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Abstract

Background: Annual lung cancer screening (LCS) with low-dose chest computed tomography in older current and former
smokers (ie, eligible adults) has been recommended since 2013. Uptake has been slow and variable across the United States.
We estimated the LCS rate and growth at the national and state level between 2016 and 2018. Methods: The American
College of Radiology’s Lung Cancer Screening Registry was used to capture screening events. Population-based surveys, the
US Census, and cancer registry data were used to estimate the number of eligible adults and lung cancer mortality (ie, bur-
den). Lung cancer screening rates (SRs) in eligible adults and screening rate ratios with 95% confidence intervals (CI) were
used to measure changes by state and year. Results: Nationally, the SR was steady between 2016 (3.3%, 95% CI = 3.3% to 3.7%)
and 2017 (3.4%, 95% CI = 3.4% to 3.9%), increasing to 5.0% (95% CI=5.0% to 5.7%) in 2018 (2018 vs 2016 SR ratio =1.52, 95%
CI=1.51to 1.62). In 2018, several southern states with a high lung-cancer burden (eg, Mississippi, West Virginia, and
Arkansas) had relatively low SRs (<4%) among eligible adults, whereas several northeastern states with lower lung cancer
burden (eg, Massachusetts, Vermont, and New Hampshire) had the highest SRs (12.8%-15.2%). The exception was Kentucky,
which had the nation’s highest lung cancer mortality rate and one of the highest SRs (13.7%). Conclusions: Fewer than 1 in 20
eligible adults received LCS nationally, and uptake varied widely across states. LCS rates were not aligned with lung cancer
burden across states, except for Kentucky, which has supported comprehensive efforts to implement LCS.

Lung cancer is the leading cause of cancer death in the United
States, with an estimated 135720 deaths expected in 2020 (1).
About 81% of lung cancers are attributable to cigarette smoking
(2). Over one-half (57%) are diagnosed at a distant stage, and the
5-year survival rate for distant-staged lung cancer is only 6% (1).
In 2011, the National Lung Screening Trial reported a 20% rela-
tive reduction in lung cancer mortality among adults who
smoked heavily and were randomly assigned to annual low-
dose computed tomography (LDCT) screening for 3years com-
pared with those randomly assigned to annual chest x-rays (3).
In 2013, the United States Preventive Services Task Force
(USPSTF) and the American Cancer Society recommended an-
nual lung cancer screening (LCS) using LDCT for high-risk adults
(USPSTF: 55-80years and ACS: 55-74 years) who smoked heavily
(4). The USPSTF decision meant that under the terms of the
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Affordable Care Act, private payers were required to cover LCS
without a copay in early 2014 (5). The Centers for Medicare and
Medicaid Services (CMS) began covering LCS for eligible
Medicare enrollees aged 55-77 years in February 2015 (6).

LCS has the potential to avert death (7). Despite this, previ-
ously reported uptake has been low, with less than 4% of eligible
adults reporting past-year LCS with LDCT in 2015 (8). This low
uptake is attributed to multiple barriers, including lack of health
system support, uncertainty of harms vs benefit, physicians’ re-
luctance, awareness and education on shared-decision making,
as well as psychosocial and access barriers among screening
candidates (9). Data from a limited number (n = 10) of states col-
lecting LCS data in the 2017 Behavioral Risk Factor Surveillance
System (BRFSS) survey showed 13%-14% of USPSTF eligible
adults reported screening with LDCT in the past year (10,11).
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With implementation efforts underway, nationwide screening
rates (SRs), uptake over time, and state-by-state variations are
unknown. This study was undertaken to estimate LCS rates
among eligible adults nationally and in all 50 states plus
Washington, DC from 2016 to 2018, and also to examine state-
level screening estimates relative to lung cancer burden, socio-
demographic status, and access to LCS.

