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IMPORTANCE The US Preventive Services Task Force recommends annual lung cancer
screening (LCS) with low-dose computed tomography for current and former heavy smokers
aged 55 to 80 years. There is little published experience regarding implementing this
recommendation in clinical practice.

OBJECTIVES To describe organizational- and patient-level experiences with implementing an
LCS program in selected Veterans Health Administration (VHA) hospitals and to estimate the
number of VHA patients who may be candidates for LCS.

DESIGN, SETTING, AND PARTICIPANTS This clinical demonstration project was conducted at 8
academic VHA hospitals among 93 033 primary care patients who were assessed on
screening criteria; 2106 patients underwent LCS between July 1, 2013, and June 30, 2015.

INTERVENTIONS Implementation Guide and support, full-time LCS coordinators, electronic
tools, tracking database, patient education materials, and radiologic and nodule follow-up
guidelines.

MAIN OUTCOMES AND MEASURES Description of implementation processes; percentages of
patients who agreed to undergo LCS, had positive findings on results of low-dose computed
tomographic scans (nodules to be tracked or suspicious findings), were found to have lung
cancer, or had incidental findings; and estimated number of VHA patients who met the
criteria for LCS.

RESULTS Of the 4246 patients who met the criteria for LCS, 2452 (57.7%) agreed to undergo
screening and 2106 (2028 men and 78 women; mean [SD] age, 64.9 [5.1] years) underwent
LCS. Wide variation in processes and patient experiences occurred among the 8 sites. Of the
2106 patients screened, 1257 (59.7%) had nodules; 1184 of these patients (56.2%) required
tracking, 42 (2.0%) required further evaluation but the findings were not cancer, and 31
(1.5%) had lung cancer. A variety of incidental findings, such as emphysema, other pulmonary
abnormalities, and coronary artery calcification, were noted on the scans of 857 patients
(40.7%).

CONCLUSIONS AND RELEVANCE It is estimated that nearly 900 000 of a population of 6.7
million VHA patients met the criteria for LCS. Implementation of LCS in the VHA will likely lead
to large numbers of patients eligible for LCS and will require substantial clinical effort for both
patients and staff.
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T he results of the National Lung Screening Trial (NLST),
which found a reduction in mortality from lung cancer
of 3 deaths per 1000 high-risk individuals screened,1,2 led

to a 2013 US Preventive Services Task Force recommendation3

in favor of implementing lung cancer screening (LCS) with
low-dose computed tomography (LDCT). A process studied in
a clinical trial setting, however, may not be directly transfer-
able to real-world clinical practice. The American Academy of
Family Physicians cites concerns about the ability to replicate
the NLST findings in community practice as a reason not to rec-
ommend screening,4 and primary care physicians and pul-
monologists have questioned practical aspects of implement-
ing LCS in practice.5,6 Although guidelines about components
of high-quality screening programs have been issued,7-9 pub-
lished experience with implementation of LCS is limited.10

The Veterans Health Administration (VHA) provides care
for 6.7 million mostly older male US veterans each year,11 many
of whom are current or former smokers12 but who also have
multiple medical conditions.13,14 Implementation of an LCS
program for VHA patients would potentially require substan-
tial resources and effort by clinical staff and facilities for an
uncertain benefit of reduced mortality from lung cancer.

To understand the feasibility and implications for VHA pa-
tients and clinical staff of programmatic LCS, the VHA im-
plemented a 3-year Lung Cancer Screening Demonstration
Project (LCSDP) in 8 geographically diverse hospitals.15,16 The
specific goals were to describe the organizational effort and re-
sources needed to implement a comprehensive LCS pro-
gram, patient interest in and acceptance of screening, and the
clinical experience of patients who underwent LCS in terms
of positive test results, lung cancers detected, and incidental
findings. We also wanted to estimate the size of the VHA popu-
lation that potentially meets eligibility criteria for LCS. This
article describes the initial experience of the LCSDP toward
these goals.

Methods
Site Selection
The 8 sites, all academic medical centers, were chosen from
35 facilities that volunteered for the demonstration project
(eFigure 1 in the Supplement). Selection criteria included hav-
ing strong support from facility leadership, clinical champi-
ons, an onsite CT scanner and radiologist (preferably with train-
ing in chest radiology), a multidisciplinary lung cancer
program, and a tobacco cessation program.

