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Abstract
BACKGROUND—In the National Lung Screening Trial (NLST), screening with low-dose
computed tomography (CT) resulted in a 20% reduction in lung-cancer mortality among
participants between the ages of 55 and 74 years with a minimum of 30 pack-years of smoking
and no more than 15 years since quitting. It is not known whether the benefits and potential harms
of such screening vary according to lung-cancer risk.

METHODS—We assessed the variation in efficacy, the number of false positive results, and the
number of lung-cancer deaths prevented among 26,604 participants in the NLST who underwent
low-dose CT screening, as compared with the 26,554 participants who underwent chest
radiography, according to the quintile of 5-year risk of lung-cancer death (ranging from 0.15 to
0.55% in the lowest-risk group [quintile 1] to more than 2.00% in the highest-risk group [quintile
5]).

RESULTS—The number of lung-cancer deaths per 10,000 person-years that were prevented in
the CT-screening group, as compared with the radiography group, increased according to risk
quintile (0.2 in quintile 1, 3.5 in quintile 2, 5.1 in quintile 3, 11.0 in quintile 4, and 12.0 in quintile
5; P = 0.01 for trend). Across risk quintiles, there were significant decreasing trends in the number
of participants with false positive results per screening-prevented lung-cancer death (1648 in
quintile 1, 181 in quintile 2, 147 in quintile 3, 64 in quintile 4, and 65 in quintile 5). The 60% of
participants at highest risk for lung-cancer death (quintiles 3 through 5) accounted for 88% of the
screening-prevented lung-cancer deaths and for 64% of participants with false positive results. The
20% of participants at lowest risk (quintile 1) accounted for only 1% of prevented lung-cancer
deaths.

CONCLUSIONS—Screening with low-dose CT prevented the greatest number of deaths from
lung cancer among participants who were at highest risk and prevented very few deaths among
those at lowest risk. These findings provide empirical support for risk-based targeting of smokers
for such screening. (Funded by the National Cancer Institute.)
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Lung cancer is the most common cause of cancer-related death in the United States,
accounting for 28% and 26% of all cancer deaths among men and women, respectively.1

Recent results from the National Lung Screening Trial (NLST), which showed a 20%
reduction in lung-cancer mortality with low-dose computed tomography (CT) screening, as
compared with chest radiography, highlighted the opportunity to reduce the burden of death
from lung cancer.2 With 94 million current and former smokers in the United States,3

deciding which smokers to target for low-dose CT screening remains an important public
health challenge, given the potential costs and harms of such screening.

Although it is generally agreed that screening should be limited to high-risk persons for
whom the potential benefits of low-dose CT screening would outweigh its potential harms,
there is uncertainty as to how a high-risk target population should be defined. A number of
professional societies have endorsed the use of the NLST inclusion criteria (smokers
between the ages of 55 and 74 years who have smoked a minimum of 30 pack-years and quit
for no more than 15 years) as minimum4-6 or sufficient7,8 criteria for consideration of lung-
cancer screening. However, several researchers have proposed that a more refined risk
assessment, which would account for additional risk information not considered in the
NLST entry criteria, could improve the selection process for lung-cancer screening.9-14 This
position is supported by indirect calculations of variation in screening benefit that projected
an increase by a factor of 10 in the number of screening-prevented lung-cancer deaths
among NLST participants at highest risk for death from lung cancer, as compared with those
at lowest risk.15 Despite well-recognized4-8 theoretical grounds for tailoring screening
recommendations to the individual risk of lung-cancer death, empirical evidence for risk-
based lung-cancer screening is lacking.

We investigated whether the benefits and harms of low-dose CT screening in the NLST
differed according to participants’ prescreening risk of lung-cancer death, which was
estimated with a validated prediction model. Across risk groups for lung-cancer death, we
evaluated the effect of low-dose CT screening on the number of prevented lung-cancer
deaths, the number of participants with false positive results, and the number of participants
who would need to be screened to prevent one lung-cancer death.

