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Abstract

Background: The purpose of this study is to undertake a comprehensive systematic review to describe multilevel factors
(barriers and facilitators) that may influence the implementation of low-dose chest computed tomography for lung cancer
screening in the United States. Methods: Systematic literature searches were performed using 6 online databases and citation
indexes for peer-reviewed studies, for articles published from 2013 to 2021. Studies were classified into 3 perspectives, based
on the study’s unit of analysis: system, health-care provider, and patient. Barriers and facilitators identified for each study
included in our final review were then coded and categorized using the Consolidate Framework for Implementation Research
domains. Results: At the system level, the 2 most common constructs were external policy and incentives and executing the
implementation process. At the provider level, the most common constructs were evidence strength and quality of the
intervention characteristics, patient needs and resources, implementation climate, and an individual’s knowledge and
beliefs about the intervention. At the patient level, the most common constructs were patient needs and resources,
individual’s knowledge and beliefs about the intervention, and engaging in the implementation process. These constructs
can act as facilitators or barriers to lung cancer screening implementation. Conclusions: Applying the Consolidate
Framework for Implementation Research domains and constructs to understand and specify factors facilitating uptake of
lung cancer screening as well as cataloging the lessons learned from previous efforts helps inform the development and
implementation processes of lung cancer screening programs in the community setting. Registration: PROSPERO,

CRD42021247677.

With more than half of lung cancer cases being diagnosed at the
distant stage where the 5-year survival rate is only 6% (1), lung
cancer is the leading cause of cancer mortality in the United
States. Early detection is imperative because pathological stage
at diagnosis is associated with prognosis, where the most effec-
tive treatment options are available for early stage tumors. In
2011, results from the National Lung Screening Trial demon-
strated that screening for lung cancer using low-dose chest com-
puted tomography (LDCT) reduced mortality by 20% in high-risk
patients compared with using chest radiography (eg, x-ray) (2).
As a result, the US Preventive Services Task Force (USPSTF),
along with a number of professional organizations, endorsed
annual lung cancer screening using LDCT for high-risk adults
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since 2013 (3). Two years later, the Centers for Medicare and
Medicaid Services (CMS) announced sufficient evidence to sup-
port coverage of a lung cancer screening counseling and shared
decision-making (SDM) visit for eligible patients (4). Despite
national organizational guidelines, health insurance coverage,
and scientific evidence of screening, the implementation of lung
cancer screening with LDCT (hereafter, referred to as lung cancer
screening) has remained suboptimal, particularly in the com-
munity settings (5-8). Moreover, the slow uptake of evidence-
based interventions is not unique to lung cancer screening (9).
Implementation science, anchored in organizational theo-
ries, can inform the translation from research and practice.
Although current literature, including Cochrane systematic
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reviews, has attributed the suboptimum lung cancer screening
uptake to differences in adherence rates among subgroups of
patients (10,11), no reviews have examined the complex imple-
mentation process, which is often driven by multilevel factors at
the patient, provider, and health-care system level. A clear
understanding of barriers and facilitators, using an evidence-
informed theoretical framework, that influences implementation
is urgently needed. Moreover, recognizing there are interactions
between context and the implementation process that occur
throughout the continuum of care (eg, patient to system), it is
important to capture these interactions to further illuminate the
implementation process. To date, no existing work has applied a
theoretical framework to guide the systematic review (using core
standards that are generally expected of Cochrane reviews) and
analyze the data. A comprehensive overview of available evi-
dence would derive lessons learned and enable a deeper under-
standing of drivers of implementation, which would in turn
facilitate the implementation of successful, effective, and sus-
tainable screening programs.

To bridge this gap, this study aimed to conduct a compre-
hensive systematic review to synthesize multilevel factors that
influence the implementation of lung cancer screening in the
United States, guided by the Consolidated Framework for
Implementation Research (CFIR). Utilization of the CFIR, a meta-
theoretical framework, enables the systematic and comprehen-
sive aggregation of findings across studies and context to
maximize generalizability to different settings and improve
implementation of interventions (12).

Methods

Protocol

We developed a systematic review protocol a priori and regis-
tered it with the International Prospective Register of Ongoing
Systematic Reviews (No. CRD42021247677). We followed the
standards of the Cochrane Handbook for Systematic Reviews of
Interventions and reported our results according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
reporting guideline (13,14). The selection of data sources and
search strategy were developed in consultation with the lead
health science librarian. The study was approved by the
University of Oklahoma institutional review board (IRB No.
10187), although this portion of the study is exempt with no
human subject involvement.

Data Sources and Management

Systematic literature searches were performed using the follow-
ing electronic databases: 3 Ovid databases (MEDLINE, Embase,
PsycINFO), Cumulative Index to Nursing and Allied Health
Literature, PubMed, and Web of Science. Retrieval was limited
to English language literature published from 2013 to present;
all searches were conducted in April 2021. EndNote X9
(Clarivate Analytics, Boston, MA, USA) was used to manage the
records retrieved from searches. The EndNote library containing
the search results was then imported into a web-based software
platform that streamlines the production of systematic reviews,
Covidence (Veritas Health Innovation, Melbourne, VIC,
Australia; available at www.covidence.org), and duplicates were
automatically removed. Covidence was used for title and
abstract screening, full-text review, reference management, and
data extraction (15-17).

Search Strategies and Inclusion Criteria

Search terms aimed to represent primary concepts of imple-
mentation, lung cancer screening, and barriers or facilitators.
Keywords were generated for each of these concepts by examin-
ing the terminology used in similar review papers.

A population, intervention, comparison, outcome, and time
format was used to structure the research question, eligibility
criteria, and study selection (18). A study was eligible for inclu-
sion in the review if the study met the following criteria: 1) data
collection in the United States between 2013 (after USPSTF rec-
ommendation) and 2021; 2) identified perceived barriers and/or
facilitators to LDCT for lung cancer screening; 3) data from the
health-care professionals’, health system or clinics’, or patients’
perspective; 4) reported on original collection of data; and 5)
full-text article available.

The following exclusion criteria were applied. First, all non-
US-based studies were excluded as the US health-care system
differs from those of most comparable developed nations thus
making our implementation process unique. Second, because
our analysis focused on articles that identified barriers and
facilitators of the implementation process, rather than solely
characteristics of the intervention (eg, lung cancer screening),
studies that only reported intervention outcomes (including
effectiveness data) were excluded. Factors are considered as
facilitators if their presence promoted (eg, enabled) the imple-
mentation of, or adherence to, the guideline-indicated screen-
ings. Factors are considered as barriers if they impeded (eg,
hindered) implementation of, or adherence to, the guideline.
Third, only full-length articles were retained. Reviews,
abstracts, posters, and commentaries were excluded.