Project Design and Patient Criteria
The LCSDP was designed as a population-based screening pro-
gram that proactively identified appropriate patients at the 8
sites for consideration of LCS. First, those aged 55 to 80 years
without a diagnosis of esophageal, liver, or pancreatic cancer
(following standard VHA protocol) or lung cancer and with-
out a documented estimated life expectancy of fewer than 6
months were identified by an algorithm applied to the VHA
electronic medical record. Nurses then reviewed those pa-
tients’ smoking histories to identify current or former (quit less

than 15 years ago) cigarette smokers who had smoked a mini-
mum of 30 pack-years (number of packs per day multiplied by
number of years smoked). Based on clinical judgment, pa-
tients’ primary care professionals excluded those who met ini-
tial criteria but who had competing medical conditions that
would preclude them from screening (ie, serious comorbid con-
ditions or estimated life expectancy of fewer than 5 years). Pa-
tients with documented chest CT scans within the past 12
months were excluded until 12 months had elapsed, as were
those with symptoms suggestive of possible lung cancer or
those receiving active therapy for cancer other than nonmela-
noma skin cancer. Patients without exclusion criteria dis-
cussed their interest in undergoing LCS with clinical staff, using
a shared decision-making process and brochure (eFigure 2 in
the Supplement).17 Sites were encouraged to start LCS imple-
mentation with a small number of interested primary care
teams and then expand as resources allowed. One site began
screening July 1, 2013; other sites began as they hired clinical
LCS coordinators.

Project Materials
Project materials developed for patients and staff are
described in detail in eAppendix 1 in the Supplement. An Im-
plementation Guide provided detailed guidance on a recom-
mended approach to conduct the screening program
and included resources, tools, and the evaluation plan. Staff
at all sites were encouraged to follow the guidance but were
allowed to make changes based on local resources and
procedures.

Organizational Effort and Processes
Organizational-level effort and processes reported include brief
descriptions of national LCSDP leadership efforts, site lead-
ership activities, and local implementation processes used by
the 8 LCSDP screening sites.

Patient Outcomes
Patient-level outcomes include percentage of candidates eli-
gible for LCS who agreed to undergo screening, percentage of
LDCT results that led to positive test results (nodules needing
to be tracked or suspicious findings requiring further evalua-
tion), percentage of screened patients found to have lung

Key Points
Question What are the implications for patients and staff of
implementing a proactive, population-based, comprehensive lung
cancer screening program in a large, multi-site health care system?

Findings This clinical demonstration project showed that, in
Veterans Health Administration facilities, development and
implementation of a comprehensive lung cancer screening
program is a complex and challenging undertaking and that most
patients will have findings that require follow-up; however, few
patients will have early-stage lung cancers.

Meaning Implementation of a comprehensive lung cancer
screening program requires significant clinical effort for as-yet
uncertain patient benefit.
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cancer and descriptions of cancers, percentage of LDCT re-
sults with incidental findings, and estimated number of VHA
patients who may be candidates for LCS. The designation “nod-
ules needing to be tracked” was based on nodule follow-up
guidelines adopted from Fleischner Society guidelines.18,19

Generally, these were solid nodules 8 mm or smaller without
suspicious features (eg, irregular or spiculated borders) and not
known to be new or growing based on results of prior imaging
(if available), ground glass nodules larger than 5 mm, or mixed
solid and ground glass nodules of any size. Patients with solid
nodules 8 mm or smaller with suspicious features or nodules
known to be new or growing and those with nodules larger than
8 mm were referred for further evaluation.

Following VHA policy,21 neither the demonstration proj-
ect nor the evaluation was considered to be research; they were
declared nonresearch clinical operations activities by the VHA
National Center for Health Promotion and Disease Preven-
tion, the VHA Office of Research Oversight, and the Durham
Veterans Affairs Medical Center Institutional Review Board. As
a clinical operations activity, patient consent was not re-
quired. Patient data were deidentified in analyses.

