males, the projected trends from both models converged toward historical rates for those at
younger ages, but diverged for those at older ages.

The TSCE smoking models predicted that lung cancer death rates vary little over time for
male never smokers, but unlike previous studies?? 2! indicate that the rates differ
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considerably by gender and whether CPS-I or CPS-I11 data are applied. Rates decrease over
time for male smokers, but stay relatively constant for female smokers. Again, the rates
differ considerably by gender and whether CPS-1 or CPS-11 data is applied. Different
patterns are also observed for male former smokers from the CPS-1 and CPS-11 models,
increasing until about 1990 and then decreasing more dramatically in CPS-11 than in CPS-I.
For female former smokers, the CPS-I and the CPS-I1 models predict a rapid rise until 1995
and then a taper off. For both genders, the CPS-11 model predicts higher death rates than the
CPS-1 model for current and former smokers, but lower rates for never smokers.

3.b. Calibration of Predictions of the ATC Model to Historical Lung Cancer Death Rates

Tables l.a and 1.b show the results from the calibration equations for males and females
respectively. For both the log and linear models, the predictability improved and
autocorrelation was reduced to acceptable levels when PLCR variables were interacted with
time trends.

For the both the CPS-1 and CPS-Il male linear models, serial correlated errors were detected,
except when both the PLCR*TT; and PLCR*TT? variables were included in the estimation
equation. In addition, the adjusted R-square was marginally higher when the noninteracted
PLCR variable was dropped and the D-W statistic and adjusted R-square improved when a
non-interacted time trend variable was added for both models. The CPS-I and CPS-I1 linear
models with the PLCR*TT;, PLCR*TT;2 and TT variables (eqn. 6) have strong explanatory
power (as indicated by R-square values that exceed 0.99), exhibit no significant
autocorrelation (i.e. the D-W statistic is within the 1.7-2.3 range), and all coefficients are
statistically significant. For the log models, the equations with a non-interacted PLCR; and
PLCR{*TT; (egn. 10 for CPS-I and CPS-II) performed best in terms of non-serially
correlated errors and the adjusted R-square (above 0.99). When a non-interacted time trend
was added, its coefficient was significant and autocorrelation was reduced (egn. 11).

Similar to the male models, the variables PLCR*TT; and PLCR+TT? were required in the
linear models for females to reduce autocorrelation to insignificant levels. For the CPS-I
model, the equations with PLCR*TT; and PLCR*TT¢2 (eqn. 4) or with PLCR*TT; and
PLCR*TT and TT; (eqn. 6) performed best in terms of the D-W statistic and the adjusted
R-square. For the CPS-I1 linear model, the adjusted R-squares were higher when the non-
interacted PLCR variable was dropped (egns. 4 and 6), and the D-W statistic improved when
a non-interacted TT variable was added (eqgn. 6). In log form, the CPS-I models with either
the variables PLCR+TT; and PLCR«TT¢? or with the variables PLCR; and PLCR*TT; and
TT? performed best. The log model with PLCR; PLCR*TT;and TT; induced severe
autocorrelation. The CPS-11 female models in log form performed about equally well in
terms of autocorrelation and the adjusted R-square when either the variables PLCR;,
PLCR*TTand TT; (eqn. 11) or PLCR*TT;and PLCR«TT2 (eqn. 12) were included.
These models, along with equations 4 and 6, had adjusted R-square values above 0.99 and
no detectable autocorrelation in the error terms.

3. Lives Saved and Potential Lives Saved from Tobacco Control

The predicted lung cancer rates (un-calibrated and calibrated to equation 11) for the NTC,
ATC and CTC cases are shown for males and females, respectively, in Figures l.a-1.d. and
Il.a.—11.d. The figures each show that, as expected, the gap between the NTC and ATC and
between the ATC and CTC scenarios grows over time for all cases. The un-calibrated results
from the CPS-11 model for each scenario are higher than those from the CPS-I model for
males and females, with a larger relative gap for females.
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When calibration equations other than equation 11 were applied to the predictions from the
models using the NTC and CTC data, the calibrated predictions did not always yield
plausible estimates for the CTC and NTC cases (i.e., CTC>ATC>NTC was violated). In
particular, some of the better models that did not have a non-interacted time trend (e.g.,
equations 6 and 10) were not robust to the large deviations in smoking rates imputed to the
CTC and NTC scenarios. The model predictions for males and females calibrated to
equations 6 and 11 (results shown for equation 11), model predictions for males and females
calibrated to the ratio of historical to predicted ATC rates, and model predictions for females
calibrated to equation 13 showed patterns similar to those exhibited for the un-calibrated
cases (i.e., CTC>ATC>NTC in roughly similar proportions).

