
ORIGINAL RESEARCH

Low Provider Knowledge Is Associated
With Less Evidence-Based
Lung Cancer Screening

Jennifer A. Lewis, MD, MSa,b; Heidi Chen, PhDc; Kathryn E. Weaver, PhDd; Lucy B. Spalluto, MDa,e;
Kim L. Sandler, MDe; Leora Horn, MD, MScb; Robert S. Dittus, MD, MPHa,f; Pierre P. Massion, MDg,h;

Christianne L. Roumie, MD, MPHa,f; and Hilary A. Tindle, MD, MPHa,f

ABSTRACT

Background: Despite widespread recommendation and supportive
policies, screening with low-dose CT (LDCT) is incompletely imple-
mented in the US healthcare system. Low provider knowledge of the
lung cancer screening (LCS) guidelines represents a potential barrier to
implementation. Therefore, we tested the hypothesis that low provider
knowledge of guidelines is associated with less provider-reported
screening with LDCT. Patients and Methods: A cross-sectional sur-
vey was performed in a large academic medical center and affiliated
Veterans Health Administration in the Mid-South United States that
comprises hospital and community-based practices. Participants in-
cluded general medicine providers and specialists who treat patients
aged .50 years. The primary exposure was LCS guideline knowledge
(US Preventive Services Task Force/Centers for Medicare & Medicaid
Services). High knowledge was defined as identifying 3 major screening
eligibility criteria (55 years as initial age of screening eligibility, smoking
status as current or former smoker, and smoking history of $30 pack-
years), and low knowledge was defined as not identifying these 3 criteria.
The primary outcome was self-reported LDCT order/referral within the
past year, and the secondary outcome was screening chest radiograph.
Multivariable logistic regression evaluated the adjusted odds ratio (aOR)
of screening by knowledge. Results: Of 625 providers recruited, 407
(65%) responded, and 378 (60.5%) were analyzed. Overall, 233 pro-
viders (62%) demonstrated lowLCS knowledge, and224 (59%) reported
ordering/referring for LDCT. The aOR of ordering/referring LDCT was
less among providers with low knowledge (0.41; 95% CI, 0.24–0.71)
than among those with high knowledge. More providers with low
knowledge reported ordering screening chest radiographs (aOR,
2.7; 95% CI, 1.4–5.0) within the past year. Conclusions: Referring
provider knowledge of LCS guidelines is low and directly proportional
to the ordering rate for LDCT in an at-risk US population. Strategies to
advance evidence-based LCS should incorporate provider education
and system-level interventions to address gaps in provider knowledge.
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Background
Lung cancer is the leading cause of cancer mortality
among men and women in the United States.1 Approx-
imately 70% of lung cancer cases are diagnosed at ad-
vanced stages when there are limited options for cure,2

reflected by the current 5-year survival of only 18%.1 Low-
dose CT (LDCT) can detect early-stage lung cancer, in-
creasing the likelihood of cure. The National Lung
Screening Trial (NLST), a large, multicenter, US randomized
controlled trial, was terminated early when it found that
annual LDCT decreased the relative lung cancer–specific
mortality by 20% and all-cause mortality by 6.7% com-
pared with annual chest radiographic screening in high-
risk individuals.3 The NLST defined high-risk individuals
as aged 55 to 74 years, current and former smokers who
quit smoking within the past 15 years, and those with at
least 30 pack-years of cigarette smoking. Based on results
of this trial, many professional organizations issued rec-
ommendations for LDCT,4–7 and in 2012, NCCNpublished
the first lung cancer screening (LCS) guidelines.4 US
healthcare policy decisions have also been supportive,
including the US Preventive Services Task Force (USPSTF)
issuance of a grade B recommendation for annual LDCT
in high-risk individuals, defined as current and former
smokers who have quit within the past 15 years, are aged
55 to 80 years, have at least a 30 pack-year history of cig-
arette smoking, and are able to undergo curative treat-
ment.8 The Centers for Medicare & Medicaid Services
(CMS) approved LDCT coverage for a similar population of
high-risk individuals, differing only in the screening end
age of 77 years.9 Currently, the American Academy of
Family Physicians (AAFP) is the only professional or-
ganization that does not recommend LDCT, citing in-
sufficient evidence for or against it.10