Methods

Formulas and Data Sources

Nationwide and state-specific annual lung cancer SRs were esti-
mated with formulas and several data sources (Supplementary
Table 1, available online). Formula 1 shown in Supplementary
Figure 1 (available online) was used to compute the state-
specific SRs’ denominator, which included the number of adults
aged 55-80years meeting the 2013 USPSTF LCS criteria (cur-
rently or formerly smoked cigarettes and quit within the past
15 years, with >30 pack-year smoking history). Formula 2 shown
in Supplementary Figure 1 (available online) was used to com-
pute SRs.

Data from the 2015 National Health Interview Surveys
(NHIS), 2016-2018 BRFSS, and US Census Bureau were used to
estimate the SR denominator. The NHIS is an in-person national
survey, and BRFSS is a state-based telephone survey; both are
conducted by the Centers for Disease Control and Prevention
(12,13). These surveys collect general smoking status annually,
but detailed smoking history with pack-years was collected in
the 2015 NHIS and among 14 states participating in optional
2017-2018 BRFSS modules. The 2016-2018 BRFSS data were used
to compute overall state-specific former and current smoking
prevalence and the 2015 NHIS data to estimate probability that
a current or former smoker met USPSTF eligibility. Data from 14
states participating in BRFSS modules were used verify this
method. State-, sex-, and age-specific population counts were
obtained from 2015 to 2018 US Census Bureau data.

The numbers (ie, SR numerator) of LDCTs performed among
USPSTF-eligible adults between 2016 and 2018 in all 50 states
and Washington, DC (hereafter referred to as a state) were
obtained from public American College of Radiology’s Lung
Cancer Screening (LCSR) reports (14). In 2015, Medicare required
that data for all LCS scans, regardless of payor, must be submit-
ted to a CMS-approved registry for facilities to receive reim-
bursement. The American College of Radiology’s LCSR is the
only CMS-approved registry, and it collects data from all states,
though some facilities, including those in Veterans
Administration (VA) or Department of Defense (DOD) systems,
have no reporting requirement to use the registry. In sensitivity
analyses, SRs removing the estimated number of VA patients el-
igible for LCS, based on a recently published study (15), were
computed nationally. No state-specific estimates of VA eligible
adults are available.

Statistical Analyses

Lung cancer SR ratios (SRR) were computed to assess within-
state changes between 2018 and 2016 and between-state differ-
ences in 2018 using the national mean and the state with the
highest SR as referent groups (described in Supplementary
Figure 1, available online). The 95% confidence intervals (CI) for
SRs and SRRs were calculated with bias-corrected bootstrap
sampling with 1000 replicates accounting for variances in the
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probability that an adult was eligible for screening and preva-
lence rates of current and former smokers.

The correlation between state-level SRs in 2018 and meas-
ures of lung cancer burden, capacity, access, and sociodemo-
graphic factors was computed. Access and sociodemographic
factors were considered a priori because they are associated
with other cancer screening tests (8,16). States were then
grouped as having low, medium, and high levels of factors sta-
tistically significantly correlated with SRs and stratified SRRs vs
the national average were computed in post hoc analyses.
Burden was measured with lung cancer mortality rates among
adults aged 55-79years from the National Center for Health
Statistics (17). Capacity was measured with facility density,
computed by dividing the number of LCSR facilities per eligible
population. Access and sociodemographic factors were mea-
sured by the proportion of BRFSS respondents who smoked and
were uninsured; formerly smoked; were female, Hispanic,
Black; and had a high school education or less. The association
between SRs with state-level Medicaid expansion status was ex-
amined with 2 sample t tests. Statistical analyses were con-
ducted in SAS version 9.4. All tests were 2-sided, and a P of less
than .05 was considered statistically significant.