METHODS
STUDY PARTICIPANTS

The NLST was a randomized trial that compared the efficacy of low-dose CT for lung-
cancer screening with that of chest radiography in 53,454 smokers between the ages of 55
and 74 years with a minimum of 30 pack-years of smoking and no more than 15 years since
quitting.2,16,17 Participants were randomly assigned to receive three annual lung-cancer
screenings with either low-dose CT (26,722 participants) or chest radiography (26,732
participants). In the current study, we evaluated 26,604 participants in the CT group and
26,554 in the radiography group in the trial's intention-to-screen sample, excluding 118 of
the original participants (0.4%) in the CT group and 178 participants (0.7%) in the
radiography group who had not completed a baseline health questionnaire. As in the NLST
report,2 our primary end point was the rate of death from lung cancer from August 2002 to
January 15, 2009.

All participants provided written informed consent. All the authors vouch for the accuracy
and completeness of the data and for the fidelity of the study to the protocol.

STATISTICAL ANALYSIS
We developed an absolute risk-prediction model for lung-cancer mortality in the NLST's
radiography group. The absolute risk of death from lung cancer accounted for a participant's
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specific risk characteristics and life expectancy by incorporating Cox proportional-hazards
models of death from lung cancer and competing causes of death.18 We selected predictors
for lung-cancer death among a set of previously identified demographic and clinical risk
factors for lung cancer (including smoking history) using Lasso regression.19 The prediction
model was externally validated20 with outcome data from 15,114 NLST-eligible and 22,649
NLST-ineligible smokers between the ages of 55 and 74 years who were enrolled in the
radiography group of the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening
Trial.21

We stratified the participants into five quintiles for the predicted 5-year risk of death from
lung cancer (with quintile 1 having the lowest risk and quintile 5 having the highest risk).
Within each risk quintile, we evaluated the efficacy of low-dose CT according to the
intention-to-screen principle, analyzing participants according to their risk-group
assignment. Measures of efficacy were the rate ratio for lung-cancer death and the difference
in the rate of death, expressed as the number of lung-cancer deaths that were prevented by
low-dose CT per 10,000 person-years, as compared with radiographic screening. We used
inverse-variance weighted linear regression to evaluate trends in mortality ratios and
mortality differences across risk quintiles.22 For each risk quintile in the CT group, we
calculated the number of participants who would need to be screened to prevent one death
from lung cancer as the number of participants who were offered screening as compared
with the number of lung-cancer deaths that were prevented.

To investigate the influence of coexisting pulmonary conditions on the efficacy of low-dose
CT screening, we performed analyses stratified according to the total number of such
pulmonary conditions, as defined in Table 1. In addition, we examined the efficacy of low-
dose CT screening across risk quintiles as defined according to the risk of lung-cancer
incidence, rather than the risk of lung-cancer death, using four published prediction models
of lung-cancer incidence (see the Supplementary Appendix, available with the full text of
this article at NEJM.org).23-26

In the CT group, we summarized screening outcomes across risk quintiles for lung-cancer
death. Outcome measures included the characteristics of lung-cancer cases (the number of
diagnoses and the proportion of early-stage cancers [stages IA and IB combined]), measures
of the benefit of low-dose CT screening (the number of prevented lung-cancer deaths and
the number of participants who would need to be screened to prevent one lung-cancer
death), a measure of potential harm of low-dose CT screening (the number of participants
with false positive results), and a harm-to-benefit measure (the ratio of the number of
participants with false positive results to the number of prevented lung-cancer deaths).

The classification of positive results and false positive results on low-dose CT screening
used a linked-year method that considered screening-linked cases of lung cancer as those
identified within 1 year after a diagnostic follow-up initiated within 1 year after the
screening (for details, see the Supplementary Appendix). Screening characteristics were
individual-based and accounted for all three screening rounds. We defined a positive result
as the detection of lung cancer on screening, a false positive result as the detection of lung
cancer in a participant who was subsequently found not to have the disease, and a negative
result as no detection of lung cancer during all screening rounds. Trends across risk quintiles
were assessed with the use of the Cochran–Armitage test for proportions and weighted linear
regression22 for continuous outcomes. All analyses were performed with the use of R
software.27
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RESULTS
STUDY PARTICIPANTS

Participants in the two study groups were well balanced with respect to selected
demographic and clinical variables (Table 1, and Table S1 in the Supplementary Appendix).
Over a median of 5.5 years of follow-up, lung-cancer deaths were reported in 354
participants in the CT group and in 442 in the radiography group. The rate of death from
lung cancer was 24.6 per 10,000 person-years in the CT group, as compared with 30.9 per
10,000 person-years in the radiography group, with a relative reduction of 20.4% in the CT
group (rate ratio, 0.80; 95% confidence interval [CI], 0.69 to 0.92; P = 0.001) and 6.3 fewer
lung-cancer deaths per 10,000 person-years (95% CI, 2.4 to 10.1; P = 0.001).