For LDCT to be an effective population-level strategy,
appropriate candidates must be identified and referred for
screening. Insufficient provider knowledge of screening
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recommendations represents a potential barrier to this
process. Furthermore, providers play a key role because
LDCT is currently the only cancer screening modality
required by CMS to have a shared decision-making
conversation for reimbursement, making it critical for
providers to have knowledge of the screening recommen-
dations, CMS coverage criteria, and evidence for screening.
Early studies have shown that few providers know LCS
guidelines.11–14 Studies of provider knowledge and LCS
practices have been limited in several ways: (1) use of
general “guideline awareness” as the definition of knowl-
edge, (2) changes in policies that affect guideline knowledge
(USPSTF and CMS), (3) a limited sample size with non-
diverse provider populations, and (4) lack of adjustment for
potential confounding.11–14 In this context, the present study
aimed to test the hypothesis that low provider knowledge of
LCS guideline recommendations would be associated
with less provider-reported screening with LDCT.

Patients and Methods

Study Design and Participants
From February through May 2017, we surveyed 625 pro-
viders who routinely perform health screenings or care
for patients at high risk of lung cancer, including pro-
viders who practiced within general internal medicine/
family medicine, pulmonology, hematology/oncology, and
gynecology within an academic medical center (Van-
derbilt University Medical Center [VUMC]) and its af-
filiated Veterans Health Administration (VHA), including
hospital-based and community-based practices. VUMC
has an American College of Radiology–accredited LCS
program, and the VHA does not. Neither healthcare sys-
tem had LCS-specific clinical reminders or an automated
system for identifying eligible candidates. A recent Med-
icine Grand Rounds at VUMC focused on LCS. Eligible
providers included attending physicians, physicians in
training, physician assistants, and nurse practitioners
who reported providing healthcare services to patients
aged .50 in the year before the study; if respondents
did not meet these criteria, the questionnaire was termi-
nated. Providers were identified using department web-
sites, administrative staff, and department leaders. The
Institutional Review Boards at VUMC and the VHA ap-
proved the study. A waiver of documentation of written
consent was granted for the study; consent was implied by
clicking the questionnaire link after reviewing study in-
formation. All respondents were offered the chance towin 1
of 40Amazon$50 gift cardsuponquestionnaire completion.

Study Procedures
The questionnaire was pilot-tested by 5 providers, and
minor revisions weremade to use VHA-specific language.
Providers were emailed the internet-based questionnaire

via REDCap or VHA REDCap.15 Weekly email reminders
were sent to participants who had not responded by the
requested deadline, and daily reminders were sent on the
final 3 days.

Questionnaire Content

Independent Variable: LCS Knowledge
Six multiple-choice items adapted from a prior study
assessed provider knowledge of the USPSTF and CMS
coverage criteria for LCS (see supplemental eTable 1,
available with this article at JNCCN.org).11 The following
items were assessed:

• Initial age of screening eligibility (correct answer:
55 years)

• Upper age limit at which a patient is no longer
eligible for screening (correct answer: either 77 or
80 years)

• Minimum smoking exposure (correct answer:
30 pack-years)

• Smoking status (correct answer: current and former
smokers)

• Screening frequency (correct answer: yearly)
• Screening for patients who were not surgical

candidates (correct answer: no)

High LCS knowledge was defined as correctly identifying 3
major criteria to identify screening candidates: initial age
of screening eligibility, minimum smoking exposure, and
smoking status. Low LCS knowledge was defined as not
correctly identifying these 3 criteria.

Outcomes: LCS Tests
The primary outcome was self-reported order/referral of
LDCT within the past year. Secondary outcomes were self-
reported ordering of nonrecommended LCS tests: chest ra-
diograph and sputum cytology. These 3 items were adapted
from the NCI National Survey of Primary Care Physicians’
Cancer Screening Recommendations and Practices: Co-
lorectal and Lung Cancer Screening Questionnaire.16,17

Covariates
Providers self-reported their sex, race/ethnicity, medical posi-
tion, years in training/practice, specialty, percentage of time
providingdirect patient care, andpractice setting (Table 1).We
calculated years since terminal degree for each provider by
accounting for his/her medical position and years in training
for attending physicians. This was calculated separately
for each specialty and categorized as ,1 year, 1–5 years,
6–10 years, 11–15 years, 16–25 years, and .25 years.