Results

Nationwide Patterns of Eligibility and Screening

Among individuals aged 55-80years, 10.3% of all adults and
39.9% and 14.3% of adults who currently and formerly smoked,
respectively, were USPSTF eligible for LCS during the study pe-
riod. There were an estimated 8.11, 8.15, and 8.07 million eligible
adults in 2016, 2017, and 2018, respectively. According to LCSR
data, 268109 scans were conducted in eligible adults in 2016,
278 632 in 2017, and 406 498 in 2018. The SRs during the corre-
sponding period remained steady between 2016 (SR =3.3%, 95%
CI = 3.3% to 3.7%) and 2017 (SR=3.4%, 95% CI = 3.4% to 3.9%),
rising to 5.0% (95% CI = 5.0% to 5.7%) in 2018 (2018 vs 2016:
SRR=1.52, 95% CI = 1.51 to 1.62) (Figure 1). When VA-eligible
patients were removed from denominators, SRs were 3.9%,
4.0%, and 5.9% in 2016, 2017, and 2018, respectively
(Supplementary Table 2, available online).

Lung Cancer Screening Eligibility and Rates According to
State

A total of 12.2%, 12.8%, and 12.3% of adults aged 55-80years in
Kentucky, Tennessee, and West Virginia, respectively, were eli-
gible for LCS vs 6.0% in Utah (Figure 2). Between 2016 and 2018,
lung cancer SRs statistically significantly increased in 48 of 51
states (Table 1). In 2018, 4% and less of eligible adults in several
Southern and Western states (eg, Arkansas, West Virginia,
Florida, California, and Nevada) were screened compared with
10%-15% in Kentucky and several Northeastern states (eg,
Massachusetts, New Hampshire) (Figure 3,Supplementary Table
3, available online). Compared with Massachusetts, the state
with the highest SR (15.2%), SRRs were statistically significantly
lower in 27 states (Supplementary Figure 2, available online).
Relative to the national average, SRRs were statistically signifi-
cantly lower in 8 states, mostly in the West or South, and 50%
higher in 13 states, mostly in the Northeast or Midwest, with
Kentucky as the outlier (Table 1).
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Figure 1. Proportion of eligible adults aged 55-80 years screened for lung cancer with low-dose computed tomography (LDCT) in the United States, 2016-2018. Lung can-
cer screening with LDCT in the past year among adults meeting the US preventive services task force (USPSTF) recommendations. USPSTF eligible adults were current
or former cigarette smokers who quit within the past 15 years with a 30 or more pack-year smoking history and aged 55-80 years.
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Figure 2. Estimated proportion of adults aged 55-80years eligible for lung cancer screening with low-dose computed tomography (LDCT) according to US preventive
services task force (USPSTF) criteria by state, 2018. USPSTF eligible included adults who are current or former cigarette smokers who quit within the past 15years with
a 30 or more pack-year smoking history and aged 55-80 years.

Correlation and Associations of Lung Cancer Screening
With State-Level Burden, Capacity, Access, and
Sociodemographic Factors

Southern states with a high lung-cancer burden (eg, Mississippi,
West Virginia, and Arkansas, which had >50 lung cancer deaths
per 100000) had relatively low SRs (<4%), whereas several
State-level SRs were not correlated with lung cancer burden (ie, Northeastern states with lower lung cancer burden (eg,
mortality rates r=0.25, P=.08) (Table 2). In 2018, several Massachusetts, Vermont, and New Hampshire, which had <44