PREDICTION MODEL FOR LUNG-CANCER DEATH
Selected risk factors for the hazard-ratio model for lung-cancer death were age, body-mass
index, family history of lung cancer, pack-years of smoking, years since smoking cessation,
and emphysema diagnosis (Table 2). For the hazard-ratio model for competing causes of
death, sex and race were selected in addition to these risk factors, with the exception of a
family history of lung cancer. The prediction model was well calibrated and had good
discrimination for NLST-eligible and NLST-ineligible smokers in the radiography group of
the PLCO trial (ratio of expected-to-observed lung-cancer deaths, 0.97 [95% CI, 0.87 to
1.07]; C-statistic, 0.80 [95% CI, 0.77 to 0.82]) (Tables S2 and S3 in the Supplementary
Appendix).

The quintiles for the 5-year risk of lung-cancer death were as follows: 0.15 to 0.55% in
quintile 1, 0.56 to 0.84% in quintile 2, 0.85 to 1.23% in quintile 3, 1.24 to 2.00% in quintile
4, and more than 2.00% in quintile 5 (Table 2). Within each risk quintile, participants in the
CT and radiography groups were balanced with respect to the risk factors in the prediction
model (data not shown).

EFFICACY OF CT SCREENING ACCORDING TO RISK
Lung-cancer mortality ratios in the low-dose CT group, as compared with the radiography
group, did not differ significantly across risk quintiles (0.97 in quintile 1, 0.78 in quintile 2,
0.75 in quintile 3, 0.70 in quintile 4, and 0.84 in quintile 5; P = 0.80 for trend) (Fig. 1A).
However, since there was an increase in the risk of lung-cancer death across risk quintiles,
the overall 20% reduction in the rate of lung-cancer death in the CT group meant that the
number of lung-cancer deaths per 10,000 person-years that were prevented by low-dose CT
screening increased significantly across risk quintiles (0.2 in quintile 1, 3.5 in quintile 2, 5.1
in quintile 3, 11.0 in quintile 4, and 12.0 in quintile 5; P = 0.01 for trend) (Fig. 1B). Similar
trends in lung-cancer mortality ratios and mortality differences were observed whether risk
quintiles were based on the predicted risk of lung cancer or on the risk of lung-cancer death
(P = 0.90 for heterogeneity for both efficacy comparisons).

COEXISTING PULMONARY CONDITIONS
At baseline, 64.5% of participants in the NLST had no coexisting pulmonary conditions,
24.7% had one pulmonary condition, and 10.8% had two or more conditions (Table 1).
Overall, low-dose CT screening was efficacious among participants with no pulmonary
conditions (6.2 CT-prevented lung-cancer deaths per 10,000 person-years [95% CI, 1.7 to
10.7]) or with one pulmonary condition (9.6 CT-prevented lung-cancer deaths per 10,000
person-years [95% CI, 1.5 to 17.7]). Such screening was not efficacious among participants
with multiple coexisting conditions (CT-prevented lung-cancer deaths per 10,000 person-
years, –0.5; 95% CI, –15.4 to 14.3). However, the differences in the efficacy of low-dose CT
screening according to the number of coexisting pulmonary con ditions were not significant
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(P = 0.50 for heterogeneity) (Table S4 in the Supplementary Appendix). The presence of
multiple pulmonary conditions increased significantly across risk quintiles (11.1% in
quintile 1 vs. 35.7% in quintile 5, P<0.001 for trend). We could not detect significant
differences in trends of CT-prevented lung-cancer deaths according to the status of
coexisting illnesses (P = 0.70 for heterogeneity) (Table S4 in the Supplementary Appendix).