Statistical Analysis
The analytic sample included all providers who com-
pleted the 6 guideline knowledge items and the primary
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Table 1. Characteristics of Respondents

Characteristic

Total Sample (N5378) High LCS Knowledgea (N5145) Low LCS Knowledgeb (N5233)

n (%) n (%) n (%)

Sex

Female 214 (56.6) 75 (51.7) 139 (59.7)

Race/Ethnicity

Hispanic 12 (3.2) 5 (3.4) 7 (3.0)

White 306 (81.0) 114 (78.6) 192 (82.4)

Black 23 (6.1) 9 (6.2) 14 (6.0)

Asian 47 (12.4) 21 (14.5) 26 (11.2)

Other 7 (1.9) 3 (2.1) 4 (1.7)

Medical position

Attending 178 (47.1) 66 (45.5) 112 (48.1)

Physician-in-training 161 (42.6) 73 (50.3) 88 (37.8)

Nurse practitioner/physician assistant 39 (10.3) 6 (4.1) 33 (14.2)

Years since completion of terminal degree

,1 y 39 (10.3) 12 (8.3) 27 (11.6)

1–5 y 139 (36.8) 68 (46.9) 71 (30.5)

6–15 y 106 (28.0) 35 (24.1) 71 (30.5)

16–25 y 57 (15.1) 19 (13.1) 38 (16.3)

.25 y 34 (9.0) 10 (6.9) 24 (10.3)

Missing 3 (0.8)

Primary field of practice

General internal medicine 174 (46.0) 86 (59.3) 88 (37.8)

Internal medicine, hospitalist 26 (6.9) 10 (6.9) 16 (6.9)

Internal medicine, pulmonology 39 (10.3) 19 (13.1) 20 (8.6)

Internal medicine, hematology/oncology 73 (19.3) 23 (15.9) 50 (21.5)

Family medicine 12 (3.2) 4 (2.8) 8 (3.4)

Gynecology 48 (12 0.7) 2 (1.4) 46 (19.7)

Other 6 (1.6) 1 (0.7) 5 (2.1)

Percentage of time providing direct patient care

#50% 89 (23.5) 44 (30.3) 45 (19.3)

.50% 289 (76.5) 101 (69.7) 188 (80.7)

Clinic location

Hospital-based 271 (71.7) 112 (77.2) 159 (68.2)

Community-based 107 (28.3) 33 (22.8) 74 (31.8)

Healthcare system

Academic 285 (75.4) 102 (70.3) 183 (78.5)

VHA 93 (24.6) 43 (29.7) 50 (21.5)

Perceived percentage of current smokers in
providers’ practices, median (IQR)

25 (15–40) 25 (15–40) 25 (15–40)

Perceived percentage of former smokers in
providers’ practices, median (IQR)

30 (20–50) 30 (20–50) 30 (20–50)

Abbreviations: CMS, Centers for Medicare & Medicaid Services; IQR, interquartile range; LCS, lung cancer screening; USPSTF, US Preventive Services Task Force;
VHA, Veterans Health Administration.
aDefined as correctly identifying USPSTF/CMS screening eligibility start age as 55 years, smoking status of current or former smoker, and smoking history of$30 pack-
years.
bDefined as not identifying USPSTF/CMS screening eligibility start age as 55 years, smoking status of both current or former smoker, and smoking history of$30 pack-
years.
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outcome. Descriptive statistics were used to characterize
provider characteristics.

Multivariable logistic regression was used to as-
sess the association between knowledge and LDCT
order/referral, with adjustment for the following
covariates: specialty, years since terminal degree,
and healthcare system. Adjusted odds ratios (aORs)
and 95% CIs were reported. All analyses were con-
ducted using R software (R Foundation for Statistical
Computing).