Table 1. Lung cancer SRRs across survey years and states, 2016-2018%
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State 2018 vs 2016° SRR (95% CI) 2018 vs national average® SRR (95% CI)
Alabama 1.39 (1.37 to 1.60) 1.00 (0.98 to 1.15)
Alaska 1.75 (1.72 t0 2.23) 1.10 (1.07 to 1.38)
Arizona 1.63 (1.60 to 1.90) 0.39 (0.36 to 0.81)
Arkansas 2.47 (2.44 to0 2.93) 0.59 (0.53 to 1.15)
California 1.16 (1.15 to 1.36) 0.21 (0.17 t0 0.78)
Colorado 1.18 (1.17 to 1.33) 0.56 (0.55 to 0.74)
Connecticut 1.55 (1.54 to 1.74) 1.48 (1.47 to 1.57)
Delaware 1.82 (1.79 to 2.14) 1.24 (1.22 to1.44)
District of Columbia 1.76 (1.73 t0 2.14) 0.56 (0.53 to 1.03)
Florida 1.38(1.36 to 1.58) 0.57 (0.55 to 0.76)
Georgia 1.72 (1.70 to 2.00) 1.14 (1.13 to 1.33)
Hawaii 1.20 (1.18 to 1.39) 0.63 (0.62 to 0.85)
Idaho 1.15 (1.13 to 1.41) 1.35 (1.33 to 1.48)
Nlinois 1.58 (1.56 to 1.87) 1.05 (1.03 to 1.24)
Indiana 1.86 (1.84 to 2.11) 1.17 (1.16 to 1.31)
lowa 1.56 (1.54 to 1.79) 1.70 (1.69 to 1.79)
Kansas 1.35(1.34 to 1.51) 1.15 (1.14 to 1.24)
Kentucky 1.48 (1.46 to 1.72) 2.73(2.72 10 2.78)
Louisiana 1.68 (1.66 to 2.05) 0.52 (0.48 t0 0.97)
Maine 1.47 (1.46 to 1.68) 1.60 (1.59 to 1.69)
Maryland 1.27 (1.25 to1.41) 1.49 (1.48 to 1.56)
Massachusetts 1.43 (1.41to 1.67) 3.01 (3.01 to 3.06)
Michigan 1.81 (1.78 to 2.04) 1.65 (1.64 to 1.74)
Minnesota 1.61 (1.59 to 1.78) 1.52 (1.51 to 1.60)
Mississippi 1.45 (144 t0 1.72) 0.76 (0.74 to 1.01)
Missouri 1.70 (1.67 to 1.97) 1.26 (1.24 to 1.41)
Montana 2.07 (2.04 to 2.45) 1.17 (1.15 to 1.39)
Nebraska 1.10 (1.09 to 1.24) 0.74 (0.73 to 0.88)
Nevada 0.92 (0.90 to 1.14) 0.14 (0.05 to 1.25)
New Hampshire 1.33(1.31to0 1.58) 2.54 (2.53 to 2.64)
New Jersey 1.38(1.35 to 1.75) 0.69 (0.66 to 1.13)
New Mexico 1.59 (1.56 to 1.93) 0.37 (0.32 to 1.25)
New York 1.30 (1.29 to 1.47) 0.84 (0.81 to 1.15)
North Carolina 1.63 (1.62 to 1.94) 1.45 (1.43 to 1.67)
North Dakota 0.90 (0.89 to 1.06) 1.49 (1.48 to 1.61)
Ohio 1.67 (1.65 t01.90) 1.24 (1.23 to 1.37) o
Oklahoma 1.51 (1.48 to 1.77) 0.33 (0.28 t0 0.82) 3]
Oregon 1.54 (1.52 to 1.82) 1.28 (1.26 to 1.42) =l
Pennsylvania 1.56 (1.54 to 1.83) 1.48 (1.46 to 1.61) %
Rhode Island 0.87 (0.86 to 1.02) 1.20 (1.19 to 1.35)
South Carolina 1.83 (1.81 to 2.08) 1.01 (0.99 to 1.34)
South Dakota 1.34 (1.32to0 1.63) 1.88 (1.87 to 2.04)
Tennessee 1.40 (1.39 to 1.67) 0.84 (0.82 to 1.04)
Texas 1.63 (1.59 to 2.03) 0.39 (0.34 to 1.02)
Utah 7.59 (7.44 to 9.46) 0.62 (0.47 to 2.43)
Vermont 1.41 (1.39 to 1.62) 2.89 (2.89 to 2.94)
Virginia 1.65 (1.63 to 1.90) 1.20 (1.19 to 1.35)
Washington 1.90 (1.88 to 2.13) 0.92 (0.90 to 1.09)
West Virginia 1.53 (1.50 to 1.76) 0.60 (0.56 to 1.08)
Wisconsin 1.77 (1.75 to 2.11) 1.85 (1.84 to 1.97)
Wyoming 1.44 (1.40 to 1.70) 0.24 (0.17 to 1.07)
TOTAL 1.52 (1.51to 1.62) 1.00 (Reference)