CT-PREVENTED LUNG-CANCER DEATHS
The number of CT-prevented lung-cancer deaths increased in tandem with the risk of lung-
cancer death (1 in quintile 1 vs. 33 in quintile 5, P = 0.01 for trend) (Table 3). Consequently,
the number of participants who would need to be screened to prevent one lung-cancer death
decreased significantly with an increasing risk of lung-cancer death (5276 in quintile 1, 531
in quintile 2, 415 in quintile 3, 171 in quintile 4, and 161 in quintile 5; P<0.001 for trend).

The increase in the number of CT-prevented lung-cancer deaths across risk quintiles was
correlated with the number of stage I tumors. Approximately 50% of diagnosed lung cancers
in the CT group were stage I tumors, and this proportion was constant across risk quintiles
(Table 3). Nevertheless, owing to an increase in the number of diagnosed lung cancers in
higher-risk quintiles, the number of stage I lung cancers increased significantly with an
increasing risk of lung-cancer death (40 in quintile 1 vs. 215 in quintile 5, P<0.001 for
trend).

FALSE POSITIVE RESULTS ON SCREENING
Among participants in the CT group with a positive result, the proportion of false positive
results was high, as has been reported previously.28 This proportion decreased with an
increasing risk of lung-cancer death (97% in quintile 1 vs. 88% in quintile 5, P<0.001 for
trend). However, since there were more positive results in the higher-risk quintiles, the total
number of participants with false positive results increased across risk quintiles (1648 in
quintile 1 vs. 2146 in quintile 5, P<0.001 for trend) (Table 3, and Table S5 in the
Supplementary Appendix). The ratio of the number of participants with false positive results
to the number of CT-prevented lung-cancer deaths (a measure of the ratio of harm to
benefit) decreased significantly across risk quintiles (1648 in quintile 1 vs. 65 in quintile 5,
P<0.001 for trend).

RISKS VERSUS BENEFITS OF CT SCREENING
Figure 2 shows the performance of low-dose CT screening in cumulative risk groups,
beginning with the highest-risk quintile (quintile 5) to the left and expanding the risk group
from left to right by cumulatively adding the next-highest risk quintile. These cumulative
results show two key observations. First, participants at highest risk for lung-cancer death
accounted for a disproportionate share of the benefits of low-dose CT screening (Fig. 2A).
For example, 77 of 88 CT-prevented lung-cancer deaths (88%) occurred among the 60% of
participants with a 5-year risk of lung-cancer death of 0.85% or more (i.e., in quintiles 3
through 5), whereas only 1% of prevented lung-cancer deaths occurred among the 20% of
participants at lowest risk (i.e., in quintile 1). Also, the number of participants who would
need to be screened to prevent one lung-cancer death decreased from 302 for the overall CT
group to 208 among the 60% of participants at highest risk (Fig. 2B). Second, the 60% of
participants at highest risk accounted for 64% of total false positive results in the CT group
(Fig. 2C). As a result, the number of participants with false positive results per CT-
prevented lung-cancer death decreased from 108 overall to 78 in the three highest-risk
quintiles (Fig. 2D).
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DISCUSSION
Our study provides empirical evidence for the potential utility of targeting smokers at
highest risk for lung cancer for low-dose CT screening. The number of CT-prevented lung-
cancer deaths strongly increased with an increase in the prescreening risk of death from lung
cancer. Consequently, the number of participants who would need to be screened to prevent
one lung-cancer death decreased from 5276 among the 20% of participants at lowest risk to
161 among the 20% of those at highest risk. Also, the number of participants with false
positive results on screening per CT-prevented lung-cancer death decreased from 1648
among the 20% of participants at lowest risk to 65 among the 20% of those at highest risk.

In our study, the overall relative reduction of 20% in the rate of lung-cancer death among
participants in the CT group, as compared with the radiography group, did not differ
significantly across risk quintiles. Nevertheless, owing to an increase in the risk of lung-
cancer death across risk quintiles, the constant 20% reduction in death rate translated into a
significant increase in the total number of CT-prevented lung-cancer deaths across risk
quintiles. A similar phenomenon was observed for the number of stage I lung cancers, as
well as the number of false positive results across risk quintiles. These observations
underscore the importance of absolute measures (e.g., risk differences and counts) over
relative measures (e.g., ratios) for evaluating the public health benefits of screening
interventions.