Data Sources
Organizational-level effort data at the 8 sites were collected
from internal project notes, telephone calls and email with
LCSDP site leaders and coordinators, and monthly site re-
ports. Patient-level data were captured via clinical reminders
developed for the project (eAppendix 1 in the Supplement).
These electronic tools allowed gathering of data in the medi-
cal record that are not recorded using standardized codes (eg,
International Classification of Diseases). These data and other
standard coded data were obtained from a VHA central data
repository.20 For the estimated number of VHA patients who
may be candidates for LCS, VHA central data were used to de-
termine the national number of primary care patients with at
least 1 visit to VHA primary care in fiscal year 2014 who met
the age and clinical criteria of the cohort eligible for LCS. That
number was multiplied by the mean percentage of patients in
the project with the appropriate smoking history.

Statistical Analysis
Patients determined to be eligible for LCS as of March 31, 2015,
with an initial LDCT scan completed at 1 of the 8 sites by June
30, 2015, are included in these analyses. All patients were fol-
lowed up through administrative data analysis for 330 days
from their initial LDCT scan. They were identified as having
confirmed lung cancer if they had at least 1 International Clas-
sification of Diseases, Ninth Revision, Clinical Modification or
International Statistical Classification of Diseases and Related
Health Problems, Tenth Revision, Clinical Modification code for
malignant neoplasm of the trachea, bronchus, lung, or other
sites within the respiratory system and intrathoracic organs
(see eAppendix 1 in the Supplement for a list of codes) and if
confirmatory pathologic reports with staging and/or histo-
logic findings were found on review of the electronic medical
record. Patients were classified as having other positive test
results (nodules needing to be tracked or suspicious findings
requiring further evaluation) and incidental findings if indi-

cations of these events were found within 50 days of the date
of the initial LDCT scan (see eAppendix 1 in the Supplement
for methodological details about determining initial dates of
the LDCT scan). Data were descriptively summarized using
counts, percentages, means, and ranges using SAS, version 9.4
(SAS Institute Inc). Cost and budget effect analyses will be
reported separately.

Results
Organizational Effort and Processes
Each of the 8 sites named a physician leader (6 pulmonolo-
gists, 1 medical oncologist, and 1 radiologist, including K.L.R.
and N.T.T.) and hired a full-time LCS clinical coordinator with
salary support provided by the VHA (all but 1 were registered
nurses or mid-level health care professionals). Coordinators
were involved in all daily activities of patient care coordina-
tion, including identification of appropriate candidates for
screening, delivery of patient education about LCS, participa-
tion in shared decision making about screening, scheduling
of LDCT scans, notification of patients about results, and fol-
low-up care, as needed, in close collaboration with the physi-
cian site leaders. Coordinators were also responsible for edu-
cating primary care staff about program procedures. Details
about coordinator and site radiologist training and quality as-
surance review activities are provided in eAppendix 1 in the
Supplement.

The Implementation Guide was developed, expanded, and
revised through frequent conference calls by national LCSDP
leadership staff with steering committee members, site lead-
ers, and LCS coordinators. The electronic tools and database
were revised multiple times based on input from the coordi-
nators. Patient education materials and guidelines for nodule
follow-up were revised to improve clarity and usefulness. Site
leaders and coordinators reported variability in how sites imple-
mented their screening programs, especially in terms of iden-
tifying patients who met criteria for LCS, which staff engaged
in shared decision making with candidates for screening, LCS
coordinators’ responsibilities, training of primary care staff and
radiologists, communicating LCS results with patients, and re-
sponsibility for follow-up of incidental findings.

Seven of the 8 sites followed a similar process for offering
LCS and obtaining patient agreement (eAppendix 1 the Supple-
ment). At those 7 sites, patients meeting the initial inclusion
criteria who were seen by health care professionals partici-
pating in the LCSDP were further assessed for eligibility for LCS.
Clinicians determined that 4246 of 5035 patients (84.3%) were
appropriate for screening (ie, they had no additional medical
contraindications). The eighth site mailed patient education
materials (the Screening for Lung Cancer brochure [eFigure 2
in the Supplement]17) to patients eligible for LCS and then called
them or requested they call the coordinator if interested in dis-
cussing LCS further or to request screening.

