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Abstract

Background: Many Veterans are high risk for lung cancer. Low-dose computed tomography (LDCT) is an effective strategy for
lung cancer early detection in a high-risk population. Our objective was to describe and compare annual and
geographic utilization trends for LDCT screening in the Veteran’s Health Administration (VHA). Methods: A national
retrospective cohort of screened Veterans from January 1, 2011 to May 31, 2018 was used to calculate annual and regional
rates of initial LDCT utilization per 1000 eligible Veterans. We identified Veterans with a first LDCT exam using common
procedure terminology codes G0297 or 71250 and described as “lung cancer screening,” “screening,” or “LCS.” The number of
screen-eligible Veterans per year was calculated as unique Veterans aged 55 to 80 years seen at a Veterans Affairs medical
center (VAMC) in that year, multiplied by 32% (estimated proportion with eligible smoking history). We present 95% confi-
dence intervals (CI) for rates. Results: Screened Veterans had a mean age of 66.1 years (standard deviation [SD] ¼ 5.6); 95.5%
male; 77.4% Caucasian. There were 119 300 LDCT exams, of which 80 819 (67.7%) were initial. Nationally, initial screens
increased from 0 (95% CI ¼ 0.00 to 0.00) in 2011 to 29.6 (95% CI ¼ 29.26 to 29.88) scans per 1000 eligible Veterans in 2018 (Ptrend <

.001). Initial screens increased over time within all geographic regions, most prominently in northeastern and Florida VAMCs.
Conclusion: VHA LDCT utilization increased from 2011 to 2018. However, overall utilization remained low. Future
interventions are needed to increase lung cancer screening utilization among eligible Veterans.

Lung cancer is the leading cause of cancer deaths in the United
States (1). The majority (74%) of cases are diagnosed at ad-
vanced stages when few curative treatments are available (1).
Early detection with low-dose computed tomography (LDCT) is
an effective strategy that detects lung cancer at earlier stages,
increasing the chance for cure.

In 2011, the National Lung Screening Trial (NLST) demon-
strated a 20% relative reduction in lung cancer-specific mortality

in high-risk individuals (age 55-74, current or former smokers
who have quit for less than 15 years, and with at least a 30 pack-
year history of smoking) screened with annual LDCT compared
to chest radiography (2). Despite the NLST results, national esti-
mates suggest that LDCT screening rates are 2%-4% of the eligible
population in the United States (3, 4). Veterans more frequently
use tobacco than civilian counterparts (5, 6). The Veterans Health
Administration (VHA) follows the US Preventive Services Task
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Force (USPSTF) guidelines, which recommend lung cancer
screening for individuals aged 55 to 80 years who are current or
former cigarette smokers who quit within the past 15 years and
who have at least a 30 pack-year history of smoking (7). The VHA
implemented lung cancer screening from 2013 to 2015 at
8 Veterans Affairs medical centers (VAMCs) as part of the Lung
Cancer Screening Demonstration Project (8). During this time pe-
riod, participating VAMCs screened approximately 2100 Veterans
and estimated that approximately 900 000 Veterans are eligible
for screening (9).

Our goal was to examine national and regional trends in an-
nual rates of LDCT utilization for initial lung cancer screening in
eligible Veterans during the years following the NLST and the
demonstration project.

Methods

Data Source

The Observational Medical Outcomes Partnership (OMOP) data-
set contains information from Veterans’ electronic health
records (EHR) and claims data in the national VHA. VA
Informatics and Computing Infrastructure (VINCI) hosts a data
warehouse of demographic, diagnostic, and procedure informa-
tion used to identify unique patients and their inpatient and
outpatient encounters.

Study Population

To identify all Veterans age 55 to 80 years who underwent LDCT
for lung cancer screening between January 1, 2011 and May 31,
2018 in the VHA, we first identified lung cancer screening exams
by selecting records that had current procedural terminology
(CPT) codes G0297 or 71250 and that contained a description
phrase of “screening,” “lung cancer screening,” or “LCS”
(Supplementary Table 1, available online). Chart review of a ran-
dom sample determined the positive predictive value (PPV) of
the screening LDCT algorithm to be 92% (95% confidence inter-
vals [CI] ¼ 0.81 to 0.97). We excluded exams missing patient
identification numbers or date of birth, performed on Veterans
under 55 years old or over 80 years old, or associated with a di-
agnosis code for lung cancer prior to screening. Because we
were interested in unique LDCT screening exams, we excluded
subsequent exams.