“Lung cancer screening with low-dose computed tomography in the past year. CI = confidence interval; LCS = lung cancer screening; SRR = screening rate ratio.
PSRRs compare state-specific screening rates in 2018 vs 2016.
°SRRs compare 2018 state-specific screening rates vs 2018 the national average.

lung cancer deaths per 100000 ) had the highest SRs (12.8%- Figure 3, available online) and negatively correlated with access
15.2%) (Figure 4). The exception was Kentucky, which had the (uninsured adults who smoked r = —0.34, P=.01) (Table 2).
nation’s highest lung cancer mortality rate and one of the high- States with the lowest tertile of capacity (SRR=0.60, 95% CI =
est SRs (13.7%). 0.59 to 0.62) had an SRR statistically significantly lower than the

State-level SRs were positively correlated with screening ca- national average as did states with a greater proportion of

pacity (facility density r=0.44, P=.01) (Table 2; Supplementary adults who smoked and were uninsured (Table 3;



%
=
a
=
tm

1048 | JNCIJ Natl Cancer Inst, 2021, Vol. 113, No. 8

0 West

[] South

] Midwest M
. Northeast

US Average

9 US Average: 5.0%

Lung Cancer Screening Rate (2018)
N w > (5] ©

HHHHHH

NV CA WY OK NM AZ TX LA DC CO FL AR WV UT HI NJ NE MS TN NY WA AL US SC IL AK GA KS IN MT VA RI OH DE MO OR ID NC PA CT MD ND MN ME MI IA WI SD NH KY VT MA

o

Figure 3. Proportion eligible adults aged 55-80 years screened for lung cancer in the past year with low-dose computed tomography (LDCT) by state, 2018. US preventive
services task force eligible adults were current or former cigarette smokers who quit within the past 15 years with a 30 or more pack-year smoking history and aged 55-
80years.

Table 2. Correlation and associations between states’ lung cancer screening rates and lung cancer burden, screening capacity, access, sociode-
mographic factors among adults who smoke, and Medicaid expansion status®

Measures of lung cancer burden, screening capacity, access, and

sociodemographic factors Pearson correlation coefficient P
Lung cancer burden (lung cancer mortality/100 000 adults 55-79y)° 0.25 .08
Screening capacity (facility density per 1000 smokers)© 0.44 .01
Access (% among adult smokers without insurance) -0.34 .01
Sociodemographic factors (% among adult smokers)?
Formerly smoked 0.24 .09
Hispanic —0.47 .01
Black -0.21 15
Female 0.29 .04
High school or less 0.13 .36
Mean age of smokers 0.02 .88
Medicaid expansion status, mean LDCT rate (SD)
Expanded Medicaid® 6.0 (3.8) 35f
Did not expand Medicaid 5.1(2.4) —

2The unit of analysis is state. Lung cancer screening rates were computed by state and among the population estimated to be eligible for US Preventive Services recom-
mended screening. This included current or former cigarette smokers who quit within the past 15years with 30 and more pack-year smoking history and aged 55-
80years. BRFSS = Behavioral Risk Factor Surveillance System; LDCT = low-dose computed tomography.

PComputed per 100000 among adults aged 55-79 years using 2013-2017 National Center for Health Statistics mortality data. Mortality data were not available for single-
age year groupings.

‘Computed by dividing the number of lung cancer screening registry facilities by the number of eligible adults in each state. Displayed per 1000 eligible.

dproportion of adults who smoked and had the sociodemographic factor; computed with 2018 BRFSS data.

€As of January 1, 2018, includes: Alaska, Arizona, Arkansas, California, Colorado, Connecticut, Delaware, District of Columbia, Hawaii, Illinois, Indiana, Iowa, Kentucky,
Louisiana, Maryland, Massachusetts, Michigan, Minnesota, Montana, Nevada, New Hampshire, New Jersey, New Mexico, New York, North Dakota, Ohio, Oregon,
Pennsylvania, Rhode Island, Vermont, Washington, and West Virginia.