Conceptual Framework: CFIR

This review is guided by CFIR, an integrated conceptual frame-
work for implementation. We categorized study findings to 26
CFIR main constructs across 5 domains and stratified by the
study unit of analysis (eg, patient, provider, and system level).
The 5 major domains of CFIR are 1) intervention characteristics,
which are the features of an intervention; 2) outer setting, which
includes the features of the external context or environment; 3)
inner setting, which includes features of the implementing
organization; 4) characteristics of the individuals involved; and
5) process of implementation (see Figure 1) (12). Each of these
domains includes constructs based on a comprehensive review
of literatures and models that have informed implementation
science since its inception. Applying the CFIR constructs across
these domains enabled the systematic and comprehensive
aggregation of findings across studies using standardized termi-
nology (19). Further information and detailed descriptions of
each domain are available at http://www.cfirguide.org/.

Data Extraction and Synthesis

Studies were initially screened by title and abstract by 2 inde-
pendent reviewers based on the eligibility criteria.
Disagreements were resolved through discussion or by a third
reviewer when no decision was reached. The same screening
process was repeated for full-text screening and data extraction.
During the full-text screening process, duplicates were assessed
again, and only the most recent publication was included.
Synthesis of the evidence was carried out in 3 stages. First,
preliminary synthesis was conducted using a data extraction
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Figure 1. The Consolidated Framework for Implementation Research (CFIR) framework.

template created in Covidence. The following relevant informa-
tion from each article were extracted from the articles: title, first
author, study aim(s), setting, perspective level, study design, data
collection time period, sample size, data collection methods,
location, descriptive characteristics of the sample, barriers and/
or facilitators, key findings, limitations, funding sources, conflicts
of interest, and additional notes. Factors were identified as a bar-
rier or a facilitator based on evidence in the studies. If the study
did not explicitly state a factor as a barrier or a facilitator, the 2
independent reviewers based identification on logical reasoning.

Second, data synthesis was done synergistically by combin-
ing qualitative, quantitative, and mixed-methods studies to
classify them into 3 perspectives, based on the study’s unit of
analysis: 1) system (eg, health system or clinic), 2) health-care
provider, and 3) patient. For each perspective, thematic synthe-
sis was conducted to identify barriers and facilitators of imple-
mentation. They were then coded and categorized into 1 of the
5 CFIR domains then further defined by one of the constructs.
The coding process involved moving backward and forward
between the data and emerging concepts.

Barriers and facilitators reported in the studies were tabu-
lated, and top themes were compiled and reported for each per-
spective. In this stage, a matrix was created with reviews in
rows and contexts in columns. This allowed us to compare the
extracted descriptions across the included reviews within each
perspective and across all studies. This process permitted the
identification of frequent and recurrent barriers and facilitators
in the literature. To ensure that data were not being inappropri-
ately forced into a construct, an additional column category was
created for data that did not neatly fit into one of the constructs
and warranted further discussion between reviewers. Finally,
we built a general interpretation of the most reported factors for
each perspective according to the findings in the previous stage.

Assessment of Risk of Bias in Individual Studies

Two reviewers independently appraised the methodological
quality (risk of bias) of the included studies using the Mixed
Methods Appraisal Tool (MMAT version 2018, available at http://
mixedmethodsappraisaltoolpublic.pbworks.com/) (20).
Disagreements were resolved through discussion or by a third

reviewer when no decision was reached. Although several tools
and methodologies are available to appraise primary evidence,
this tool was selected because of its ability to report on the qual-
ity of varying study designs and definitions and detailed
instructions included in its manual. The checklist consists of 2
screening questions and a set of 5 questions related to the valid-
ity methodology that varies by study design. Responses include
the following: “no,” “can’t tell,” or “yes.” The manual discour-
ages the calculation of an overall score from the ratings of each
criterion and instead advises individuals to provide a more
detailed narrative explaining the ratings for each criterion to
better inform the quality of included studies (20).

Results

Study Selection

Figure 2 shows a Preferred Reporting Items for Systematic
Reviews and Meta-Analyses 2020 flow diagram with the results
of the search and selection process. The initial search identified
6183 titles. After eliminating duplicates in Covidence, 2473 titles
underwent title and abstract screen. Interrater reliability was
assessed via the Cohen kappa statistic and was 0.73 for title and
abstract screening. A total of 283 articles were selected for full-
text review, and 37 were selected for inclusion (21-57).

Study Characteristics

Table 1 presents the main characteristics of studies included in
this analysis. Of the 37 studies, 33 provided the time of data col-
lection, with the data collection periods ranging from 2013 to
2019 and publication period ranging from 2014 to 2021; 17 stud-
ies either started or were completed before the release of the
CMS memo indicating Medicare coverage of annual screening
for eligible individuals (22,26,27,32,36-39,45,47,50,53,55). The
majority of studies were conducted using quantitative method-
ology, specifically cross-sectional studies using surveys (n=23)
(23,24,28,29,32-37,39,41-43,45,48-52,57). Ten were qualitative
studies (21,25-27,31,38,40,47,53-55), and 4 used mixed-methods
approach (22,30,44,46,56). Of the studies, 31 provided informa-
tion on study sites; 25 studies were single state or city studies,
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Figure 2. Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020 flow diagram for new systematic reviews.

covering 14 US states (California [n = 3], Florida [n = 1], Illinois
[n = 3], lowa [n = 1], Louisiana [n = 1], Massachusetts [n = 1],
Minnesota [n = 1], New Mexico [n = 2], New York [n = 3], North
Carolina [n = 2], Pennsylvania [n = 1], South Carolina [n = 2],
Tennessee [n = 1], and Washington [n = 3]); 6 articles were mul-
tistate studies (21,23,24,28,30,33) (23,24,28,30,33). Most of the
articles were at the provider-level (n=16) (26,29,31-34,36-
43,46,49-51,54). Five studies were at the system level (21-25), 13
at the patient level, and 3 focused on more than 1 level (eg, both
patient and provider) (32,40,54). The sample size in the studies
varied by unit of analysis and study design. The sample sizes
for studies examining factors at the system level ranged from 2
to 165 sites (21-25); for providers, 11 to 970; and for patients, 15
to 12801 participants. Of the studies that included information
on the health system setting, 8 studies were conducted in an

academic setting, 17 in a nonacademic (eg, community-based)
setting, and 11 in academic and community settings. Six studies
were conducted in integrated health-care systems including 4
within the Veterans Affairs health-care system (39,40,43,45) and
2 within Kaiser Permanente (52,53).