The estimates of lung cancer deaths for NTC, ATC and CTC under each of the consistent
calibrated estimates as well as for the un-calibrated estimates scenarios are shown for the
male and female cases, respectively, in Tables Il.a. and I1.b. In addition, for each of the
calibrated and un-calibrated cases, these tables show the lives saved from tobacco control
(CTC deaths —ATC deaths) and the lives that could have been saved by eliminating smoking
in 1965 (CTC deaths — NTC deaths), and the last column sums these estimates over all
years.

For males, the number of lives potentially saved from eliminating smoking in 1965 (the
difference between NTC and CTC) is substantially lower for the un-calibrated CPS-I
(779,271 lives saved over the period 1975 to 2000) than the un-calibrated CPS-I11 (1,230,744
lives saved), as is expected due to the lower relative mortality risks that are obtained using
the CPS-1 compared to the CPS-II data. Using the calibration of the ATC predictions to
historical rates, however, brings the estimates much closer together (e.g., 1,240,379 for CPS-
I vs 1,590,238 for CPS-I1), especially in relative terms. The prediction using the log model
(equation 11) for the CPS-11 models yielded estimates of lives saved between those of the
estimates using the ratio of ATC to historical calibration and were very close to each other.
The estimates using equation 6 were below those of the un-calibrated case and substantially
below that of the other calibrated cases, suggesting that the linear specification implied in
these equations is less plausible than the log specification. Our choice for best estimate is
from the results using the log model (equation 11) calibrated to the CPS-I1 with bounds from
the CPS-1 model calibrated to the historical rates and the CPS-I11 calibrated to the historical
rates. Our best estimates with bounds in parentheses are 454,517 (311,803 to 567,537) male
lives saved as a result of actual tobacco control and the potential to have saved 1,329,972
(1,240,379 to 1,590,238) male lives with complete tobacco control beginning in 1965.

Results were generally less consistent for female models. Because the rates from the CPS-I
model are far below those of the CPS-I1 model (reflecting the large difference in relative
smoking risks), those results are not considered for best final estimates. For the CPS-II
model, the number of potential lives saved over the period 1975 to 2000 from the linear
calibration using equation 6 (485,505 potential lives saved) are close to the un-calibrated
predictions (496,060 potential lives saved), but substantially less than half those of the log
specification from equation 11 (1,064,443 potential lives saved). The midway CPS-II rates
calibrated to historical rates are designated as best estimates, 132,034 lives saved as a result
of actual tobacco control and 779,832 potential lives saved. Because of the wide disparity in
results of the different CPS-Il1 models, we designate the un-calibrated results from CPS-II as
the lower bound and the results from CPS-I1 calibrated to equation 11 as the upper bound;
we estimate 170,246 (120,947 to 333,976) female lives saved as a result of actual tobacco
control and the potential to save 779,832 (496,060 to 1,064,443) female lives.
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In total, we estimate that 624,763 lives were saved between 1975 and 2000 as a result of
tobacco control activities and a potential 2,109,804 lives could have been saved from all
together eliminating smoking as of 1966.

4. DISCUSSION

Using results from the original TSCE smoking models and from models adjusted over time,
we estimated how many lung cancer deaths have been avoided as a result of reductions in
smoking due to tobacco control efforts implemented since the early fifties and how many
deaths could have been avoided if all smoking had stopped as of 1965. Our best estimate is
that tobacco control activities saved approximately 625,000 lives that would have been lost
to lung cancer between the years 1975 and 2000. An additional 2,110,000 lives would have
been saved if all smoking ceased in the year 1965. However, the results varied considerably
depending on the calibration scheme.