P value was computed with a 2-sample t tests.

Supplementary Table 4, available online). When states were Discussion

grouped according to Medicaid expansion status, SRs were simi- ) ) )

lar in expansion (6.0%) and nonexpansion (5.1%, P=.35) states In this population-based study, although natlon.al lung cancer
(Table 2). According to sociodemographic factors, SRs were posi- SRs rose b‘etween years 2016 a.md 2018, tbe rate Stﬂ_l was still low
tively correlated with the proportion of smokers who were fe- in 2018, with only 5%-6% eligible adults in the United States re-
male (r=0.29, P=.04) and negatively correlated with smokers ceiving lung cancer LDCT screemng.-We recogng this may be
who were Hispanic (r = —0.46, P=.01) (Table 2). States with the an underestlmat.e, because some patients .unde.rgomg %ung can-
highest tertile of adults who smoked and were Hispanics had a cer LDCT screening are not covered in this estimate, including

statistically significantly lower SRR than the national average Patlgnts atDOD fac111t1e.s.hL1}1lr.1gh cancer SBS varied lgeogr z;lphlcally
(SRR —0.68, 95% CI — 0.68 t0 0.70) (Table 3). in 2 important ways, with higher rates in several Northeastern
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Figure 4. Lung cancer mortality (2013-2017) vs proportion of eligible adults aged 55-80 years screened for lung cancer in the past year with low-dose computed tomogra-
phy (LDCT) by state, 2018. US preventive services task force eligible adults were current or former cigarette smokers who quit within the past 15years with a 30 and
more pack-year smoking history and aged 55-80 years. Lung cancer mortality was derived from National Program of Cancer Registries data.

Table 3. Lung cancer SRRs vs national average according to states’
screening capacity, access, and the proportion of smokers who were
Hispanic and female

State screening capacity, access, and characteristics

of eligible adults SRR (95% CI)

Screening capacity (facility density/1000 smokers)®
Low (<33.2)
Medium (33.2-50.2)
High (>50.2)

Screening access (% uninsured smokers)©

0.60 (0.59 to 0.62)
1.21 (1.20 to 1.22)
1.46 (1.45 to 1.47)

Low (<4.2) 1.59 (1.59 to 1.60)
Medium (4.2-5.5) 0.84 (0.84 to 0.85)
High (>5.5) 0.81 (0.81 t0 0.83)

Characteristics of eligible adults
Hispanic®, %

Low (<1.4) 1.39 (1.39 to 1.40)

Medium (1.4-3.7) 1.20 (1.20 to 1.21)

High (>3.7) 0.68 (0.68 to 0.70)
Female®, %

Low (<45.9) 0.77 (0.76 t0 0.79)

Medium (45.9-47.2)
High (>47.2)

0.95 (0.94 to 0.96)
1.29 (1.28 to 1.30)

#Compared with the national average. CI = confidence interval; SRR = screening
rate ratio.

bGomputed by dividing the number of lung cancer screening registry facilities by
the number of eligible adults in each state.

States’ proportions of adults who smoked and were uninsured, Hispanic, and
female were computed with 2018 BRFSS data.

states that have lower lung cancer burden and lower rates in
several Southern states that have high lung cancer burden. The
one exception to this pattern was Kentucky, which simulta-
neously holds the nation’s highest lung cancer death rates and
one of the highest lung cancer SRs.