The 8 sites identified 93 033 patients who met the inclu-
sion and exclusion criteria (Figure). A total of 36 555 patients
(39.3%) were missing information about smoking status or, the
tobacco pack-years were improperly calculated; they were not
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further assessed. Of the remaining 56 478 patients, 18 083
(32.0%) met the smoking history criteria for eligibility for
screening.

Across the 8 sites, 2452 of 4246 patients (57.7%) who
were offered LCS agreed to be screened (site range, 290 of
863 [33.6%] to 257 of 389 [66.1%]) (Table 1). Of those, 2106

patients (85.9%) completed their first LDCT scan by June
30, 2015. They were predominantly men (2028 [96.3%])
(Table 2); 1106 of 2106 patients (52.5%) were 65 years or
older.

Patient Outcomes
Yield of LCS for Positive Test Results and Lung Cancers
There was wide variation among sites in the percentage of
screening test results that were positive for nodules or pos-
sible lung cancer. Overall, 1257 of the 2106 patients (59.7%)
screened had a positive test result (site range, 70 of 228
[30.7%] to 181 of 213 [85.0%]) (Table 1), including 1184
patients (56.2%) who had 1 or more nodules needing to be
tracked (site range, 64 of 228 [28.1%] to 176 of 213 [82.6%]).
Most nodules were small (<5 mm; 710 of 1293 [54.9%]) and
solid (1079 of 1293 [83.4%]) (Table 3). A total of 73 patients
(3.5% of all patients screened) had findings suspicious for
possible lung cancer and underwent further diagnostic evalu-
ation. Lung cancer was confirmed for 31 of those patients
(1.5%; site range, 0 of 247 to 10 of 444 [2.3%]) within the 330-
day follow-up period; 20 (64.5%) of the cancers were stage I
(Table 4). The mean number of days from initial LDCT scan to
cancer diagnosis was 137 (range, 5-330 days). The remaining
42 patients (2.0%; site range, 0 of 135 to 10 of 247 [4.0%])
who underwent evaluation were not confirmed to have lung
cancer during that time frame. The proportion of all positive
tests that were falsely positive was 97.5% (1226 of 1257)
during the 330-day follow-up period (Table 1).

Yield of Incidental Findings
Radiologists and coordinators were asked to record only inci-
dental findings that would likely require follow-up or further
evaluation. Overall, 857 patients (40.7%) had 1 or more inci-
dental findings reported (site range, 89 of 444 [20.0%] to 135
of 213 [63.4%]) (Table 1). Among the 1044 incidental findings
reported, the most common were emphysema, other pulmo-
nary abnormalities, and coronary artery calcification (eTable
in the Supplement).

Size of VHA Population That Potentially Meets
LCS Eligibility Criteria
Based on the central data analysis described above, we calcu-
lated that 2 780 933 primary care VHA patients potentially met
the eligibility criteria for visits, age, and medical history. Using
the mean of 32% of patients in the demonstration sites who
met the additional criteria for smoking history, an estimated
889 899 VHA patients may be candidates for LCS.

Discussion
The VHA LCSDP found implementing a comprehensive LCS
program that followed recommendations7-9 to be challeng-
ing and complex, requiring new tools and patient care pro-
cesses for staff as well as dedicated patient coordination. For
example, creating electronic tools to capture the necessary
clinical data in real time that met the needs of the LCS coor-
dinators proved to be difficult, even with the VHA’s highly

Figure. Veterans Health Administration Lung Cancer Screening
Demonstration Project (LCSDP) Patient Flow Diagram

93 033 Primary care patients who
met age, comorbidity, and
life expectancy criteria

56 478 Patients with smoking
status and tobacco
pack-year data

5035 Patients assessed for 
appropriateness of screening
by clinician

4246 Patients assessed as
appropriate for screening

2452 Patients agreed to screening

2106 Patients completed LDCT

18 083 Patients meeting smoking
history criteria

36 555 Excluded
923 Missing smoking status

35 632 With tobacco pack-years not
calculable

38 395 Excluded
25 010 Never smoked

8976 Current smokers, <30 pack-years
4186 Former smokers, <30 pack-years

223 Former smokers, quit ≥15 years ago

13 048 Patients excluded because they were not
assessed for appropriateness of screening
by cliniciana or from site 5b

