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Computed tomographic screening for
lung cancer: individualising the benefit

of the screening

International Early Lung Cancer Action Program Investigators

ABSTRACT: Individuals concerned about their risk of lung cancer are recommended to talk with
their physicians about computed tomographic screening for lung cancer. To provide the
necessary information, the survival benefit of the screening, specific to a particular person for a

particular round of screening, is needed.

The probability of survival gain from the first, baseline, round of screening was addressed as
the product of: 1) the screening resulting in a diagnosis of lung cancer; 2) not dying from some
other cause for a sufficiently long period of time; and 3) cure resulting from pre-symptomatic
treatment of lung cancer. These probabilities were estimated using the International Early Lung
Cancer Action Program data on individuals aged 40-85 yrs with a cigarette smoking history of

0-150 pack-yrs.

The estimated probability of survival gain ranged from 0.4% for a 60-yr-old with a 10-pack-yr
smoking history who quit smoking 20 yrs ago, to 3.1% for a 70-yr-old current smoker with a
100 pack-yr history and 2.0% for an 85-yr-old current smoker with a 150-pack-yr history.

When seeking counsel about initiation of screening for lung cancer, an estimate of the
probability of survival gain from the first round of computed tomographic screening, specific to
the person’s age and history of smoking, can be provided.
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changed its recommendation for screening

for lung cancer from D (against) to I (neither
for nor against), and suggested that individuals
talk with their physicians about whether they
should be screened [1]. The American Cancer
Society had previously made a similar recom-
mendation [2], and others are now doing the
same [3]. Indeed, the decision about screening for
lung cancer does not lend itself to a general
recommendation but rather requires considera-
tion of its benefit specific to a particular person
(survival benefit in the main) at a particular time.
In the individual context, the decision to be made
is about initiation or continuation of screening; it
is thus about a single round of screening at a
time.

I n 2004, the US Preventive Services Task Force

The probability of survival benefit from a con-
templated round of screening depends, for one,
on the probability that this round would result in
a diagnosis of lung cancer. This probability is
naturally specific not only to the risk profile of
the person at the time but also to the regimen of
screening. Another consideration also specific to
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the person at the time is the probability of not
dying from some other cause before the possible
lung cancer death that could be averted by the
early intervention that screening-based early
diagnosis enables.

Estimates of profile-specific probabilities from
data on computed tomographic (CT) screening
for lung cancer, and also of the correspondingly
individualised probabilities of survival benefit
from a contemplated round of screening, focus-
ing on baseline screening, are presented here.

METHODS

Data

The present report is based upon the data thus far
accumulated by the International Early Lung
Cancer Action Program (I-ELCAP). The focus
was on baseline screening, and specifically on
that conducted during the period 1993-2006,
following the I-ELCAP protocol [4], on persons
aged 40-85 yrs who had a cigarette smoking
history of 0-150 pack-yrs and who had not
undergone chest imaging in the previous 2 yrs.
Out of the 33,925 persons identified, 5,588 had
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never smoked, 15,754 were former smokers and 12,583 were
current smokers. The protocol defined the baseline regimen of
screening as the initial CT test, including positive and semi-
positive results, both of which called for further diagnostic
work-up. It also made recommendations for that further work-
up. The work-up was documented in the web-based ELCAP
Management System, as was death and its causes. All
screenees gave informed consent under institutional review
board-approved protocols. At baseline screening, the median
age was 61 yrs, the median smoking history was 30 pack-yrs
and 57% of subjects were males. As a result of baseline
screening, 428 cases of lung cancer were diagnosed.

Probability of diagnosis

The probability of the application of the regimen of baseline
screening resulting in a diagnosis of lung cancer was
addressed as a function of the person’s age, smoking history
and time since quitting smoking, in the framework of logistic
regression analysis. With the dependent variate naturally
defined as taking the value Y=1 if lung cancer was diagnosed
and 0 otherwise, the independent variates were: 1) X;=age (in
yrs); 2) Xo=X;% 3) X3=1 for ever smokers, and 0 otherwise;
4) X4=X5 x cigarette smoking history (in pack-yrs); 5) X5=X,%
and 6) X¢=Xj3 X time since quitting smoking (in yrs).