Sensitivity and Subgroup Analyses
We tested the sensitivity of our definition of guide-
line knowledge through several analyses. First, we
redefined low knowledge as answering less than any
3 of 6 guideline items correctly. Next, we converted
knowledge into a continuous variable. For this vari-
able, we defined knowledge based on scores (05least
knowledge; 65most knowledge). We determined that
individual guideline components were most strongly
associated with LDCT order/referral. These knowl-
edge components in combination with the highest
number of correctly identified guideline components
were used to develop the fourth definition of knowl-
edge. In addition, because we evaluated knowledge
and practice at different hospitals and between aca-
demic and community practices, we analyzed for effect
modification among these subgroups.

Results
We invited 625 providers (449 academic, 176 VHA)
to complete the survey, and 407 (65%) responded
(309 academic, 98 VHA). We excluded 10 participants
who did not meet eligibility criteria and another 4
respondents with duplicate responses because of a
dual academic-VHA appointment; all 4 work pre-
dominantly at VHA and were reclassified as such. A
total of 15 questionnaires were missing responses
to the knowledge items or the primary outcome
variable, yielding an analytic sample of 378 (60.5%)
(Figure 1).

Characteristics of Respondents
Questionnaire nonresponders, compared with re-
sponders, were more likely to be attending physicians
(61% vs 47.1%; P5.001) and to work at the VHA (35.8%
vs 24.6%; P5.004) (supplemental eTable 2). Of the re-
spondents, 233 (62%) had low LCS knowledge (Table 1
and supplemental eFigure 1). Compared with providers
with high LCS knowledge, more providers with low
LCS knowledge were female (59.7% vs 51.7%), were
advanced practice practitioners (14.2% vs 4.1%), were
within 6 to 15 years of their terminal degree (30.5% vs
24.1%), and practiced in gynecology (19.7% vs 1.4%), in

a community-based practice (31.8% vs 22.8%), or at an
academic medical center (78.5% vs 70.3%) (Table 1).

Primary Outcome: LDCT Screening and
LCS Knowledge
A total of 224 providers (59%) reported ordering/referring
for LDCT within the past year. The unadjusted odds of
ordering/referring for LDCT were 76% lower for pro-
viders with low LCS knowledge than for those with high
LCS knowledge (Table 2). Results were attenuated but
remained robust to adjustment for primary field of
practice, years since completion of terminal degree, and
healthcare system (aOR, 0.41; 95% CI, 0.24–0.71).

Rates of ordering/referring for LDCT were highest
among general internal medicine/primary care providers

Providers invited to participate
in questionnaire

(N=625)

No response to questionnaire (n=218)

Met exclusion criteria (did not provide
healthcare to adults aged >50 y within
past 12 mo; n=10)
Duplicate questionnaires (n=4)

Questionnaires with incomplete
items on LCS knowledge 
or LDCT outcome (n=15)

Responded to questionnaire
(n=407; 65%)

Questionnaires with data
(n=393; 63%)

Questionnaires with complete data
(n=378; 60.5%)

High LCS knowledgea

(n=145; 38%)
Low LCS knowledgeb

(n=233; 62%)

Figure 1. CONSORT diagram.
Abbreviations: CMS, Centers for Medicare & Medicaid Services; LCS, lung
cancer screening; LDCT, low-dose CT; USPSTF, US Preventive Services Task
Force.
aDefined as correctly identifying USPSTF/CMS screening eligibility start age
as 55 years, smoking status of current or former smoker, and smoking history
of $30 pack-years.
bDefined as not identifying USPSTF/CMS screening eligibility start age as
55 years, smoking status of both current or former smoker, and smoking history
of $30 pack-years.
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(75.9%), followed by pulmonologists (74.4%), hematologists/
oncologists (39.7%), and gynecologists (2.1%). After ad-
justment for other factors, all provider types were less
likely than general internists/primary care providers to
order/refer for LDCT: gynecology (aOR, 0.01; 95% CI,
0.001–0.07), hematology/oncology (aOR, 0.17; 95% CI,
0.09–0.31), and pulmonology providers (aOR, 0.77;
95% CI, 0.32–1.82).