To estimate the number of Veterans potentially eligible for
lung cancer screening based on the USPSTF recommendations
in a given year from 2011 to 2018, we obtained the total number
of unique Veterans seen annually between the ages of 55 and 80
at each VAMC and nationally.

At each level (VAMC and national), we estimated the number
of Veterans meeting the USPSTF smoking history criteria as 32%
of these totals based on previous estimates (9). Year of LDCT
and VAMC were the exposure variables.

Characteristics of Screened Patients and Screening
Facilities

Captured patient and facility characteristics included age at ini-
tial screening, sex, race or ethnicity, year of examination,
Veterans Integrated Service Network (VISN), US Census region,
and VAMC complexity score. VAMC complexity score consists

of five levels: 1a, 1b, 1c, 2, and 3, where 1a is the most complex
and 3 is the least complex. This ranking system takes into con-
sideration the volume, patient cases, number and type of clini-
cal services, presence and size of residency programs, and
research (10). We determined the presence of documented to-
bacco history and two comorbidities, chronic obstructive pul-
monary disease (COPD) and coronary artery disease (CAD),
given the prevalence of these diseases in heavy smokers up to
730 days before the LDCT examination date using International

Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-

CM), CPT, Systematized Nomenclature of Medicine, and Logical

Observation Identifiers Names and Codes coding systems
(Supplementary Table 3, available online). We also determined
the ordering provider’s type and specialty.

Statistical Analysis

Patient, ordering provider, and screening facility characteristics
were described using means, standard deviations, and frequen-
cies. We estimated annual rates of initial LDCT per 1000 eligible
Veterans at the VAMC and national levels as the total number of
initial LDCT exams divided by the estimated number of eligible
Veterans in each year at each level. For 2018, because we had
screening data for January through May, we calculated projected
annual rates based on the January to May data. Although our
rates represent the entire population of interest, they still con-
tain some uncertainty due to our screening-classification and
eligibility-determination procedures. To acknowledge this uncer-
tainty, we present rates with 95% CI (Wilson method) (11, 12).

To examine changes in annual utilization rates at the na-
tional level, we used a chi-squared test for trend in proportions
with a pre-specified cutoff for statistical significance of .05. To
examine geographic variability, we mapped average annual
VAMC-level utilization rates during two periods, 2011-2014 and
2015-2018. To obtain average annual rates during these periods,
we first calculated the relevant annual rates, and then took the
weighted average of those rates, giving the 2018 values a weight
of 5/12 and the values from all other years a weight of 1. All sta-
tistical analysis and mapping was performed using R version
3.6.1 and Stata version 15.1, with zip code data from www.geo-
names.org.

VA Tennessee Valley Healthcare System’s Institutional
Review Board approved the study prior to data collection.

Sensitivity Analyses

We tested the robustness of our definition of a lung cancer
screening exam by expanding the definition to include exams
with CPT codes G0297 or 71250 and that contained a description
phrase of “screening,” “lung cancer screening,” “LCS,” “low-
dose,” “LDCT,” or “VCAR.” Volume computed algorithm (VCAR)
is a radiology software used to analyze screening LDCTs for
three-dimensional volumetric assessment as a reliable ap-
proach for non-calcified lung nodules, and exams with this de-
scriptor were possibly lung cancer screening examinations.

We examined initial screening exams just below and above
the Medicare eligibility start age of 65 to assess whether the
number of VHA screenings declined at the onset of Medicare eli-
gibility. Finally, we stratified our eligible cohort by age (<65 and
�65 years) to address changes in the age structure of the cohort.
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Results

Study Cohort Characteristics at Initial Screening

We identified 1 748 142 CT exams performed between 2011 and
2018. We excluded 1 616 846 exams because the exam was not
identified as a screening exam; missing identifier or birthdate
(n¼ 749); age less than 55 or over 80 (n¼ 7951); and previous his-
tory of lung cancer (n¼ 2212). This resulted in 119 300 exams
identified as screening; additionally, we excluded subsequent
screenings (n¼ 38 481). The final cohort included 80 819 (67.7%)
initial exams (Figure 1). Of the initial scans, 59 138 (73.2%) were
associated with the CPT code G0297, specific for LDCT for lung
cancer screening.