With the fitting yielding the intercept a and coefficients b;—bs
for X;—X, respectively, the corresponding estimate of the
probability at issue here was taken to be:

p1= 1 / { 1+exp [—(ﬂ-’rb] X] +b2X2+b3X3+b4X4+b5X5+b6X6)] } (1)

The linearity of the continuous variates (age, cigarette smoking
history and time since quitting) was confirmed using Box-
Tidwell transformation in the logistic regression model.

Probability of otherwise surviving

The probability of surviving competing causes of death was
addressed using the subcohort of those whose baseline
screening took place during 1993-1999. During this time,
initiation of screening was limited to persons aged >60 yrs
with a cigarette smoking history of >10 pack-yrs. It thus
focused on the 1,428 people who, at the time of enrolment,
were aged 60-85 yrs, had a smoking history of 10-150 pack-yrs
and had not died due to lung cancer by the end of 2006. The
survival status at the end of 2006 was known for all of these
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1,428 individuals. For logistic regression analysis, the depen-
dent variate was defined as taking the value Y=1 if survival
was >10 yrs after the initial CT test during the baseline
screening, and 0 otherwise. The independent variates were, in
principle, the same as those specified for the probability of
diagnosis above; however, the fact that all were smokers meant
that X; was uniformly 1 and thus needed to be omitted.

Probability of survival benefit

The individualised probability of survival benefit from such
baseline screening for lung cancer, on the basis of the
associated early intervention, was estimated as the product
of the two person-specific probability estimates, derived as
described above, multiplied by an estimate of the probability
that a baseline-diagnosed case of lung cancer would be
curable.

The probability that a baseline-diagnosed case would be
curable was taken to be the product of two probabilities, both
specific to the regimen of screening: 1) the probability that a
baseline-diagnosed case would be stage I at the time of
diagnosis; and 2) the probability that such a case would be
curable by resection taking place within 1 month of diagnosis.
In this calculation, lung cancer was assumed to be uniformly
fatal in the absence of screening and death due to some other
cause. For these two probabilities, -ELCAP has produced
estimates of 85% (95% confidence interval 82-88%) and 92%
(88-95%), respectively [5], yielding 78% as the corresponding
estimate of the probability that a baseline-diagnosed case of
lung cancer would be curable.

Statistical analysis

Goodness-of-fit was tested using the Hosmer-Lemeshow test,
and, if the resulting Chi-squared test result was not significant,
the fitted model was not rejected.

RESULTS

For the probability of diagnosis of lung cancer resulting from
baseline screening, the parameter estimates, together with their
sEMs and p-values for the logistic regression function, are given
in table 1. Table 2 addresses, and verifies, the goodness of fit of
the fitted function. The values range from 0.07% for a 40-yr-old
who never smoked, to 6.8% for an 80- or 85-yr-old with a
smoking history of 100 pack-yrs who continues to smoke.

1/.\:18 S5 1 Estimates of the logistic regression parameters for the probability of diagnosis of lung cancer resulting from baseline

screening
Parameter Nature of coefficient Estimate p-value
estimated
a” -16+2.6
b, Age yrs 0.28 +0.081 0.0006
b, 5" -0.0017 4+0.00062 0.007
bs Ever smoking -0.14+0.29 0.62
ba Smoking history pack-yrs 0.03 +0.0069 <0.0001
bs 5, -0.0001 4+0.000051 0.012
be Time since quitting smoking yrs -0.02 +0.0055 0.0003

Data are presented as mean +SeM, unless otherwise stated. 7 intercept.
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1/:\:18 08 Frequency of lung cancer diagnosis by level of
probability estimate from logistic regression”:

Regression estimate % Measured frequency

0-1.0 82/17731 (0.5)
1.0-2.0 142/9457 (1.5)
2.0-3.0 104/3943 (2.6)
3.0-4.0 57/1759 (3.2)
4.0-5.0 31/751 (4.1)
5.0-6.0 11/228 (4.8)
>6.0% 1/56 (1.8)
Total 428/33925 (1.3)

Data are presented as n/N (%). *: from table 1; ¥: goodness of fit was not
rejected using the Hosmer—Lemeshow test (Chi squared=5.09; p=0.75).

For the probability of not dying due to other causes within
10 yrs of the initial CT test at baseline, the corresponding
results are given in tables 3 and 4. The probability estimates
range from a high of 98% for a 60-yr-old with a smoking
history of 10 pack-yrs who quit smoking 20 yrs ago, down to
37% for an 85-yr-old with a smoking history of 100 pack-yrs
who continues to smoke.