Barriers and Facilitators

Overall, more studies emphasized barriers than facilitators.
Figure 3 and Table 2 summarize themes illustrating key barriers
and facilitators that emerged from the analysis by levels (sys-
tems, provider, individual). Across the 3 perspective levels, bar-
riers and facilitators reported in the studies can be described by
20 of the 39 CFIR constructs in all 5 domains. All data could be
coded to one of the CFIR constructs. A summary of classified



Table 1. Characteristics of studies selected for inclusion (n =37)

Study participants
Citation Purpose of study Study period, y Study design (n = sample size) Location Setting
Ahsan et al. (26) To understand attitudes and beliefs among PCPs regard- 2015-2016 Qualitative research Provider New York® Community
ing LCS as well as to assess gaps in knowledge. (n=38)
Allen et al. (25)? To identify the critical facilitators and barriers to LCS 2017-2018 Qualitative research System Not specified Community
program implementation. (n=2)
Carter-Harris and To explore the reasons for eligible patients’ decisions to 2015-2016 Qualitative research Patient Washington Community
Gould (27) opt out of LCS after receiving a provider (n=18)
recommendation.
Cataldo (28)* To identify demographics, smoking history, health risk 2014 Cross-sectional Patient 46 states Community
perceptions, knowledge, and attitude factors of older (n=388)
smokers related to LCS agreement.
Copeland et al. (24) To assess LCS implementation during the first full year 2017 Cross-sectional System 34 states Both
of CMS coverage. (n=165)
Coughlin et al. (29) To measure PCPs’ knowledge of current guidelines for Not Specified Cross-sectional Provider Illinois Both
LCS after approval by CMS and to gain insight into the (n=96)
barriers to implementation of LCS at 5 hospitals.
Draucker et al. (30) To describe how current and former long-term smokers Not Specified Mixed methods Patient 20 states Not Specified.
explain their decisions regarding participation in LCS. (n=39)
Dukes et al. (31) To investigate cancer specialists and PCPs’ practices 2016-2017 Qualitative research Provider Iowa Academic
and attitudes toward LCS with patients who have sur- (n=11)
vived head and neck cancer.
Duong et al. (32) To identify PCP and patient facilitators and barriers to 2015-2016 Cross-sectional Patient (n =80) California Academic
LCS utilization within the Stanford Medical Center. & provider (n = 31)
Eberth et al. (23) To determine the availability and characteristics of LCS 2013 Cross-sectional System 36 states Both
programs and to identify barriers to program develop- (n=82)
ment and implementation among members of the
Society of Thoracic Radiology.
Eberth et al. (33) To assess PCP members of the American Medical 2016-2017 Cross-sectional Provider All 50 states Both
Association’s knowledge of current LCS guidelines (n=293)
and insurance reimbursement, perceptions of screen-
ing effectiveness and cost, screening referral practi-
ces, and associated barriers.
Ersek et al. (34) To evaluate the knowledge, attitudes, and practice pat- 2015 Cross-sectional Provider South Carolina Both
terns related to LCS among South Carolina Academy (n=101)
of Family Physicians members.
Hall et al. (35) To identify correlates of LCS utilization among LCS 2014-2016 Cross-sectional Patient Massachusetts Community
patients. (n=169)
Henderson et al. (36) To understand and compare perceptions of LCS among 2015-2016 Cross-sectional Provider North Carolina Academic
attending and resident PCPs at one academic medical (n=72)
center.
Henderson et al. (37) To understand the LCS practices and attitudes of pul- 2015 Cross-sectional Provider North Carolina Academic
monologists and PCPs in a large academic medical (n=289)
center.
(continued)
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Table 1. (continued)

MITIATE

Study participants
Citation Purpose of study Study period, y Study design (n = sample size) Location Setting
Hoffman et al. (38) To characterize PCPs’ knowledge, attitudes, and beliefs 2014 Qualitative research Provider New Mexico Community
about LCS. (n=10)
Iaccarino et al. (39) To assess pulmonologists’ attitudes about LCS, propen- 2013-2014 Cross-sectional Provider Not specified Academic
sity for recommending screening, and perceived bar- (n=286)
riers to implementing LCS programs at Veterans
Health Administration pulmonary clinics.
Kanodra et al. (40) To identify perceptions of and perspectives on LCS and Not Specified Qualitative research Patient (n =28) South Carolina Academic
implementation among PCPs and high-risk eligible and provider
veteran patients at the Ralph H. Johnson VA Medical (n=13)
Center.
Khairy et al. (41) To evaluate practice patterns and assess facilitators and 2016 Cross-sectional Provider California® Community
barriers to LCS by surveying FQHC providers and com- (n=36)
paring these responses to a previous study examining
those of academic providers.
Leng et al. (42) To assess PCPs’ knowledge, attitudes, beliefs, and prac- 2016-2018 Cross-sectional Provider New York® Both
tice related to LCS and the recent USPSTF guidelines (n=83)
in 5 high-risk Chinese immigrant communities in
New York City.
Lewis et al. (43) To test the hypothesis that low provider knowledge of 2017 Cross-sectional Provider Tennessee Both
LCS guideline recommendations would be associated (n=378)
with less provider-reported LCS.
Lietal. (44)* To measure knowledge and attitudes regarding LCS 2018-2019 Mixed methods Patient Tllinois® Community
among Chinese Americans with a history of smoking (n=50)
in Chicago.
Lillie et al. (45) To identify the factors patients consider important in 2014 Cross-sectional Patient Minnesota Community
making LCS decisions and explore variations by LCS (n=588)
participation at the Minneapolis VA Health Care
System.
McDonnell et al. (46) To examine knowledge, attitudes, and practices regard- 2016 Mixed methods Provider Not specified Both
ing LCS among nurse practitioners who work in pri- (n' =380; n? = 15)
mary care settings.
Mishra et al. (47) To characterize patient knowledge and attitudes about 2014 Qualitative research Patient New Mexico Both
LCS and smoking cessation and their views on sup- (n=22)
porting decision making for LCS.
Monu et al. (48) To characterize knowledge, attitudes, and beliefs 2018 Cross-sectional Patient Not specified Community
regarding LCS among individuals at high risk for lung (n=240)
cancer.
Mukthinuthalapati To assess the knowledge pertaining to LCS guidelines, 2019 Cross-sectional Provider Ilinois® Community
etal. (49) providers’ experience with LCS, and their recommen- (n=152)
dations for quality improvement among PCPs in Cook
County Health.
Qiu et al. (22) To describe the characteristics and program implemen- 2013 Mixed methods System Not specified Both

tation barriers experienced by LCS programs.

(n*=65;n*>=13)

(continued)
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Table 1. (continued)

Study participants

Citation Purpose of study Study period, y Study design (n = sample size) Location Setting

Rajupet et al. (50) To assess the knowledge and attitudes of PCPs vs spe- 2014 Cross-sectional Provider New York® Academic
cialists (oncologists, pulmonologists, radiologists) (n=103)
toward LCS as well as their likelihood to recommend
LCsS.

