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Background:

The United States Preventive Services Task Force (USPSTF) recommends annual low-dose 

computed tomography (CT) lung-cancer screening for persons aged 55–80 years, who 

currently smoke or quit within the past 15 years, and who have accumulated at least 30 pack-

years of cigarette smoking (1). The number of U.S. persons meeting USPSTF-criteria for CT 

screening sharply decreased from 2010 to 2015 (2). However, the USPSTF criteria may miss 

smokers at high risk of lung-cancer who would have been selected for CT screening by 

individual risk calculators that more specifically account for demographic, clinical, and 

smoking characteristics (3).

Objective:

We compared USPSTF eligibility criteria to individualized risk-based eligibility and 

estimated the effect of eligibility on screen-preventable lung-cancer deaths since 2005.

Methods and Findings:

We used data from 5,460, 5,155, and 6,971 ever-smokers in the nationally-representative 

National Health Interview Survey (NHIS) (4) in the years 2005, 2010, and 2015, 

respectively, aged 50–80 years who had no self-reported lung-cancers (2). Individual 5-year 

risks of lung-cancer incidence and death were estimated using the previously validated Lung 

Cancer Risk Assessment Tool (LCRAT) and the Lung Cancer Death Risk Assessment Tool 

(LCDRAT) (3;5). We estimated the number of U.S. smokers, aged 50–80 years, screen-

eligible by USPSTF criteria or by exceeding 1.5%, 2%, and 2.5% in individual 5-year risks 

of lung-cancer incidence using LCRAT (3;5). Using the difference in LCDRAT-estimated 

individual risks of lung-cancer death in the absence and presence of screening (5), we 
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estimate the number of screen-preventable lung-cancer deaths within each eligibility criteria 

and in the U.S. population of ever-smokers, aged 50–80 years (3). Lastly, we estimate the 

number of U.S. smokers in USPSTF screen eligible and ineligible subgroups. Statistical 

analysis was conducted in the R version 3.4.1 survey package (6).

The number of screen-eligible ever-smokers, by any eligibility criteria, grew from 2005–

2010, but declined from 2010–2015. Particularly, the number of USPSTF-eligible was 8.7 

million (24.6% of aged 50–80 ever-smokers) in 2005, grew to 9.5 million (22.8%) in 2010, 

but then declined substantially to 8.0 million (18.4%) in 2015, a decline of 1.5 million ever-

smokers (Figure 1a). However, the declines in screen-eligibility over 2010–2015 were much 

more modest for risk-based criteria. For example, the number of U.S. smokers exceeding a 

2.0% 5-year lung-cancer risk-threshold from 2010–2015 declined by only 0.8 million (9.4 to 

8.6 million), half the decline based on USPSTF criteria (p=0.048). Similarly, the declines in 

screening-eligibility over 2010–2015 based on 1.5% and 2.5% 5-year lung cancer risk-

thresholds were only 0.7 and 0.8 million, respectively.

Likewise, the percentage of U.S. screen-preventable lung-cancer deaths within each 

eligibility criteria, declined from 2005–2015 (Figure 1b). From 2010–2015, the USPSTF 

criteria had a percentage decline of 6.4% (8,122 fewer deaths averted). However, the 

percentage declines were much more modest for risk-based criteria: 2.6%, 3.2%, and 3.7%, 

based on exceeding 1.5%, 2%, and 2.5% 5-year lung cancer risk-thresholds, respectively 

(approximately 6,000 fewer deaths averted for each, p<0.001 compared to USPSTF criteria, 

for all). Using a 2.5% 5-year lung cancer risk-threshold instead of USPSTF criteria in 2005 

would have prevented 2,617 more lung-cancer deaths (percentage increase of 3.5%) over 5 

years (p<0.001), but in 2015, the difference in prevented deaths grew to 5,115 (6.4%) 

(p<0.001).

From 2010–2015, the 1.5 million decline in the number of U.S. ever-smokers screen-eligible 

by USPSTF criteria is offset by a 1.3 million increase in the number of U.S. ever-smokers 

with 20–29 pack-years who otherwise meet USPSTF criteria (Figure 2). These smokers may 

have sufficiently high individual risk of lung-cancer (7) to be screen-eligible under risk-

based criteria.