Although there is currently a consensus among published screening guidelines on
recommending low-dose CT screening for patients who meet the NLST entry criteria,29

some experts have speculated that further refinement of selection criteria may be
appropriate.4,15 Our results confirm that tailoring of low-dose CT screening to a patient's
predicted risk of lung-cancer death could narrow the NLST-eligible population without a
loss in the potential public health benefits of screening or a disproportionate increase in the
potential harms. For example, we found that restricting screening to the 60% of participants
at highest risk for death from lung cancer within 5 years (>0.85%), as compared with the
entire CT group, captured 88% of CT-preventable lung-cancer deaths, reduced the number
of participants who would need to be screened to prevent one lung-cancer death from 302 to
161, and reduced the number of false positive results per CT-prevented lung-cancer death
from 108 to 65. In contrast, the 20% of participants at lowest risk for lung-cancer death
accounted for almost none of the CT-prevented lung-cancer deaths. These observations
argue for the use of individualized risk assessment of lung-cancer death instead of the NLST
entry criteria to increase the efficiency of low-dose CT screening.

Furthermore, a risk-based strategy for low-dose CT screening could provide a rational,
empirical framework for the inclusion of NLST-ineligible smokers at high risk for lung-
cancer death. However, such a strategy would depend on the generalizability of the benefits
and harms of screening that were observed in NLST participants, as compared with NLST-
ineligible persons at similar risk, for whom there are no empirical data.30,31

Risk-based low-dose CT screening could be based on a patient's risk of either lung-cancer
incidence or lung-cancer death. We focused on the risk of lung-cancer death because the
primary benefit of low-dose CT screening is the prevention of lung-cancer death. Yet, given
the high case fatality rate for lung cancer, prediction models for lung-cancer incidence and
death are likely to have similar discriminatory ability. Indeed, we found similar trends in the
number of CT-prevented lung-cancer deaths across risk quintiles that were defined
according to the risk of lung-cancer death and the risk of lung-cancer incidence. Thus,
although there is evidence to support the use of risk assessment for screening selection,
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further study of the comparative performance of available tools for assessing lung-cancer
risk is needed to determine which tool to recommend for risk-based screening strategies.

Our findings need to be interpreted within the context of low-dose CT screening in the
NLST. This limits extrapolation of our results to alternative screening and follow-up
schedules. Furthermore, beyond false positive results, we did not consider other potential
harms of low-dose CT screening, such as the psychological burden of false positive results,
complications with invasive follow-up procedures, and radiation-induced cancers.32 In
addition, our assessment of the efficacy of low-dose CT screening in patients with
coexisting pulmonary conditions had limited power. Thus, additional study of the benefits
and risks of low-dose CT screening in the presence of coexisting pulmonary conditions is
needed.

Our results have public health implications. In 2011, there were 8.9 million NLST-eligible
and 20.3 million NLST-ineligible smokers between the ages of 55 to 74 years and 94 million
current and former smokers of all ages in the United States.33 Since the publication of the
NLST findings, a key question has been which of these smokers should be targeted for low-
dose CT screening. Our observation that both the potential benefits and harms of such
screening strongly depend on a patient's risk of lung-cancer death underscores the potential
utility of risk-based low-dose CT screening. Our estimates of the expected benefits and
potential harms of such screening across risk groups provide the empirical framework for
evaluating the cost-effectiveness of low-dose CT screening, investigating optimal risk
cutoffs for screening, and communicating the potential benefits and harms of such screening
tailored to each patient's individual risk.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Efficacy of Low-Dose CT Screening, According to Risk Quintile
Panel A shows the lung-cancer mortality ratio for the low-dose CT group versus the
radiography group among risk quintiles 1 through 5 (Q1 through Q5, each 20% of the
screening group) for the prescreening 5-year risk of lung-cancer death. Panel B shows the
number of lung-cancer deaths prevented by low-dose CT (i.e., the between-group
difference) among the risk quintiles. The exact boundaries for the risk of 5-year lung-cancer
death for each quintile, as percentages, are shown on the x axis. Bars denote 95% confidence
intervals. The horizontal gray lines indicate the overall efficacy of low-dose CT screening.
The gray symbols indicate the efficacy outcomes in risk quintiles as defined by four
published prediction models of lung-cancer incidence: Bach et al.,23 Spitz et al.,24 Cassidy
et al. (for the Liverpool Lung Project [LLP]),25 and Tammemagi et al.26
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Figure 2. Cumulative Screening Outcomes in the Low-Dose CT Group
Each panel shows cumulative screening outcomes in the low-dose CT group, from highest
risk in quintile 5 (Q5, on the left) to overall risk in quintiles 1 through 5 (Q1–Q5, on the
right). The risk cutoff defining each group and the represented number and proportion of
patients are indicated below the x axis. Panel A shows the cumulative number of lung-
cancer deaths that were prevented in the low-dose CT group, as compared with the
radiography group, with the corresponding percentage over each bar. Panel B shows the
number of participants who would need to undergo three annual screenings with low-dose
CT to prevent one lung-cancer death. Panel C shows the cumulative number of participants
with false positive results on screening, with the corresponding percentage over each bar.
Panel D shows the cumulative number of participants with false positive results on screening
per CT-prevented lung-cancer death.
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Table 1