789 Patients excluded because they were assessed
by clinician as not appropriate for screening

1794 Patients excluded because they did not
agree to screeningc

346 Patients excluded because they did not
undergo LDCT scan within project data
analysis time frame

LDCT indicates low-dose computed tomography.
a Patients may not have had the opportunity to be assessed for appropriateness

of LDCT owing to phased rollout and variability in implementation of tobacco
pack-year and initial clinician clinical reminders across LCSDP sites. Presence of
clinician assessment was evaluated based on documentation of select health
factors in patient record.

b Site 5 used an alternative recruitment process that conducted assessments of
appropriateness for screening following preliminary discussions with patients
interested in screening.

c Site 5 is not included in this number.

Research Original Investigation Implementation of Lung Cancer Screening in the VHA

402 JAMA Internal Medicine March 2017 Volume 177, Number 3 (Reprinted) jamainternalmedicine.com

© 2017 American Association. All rights reserved.Downloaded From: https://jamanetwork.com/ on 08/26/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2016.9022&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2016.9022
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2016.9022


regarded electronic medical record. Although computerized
clinical reminders about current or recent smoking are
widely used in the VHA,22 more detailed information about

pack-years smoked and years since quitting was required;
this information is not fully captured in the electronic medi-
cal record.

If the eligibility percentage found in our 8-site project is
representative of the VHA population as a whole, we esti-
mate that nearly 900 000 veterans in the VHA health care sys-
tem would meet the initial screening criteria for age, smoking
history, and medical history. Even if this number is reduced
by 16%, as found when longer-term medical contraindica-
tions were taken into account (Figure), the number of veter-
ans who may be candidates for annual LCS is substantial. Ac-
curately identifying these patients and discussing with them

Table 2. Demographics and Smoking History of Patients Who
Underwent Screeninga

Characteristic Valueb

Age, mean (SD), y 64.9 (5.1)

Sex

Male 2028 (96.3)

Female 78 (3.7)

Race

White 1520 (72.2)

Black or African American 312 (14.8)

Otherc 30 (1.4)

Unknown, declined, missing, or multiple races listed 244 (11.6)

Ethnicity

Non-Hispanic or Latino 1976 (93.8)

Hispanic or Latino 27 (1.3)

Unknown, declined, missing, or multiple ethnicities
listed

103 (4.9)

Smoking status

Current smoker, ≥30 pack-years 1192 (56.6)

Former smoker, ≥30 pack-years, quit <15 y ago 914 (43.4)

Mean (SD) tobacco pack-years 54.7 (25.4)

a N = 2106.
b Data are presented as number (percentage) of patients unless otherwise

indicated.
c American Indian, Alaskan Native, Asian, Native Hawaiian, or other Pacific

Islander.

Table 3. Description of Nodules Identified on Initial Round of Low-Dose
Computed Tomography Scans for Lung Cancer Screening

Characteristic No. (%)
Nodule densitya

Solid 1079 (83.4)

Suspicious solid 66 (5.1)

Ground glass 86 (6.7)

Mixed solid and ground glass 62 (4.8)

Nodule size, mma

<5 710 (54.9)

5 150 (11.6)

6 120 (9.3)

7 88 (6.8)

8 51 (3.9)

>8 164 (12.7)

Unknown 10 (0.8)

a N = 1293.

Table 1. Summary Results for the Initial Round of Lung Cancer Screening in 8 LCSDP Sites

Characteristic

No. (%)

All Sites Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8
Patients who met all
screening criteria

4246 869 472 389 779 288a 272 863 314

Patients who agreed to be
screenedb

2452 (57.7) 546 (62.8) 247 (52.3) 257 (66.1) 489 (62.8) 255 (NAa) 177 (65.1) 290 (33.6) 191 (60.8)

Patients screened 2106 (85.9) 442 (81.0) 228 (92.3) 213 (82.9) 444 (90.8) 247 (96.9) 135 (76.3) 258 (89.0) 139 (72.8)