The increasing but low utilization of LCS reflects both ongo-
ing efforts to screen eligible adults and the many challenges to
do so. Medicare and most commercial insurers began covering
LCS in 2015, likely contributing to increased utilization because
reimbursement and cost are frequently cited barriers among
providers and patients (18-21). We did not observe measurable
increases until 2018, possibly due to the lag between insurance
coverage and scaling up LCS in health systems. Recent studies
report large relative increases in the use of LCS LDCT billing
codes beginning in 2016 among commercially insured and
Medicare beneficiaries, but absolute levels remain generally low
(22-24). Moreover, a substantial proportion of eligible adults
aged 55-64 years is uninsured or insured with Medicaid (13). We
observed lower SRs among states with a greater proportion of
adults who were uninsured and smoked, though there was no
statistically significant difference in states that expanded
Medicaid compared with nonexpansion states. Even with
Medicaid coverage, reimbursement can be low, disincentivizing
providers from offering screening to this vulnerable yet com-
monly eligible community (25). Without addressing critical gaps
in health insurance and adequate reimbursement for LCS, its
use will likely remain stunted.

Several health systems have launched pilot or demonstra-
tion LCS programs, which may also contribute to increasing
rates (26-31). However, these programs have not yet scaled up,
and most eligible adults will rely on nonorganized or opportu-
nistic screening through primary care and community settings
with multiple barriers (18,32-34). First, clinics may not collect
sufficiently detailed smoking histories to identify eligible adults.
Second, individuals who currently smoke are known to have
less contact with primary care providers (PCPs) (35). Third, PCPs
may not recommend screening because of competing priorities,
preauthorization requirements, challenges in implementing
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shared decision making, and LCS may be viewed as less benefi-
cial than other cancer screenings (18,19,33).

Even with a physician recommendation, LCS may be particu-
larly hard to increase because of individual-level barriers, such
as competing health and financial demands as well as unique
values and beliefs among adults who smoke (9,21,35,36). Within
the VA demonstration project with patient coordinators, only
58% of eligible patients who were offered screening accepted it,
and in one large integrated system, about one-quarter of
patients did not attend scheduled screening appointments
(26,29). Patients in a community setting indicated that a decid-
ing factor to accept screening is believing it will improve out-
comes (21), and individuals who currently smoke expressed
lack of confidence in the effectiveness of LCS and willingness to
receive surgery for screen-detected cancer (20). Beliefs about
screening may also vary by sociodemographic factors (21).
Women may be more likely to benefit from screening and ad-
here to LCS guidelines (37). This is in line with studies of other
health behaviors and our finding of higher SRs in states with a
higher proportion of adults who smoke and are female (38).
Other barriers, including knowledge avoidance, stigma, false
positive worry (39), and logistical barriers such as lack of sick
leave, may be prominent among blue-collar workers who have
higher smoking rates (40). Resonating messages and educa-
tional tools along with adapting the screening process to meet
patients’ needs, schedules, and values are needed to improve
rates.

Kentucky is a striking outlier, having both the nation’s high-
est lung cancer mortality and SRs over twice the national aver-
age and 4 times that of other high-lung cancer burden states
such as West Virginia and Arkansas. Notably, Kentucky ex-
panded Medicaid and does not require preauthorization, a
noted barrier among physicians (19). Moreover, Kentucky had
support from its state government, the governor made a com-
mitment to reduce lung cancer mortality (41), and there were
state-wide, proactive, community-engaged efforts to support
the availability and uptake of quality LCS (42,43). In 2013, the
Kentucky Cancer Consortium engaged clinicians and communi-
ties to address the benefits and challenges of LCS. The Kentucky
Lung Cancer Education Awareness Detection Survivorship
Collaborative was formed in 2014 with 2 LCS implementation
projects. The first educated and motivated hundreds of PCPs on
lung cancer prevention, early detection, treatment, and survi-
vorship. The second project gave feedback to LCS programs on
how to optimally deliver screening and engage providers.
Kentucky’s community-engaged efforts provide a framework
for other states with a considerable lung cancer burden.

Several Southern states with a high lung cancer burden had
LCS rates that were less than one-half of Northeastern and up-
per Midwest states with relatively low lung cancer burden.
Numerous studies have documented historically higher lung
cancer mortality rates in Southern, Appalachian, and some
Midwestern states, which have weaker tobacco control policies,
a greater proportion of lower-socioeconomic status individuals,
racial or ethnic minorities, and lower smoking cessation rates
(44). These geographic patterns are consistent with what is ob-
served for other cancer screening tests and studies of regional
lung cancer SRs, highlighting a broader need to improve access
to care (23,24,45,46).