Characteristics of the Study Participants.
*

Characteristic Low-Dose CT (N = 26,604) Radiography (N = 26,554)

no. (%)

Risk of lung-cancer death at 5 yr

    Quintile 1: 0.15–0.55% 5,276 (19.8) 5,356 (20.2)

    Quintile 2: 0.56–0.84% 5,310 (20.0) 5,321 (20.0)

    Quintile 3: 0.85–1.23% 5,396 (20.3) 5,236 (19.7)

    Quintile 4: 1.24–2.00% 5,314 (20.0) 5,317 (20.0)

    Quintile 5: >2.00% 5,308 (20.0) 5,324 (20.0)

Age—yr†

    55–59 11,368 (42.7) 11,335 (42.7)

    60–64 8,143 (30.6) 8,145 (30.7)

    65–69 4,742 (17.8) 4,735 (17.8)

    70–74 2,348 (8.8) 2,333 (8.8)

Sex

    Male 15,701 (59.0) 15,664 (59.0)

    Female 10,903 (41.0) 10,890 (41.0)

Race or ethnic group‡

    Non-Hispanic white 23,920 (89.9) 23,902 (90.0)

    Non-Hispanic black 1,169 (4.4) 1,158 (4.4)

    Hispanic 478 (1.8) 456 (1.7)

    Other or unspecified 1,037 (3.9) 1,038 (3.9)

Number of first-degree relatives with lung cancer

    0 22,348 (84.0) 22,325 (84.1)

    1 3,958 (14.9) 3,929 (14.8)

    ≥2 298 (1.1) 300 (1.1)

Smoking status

    Former 13,815 (51.9) 13,758 (51.8)

    Current 12,789 (48.1) 12,796 (48.2)

Pack-yr of smoking§

    30–39.9 6,796 (25.5) 6,866 (25.9)

    40–49.9 7,154 (26.9) 6,945 (26.2)

    50–59.9 3,659 (13.8) 3,699 (13.9)

    ≥60 8,989 (33.8) 9,029 (34.0)

Years since smoking cessation

    <1 13,867 (52.1) 13,858 (52.2)

    1–4.9 3,747 (14.1) 3,703 (13.9)

    ≥5 8,990 (33.8) 8,993 (33.9)

Number of coexisting pulmonary conditions¶

    0 17,118 (64.3) 17,162 (64.6)
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Characteristic Low-Dose CT (N = 26,604) Radiography (N = 26,554)

no. (%)

    1 6,615 (24.9) 6,535 (24.6)

    ≥2 2,871 (10.8) 2,857 (10.8)

*
Participants who were enrolled in the National Lung Screening Trial (NLST) who did not meet the NLST inclusion criteria were not included in

the screening trial but were included in the study analyses in keeping with the intention-to-screen principle. There were no significant differences
between the two study groups. Percentages may not total 100 because of rounding.

†
At randomization, three participants in the CT group and six in the radiography group did not meet the criterion for the screening study of being

between the ages of 55 and 74 years.