Patients with nodular
findings on scansc

1257 (59.7) 340 (76.9) 70 (30.7) 181 (85.0) 248 (55.9) 153 (61.9) 63 (46.7) 112 (43.4) 90 (64.7)

Patients with nodules to
be trackedd

1184 (56.2) 323 (73.1) 64 (28.1) 176 (82.6) 225 (50.7) 143 (57.9) 61 (45.2) 108 (41.9) 84 (60.4)

Patients with suspicious
findings not confirmed to
be lung cancere

42 (2.0) 10 (2.3) 2 (0.9) 2 (0.9) 13 (2.9) 10 (4.0) 0 1 (0.4) 4 (2.9)

Patients with confirmed
lung cancer

31 (1.5) 7 (1.6) 4 (1.8) 3 (1.4) 10 (2.3) 0 2 (1.5) 3 (1.2) 2 (1.4)

Patients with incidental,
non-nodule findings
on scans

857 (40.7) 211 (47.7) 106 (46.5) 135 (63.4) 89 (20.0) 149 (60.3) 54 (40.0) 81 (31.4) 32 (23.0)

Total LDCT scans completedf 2694 558 299 306 546 372 171 300 142

Abbreviations: LCSDP, Lung Cancer Screening Demonstration Project;
LDCT, low-dose computed tomography; NA, not applicable.
a An alternative recruitment process was used at site 5.
b Percentage of those who met all eligibility criteria (age, smoking history, and

no medical exclusions) who agreed to be screened.
c Total number of patients whose LDCT scans showed nodules to be tracked,

possible lung cancer, and confirmed lung cancer; percentage of patients
screened.

d Percentage of those screened based on Veterans Heath Administration LCSDP
nodule follow-up guidelines.

e Percentage of patients screened who underwent further diagnostic evaluation
and were not found to have lung cancer.

f Through June 30, 2015, including both initial and follow-up LDCT scans.
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the benefits and harms of LCS will take significant effort for
primary care teams. Based on LCSDP experience, only about
58% of candidates will agree to be screened. Patients’ rea-
sons for declining screening were not collected but may have
included concerns about the need for LCS, exposure to radia-
tion, psychological distress, effort required for the screening
examinations, and others.23,24

In addition, performing screening LDCT scans for large
numbers of patients may stress the capacity of radiology
services, especially considering the number of repeat scans
needed, potentially leading to delays for patients needing CT
scans for other diagnostic indications. Pulmonary services may
also see an increased workload in determining which nod-
ules need follow-up. Finally, primary care will need to be in-
volved in deciding which incidental findings need further
evaluation. These clinical efforts will require coordination
and communication among clinical services and between
patients and staff. Lung cancer screening coordinators will
likely be needed to manage population-based LCS programs,
leading to additional personnel costs. Such programs will also
require training for primary care staff and radiologists, qual-
ity assurance measures, and possibly additional CT scanners
and radiology staff.

The veterans screened in the VHA demonstration project
differed in several ways from the NLST participants.1,25 They
were generally older: 52.5% were 65 years or older compared
with only 14 220 of 53 454 NLST participants (26.6%) in that
age group at the time of enrollment. This difference may be
owing, in part, to the higher upper age limit used in the LCSDP
(≤80 years, as recommended by the US Preventive Services
Task Force3). A much higher proportion of veterans were men
(2028 [96.3%]) compared with those in the NLST (31 532 of
53 454 [59.0%]), reflective of the demographics of VHA
patients. More VHA patients were current smokers (1192
[56.6%]) than were NLST participants (25 762 of 53 454
[48.2%]). Whether these differences will alter the benefit
shown in the NLST is not known.

The rate of positive findings after 1 round of screening in
the LCSDP was more than twice that in the NLST (1257
[59.7%] vs 7191 of 26 309 [27.3%]). The reason for the overall
high rate of initially positive examination results in the VHA

sites is not certain but may be owing, in part, to the older age
and heavier smoking history of veterans screened.26,27 Nod-
ule follow-up guidelines in the LCSDP included a recommen-
dation to follow up very small nodules (<4 mm) if they were
new or growing, based on results of previous scans, or had
suspicious features; the NLST did not follow up nodules
smaller than than 4 mm. The wide range of nodular findings
among the 8 sites (range, 70 of 228 [30.7%] to 181 of 213
[85.0%]) may reflect, in part, different geographical
locations28 or differences in interpretation by participating
radiologists. A similar variability in positive findings by site
was noted in the NLST (4% to 69%)29 and suggests a need for
better standardization to achieve consistency in reading
results of LDCT scans.