At initial screening, Veterans had a mean age of 66.1 years
(SD ¼ 5.6). Most screened Veterans were male (95.5%),
Caucasian (77.4%), and with documented tobacco use or re-
ceived medication to assist in quitting in the past 2 years
(65.9%). COPD (36.0%) and CAD (23.8%) were prevalent comor-
bidities (Table 1).

Characteristics of Ordering Providers at Initial Screen
and VA Medical Centers

There were 6759 unique providers who ordered initial LDCT
screenings. Most initial LDCT screening exams were ordered
by physicians (77.7%) and providers within primary care/inter-
nal medicine (55.8%) or family medicine (15.5%) (Table 2).
There were 75 unique VAMCs that performed initial LDCT
screening exams. Of the total number of VAMCs in each region,
a higher proportion of northeastern VAMCs (16 out of 23
VAMCs [69.6%]) performed screenings compared to other
regions (31 out of 48 VAMCs [64.6%] in the south, 16 out of 32
VAMCs [50.0%] in the west, and 12 out of 27 VAMCs [44.4%] in
the midwest) (Table 3).

Lung Cancer Screening Temporal and Geographic
Trends

An estimated 1 133 183 Veterans in 2011 were eligible for lung
cancer screening, which increased to 1 171 505 in 2018
(Figure 2). At the national level, LDCT screening increased
slowly between 2011 and 2014, and more rapidly between 2014
and 2018. In 2011, there were 0 LDCT screenings per 1000 eligible
Veterans (95% CI ¼ 0.00 to 0.00). In 2012, screening increased to

Total Exams January 2011-May 2018
N = 1,748,142

Excluded unlikely, unknown, or 
possible screening exams
N = 1,616,846

Likely Screening Exams
N = 131,296

Excluded exams with missing ID or 
birthdate N = 749

Excluded exams of 
individuals age < 55 or > 80
N = 7,951

Excluded exams with history of 
lung cancer prior to exam
N = 2,212

Excluded follow-up exams done <= 
31 days a�er ini�al exam
N = 1,084

Excluded subsequent exams
N = 38,481

Likely Screening Exams With Sufficient Data
N = 130,547

Likely Exams With Appropriate Timing
N = 119,300

Likely Exams Without History of Lung Cancer
N = 120,384

Likely Screening Exams With Appropriate Screening Age
N = 122,596

First Observed LDCT Exams Performed for Lung Cancer Screening in 
Unique Veterans

N = 80,819

Figure 1. Retrospective cohort flow chart. Time period: January 1, 2011 to May 31, 2018. LDCT ¼ low-dose computed tomography.

Table 1. Veteran characteristics at initial lung cancer screening

Veteran characteristics No. of Veterans n (%)

Total 80 819 (100)
Age, mean (SD) 66.1 (5.6)
Male 77 190 (95.5)
Ethnicity

Not Hispanic or Latino 73 287 (90.7)
Hispanic or Latino 4636 (5.7)
Missing 2896 (3.6)

Race
White 62 570 (77.4)
Black or African American 13 354 (16.5)
American Indian or Alaska Native 534 (0.7)
Asian 255 (0.3)
Native Hawaiian or other Pacific Islander 505 (0.6)
Missing 3601 (4.5)

Documented tobacco usea 53 293 (65.9)
Chronic obstructive pulmonary disease 29 122 (36.0)
Coronary artery disease 19 240 (23.8)

aDocumented tobacco use defined as up to 730 days before the LDCT examina-

tion date using International Classification of Diseases, Ninth Revision, Clinical

Modification (ICD-9-CM), Common Procedural Terminology, Systematized Nomenclature

of Medicine, and Logical Observation Identifiers Names and Codes coding systems (see

Supplementary Table 3, available online for details).