Randhawa et al. (51)? To identify barriers to adoption of LCS in the Einstein 2016 Cross-sectional Provider Pennsylvania® Community
Healthcare Network in Philadelphia, Pennsylvania. (n=19)

Razetal. (52) To assess LCS health beliefs, including perceived bar- 2017 Cross-sectional Patient California® Community
riers to screening among current smokers who were (n=185)
enrolled in a tobacco cessation program at Kaiser
Permanente Medical Centers in Southern California.

Roth et al. (53) To explore patients’ motivations for agreeing to recieve 2015 Qualitative research Patient Washington Community
LCS. (n=20)

Simmons et al. (54) To examine the barriers to screening, including knowl- Not Specified Qualitative research Patient (n =38) & Florida Both
edge and attitudes about LCS among an ethnically provider (n=23)
and racially diverse sample of high-risk community
members and PCPs.

Sin et al. (55) To explore facilitators of and barriers to lung cancer pre- 2015 Qualitative research Patient Washington® Community
vention and LCS among Korean immigrant men. (n=24)

Tseng et al. (56) To investigate knowledge, attitudes, and smoking ces- 2018 Mixed methods Patient Louisiana?® Academic
sation needs for African Americans who receive LCS. (n=15)

Watson et al. (21) To describe the key facilitators and barriers to imple- 2016-2018 Qualitative research System Tennessee; West Community
mentation of LCS at 2 FQHCs. n=2) Virginia

Williams et al. (57) To describe knowledge and awareness about LCS, per- Not Specified Cross-sectional Patient Not specified Community
sonal values about screening, and uncertainty about (n=119)

#Only included portion of the study, information based on portion of study we included. FQHC = federally qualified health centers; LCS = (low-dose CT) lung cancer screening; PCP = primary care provider; USPSTF = US Preventive

the test, as well as decisional control and resources,
among high-risk African American adults.

Services Task Force; VA = Veterans Affairs.
bIncluded specific city or region of the state.

REVIEW

‘Te 19 uepss '3 °'v

SSPL



)
3]
S
3]
S

1456 | JNCI] Natl Cancer Inst, 2022, Vol. 114, No. 11

;:F Process

Engaging® o

Characteristics of individuals &2&
Knowledge and beliefs®°

Executing?®

ﬂ Inner setting

Climate®

g' Outer setting

External policies® ¢

Patient needs ¢

Intervention characteristics |3

Evidence®

Note: 2System-level; "Provider-level; cPatient-level.

Figure 3. Key barriers and facilitators to lung cancer screening implementation within the CFIR. 2System level; ®Provider level; “Patient level. Bold type indicates most

common constructs in a given level.

barriers and facilitators by article are available in
Supplementary Figure 1 (available online). The following sec-
tions will report specific results for each perspective.

At the system level, all 5 studies identified barriers, but only 3
described facilitators. Findings were categorized into 15 con-
structs (Table 3). The 2 most common constructs were external
policy and incentives in the outer setting domain, describing
strategies such as policy and regulations, benchmark reporting,
and so forth, to spread the intervention, and executing in the
process domain, which is achieved by carrying out or accomplish-
ing the implementation according to plan. The environment in
which the organizations operated showed impact on lung cancer
screening uptake, referencing the external policy and incentives
construct (outer setting domain), specifically reimbursement poli-
cies and systems (21-25). This included barriers with receiving
prompt or correct reimbursement from government agencies
(CMS) and private insurance groups, as well as new billing codes
requiring continuous engagement with insurance and reimburse-
ment experts. One study, for example, referenced that substantial
referrals coincided with the date of the final decision on CMS cov-
erage-facilitated implementation (25).

In the implementation process domain, 3 (60%) articles
reported internal workflow issues, differing levels of adherence
to screening guidelines among providers, and lack of patient
referrals as barriers regarding the executing construct (21,22,24).
Ways to negate some of the barriers included (categorized
throughout the process domain), front-end planning of work-
flows (25), multidisciplinary teams (22), use of enthusiastic and
strong project champions (21), and formally appointed internal
implementation leaders (22).

At the provider level, all 19 of the included studies identified
barriers, and 15 discussed facilitators. Findings were categorized
into 15 constructs (Table 4). The most common constructs were
evidence strength and quality in the intervention characteris-
tics domain, patient needs and resources in the outer setting
domain, implementation climate in the inner setting domain,
and knowledge and beliefs about the intervention in the indi-
vidual characteristics domain.

Pertaining to intervention characteristics, nearly all studies
(n=16) made reference to the evidence strength and quality

construct (26,29,31,34,36,37,39,41,42,46,49,50,54). Concemns cited the
most, reported by 14 studies, were those related to the efficacy and
effectiveness, specifically the high false-positive rate and the poten-
tial physical and emotional harm (26,29,31,33,34,36,37,39,41,42,46,54).
Possible physical harm included potential for complications, over-
diagnosis or overtreatment; detection of incidental findings;
unnecessary diagnostic procedures; and exposure to radiation.
Providers were also concemed with the potential for emotional
harm to the patient, including potentially heightened patient anxiety
because of false-positives. However, 6 studies referenced providers’
beliefs in substantial scientific evidence that LDCT lung cancer
screening saves lives (32,34,39,40,46,49).

Providers also frequently (n=12) noted barriers related to
their perception of their patients’ needs and resources, a reflec-
tion of the outer setting domain (26,31-33,36-38,40-42,46,54).
Specifically, patients’ needs and resources included monetary
costs (36-38,40-42,46); access to convenient care (31,33,46), such
as transportation barriers (31,33,46); communication (eg, lan-
guage barriers, general health literacy) (26,31-33,41,46,54); and
priority level (33,42,46).

In the inner setting domain, 13 studies had content regard-
ing the implementation climate construct as an important bot-
tleneck to implementation (26,29,31-33,38,40,41,46,49-51,54).
One main subconstruct (ie, relative priority) absorbed a majority
of the items’ in which providers mentioned barriers related to
time limitations (26,29,31-33,38,40,46,51,54) and patients’ com-
plex comorbidities (33). This was related to what providers per-
ceived as patients’ needs (eg, patients’ competing health
priorities), as well as the complexity of the intervention includ-
ing the SDM discussion even noting that SDM discussions take
too much time during patient encounters, scheduling and mon-
itoring CTs, and explaining the process to patients.