After the LCSDP developed its nodule follow-up guide-
lines based on those of the Fleischner Society,18,19 the Ameri-
can College of Radiology released its Lung CT Screening Re-
porting and Data System standards.30 When these criteria were
retrospectively applied to NLST data, the number of false-
positive results was reduced from 26.6% (6939 of 26 090) to
12.8% (3343 of 26 090).31 Since only about one-third of nod-
ules identified as needing to be tracked in the LCSDP were 6
mm or greater, the positive rate might decline from nearly 60%
to about 20%. However, this possibility assumes that pa-
tients with small nodules will continue to be screened annu-
ally and any growth will be detected in subsequent scans.
Clearer guidance about management of very small nodules is
needed, especially for patients who do not continue to be
screened.

Approximately 40% of those screened in the LCSDP had
a variety of incidental findings. Many reported findings, such
as emphysema and coronary calcifications, may not require
follow-up. However, inclusion of these findings in reports of
LDCT scan results requires a health care professional’s time to
determine if additional testing is necessary.

This clinical demonstration project raises several impor-
tant questions that warrant further investigation. For ex-
ample, more needs to be understood about the smoking ces-
sation experience of those who were screened. The study by
Zeliadt et al32 of current smokers who were offered LCS found
that screening may negatively influence cessation efforts. We

Table 4. Stage and Histologic Findings of Lung Cancers Found on Initial Round of Lung Cancer Screening

Result All Sites Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8
Total lung cancers found 31 7 4 3 10 0 2 3 2

Stage

I 20 5 3 2 6 0 2 1 1

II 2 0 0 0 1 0 0 1 0

III 6 2 0 1 2 0 0 1 0

IV 2 0 1 0 1 0 0 0 0

Unknown 1 0 0 0 0 0 0 0 1

Histologic type

Adenocarcinoma 12 2 2 1 3 0 2 2 0

Squamous cell carcinoma 12 4 2 1 4 0 0 0 1

Non–small-cell carcinoma or other 4 1 0 0 3 0 0 0 0

Small-cell carcinoma 2 0 0 1 0 0 0 1 0

Unknown 1 0 0 0 0 0 0 0 1
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also need to learn more about the optimal design of decision
aids and ways to use shared decision making for LCS. In ad-
dition, the significance of and patient experience with inci-
dental findings on results of LDCT scans needs to be further
evaluated.

Limitations
These findings have important limitations. Data analysis was
based on data in clinical records rather than on data collected
by research staff. Missing or incorrectly recorded data about
smoking pack-years or years since quitting, for example, were
noted for 39.3% of patients who met the initial screening cri-
teria. It is possible that individuals received follow-up care for
positive LCS results outside the VHA health care system, and
those records would not be available for our analysis. The num-
ber of patients treated for lung cancer may be underesti-
mated. Some patients, especially those with significant medi-
cal comorbidities who underwent screening, may have received
radiation therapy for presumed lung cancer; without diagno-
sis codes for confirmed lung cancer, those patients were not
captured in project data. The follow-up period in this project

was less than 1 year; longer follow-up time will be needed to
determine the health outcomes of LCS. This project was per-
formed in 8 selected VHA academic medical centers; imple-
mentation of LCS programs in smaller medical facilities with
fewer resources may differ in many ways. Finally, these find-
ings may not be generalizable to non-VHA health care sys-
tems and patients who are not veterans. The experience of the
VHA, owing to its central organizational structure, may rep-
resent a best-case scenario, but even the VHA was challenged
with implementing LCS.

Conclusions
The VHA LCSDP found that a comprehensive LCS program is
a complex endeavor for both patients and staff. These results
will help the VHA plan for broader implementation of such a
program across its health care system and may help other
groups considering such screening programs to better under-
stand the multiple components involved and the initial clini-
cal effect on patients.
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