Based on these probability functions, table 5 provides individu-
alised estimates of the two probabilities. The table shows
how, with increasing age and smoking history, the prob-
ability estimates for diagnosis of lung cancer increase and
those for surviving competing causes of death decrease.

For current and former smokers aged 60-85 yrs with a
smoking history of >10 pack-yrs, table 6 gives probability
estimates for survival gain. They range from 0.4% for a 60-yr-
old with a 10-pack-yr smoking history who quit 20 yrs ago, to
3.1% for a 70-yr-old with a 100-pack-yr history who continues
to smoke and 2.0% for an 85-yr-old with a 150-pack-yr history
who continues to smoke.

DISCUSSION
Given that the decision about a person’s possible screening for
lung cancer is understood to be taken by the person themself in

TABLE 3

Estimates of the logistic regression parameters™
for the probability of not dying from some other
cause 10 yrs after baseline screening”
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consultation with their doctor [1-3], the doctor’s challenge is to
be able to counsel the person meaningfully about the potential
benefit that they might derive from the screening, and also
about the potential harm.

The potential benefit is generally construed as prevention of
lung cancer’s fatal outcome by screening, meaning by the early
intervention that screening-based early diagnosis provides for.
That benefit would be realised if, and only if, each of the
following were to be the case: the particular round of screening
in question is carried out and results in the diagnosis of lung
cancer; early treatment of that cancer is carried out and is
curative, whereas late intervention, in the absence of screening,
would not be; and the person avoids death from other causes
until the cancer would have exhibited its fatal outcome in the
absence of intervention.

The probability that a round of screening would result in a
diagnosis of lung cancer is obviously dependent upon the
person’s age and smoking history, and also on the screening
regimen, and differs between baseline and repeat rounds of
screening. The results presented here indicate that, on baseline
screening using the I-ELCAP regimen [4], the probability of
lung cancer diagnosis ranges from 0.07%, for a 40-yr-old who
has never smoked, to 6.8%, for an 80- or 85-yr-old continuing
smoker with a smoking history of 100 pack-yrs, and 6.3%, for
an 85-yr-old continuing smoker with a smoking history of
150 pack-yrs. Although the probability of diagnosis of cancer
increases with age, the probability of dying due to other causes
increases such that the overall benefit for a current smoker
starts to decrease at age 81 yrs.

Persons seeking counsel about screening for lung cancer are
generally in good health relative to that typical of people of
their age with the same history of smoking. The prospects for
surviving competing causes of death naturally vary, even
when dependent upon age and smoking history, and thus also
need to be assessed with a view to the particular person’s
general health at the time screening for lung cancer being
considered. In the I-ELCAP experience reported in the present
study, the 10-yr survival rate, when excluding deaths due to
lung cancer, ranged from 98%, for a 60-yr-old with a 10-pack-
yr smoking history who quit 20 yrs ago, to 37%, for an 85-yr-
old continuing smoker with a 100-pack-yr smoking history.

=188 Frequency of dying from some other cause by
level of probability estimate from logistic
regression”"

Estimate p-value Regression estimate % Measured frequency
a 1+11 49-90 504/611 (82)
b4 0.15+0.32 0.63 90-92 168/181 (93)
b> -0.0017 £0.0023 0.45 92-94 197/211 (93)
ba -0.038+0.014 0.007 94-96 218/232 (94)
bs 0.00017 £0.000099 0.09 96-98 178/182 (98)
be 0.017 £ 0.0095 0.08 98-100 10/11 (91)
Total 1275/1428 (89)

Data are presented as mean+Sem, unless otherwise stated. *: nature of
coefficients detailed in table 1; *: in 60-85-yr-olds with a smoking history of
>10 pack-yrs.
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Data are presented as n/N (%). *: from table 3; ': goodness of fit was not
rejected using the Hosmer-Lemeshow test (Chi squared=13.12; p=0.11).
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a).\:18 S Estimates of the probability of diagnosis of
cancer and of not succumbing to illness other
than lung cancer within 10 yrs by age and
smoking history”