The most prominent factor to lung cancer screening imple-
mentation from the health-care providers’ perspective was the
construct describing knowledge and beliefs about the interven-
tion in the characteristics of individuals domain (26,29,31-34,36-
43,46,49-51,54). Knowledge and beliefs were reported to act as
barriers (n=17) and facilitators (n=14). Differences were not
observed by the health system setting (academic vs community
based). Specific examples of barriers included lack of self-
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Table 2. Summary of Consolidated Framework for Implementation
Research (CFIR) domain and construct by perspective

No. of
CFIR domain CFIR construct studies
System (n=5)
Intervention Evidence strength and quality 1
characteristics Relative advantage 1
Complexity 2
Cost 2
Outer setting External policy and incentives 5
Patient needs and resources 2
Inner setting Structural characteristics 2
Networks and communications 2
Implementation climate 1
Readiness for implementation 2
Characteristics of Knowledge and beliefs about the 2
individuals intervention
Process Planning 2
Engaging 2
Executing 3
Reflecting and evaluating 1
Provider (n=19)
Intervention Evidence strength and quality 16
characteristics Relative advantage
Complexity 3
Cost 5
Outer setting Patient needs and resources 12
Inner setting External policy and incentives 5
Structural characteristics 2
Culture 1
Implementation climate 13
Readiness for implementation 8
Characteristics of Knowledge and beliefs about the 19
individuals intervention
Other personal attributes 2
Process Engaging 2
Executing 2
Reflecting and evaluating 1
Patient (n = 16)
Intervention Design quality and packaging 1
characteristics
Outer setting Patient needs and resources 10
External policy and incentives 2
Characteristics of Knowledge and beliefs about the 16
individuals intervention
Individual stage of change 3
Individual identification with 5
organization
Other attributes 2
Process Engaging 14

efficacy; low to no awareness and knowledge about lung cancer
screening and guidelines; and low levels of belief in the cost
effectiveness, usefulness, and criteria of screening
(26,31,32,39,41-43,51,54). Moreover, providers reported uncer-
tainty of patient eligibility, documentation of screening in the
medical record, scheduling CTs, ability to decide on appropriate
workup of patients with abnormal or positive results, CMS reim-
bursement, where to refer patients for screening, and SDM dis-
cussions. Providers also referenced patient knowledge and
beliefs, mentioning that patients were not interested, did not
believe their risk status, or refused or declined screening. On
the other hand, 14 studies described familiarity with the
USPSTF lung screening guidelines and ability to identify
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appropriate patients for screening facilitated implementation
(26,29,32-34,40-43,46,50,54).

At the patient-level, among the 16 included studies, 11
addressed barriers and 15 discussed facilitators. Factors were
categorized into 8 constructs within 4 domains: intervention
characteristics, outer setting, characteristics of individuals, and
process (Table 5). The most common constructs were patient
needs and resources, knowledge and beliefs about the interven-
tion, and engaging.

Similar to those identified at the provider level, patients’
needs and resources, in the outer setting domain, were also
seen as major Dbarriers in many papers (n=10)
(27,30,40,44,47,52,54-56). Patients raised concerns and reported
challenges regarding monetary costs (30,44,47,52,54-56) and
access to convenient care, including transportation barriers
(27,30,40,47,54,55). Costs included those related not only to the
screening test but to treatment if diagnosed with cancer, as well
as health-care insurance costs in general. In contrast, 3 studies
mentioned facilitators within this construct (30,32,44). Patients
mentioned that having insurance (32) and coverage for lung
cancer screening facilitated screening adherence (30). Practical
barriers represented time and logistical issues including incon-
venience associated with the screening location and time it
would take to travel to and from the facility to have the scan
and not having a routine provider. One study’s focus group
identified that providing transportation to clinics and covering
cost of screening would be an effective facilitating strategy to
meet some of patients’ needs (44).

At a patient level, all 16 papers referenced patients’ knowl-
edge and beliefs about the intervention as an important factor,
both as barriers or facilitators to lung cancer screening imple-
mentation (27,28,30,32,35,40,44,45,47,48,52-57). Despite differen-
ces in study populations, low knowledge and understanding of
lung cancer screening and lung cancer was largely cited as a
barrier in 10 studies (27,30,40,45,47,48,52,54-56). Patients men-
tioned not knowing screening tests existed and subsequently
not knowing eligibility requirements thus feeling that they're
not at risk for lung cancer. Even among those who had knowl-
edge about lung cancer screening, screening was perceived to
be low value and therefore low priority. Some even mentioned
that they had fears regarding exposure; positive results; waiting
for results, if the results are inconclusive or false-positive; inva-
sive testing procedures; and feeling vulnerable or even being
blamed for contributing to their own health problems (eg, smok-
ing). However, knowledge and understanding of lung cancer
and lung cancer screening, concern for one’s personal health,
and high value (ie, interest) in prevention and/or lung cancer
screening were identified as facilitators in 15 studies
(28,30,32,35,40,44,45,47,48,52-57). Additionally, some studies
found that demographic factors, such as level of educational
attainment, current smoking status, English-speaking ability,
and chronic pulmonary disease diagnosis may influence atti-
tudes toward lung cancer screening (32,35,44,48,52).

The second most referenced factor by studies from the
patient perspective was the engaging construct in the process’
domain, with 9 studies identifying it as a facilitator
(30,40,44,47,48,52-56). The engaging construct was further bro-
ken down into 3 subconstructs: champions, formally appointed
implementation leaders, and external change agents
(30,40,44,47,48,54-56). Patients frequently acknowledged their
health-care providers as champions and being a key facilitating
factor for lung cancer screening (30,44,47,48,55,56). However,
providers’ lack of enthusiasm and, in some cases, opposition of
screening were viewed as barriers (30,40,54,55). Patients also

REVIEW




1458

| JNCIJ Natl Cancer Inst, 2022, Vol. 114, No. 11

Table 3. Evidence table summarizing implementation facilitators and barriers at the system level

Citation Target population

Summary points (CFIR construct)

Facilitators

Barriers

Allen et al. (25) FQHC and partner American
College of Radiology-accred-

ited screening facility

LCS centers that have been des-
ignated Screening Centers of
Excellence

Copeland
etal. (24)

)
3]
S
3]
S

Eberth etal. (23)  Members of the Society of
Thoracic Radiology, an inter-
national organization of
radiologists

LCS centers that have been des-
ignated Screening Centers of

Excellence

Qiuetal. (22)

Watson et al. (21) FQHCs

Understanding the patient popu-
lation (patient needs and
resources); Medicare reim-
bursement (external policy
and incentives); frequent,
standing meetings (network
and communications); relative
priority (implementation cli-
mate); front end planning the
process and flow (planning)

None provided

None provided

The results of research, particu-
larly NLST (evidence strength
and quality); front end plan-
ning the process and flow
(planning); LCS nurse naviga-
tors were involved in the
development, implementa-
tion, and surveillance of many
programs (engaging; formally
appointed internal implemen-
tation leaders)