Previous studies also show a misalignment between lung
cancer burden and access to screening facilities, with clusters of
states with high burden, low number of overall facilities, and
the slowest growth in LCSR registration (47). We observed that
states with higher facility density generally have higher SRs

(48), though we were unable to examine access in smaller geo-
graphic units, such as the county or census tracts. Measuring
overall access of LCS facilities at the state level may overesti-
mate access, because many facilities may be located in urban
areas that rural-dwelling eligible adults may have trouble
accessing (49).

The USPSTF recently issued draft LCS guidelines expanding
the pool of eligible candidates to those aged 50-80years who
currently or formerly smoked and quit 15or fewer years and
smoked with a 20 pack-year history (50). These guidelines may
lead to additional life years gained, but only if people are
screened. As data become available, studies on the uptake of
screening among previously and newly eligible screening candi-
dates will be needed to inform lung cancer control efforts.

Our national LCS estimates are in line with previously pub-
lished 2015 NHIS estimates (<4%) (8) but lower than a study of
10 states that collected LDCT data in the 2017 BRFSS, where
12.5%-14.4% of eligible adults reported receiving screening CT in
the past-year (10,11). Differences in the current study and previ-
ously published survey data are expected because we used
screening LDCTs recorded in a registry, not self-reports, which
is subject to recall bias and individuals may have received LDCT
for nonscreening reasons.

The current study has several limitations. First, although the
LDCTs were recorded in the registry, the number of eligible
adults was based on self-reported smoking status, which has
fair agreement with urine cotinine levels (51). The LCR used
self-reported smoking data to identify USPSTF eligibility.
Although it is possible that patients may overstate their smok-
ing history to qualify for screening, the extent to which this
might occur is unknown and the accuracy of smoking status in
an LCS trial was consistent with cotinine levels (51). Second, we
assumed a uniform probability that a person was eligible for
LCS given that they smoked cigarettes, recognizing that smok-
ing duration and intensity may vary by state and our NHIS esti-
mate could be limited by small sample sizes. When our method
was compared with BRFSS data from 14 states, similar propor-
tions of adults were eligible for LCS (Supplementary Table 5,
available online). Further, the national number eligible in our
study approximates those of previous studies (52). Third, the
number of eligible adults did not correct for individuals with
limited life expectancy. Based on VA demonstration data, at
least 6% of adults were not considered medically eligible for a
baseline scan due to comorbidities (29). However, people with
limited life expectancy may receive LCS given that screening for
other cancers (eg, prostate, breast) frequently occurs in those
with limited life expectancy even though its similarly is not rec-
ommended (53). Lastly, some facilities, including those in the
VA or DOD, have no reporting requirement to use the LCSR.
Removing the estimated number of VA patients eligible for LCS
from our denominator modestly affected national SRs
(Supplementary Table 2, available online). Despite these limita-
tions, our study has many strengths. It provides the first, to our
knowledge, population-based, state-level screening data for all
50 states as well as a framework to do so because current state-
based survey tools (ie, BRFSS) do not ask questions on LDCT in
all states. These data are needed to inform state-level policy
and lung cancer implementation efforts.

In conclusion, lung cancer SRs are increasing, albeit slowly,
with wide variation by state. In 2018, approximately 5%-6% eli-
gible individuals received LCS nationally. An even lower propor-
tion of eligible adults were screened in states with a high lung
cancer burden, except for Kentucky, proving what is feasible
with commitment and extensive community-engaged efforts.



Deliberate effort from various stakeholders such as policy mak-
ers, cancer control, health systems, and providers is needed to
boost lung cancer SRs among eligible adults with a heavy smok-
ing history, a group facing multiple barriers to LCS and cancer
care.
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