Age  Smoking history

Continued smoking Quit 20 yrs ago

yrs pack-yrs
P1 P2 P1 P2
% % % %
60 10 0.7 97 0.5 98
30 1.1 95 0.8 97
60 2.0 91 1.4 94
100 29 87 2.0 90
150 2.7 89 1.8 92
70 10 1.3 95 0.9 96
30 21 91 1.4 93
60 3.6 83 25 88
100 5.2 77 3.6 82
150 4.8 80 3.3 85
80 10 1.6 86 1.1 90
30 2.7 77 1.8 83
60 4.7 63 32 71
100 6.8 58 4.7 61
150 6.2 58 4.2 66
85 10 1.7 76 1.1 82
30 2.7 64 1.9 71
60 4.7 47 3.2 55
100 6.8 37 4.7 45
150 6.3 42 4.3 50

py: probability of diagnosis of lung cancer; po: probability of surviving
competing causes of death for >10 yrs. #: resulting from application of the
International Early Lung Cancer Action Program regimen of screening at
baseline.

A separate analysis of the I-ELCAP data has indicated that,
when baseline screening with the regimen resulted in the
diagnosis of lung cancer, it was stage I in 85% of cases, and also
that, given resection within 1 month of diagnosis of a stage I
cancer, the 10-yr survival rate, when excluding deaths due to
other causes, was 92% [5]. The product of these two
proportions, 78%, is an estimate of the curability rate for lung
cancer diagnosed using the I-ELCAP regimen for baseline
screening.

For example, then, if a 60-yr-old current smoker with a 60-
pack-yr smoking history consults a doctor about the justifi-
ability of initiating screening for lung cancer as a means of
averting death due to this dreaded disease, the doctor might
think about screening using the I-ELCAP regimen and its
results and advise the person along the following lines. For this
person, the probability of survival gain resulting from the
contemplated baseline screening is the product of three
probabilities, that of the round of screening resulting in the
diagnosis of lung cancer, that of the diagnosed cancer being
curable by early treatment and that of the person escaping
death due to other causes long enough to benefit from the
lung cancer death that was thus prevented. For these
probabilities, the estimates from the I-ELCAP experience are

846 VOLUME 30 NUMBER 5
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7. \:1ECN Estimates of the probability of survival gain® by
selected ages and smoking histories”

Age Smoking history Probability of survival gain

yrs pack-yrs
Continued smoking Quit 20 yrs ago
60 10 0.5 0.4
30 0.9 0.6
60 1.4 1.0
100 2.0 1.4
150 1.9 1.3
70 10 0.9 0.6
30 15 1.0
60 2.4 1.7
100 3.1 2.3
150 3.0 2.2
80 10 11 0.8
30 1.6 1.2
60 23 1.8
100 2.8 2.2
150 28 2.2
85 10 1.0 0.7
30 1.4 1.0
60 1.7 1.4
100 2.0 1.6
150 2.0 1.7

#: product of p; and p, (from table 5) multiplied by estimated stage | cancer
curability rate (78%); *: resulting from application of the International Early Lung
Cancer Action Program regimen of screening at baseline.

2.0 (table 5), 78 (see above) and 91% (table 5), respectively; thus
the corresponding estimate for the probability product is
0.020 x 0.78 x 0.91, or 1.4% (table 6).

The probability estimates presented here are based upon the
largest currently available experience, but require further
supplementation as additional screening and longer term
follow-up data become available. The probability of diagnos-
ing a stage I lung cancer was based on the full cohort, whereas
the probability of otherwise surviving was based on a more
limited cohort for whom >8 yrs of follow-up for all causes of
death was available. Thus future updating of the estimates is
needed. In addition, these probability estimates address only
the benefit of the first, baseline, round of screening, during
which four to five times as many cancers are identified as in
the absence of screening. If the baseline round does not result
in the diagnosis of lung cancer, the benefit of each repeat
screening needs to be addressed separately.

The doctor should, however, be able to convey with great
assurance the qualitative point that the screening does have the
potential of serving to prevent death due to lung cancer. For
this not to be the case, at least one of the relevant probabilities
would have to be zero, and the present authors believe that it
would be very difficult plausibly to argue that this might be
the case. If, on this basis, the person decides to undergo the
baseline screening, they would later face a similar decision
about the first round of possible repeat screening. The survival
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benefit from this would need to be addressed in a similar way,
based on experience with repeat screening.
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