Regular meetings to proactively
address challenges (network
and communications); leader-
ship buy-in and support (readi-
ness for implementation);
enthusiastic project champion
who conducted internal pilot
and provider education; strong
champion support at project
outset (engaging; champions)

Speaking with radiologists, billing component,
registration component, education for staff,
required paperwork (relative advantage); com-
plexity of referrals—too many hand offs (com-
plexity); costs required to implement and
sustain an intervention, high cost of time, and
staff resources (costs); patient trust among cur-
rent smokers and difficultly providing clear
understandable information about the screen-
ing process because of low health literacy
among population (patient needs and resour-
ces); insurance and reimbursement challenges;
Medicare requirements (external policy and
incentives); missing training piece (planning);
numerous competing demands at the organi-
zation, leadership—capacity to change (imple-
mentation climate)

Complex CMS regulations including data require-
ments, complexity of smoking cessation, inte-
grating SDM visits (complexity); insurance and
billing issues (external policy and incentives);
staffing shortage and turnover (structural char-
acteristics); lack of patient awareness about
screening availability (knowledge and beliefs);
lack of provider referral (executing)

Lack of reimbursement (external policy and
incentives); staffing shortage and turnover
(structural characteristics)

Costs of the intervention and costs associated
with implementing the intervention (cost);
transportation, cost for patients (patient needs
and resources); not receiving prompt or correct
reimbursement from some insurance compa-
nies (external policy and incentives); time limi-
tations, chief financial officer or other
administrator concerned with cost or other
financial concerns (readiness for implementa-
tion; available resources and leadership
engagement); lack of awareness and knowl-
edge about LCS among the public and physi-
cian (knowledge and beliefs); a wide spectrum
of adherence to the guidelines, leniency of
guidelines (executing)

Lack of reimbursement, challenges with individ-
ual payer groups (external policy and incen-
tives); tense relationship after screening
partner halted project temporarily, inconsis-
tent meeting schedule (networks and commu-
nications); low buy-in from leadership; lack of
health information technology (readiness for
implementation; available resources and lead-
ership engagement); champions left (engaging);
rapid rollout leads to numerous implementa-
tion challenges simultaneously (executing);
minimal communication of lessons learned
when expanding to additional clinic sites
(reflecting and evaluating)

ACR = American College of Radiology; CFIR = Consolidated Framework for Implementation Research; CMS = Centers for Medicare and Medicaid Services; FQHC = fed-
erally qualified health centers; LCS = lung cancer screening; NLST = National Lung Screening Trial; SDM = shared decision making.



Table 4. Evidence table summarizing implementation facilitators and barriers at the provider level

Citation Target population

Ahsan et al. (26) PCPs (physicians, NPs, and PAs)
working in both internal and

family medicine specialties

Coughlin et al. (29) PCPs (physicians, PAs, and
advanced practice nurse who
specialize in internal medicine
or family practice) in 3 differ-
ent types of health-care set-
tings in the United States: 1) a
university tertiary care center,
2) a public safety net hospital,
and 3) 3 community hospitals

Dukes et al. (31) PCPs and cancer specialists for

HNC survivors

Duong et al. (32) PCPs from the Stanford Health

Care System

Eberth et al. (33) PCP (primary specialty as general
medicine, family medicine, or
internal medicine) members of

American Medical Association

Facilitators

Familiarity with LDCT LCS

(knowledge and beliefs about
the intervention)

Familiarity with LCS guidelines

and ability to identify appro-

priate patients for screening

(knowledge and beliefs about
the intervention)

None provided

Being aware or influenced by

USPSTF LCS guidelines (evi-
dence strength and quality);
believed current screening
guidelines were at least mod-
erately effective (knowledge
and belief)

Believed that the benefits of

LDCT outweigh the risks for
patients at high risk for lung
cancer (relative advantage);
provider able to identify the
appropriate screening recom-
mendation (knowledge and
belief)
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Barriers

Lack of efficacy and/or evidence, unneces-
sary diagnostic procedures, unnecessary
exposure to radiation; potential for emo-
tional harm (evidence strength and qual-
ity); patients’ knowledge deficits—limited
awareness of LCS among patients
(patient needs and resources); lack of
insurance coverage (external policy and
incentives); time limitations (implemen-
tation climate); limited awareness of LCS
among patients, embarrassment about
smoking, lower perceived usefulness
(knowledge and belief)

Perceived high false-positive rate leading to
unnecessary procedures (evidence
strength and quality); lack of insurance
coverage (external policy and incentives);
time constraints (implementation cli-
mate); failure of the EHR to notify pro-
viders of eligible patients (readiness for
implementation; available resources);
provider uncertainty of patient eligibility,
patient refusal or declining screening
(knowledge and beliefs)

Concerns about the high false-positive rate,
potential overdiagnosis or overtreatment,
and potentially heightened patient anxi-
ety because of false-positives (evidence
strength and quality); complexity of the
SDM component, clinical challenge of
scheduling and monitoring CTs and fol-
low-ups within a typical yearly appoint-
ment (complexity); costs of screening and
treatment (cost); patient understanding
(patient needs and resources); lack of
reimbursement for SDM, LCS reimburse-
ment criteria (external policy and incen-
tives); time constraints (implementation
climate); provider uncertainty about its
benefit for patient population, lack of
patient adherence to screening over time
(knowledge and belief); potential HNC
treatment-related health issues that
could complicate screening (executing)

Patient can’t afford or lacks insurance
(patient needs and resources); time con-
straints during a patient encounter
(implementation climate); lack of patient
awareness of LDCT screening, low pro-
vider awareness of appropriate screening
guidelines (knowledge and belief)

Did not think that there is substantial evi-
dence that LDCT screening reduces lung
cancer mortality (evidence strength and
quality); complexity of the topic (com-
plexity); coverage denials, authorization
was required by health insurance compa-
nies, lack of insurance coverage, lack of
reimbursement to engage in SDM, SDM
requirements—a separate office visit
(external policy and incentives); out-of-
pocket costs are a problem for patients,

(continued)
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Table 4. (continued)

Citation Target population

Facilitators

Barriers

Ersek et al. (34) Family physicians from the
South Carolina chapter of the
American Academy of Family
Physicians (South Carolina

Academy of Family Physicians)

)
3]
S
3]
S

Henderson etal. (36)  PCPs (internal and family medi-
cine physicians—attendings

and residents)

Henderson etal. (37)  Pulmonologists and PCPs (physi-
cians in family medicine,
internal medicine, and pulmo-
nary medicine) at an academic

setting

Hoffman et al. (38) PCPs in New Mexico clinics for
underserved minority

populations

Scientific evidence is strong
enough to warrant screening
guidelines (evidence strength
and quality); LDCT screening
benefits outweigh the poten-
tial harms for high-risk
patients (relative advantage);
knowledge of appropriate
screening guidelines, knowl-
edge of the closest CT machine
available (knowledge and
belief)