SD ¼ standard deviation.
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0.14 scans (160 exams per 1 142 508 Veterans; 95% CI ¼ 0.12 to
0.16); 0.58 scans in 2013 (667 exams per 1 148 060 Veterans; 95%
CI ¼ 0.54 to 0.63); 4.95 scans in 2014 (5722 exams per 1 156 877
Veterans; 95% CI ¼ 4.82 to 5.08); 8.03 scans in 2015 (9340 exams
per 1 162 480 Veterans; 95% CI ¼ 7.87 to 8.20); 15.66 scans in 2016
(18 303 exams per 1 169 096 Veterans; 95% CI ¼ 15.43 to 15.88);
27.40 scans in 2017 (32 194 exams per 1 175 054 Veterans; 95% CI
¼ 27.10 to 27.70); and 29.57 scans in 2018 (34 639 projected
exams per 1 171 505 Veterans; 95% CI ¼ 29.26 to 29.88) (Ptrend <

.001) (Figure 2).
During the study period, there was considerable geographic

variation in utilization. From 2011 to 2014, the average rates
were highest at VAMCs located in Rhode Island, the Midwest,
South Carolina, Florida and Puerto Rico and lowest in the south-
western and central United States (Figure 3A). From 2015 to
2018, the average rates were highest at VAMCs in the Northeast,
Florida, and Puerto Rico and lowest in the southwestern and
central United States (Figure 3B).

Sensitivity Analyses

When we redefined lung cancer screening exams to allow for
the terms “low-dose,” “LDCT,” or “VCAR,” a total of 92 869 initial
and 49 142 subsequent exams were identified. This yielded sim-
ilar rates to our primary analysis; 0.15 scans per 1000 eligible
Veterans in 2011 (167 exams per 1 133 183 eligible Veterans; 95%
CI ¼ 0.1 to 0.17) to 34.0 scans per 1000 eligible Veterans in 2018
(39 835 exams per 1 171 505 eligible Veterans; 95% CI ¼ 33.68 to
34.33) (Ptrend < .001). (Supplementary Figure 1, available online).

A sensitivity analysis evaluated the possibility of missed
screenings performed in Veterans eligible for Medicare. In each
year, the number of exams contained at least as many screen-
ings for Veterans age 65-66 as for Veterans age 63-64 years
(Supplementary Figure 2, available online). Age stratification
did not alter the observed trend (Ptrend < .001 in Veterans aged
<65 and �65) (Supplementary Table 4 and Supplementary
Figures 3 and 4, available online).

Discussion

In this national VHA evaluation of lung cancer screening utiliza-
tion, we found that screening rates increased from 2011 to 2018.
The screening rates increased dramatically starting in 2014,
which may be because of the release of the USPSTF lung cancer
screening recommendation in January 2014. The rates of
screening were highest at VAMCs located in Rhode Island, the
Midwest, South Carolina, Florida and Puerto Rico compared
with other geographic regions in 2011 to 2014, reflecting early
adopters.

Based on data from January through May, the projected an-
nual rate of screening in 2018 was 29.6 scans (95% CI ¼ 29.26 to
29.88) per 1000 eligible Veterans nationally in the VHA (Ptrend

< .001). This is low but similar to overall US utilization rates
reported in 2015 to 2016 as 2%-4% (3, 4). In a national study of
lung cancer screening utilization using screening exams regis-
tered with the American College of Radiology in 2015 to 2016
and a denominator derived from the National Health Interview
Survey, screening was highest in the northeast and lowest in
the west, similar to our findings (3). Previous VA data collected
prospectively suggest a utilization rate of 11.6% across 2 years at
select VAMCs that received dedicated resources to implement
lung cancer screening (9). The rates in the present study are
lower likely because they represent national, annual rates of all
VAMCs.