Secondary Outcomes: Chest Radiograph and
Sputum Cytology
A total of 74 respondents reported ordering chest ra-
diographs and 12 reported ordering sputum cytology
within the past year. After adjustment for specialty, years
since terminal degree, and healthcare system, providers
with low LCS knowledge had a 2.7 higher odds of ordering
a screening chest radiograph than providers with high
LCS knowledge (95% CI, 1.4–5.0). Numbers of self-reported
sputum cytology were too small to test differences be-
tween those with high and low LCS knowledge.

Sensitivity and Subgroup Analyses
When redefining low LCS knowledge as correctly
identifying ,3 guideline components, the aOR of self-
reported LDCT order/referral within the past year among
providers with low versus high knowledge was 0.30

(95% CI, 0.17–0.52). The distribution of correctly answered
guideline knowledge items is shown in supplemental
eFigure 1. Assessment of guideline knowledge as a con-
tinuous variable showed a statistically significant posi-
tive linear relationship between the number of correctly
identified LCS guideline elements for scores 0 through 4
and LDCT orders/referrals (Figure 2). The aOR for LDCT
ordering/referral decreased for scores of 5 and 6 and

Table 2. LDCT Screening by Guideline Knowledge

Exposure

LDCT/Referral Within Past Year
(N5224)

No LDCT/Referral Within Past Year
(N5154)

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)an (%) n (%)

High LCS knowledgeb 114 (50.9) 31 (20.1) Ref Ref

Low LCS knowledgec 110 (49.1) 123 (79.9) 0.24 (0.15–0.39) 0.41 (0.24–0.71)

Sensitivity analysis

Knowledge of any 3 guideline
elements

174 (77.7) 57 (37.0) Ref Ref

Absence of knowledge of any 3
guideline elements

50 (22.3) 97 (63.0) 0.17 (0.11–0.27) 0.30 (0.17–0.52)

Knowledge of 4 specific guideline
componentsd

73 (32.6) 21 (13.6) Ref Ref

Absence of knowledge of 4 specific
guideline elements

151 (67.4) 133 (86.4) 0.33 (0.19–0.56) 0.45 (0.24–0.83)

Knowledge of any 4 guideline
elements

133 (59.4) 41 (26.6) Ref Ref

Absence of knowledge of any 4
guideline elements

91 (40.6) 113 (73.4) 0.25 (0.16–0.39) 0.37 (0.22–0.63)

Abbreviations: CMS, Centers for Medicare & Medicaid Services; LCS, lung cancer screening; LDCT, low-dose CT; OR, odds ratio; USPSTF, US Preventive Services
Task Force.
aCovariates adjusted in model: specialty, years in practice, healthcare system.
bDefined as correctly identifying USPSTF/CMS screening eligibility start age as 55 years, smoking status of current or former smoker, and smoking history of$30 pack-
years.
cDefined as not identifying USPSTF/CMS screening eligibility start age as 55 years, smoking status of current or former smoker, and smoking history of $30 pack-
years.
dThe 4 guideline items were identified by logistic regression and included screening eligibility start age as 55 years, smoking status of current or former smoker,
screening interval as annual, and screening not recommended for patients unable to undergo surgery.
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Figure 2. LDCT screening by knowledge as a continuous variable.
Abbreviations: aOR, odds ratio; LDCT, low-dose CT.
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was not statistically significant. When low LCS knowledge
was defined as correctly identifying ,4 LCS guideline
elements, the aOR of LDCT order/referral among high
versus low knowledge was 0.37 (95% CI, 0.22–0.63). In the
adjusted model, the 4 guideline components most
strongly associated with LDCT order/referral were start
age of 55 years, smoking status as both current and
former, screening interval as annual, and screening not
recommended for patients unable to undergo surgery.
Incorrect responses to these 4 specific items were asso-
ciatedwith a lower odds of LDCT screening (aOR, 0.45; 95%
CI, 0.24–0.83) (Table 2). There was no evidence of effect
modification by healthcare system or practice location
(Table 3 and supplemental eFigure 2).