Providers felt that they had
enough knowledge to explain
the pros and cons of LCS to
patients, belief that screening
is beneficial for patients
(knowledge and belief)

Providers felt they had enough
knowledge to explain the pros
and cons of LCS to patients,
belief that screening is benefi-
cial for patients (knowledge
and belief); provider spe-
cialty—pulmonologists were
more likely than PCPs to report
LCS as beneficial for patients
(other attributes)

None provided

transportation or financial challenges for
the patient, patients’ health literacy
(patient needs and resources); not yet
making screening discussions a routine
part of practice (culture); time limitations
(implementation climate; relative prior-
ity); difficulty ordering screening in the
EHR, lacking decision aids (readiness for
implementation); providers uncertain
about how to document patient eligibility
in the EHR, not knowing where to refer
patients for screening, patient refusal/
declining screening, fear that screening
may undermine smoking cessation
efforts (knowledge and belief); institu-
tional requirements that screening be
ordered by a pulmonologist, time to
document SDM using decision aids
(executing)

Concerns about the number of false-posi-
tives leading to unnecessary diagnostic
procedures, psychological stress and
anxiety, and unnecessary exposure to
radiation (evidence strength and quality);
concern of cost-effectiveness of LDCT
(cost); unsure whether CMS covers LDCT
LCS, unsure about whether LDCT is
offered at facilities (knowledge and
belief)

Lack of efficacy/evidence, too many false-
positives—potential for complications
and emotional harm (evidence strength
and quality); cost to the health-care sys-
tem (cost); cost to patients (patient needs
and resources)

Too many false-positives—potential for
complications and emotional harm (evi-
dence strength and quality); cost to the
health-care system (cost); cost to the
patient (patient needs and resources);
inconsistent recommendations about
LCS (knowledge and belief)

Cost to patient for follow-up testing and
cancer treatment, cost to patient for
travel and missing work (patient needs
and resources); time limitations—pro-
viders facing competing patient demands
(implementation climate); lack of infra-
structure to support the high-quality
screening program required by guide-
lines, lack of technology in rural areas
(readiness for implementation; available
resources); providers not as confident in
their abilities to decide on an appropriate
workup of patients with abnormal or pos-
itive findings (knowledge and belief)

(continued)



Table 4. (continued)

Citation Target population

Facilitators
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Barriers

Iaccarino et al. (39) Pulmonologists (attending physi-
cians) who were active in out-
patient pulmonary medicine

in VA medical centers

Kanodra et al. (40) PCPs at the Ralph H. Johnson VA
Medical Center and outpatient

clinics

Khairy et al. (41) Community providers (physi-
cians, NPs, and PAs) at FQHC
“look-alike” centers and PCP
physicians at an academic set-

ting (Stanford)

Lenget al. (42) PCPs serving the NYC Chinese

community

Lewis et al. (43) Providers who practiced within
general internal medicine or
family medicine, pulmonol-
ogy, hematology/oncology,
and gynecology within an aca-
demic medical center and its
affiliated VA hospital and com-
munity practices

NPs practicing in primary care
settings

McDonnell et al. (46)

Believed that the evidence for

LDCT screening is strong, clini-
cal trial evidence (evidence
strength and quality); reduc-
tion in mortality with LDCT
screening (relative advantage)

Evidence for screening—that

there is substantial scientific
evidence (evidence strength
and quality); EHR reminders
and system (readiness for
implementation; available
resources); awareness of
USPSTF guidelines (knowledge
and belief); screening coordi-
nator—dissemination and
dedicated personnel to review
screening findings and offer
smoking cessation would be
needed to operationalize LCS
(engaging; formally appointed
internal implementation
leaders)

LDCT effective in reducing mor-

tality (evidence strength and
quality); knowledgeable of
LDCT screening based on the
NLST and NCCN criteria
(knowledge and belief)

Viewed screening as effective

(relative advantage); use of
EHR to refer patients, ease of
making referrals (readiness for
implementation); correctly
stated they would recommend
LDCT for the scenario in which
it was clinically indicated
(knowledge and belief)

Higher knowledge associated

with accurate referral (knowl-
edge and belief); ordering/
referring for LDCT were high-
est among general internal
medicine/PCPs followed by
pulmonologists (other per-
sonal attributes)

There is substantial evidence

that LDCT screening saves
lives (evidence strength and
quality); the benefits of LDCT
outweigh the risks for patients
at risk of lung cancer (relative
advantage); the ability to bill

False-positive rate—potential harm (evi-

High false-positive rate—detection of inci-

dental findings and radiation exposure
(evidence strength and quality); high
costs (cost); insufficient personnel (struc-
tural characteristics); insufficient infra-
structure (readiness for implementation;
available resources); lack of patient inter-
est, physicians’ belief that screening is
not cost effective (knowledge and belief);
lack of buy-in (engaging; staff member
engagement)

Multiple screening guidelines, hard to keep

up with (complexity); cost of co-pay
(patient needs and resources); time limi-
tations (implementation climate; relative
priority)

REVIEW

dence strength and quality); patient can’t
afford or lacks insurance (patient needs
and resources); shortage of trained pro-
viders (structural characteristics); com-
plex comorbidities (implementation
climate; relative priority); patient
unaware of screening (knowledge and
belief)

Vague screening criteria, patient being wor-

ried about radiation exposure (evidence
strength and quality); patient’s lack of
insurance or patient insurance doesn’t
cover the cost of the LDCT, patient’s lack
of time for screening (patient needs and
resources); patient’s fear of screening,
not believing that they’re at risk, patients
think they should have symptoms before
screening (knowledge and belief)

Providers with low guideline knowledge

were less likely to perform LDCT LCS
(knowledge and belief)

Acknowledged that the false-positive rate is

unacceptable (evidence strength and
quality); financial constraints—transpor-
tation, uninsured patients (patient needs
and resources); greatest barrier is that
previous authorization was required by
health insurance companies (external

(continued)
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Table 4. (continued)

Citation

Target population

Facilitators

Barriers

Mukthinuthalapati
etal. (49)

)
3]
S
3]
S

Rajupet et al. (50)

Randhawa et al. (51)

Simmons et al. (54)

PCPs (residents, mid-level pro-

viders, and attending physi-
cians) in safety net health-care
system (Cook County Health)

Physicians in PCP and specialists
(oncologists, pulmonologists,
radiologists)

PCPs (physicians) in the network
offering care to indigent
patient population with lim-
ited access to health care