Despite published guidelines recommending lung cancer
screening for high-risk individuals, there remains a profound
gap between recommended and delivered care. The reasons for
low utilization in the VHA, as in other health-care systems, are
likely multifactorial and exist at the patient, provider, and
health-care system levels. At the patient level, awareness and
recognition of lung cancer screening eligibility is key. Once
patients are aware of screening, individual values and beliefs,
distance to a screening facility, financial constraints, or other
personal reasons may affect an individual’s decision to be
screened, and these factors may have contributed to the utiliza-
tion rates we observed (13). In the VHA’s demonstration project,

Table 2. Ordering provider characteristics at initial lung cancer screening

Ordering provider characteristics No. of unique providers (%) No. of initial screenings (%)

Total 6759 (100.0) 80 819 (100.0)
Provider type

Allopathic and osteopathic physician 5610 (83.0) 62 787 (77.7)
Advanced practice provider 924 (13.7) 14 427(17.9)
Nursing 23 (0.3) 2779 (3.4)
Othera 19 (0.3) 40 (0.0)
Multiple provider types 4 (0.1) 10 (0.0)
Missing 179 (2.6) 776 (1.0)

Ordering provider specialty
Primary care/internal medicine 2198 (32.5) 45 097 (55.8)
Family medicine 556 (8.2) 12 515 (15.5)
Geriatrics 68 (1.0) 779 (1.0)
Allergy, pulmonology, critical care medicine 203 (3.0) 4242 (5.2)
Hematology/oncology 72 (1.1) 196 (0.2)
Other internal medicine subspecialist 179 (2.6) 551 (0.7)
Women’s health/gynecology 8 (0.1) 24 (0.0)
Other specialtya 595 (8.8) 8239 (10.2)
Physician-in-training 2696 (39.9) 8329 (10.3)
Multiple specialties 4 (0.1) 70 (0.1)
Missing 180 (2.7) 777 (1.0)

aOther provider includes behavioral health and social services, dental, pharmacy, podiatry and surgery, technicians, and other providers.
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only 57.7% of eligible Veterans agreed to be screened and rea-
sons for declining screening are unknown (9). At the provider
level, awareness of lung cancer screening and knowledge of the
guidelines is also critical (14). Studies of VHA providers found
that knowledge of the USPSTF guidelines and Centers for
Medicare & Medicaid Services (CMS) coverage criteria is low (14,
15), and providers who lack knowledge are less likely to perform
screening (14). Providers must also recognize that screening is
worthwhile and feasible (13). Additionally, providers are tasked
with discussing the potential benefits and risks of screening
during shared decision making (currently mandated for
Medicare coverage). Because many older patients who are cur-
rent or former smokers also have clinically significant comor-
bidities, time constraints at the clinical visit is a commonly
cited barrier among providers (15–24). A challenge at any point

along this continuum of care could have impacted the utiliza-
tion rates we observed (13).

At the health-care system level, potential barriers identified
in the VHA include difficulty identifying eligible individuals in
the EHR because of the relatively unstructured data capture for
tobacco use, a challenge for many health-care systems (9, 25).
The VHA’s demonstration project found that 39% of patients
had inaccurate or missing information on smoking status or to-
bacco history in the EHR (9). A lack of resources at some VAMCs
may also be a barrier. The VHA’s demonstration project sug-
gested that screening at the population level would likely re-
quire multiple types of additional resources including
equipment, personnel, staff training, and engagement with spe-
cialty services (9, 26).

The VHA has identified useful strategies to facilitate screen-
ing (9, 26). The VHA’s demonstration project concluded that
lung cancer screening coordinators are needed for population-
based lung cancer screening (9); these coordinators are part of
centralized programs at each VAMC in which the clinical coordi-
nator helps to manage screening-related activities. This allows
for better coordination between all the disciplines involved in
the veteran’s care and reduces the number of tasks for primary
care providers (27). Additionally, electronic tracking systems
have the potential to organize screening results, downstream
evaluations of suspicious findings, and patient follow-up (27).
The VHA is currently in the process of deploying lung cancer
screening tracking systems within the EHR for seamless coordi-
nation of patient care.

Perhaps the fastest measure the VHA could take to increase
utilization would be to establish lung cancer screening with
LDCT as a “best practice” or quality measure. Quality metrics
are common for a wide range of diseases and preventive care
(28–30). CMS has developed core quality measures for cervical,
breast, and colorectal cancer screening (31). VHA has long used
quality measures to encourage tobacco treatment, even incor-
porating provider incentives (32–34). A quality measure could
dramatically increase VHA screening rates.