Discussion:

Although the number of U.S. ever-smokers eligible for lung-cancer screening according to 

USPSTF criteria declined by 1.5 million from 2010–2015, the number of screen-eligible 

ever-smokers based on exceeding risk-threshold criteria declined by only half as much. 

Because of U.S. population changes in relation to smoking from 2010–2015, the USPSTF 

criteria leads to fewer ever-smokers eligible for CT screening and fewer lung cancer deaths 

averted by screening. Individual risk-based criteria would screen high-risk smokers currently 

screen-ineligible using USPSTF criteria, resulting in more modest declines in the numbers 

screened and deaths averted. To better capture high-risk smokers and prevent premature 

deaths from lung-cancer, eligibility for lung-cancer screening should be based on exceeding 

a cost-effective risk-threshold that balances CT-screening benefits and harms, using a lung-
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cancer risk tool validated in the U.S. population. The gap in screening effectiveness between 

risk-based and USPSTF screening criteria may continue to increase in the future.
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Figure 1: 
Estimated number of ever-smokers eligible for screening and percentage of all U.S. screen-

preventable lung-cancer deaths averted by USPSTF and risk-based screen-eligibility criteria 

from 2005 to 2015

1a) Number of U.S. ever smokers, aged 50–80, in the years 2005, 2010, and 2015 who 

would have been eligible for screening with low-dose computed tomography by the United 

States Preventive Services Task Force (USPSTF) criteria and by 5-year lung-cancer risk-

thresholds of 1.5%, 2%, and 2.5%.
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2b) Percentage of screen-preventable lung cancer deaths among U.S. ever-smokers, aged 

50–80, averted by United States Preventive Services Task Force (USPSTF) criteria or by 5-

year lung-cancer risk-thresholds of 1.5%, 2%, and 2.5% in the years 2005, 2010, and 2015.

For each NHIS survey year, we used 5 multiple imputation datasets to account for missing 

information on race, education, BMI, quit years, cigarettes smoked per day, years smoked, 

emphysema and family history of lung cancer (3). The following number of respondents 

were missing data for these items and are shown in parentheses: race (50/92/128), education 

(29/17/27), BMI (151/127/202), quit years (33/12/25), cigarettes smoked per day 

(252/366/512), years smoked (28/9/20), emphysema (5/9/13), and family history of lung 

cancer (146/102/846) for years 2005, 2010, and 2015, respectively.

Horizontal lines indicate 95% confidence intervals.
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Figure 2: 
Number of U.S. ever smokers in USPSTF screen eligible and ineligible subgroups from 

2005–2015

USPSTF = U.S. Preventive Services Task Force

Horizontal lines indicate 95% confidence intervals

Median and interquartile range (IQR) of 5-year individual lung-cancer incidence and death 

risks, in the absence of CT screening, for smoking subgroups in 2015 are as followed:

30+ pack-years: Current smokers, age 55–80: 3.6% (2.2–6.4%) incidence / 2.2% (1.3–4.1%) 

death

30+ pack-years: Former smokers, age 55–80: 2.0% (1.2–3.4%) incidence / 1.2% (0.7–2.3%) 

death

30+ pack-years: Current smokers or quit<=15 years, age 50–55: 1.0% (0.7–1.4%) 

incidence / 0.4% (0.3–0.7%) death

30+ pack-years: Former smokers, quit 15–20 years, age 55–80: 1.4% (1.0–2.6%) incidence / 

1.0% (0.6–1.9%) death

20–29 pack-years: Former smokers, quit <=15 years, age 55–80: 1.0% (0.4–1.5%) 

incidence / 0.5% (0.2–0.9%) death

20–29 pack-years: Current smokers, age 55–80: 1.8% (1.1–3.0%) incidence / 1.0% (0.6–

1.7%) death

Medians risks within subgroups in 2005 and 2010 are all within 0.2% of the 2015 estimates.
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