‡
Race or ethnic group was self-reported.

§
At randomization, 6 participants in the CT group and 15 in the radiography group did not meet the criterion for the screening study of having a

smoking history of at least 30 pack-years.

¶
Coexisting pulmonary conditions included asbestosis, bronchiectasis, chronic bronchitis, chronic obstructive pulmonary disease, emphysema,

fibrosis, pneumonia, sarcoidosis, silicosis, and tuberculosis. The frequencies of each condition are provided in Table S1 in the Supplementary
Appendix.
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Table 2

Cause-Specific Hazard Models Used in the Risk-Prediction Model for Lung-Cancer Death in the Radiography

Group of the NLST.
*

Factor Coding Death from Lung Cancer Death from Another Cause

hazard ratio (95% CI)

Age Continuous 1.08 (1.06–1.10) 1.09 (1.08–1.10)

Female sex Binary NA† 0.50 (0.44–0.58)

Race Categorical NA†

    Non-Hispanic white 1.00 (reference)

    Non-Hispanic black 2.22 (1.78–2.76)

    Hispanic 1.34 (0.89–2.03)

    Other 1.21 (0.91–1.60)

Body-mass index‡

    Linear term Continuous 0.75 (0.66–0.86) 0.89 (0.82–0.97)

    Quadratic term Continuous 1.05 (0.99–1.11) 1.06 (1.04–1.09)

Pack-years of smoking Continuous 1.02 (1.01–1.02) 1.01 (1.01–1.01)

Years since smoking cessation Trend§ 0.62 (0.55–0.70) 0.76 (0.70–0.81)

Presence of emphysema Binary 1.56 (1.20–2.04) 1.52 (1.28–1.80)

First-degree relative with lung cancer Trend¶ 1.27 (1.00–1.62) NA‖

*
NA denotes not applicable.

†
This category was not a selected risk factor for lung-cancer death.

‡
The body-mass index is the weight in kilograms divided by the square of the height in meters. In the hazard models, the body-mass index was

centered at 25, and hazard ratios are for an increase of 5.

§
This category was scored as 0 for less than 1 year, 1 for 1 to 5 years, and 2 for more than 5 years.

¶
This category was scored as 0 for no relatives, 1 for one relative, and 2 for two or more relatives.

‖
This category was not a selected risk factor for death from another cause.
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Table 3

Outcomes of Three Rounds of Annual Low-Dose CT Screening, According to Risk Quintile.
*

Quintile of 5-Year
Risk of Lung-Cancer
Death

Participants Lung-Cancer Cases Lung-Cancer Deaths Positive Screening Results Number
of False

Positives
per

Prevented
Lung-

Cancer
Death†

Number
Needed

to
Screen†‡

Total No. Stage I† Total No. Prevented† Total No. False Positive†§

no. (%) no. (%) no. (%) no. (%)

All quintiles 26,604 (100) 1083 530 (48.9) 354 88 (24.9) 10,151 9484 (93.4) 108 302

Quintile 1: 0.15–0.55% 5,276 (19.8) 71 40 (56.3) 20 1 (5.0) 1,699 1648 (97.0) 1648 5276

Quintile 2: 0.56–0.84% 5,310 (20.0) 105 59 (56.2) 35 10 (28.6) 1,879 1806 (96.1) 181 531

Quintile 3: 0.85–1.23% 5,396 (20.3) 182 84 (46.2) 45 13 (28.9) 2,024 1911 (94.4) 147 415

Quintile 4: 1.24–2.00% 5,314 (20.0) 263 132 (50.2) 73 31 (42.5) 2,123 1973 (92.9) 64 171

Quintile 5: >2.00% 5,308 (20.0) 462 215 (46.5) 181 33 (18.2) 2,426 2146 (88.5) 65 161

*
The tabulated outcomes include all three rounds of low-dose CT screening and all events that occurred through January 15, 2009.

†
P<0.05 by means of a linear test of trend in continuous outcomes.

‡
The number needed to screen is the number of participants in the CT group divided by the number of lung-cancer deaths prevented by low-dose

CT screening.

§
The number of participants with positive screening results includes all those with any positive result during the trial. P<0.05 by means of the

Cochran–Armitage test of trend in proportions.
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