The estimates were based on separate TSCE models estimated using CPS-1 and CPS-I1 data.
The predictions of lung cancer death rates from TSCE models using the CPS-1 and CPS-II
data were compared to historical death rates. Some relatively consistent patterns were
observed for males and females and for predictions from the TSCE model applied to the
CPS-1 and CPS-I1 data. We find that the predictions for the male and female TSCE models
were considerably below historical rates, likely reflecting the non-representative, more
highly educated sample of the CPS samples and misclassification error. As indicated by the
graphical analysis and the statistical significance of the PLCRx=TT; and the PLCRxT T+ TT;
variables in the log and linear calibration equations, the deviations of the predictions to the
historical rates increases over time. These results are consistent with findings that the
relative lung cancer death risks found with the CPS-I1 data are higher than those found with
the CPS-I data and may reflect an increasing relative risk e.g., from a more harmful effect of
cigarettes alone or from a synergistic effect with non-smoking factors, such as radon. These
results also indicate that there may be major bias in using CPS data to calculate lung cancer
deaths attributable to smoking. The results indicate that these deaths may be seriously
underestimated and the bias may be increasing over time.

Several other findings also merit further exploration. The convergence of the predictions to
historical rates at younger ages may reflect reduced exposure to second hand smoke with the
general reductions in smoking prevalence over time beginning in 1964. In addition, the
significant, negative coefficient on the non-interacted time trend variable in all of the
models, even after adjusting predictions of the smoking model for upward trends, suggests
that there is still a residual (i.e., non-smoking) downward trend in lung cancer death rates
that is not captured by the TSCE smoking models.

4.a. Limitations

Our analysis relates predictions of the smoking models to historical lung cancer death rates
at an aggregated level, i.e., over all ages. In our analysis, age and cohort effects through
smoking behaviors are assumed to be captured by the smoking models. The focus is on
period effects as captured by time trends, although part of the effects may be due to cohort
effects. The graphs by age indicate that age may be an important factor. We have begun to
consider less aggregated smoking models calibrated at the level of age by year allowing for
separate age related and cohort-related trends. While the relative roles of these effects are
more difficult to distinguish, we have found important differences in age-related, trend-
related and cohort-related deviations of the model from historical rates.

The TSCE smoking models that we apply to the smoking data are non-linear. Because the
TSCE smoking models were estimated for individual ages, we captured nonlinearities as
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they apply to different ages. However, nonlinearities may exist within age groups due to the
variation of duration and intensity among those of a particular age. Since duration and
intensity are likely to be correlated, data is needed on their joint distributions in order to
analyze those effects.

The TSCE smoking models that we apply do not distinguish racial-ethnic differences. Some
previous studies indicate important differences in lung cancer rates and the role of smoking
by race (2).

The predictions from the smoking models were calibrated over the entire range of years and
ages. Consequently, results could only be compared across models and could not be
validated for individual models.

Finally, our analysis of the role of smoking in lung cancer is based on empirical smoking
models applying the two-stage clonal expansion model of cancer growth. \We also conducted
similar analyses using results from a study by Flanders et al.® using the CPS-I1 data and
from a study by Knoke et al.8 using the CPS-I data. We obtained roughly consistent results
when comparing their results to the TSCE models using the same CPS data sets.

In sum, using the Smoking Base Case data, we were able to consider times series
relationships between smoking rates and lung cancer deaths over a longer time period than
previous longitudinal studies. The analyses conducted in this paper provide a first step in
considering the robustness over time of estimates from studies using the CPS-1 and CPS-11
data. In particular, we consider biases in predictions stemming from the TSCE model and
how these biases may be changing over time, but the extent of bias and trends in bias are
dependent on whether CPS-I or CPS-I1 data is used to estimate the model. Our analysis,
focusing on lung cancer rates at an aggregated level, indicates strong trends in how the
effects of smoking and non-smoking related factors may have changed over time.
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Figure l.a. Male CPS-I Uncalibrated
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Figure I.c. Male CPS-1l Uncalibrated
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Figure Il.a. Female CPS-l Uncalibrated
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Figure Il.b. Female CPS-1 Anti-Log Eqn 11
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Figure Il.c. Female CPS-Il Uncalibrated
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Figure Il.b. Female CPS-I Anti-Log Eqn 11
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