Discussion
Results of this study represent the strongest evidence
to date of the independent relationship between guide-
line knowledge and evidence-based LCS. Novel in our
methodology, we found that providers with low guide-
line knowledge were less likely to perform LDCT lung
screening. This association was robust to a sensitivity
analysis and was not modified by healthcare system or
practice location. This study extends prior knowledge
by testing this relationship after issuance of US policy
decisions supporting LDCT screening in a large sample
of multiple provider types, clinical settings, and across

2 healthcare systems with an excellent response rate,
thereby overcoming many of the limitations of prior
research in this area.11,12,14,18

One of our key findings is that LCS guideline
knowledge is currently low. Prior studies have described
low awareness or knowledge of LCS guidelines.11–13,18–23 A
survey conducted in 2013 found that only 47% of primary
care providers at an academic medical center knew at least
3 of 6 LCS guideline items. Similarly, a 2015 survey found
that most South Carolina family physicians were not aware
of their own organization’s (AAFP) position on LCS,13 and a
more recent study found that only 10% of primary care
providers and pulmonologists were able to identify all of
the CMS elements needed for documentation.20

Most providers in the present study reported
ordering/referring a patient for LDCT screening within
the past year. Fortunately, rates of referral have increased
since 2013 (12% vs 59%),11 a trend that may be explained
by the 2014 USPSTF grade B recommendation and CMS’s
2015 decision to cover LDCT lung screening.8,9 An in-
creased rate of LCS referral since 2013 is consistent with a
recent national study in which 36% of providers reported
ordering 1 to 5 tests in the past year.24 However, ,1% of
gynecologists and only 39% of hematology/oncology
providers reported performing LDCT screening in the
past year in our study. Having a patient population that
is ineligible for screening (ie, younger nonsmokers) or

Table 3. Effect Modification by Healthcare System and Practice Location

Exposure LDCT/Referral Within Past Year No LDCT/Referral Within Past Year
Unadjusted OR

(95% CI)
Adjusted OR

(95% CI)

Healthcare system

VHAa (n593)

High LCS knowledgeb 39 (41.9) 4 (4.3) Ref Ref

Low LCS knowledgec 34 (36.6) 16 (17.2) 0.22 (0.07–0.72) 0.25 (0.06–1.03)

Academica (n5285)

High LCS knowledgeb 75 (26.3) 27 (9.5) Ref Ref

Low LCS knowledgec 76 (36.1) 107 (37.5) 0.26 (0.15–0.43) 0.48 (0.25–0.92)

Practice location

Hospital-based clinicd (n5271)

High LCS knowledgeb 88 (32.4) 24 (8.9) Ref Ref

Low LCS knowledgec 78 (28.8) 81 (29.9) 0.26 (0.15–0.45) 0.36 (0.19–0.69)

Community-based clinicd (n5107)

High LCS knowledgeb 26 (24.3) 7 (6.5) Ref Ref

Low LCS knowledgec 32 (29.9) 42 (39.3) 0.21 (0.08–0.53) 0.29 (0.08–1.10)

Abbreviations: CMS, Centers for Medicare & Medicaid Services; LCS, lung cancer screening; LDCT, low-dose computed tomography; OR, odds ratio; USPSTF,
U.S. Preventive Services Task Force; VHA, Veterans Health Administration.
aCovariates adjusted in model: specialty and years in practice.
bDefined as correctly identifying USPSTF/CMS screening eligibility start age as 55 years, smoking status of current or former smoker, and smoking history of$30 pack-
years.
cDefined as not identifying USPSTF/CMS screening eligibility start age as 55 years, smoking status of current or former smoker, and smoking history of $30 pack-
years.
dCovariates adjusted in model: specialty, years since terminal degree, and healthcare system.
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assuming that another provider is addressing cancer
screening may explain lower knowledge or rates of
screening among these providers.

The lower screening rate observed among pulmo-
nologists is somewhat surprising. The belief that the
primary care provider should be responsible for can-
cer screenings may be one explanation.20 Ambivalence
among pulmonologists regarding the utility of screening
may have contributed to the lower screening rate, but this
may resolve as newdata increasingly support LCS to reduce
mortality.18,25 Finally, selection bias may also be present.
This finding certainly warrants further study. Overall, our
results suggest that future educational interventions should
broadly target primary care and specialty providers who
care for patients at high risk for lung cancer.