Our study is one of the first that characterizes types of order-
ing providers. It is not surprising that of the total number of ini-
tial screenings ordered, most were ordered by physicians in
primary care/internal medicine since this specialty commonly
addresses preventive care. It is also not surprising that special-
ists ordered a relatively small proportion of screenings because
many of the patients they see have conditions that would pre-
clude screening.

We found that 75 out of 130 unique VAMCs performed initial
lung cancer screening. Notably, most of these facilities were of
the highest complexity level, which may reflect availability of
downstream resources needed to manage screening findings,
such as access to pulmonology or thoracic surgery. Our findings
may also reflect coding practices across different VAMCs; the
G0297 code was not in use until 2015. Finally, given that this is a
new screening, some VAMCs may not have performed this
screening during the study period.

There are limitations of our study. Although we were conser-
vative in our definition of a screening exam, misclassification of
exams may have occurred. The PPV of our screening algorithm
was 92%. A sensitivity analysis was performed to include all
LDCTs, which showed a modest increase in screening rates. We
were unable to include Veterans screened in the community by
non-VHA providers, but a sensitivity analysis is reassuring in
that screenings did not diminish at or after age 65 years when
Veterans may have been screened in the community as new
Medicare beneficiaries. The estimation of our denominator is

Table 3. Facility characteristics

Facility characteristicsa

Total No. of
facilities

No. of facilities
performing

screenings (%)

Total 130 75 (57.7)
US Census Geographic

Region
Midwest 27 12 (44.4)

VISN 10b 11 4 (36.4)
VISN 12 8 3 (37.5)
VISN 15 2 2 (100.0)
VISN 23 6 3 (50.0)

Northeast 23 16 (69.6)
VISN 1 8 6 (75.0)
VISN 2 6 5 (83.3)
VISN 4 9 5 (55.6)

South 48 31 (64.6)
VISN 5 6 3 (50.0)
VISN 6 7 6 (85.7)
VISN 7 8 5 (62.5)
VISN 8 7 7 (100.0)
VISN 9 5 3 (60.0)
VISN 16 8 3 (37.5)
VISN 17 7 4 (57.1)

West 32 16 (50.0)
VISN 19 8 2 (25.0)
VISN 20 8 5 (62.5)
VISN 21 8 4 (50.0)
VISN 22 8 5 (62.5)

Complexity levelc

1a 39 31 (79.5)
1b 19 13 (68.4)
1c 19 8 (42.1)
2 25 11 (44.0)
3 28 12 (42.9)

aUnique facilities are provided by US region; percentages are row percentages.

Example: there are 32 facilities in the western United States of which 16 (50.0%)

performed lung cancer screening, which are distributed below in the following

VISNs.
bVISN ¼ Veterans Integrated Service Network (see Supplementary Table 2, avail-

able online for VISN geographic distribution by state).
cVAMC complexity score consists of five complexity levels: 1a, 1 b, 1c, 2, and 3,

where 1a is the most complex and 3 is the least complex. This ranking system

takes the following into consideration: (1) volume and patient case mix, (2) clini-

cal services provided, (3) patient risk calculated from VA patient diagnosis, (4)

total resident slots, (5) an index of multiple residency programs at a single facil-

ity, (6) total amount of research dollars, and (7) the number of specialized clini-

cal services (10).
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imperfect. Documentation of smoking history in the EHR does
not consistently capture pack-years and quit dates (25).
Therefore, our denominator is an estimation of the percentage
of Veterans who met the smoking eligibility based on a prior
VHA study (9). However, this denominator is derived from ac-
tual counts of unique individuals unlike survey-estimated
denominators in prior studies (3, 4). Data elements may be im-
perfect as this is administrative data. Finally, this study repre-
sents the veteran population and may not be generalizable.

Lung cancer remains the leading cause of cancer mortality
in the United States, and many Veterans are at high risk for
lung cancer. We found that lung cancer screening utilization
within the VHA is low, but is increasing over time. Lung cancer
screening with LDCT is a recommended screening for high-risk
individuals and the development of a quality measure could in-
crease utilization. Additional future interventions are needed at
the patient, provider, and health-care system levels to improve
lung cancer outcomes in the VHA.
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