Consistent with prior studies, many providers still
report ordering screening chest radiographs, which
is not a recommended screening test.4,11,13,19,21,24 It is
not surprising that there were more providers with
low LCS knowledge who reported ordering screening chest
radiographs. However, to our knowledge, this is the first
study showing this relationship, and this finding further
strengthens the relationship between guideline knowledge
and LCS. It also highlights the need to emphasize the in-
appropriate use of chest radiography for screening and to
assess its use in future studies.

Multiple factors may explain why providers may or
may not adhere to LCS guidelines.26 Because LDCT is a
relatively new test, many providers may not be familiar
with or aware of the guidelines.26 In addition, the degree
to which guidelines differ may be confusing providers,
thus affecting attitudes and screening behavior, is unclear,
but is an important factor to consider.26 Provider edu-
cation on guideline recommendations and the efficacy of
screening is crucial, especially in the early stages of
implementing a new tool. However, education alone is
unlikely to be successful in improving screening behavior
due to multiple factors that influence these decisions.26

The complexity of LCS guidelines makes changes
to healthcare processes critical for effective, efficient
screening.4 Through system-level changes, guideline knowl-
edge could be taught or reinforced through clinical re-
minders or decision support programs. Electronic medical
records (EMRs) could be leveraged to identify eligible
patients and notify providers of the need to address
screening. Unfortunately, current EMR systems are not
adequately capturing smoking history, which limits this
approach. In the VHA LCS demonstration project, ap-
proximately 40% of patients who met initial life expec-
tancy, comorbidity, and age criteria either were missing
information in the EMR on smoking status or had to-
bacco pack-years incorrectly calculated.27 A recent study
found a 96.2% discordance between smoking history
from the EMR compared with the history elicited from

shared decision-making, and 53.6% of eligible individuals
would have failed to meet screening criteria if the EMR
were solely relied on to identify eligible screening candi-
dates.28 Finally, eligibility criteria should be made easily
accessible in familiar, convenient, and diverse locations
(eg, internet-based resources, hand-held electronic ap-
plications, posters) to maximally support providers across
healthcare settings. The NCCN Clinical Practice Guide-
lines in Oncology for LCS are available as an internet-
based resource for providers to use free of charge.4

Even as healthcare system processes adapt over
time, providers will remain key to LCS. Lung cancer is
the only cancer screening that requires a provider to
conduct a shared decision-making visit for CMS re-
imbursement.9 Furthermore, provider recommenda-
tion is a predictor of patient behavior.29 In one study,
82% of patients reported that they would undergo LDCT
lung screening if recommended by their physician.30

Another study found that approximately 85% of LCS-
adherent patients reported “trust in their provider” as a
reason for undergoing screening.12 Finally, referral for
LCS should be shared among providers (eg, primary
care, pulmonology, oncology), with the common goal of
maximizing screening among eligible candidates.

The overall response rate of 65% is on the higher
end of the published range (9%–94%) for internet-
based surveys of healthcare providers.31 However,
our study has several limitations. Selection bias is
a possible consequence of a ,100% response rate.
In addition, we relied on provider self-reporting of
screening practice, which could be subject to social
desirability bias and recall bias. Furthermore, our
definition of guideline knowledge did not include years
since quitting for former smokers (#15 years), because
we elected to focus on guideline elements that providers
would likely recognize, such as smoking status (current
or former smoker) and pack-years of exposure ($30).
Results of this survey may also not be generalizable.
Finally, our study was not designed to elicit why pro-
viders do or do not perform LDCT screening. Future
directions should include qualitative work to better
understand this population’s barriers and facilitators
to performing LCS.

Conclusions
Findings of this cross-sectional study showed that
provider LCS guideline knowledge is a strong and
independent predictor of LCS practices. Provider knowl-
edge of the USPSTF guidelines and CMS coverage cri-
teria was also found to be significantly low. Provider
educational and healthcare system interventions are
needed to facilitate the appropriate identification of
candidates for LCS to be effective at the population
level.
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