PCPs (active license as a physi-
cian, NP or PA) working in a
primary care setting in the
state of Florida

for SDM visits was a financial
incentive to complete the
screening (external policy and
incentives); EHR reminders
and systems to identify appro-
priate patients (readiness for
implementation; available
resources); selected LDCT for
the correct vignette that
reflected the USPSTF criteria
(knowledge and belief)

Evidence applied to their popula-
tion (evidence strength and
quality); EHR prompts (readi-
ness for implementation;
available resources); belief that
screening is cost-effective
(knowledge and belief); referral
rates varied by provider spe-
cialty—highest among general
internal medicine/PCPs (other
personal attributes); receiving
statistics about their LCS prac-
tices (reflecting and
evaluating)

Familiarity with the USPSTF LCS
guidelines and ability to iden-
tify appropriate patients for
screening, felt confident and
comfortable (knowledge and
belief); having sufficient time
to counsel about LDCT screen-
ing (implementation climate;
relative priority)

None provided

Knowledge and current LCS rec-
ommendation, felt even resist-
ant patients could be swayed
with education and a tailored
discussion (knowledge and
belief)

policy and incentives); experienced ten-
sion with clinic colleagues who opted for
a different approach to LCS, complex
comorbidities, time limitations (imple-
mentation climate; tension for change
and relative priority); lack of EHR
reminders and system, lack of education/
training—individual provider knowledge
deficits (readiness for implementation;
available resources and access to knowl-
edge and information); patients’ knowl-
edge deficits; patient’s fear and the
psychological consequences of waiting
for follow-up if screening results revealed
abnormal results that did not warrant
immediate intervention, outright denial,
or unwillingness to change behaviors
(knowledge and belief)

Potential for complications (evidence

strength and quality); complex comorbid-
ities (implementation climate; relative
priority); inefficient follow-up process,
unclear patient smoking history record
(readiness for implementation; available
resources); providers felt they lacked
knowledge regarding the SDM discussion,
forgetting to mention screening to
patients (knowledge and belief)

Concerns with false-positives (evidence

strength and quality); insufficient time to
counsel patients about screening (imple-
mentation climate; relative priority);
belief that screening is not cost-effective,
not confident in their abilities to decide
on an appropriate workup of patients
with positive findings (knowledge and
belief)

Time constraints (implementation climate;

relative priority); unaware that LDCT was
recommended by the USPSTF on par with
colonoscopy and mammography (knowl-
edge and belief)

False-positives (evidence strength and

quality); lack of time (implementation cli-
mate; relative priority); uncertain of rec-
ommendations (knowledge and belief);
cost to patient, patient resistance (patient
needs and resources)

CMS = Centers for Medicare and Medicaid Services; CT = computed tomography; EHR = electronic health record; FQHC= federally qualified health centers; HNC = head
and neck cancer; LCS = lung cancer screening; LDCT = low-dose chest computed tomography; NCCN = National Comprehensive Cancer Network; NLST = National
Lung Screening Trial; NP = nurse practitioner; NYC = New York City; PA = physician assistant; PCP = primary care provider; SDM = shared decision making; USPSTF =
US Preventive Services Task Force; VA = Veterans Affairs.

identified patient navigators or screening coordinators (eg, for-
mally appointed internal implementation leaders) and friends
and family (eg, external change agents) as important factors
that facilitated screening (30,40,44,52,53,55). Despite trust and

value placed in their relationships with primary care providers
(PCPs) and conversations with screening coordinators, patients
in one focus group indicated that there would be added value in
“educational content by way of brochures, posters, or videos” in



Table 5. Evidence table summarizing implementation facilitators and barriers at the patient level

Citation Target population

Carter-Harris and
Gould (27)

Patients aged 55 to 77 years
within primary care clinics in
Washington state

Cataldo (28) US current and former smokers

aged older than 55 years

Draucker et al. (30) Long-term current and former
smokers in the United States,
eligible for LCS per USPSTF

guidelines

Patients referred for LDCT
screening through Stanford’s
Lung Cancer Screening
Program

Duong et al. (32)

Hall et al. (35) Participants undergoing a LDCT

scan

Kanodra etal. (40) Veterans meeting USPSTF crite-
ria for LCS who had been
offered LDCT screening by

their PCPs

Lietal. (44) Aged 55 years and older current
or former smoker Chinese
Americans (can read and write
in Chinese) living in the
greater Chicago Metropolitan
area

Facilitators

None provided

Perceive accuracy of the LDCT as an
important factor in the decision to have
a LDCT scan, believe that early detec-
tion will result in a good prognosis,
believe that they are at high risk for
lung cancer; are not afraid of CT scans
(knowledge and beliefs)

Screening covered by their insurance as a
preventative tool (patient needs and
resources); required by Medicaid or was
part of a research study (external policy
and incentives); valuing early detection
(knowledge and beliefs); family history
of lung cancer, receiving a recommen-
dation from a physician (engaging;
external change agents and
champions)

Have insurance (patient needs and
resources); worried about their health,
believe screening is useful and accurate
(knowledge and beliefs); former smoker
(individual stage of change); trust in
provider(s) (individual identification
with organization)

Medicare insurance (external policy and
incentives); patients understood the
reason for their screening referral and
perceived LDCT to be moderately accu-
rate (knowledge and beliefs); having
higher education levels (other personal
attributes)

Identified smoking as a risk factor, identi-
fied previous inhalational exposures as
increasing their risk of lung cancer
(knowledge and beliefs); trusting rela-
tionship with PCP (individual identifica-
tion with organization); found the
conversation with the screening coordi-
nator, brochures, posters, or videos in
the waiting room helpful (engaging; for-
mally appointed internal implementa-
tion leaders)

Program that provides transportation to
clinics and covers cost of screening
(patient needs and resources); adequate
knowledge about the screening proce-
dure (knowledge and beliefs); high lev-
els of trust in their physicians
(individual identification with organiza-
tion); providing older adults with
adequate information about the screen-
ing procedure, physician recommenda-
tion, patient navigator, or some other
type of assistance (engaging; formally
appointed internal implementation
leaders and champions)

None provided
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Barriers

Practical barriers represented time and

logistical issues related to the incon-
venience associated with the screening
location (patient needs and resources);
knowledge avoidance—fear of the dis-
ease and treatment and perceived low
value—wasted effort and skepticism
(knowledge and beliefs)

None provided

Cost of the scan, no time to get screened

(patient needs and resources); felt it
was unnecessary, knew little about
LDCT (knowledge and beliefs); physi-
cian who was not supportive of screen-
ing and/or recommended against it,
physician did not mention it (engaging)

REVIEW

None provided

Screening isn’t convenient (patient needs

and resources); did not think they were
at risk of disease, perceived their own
health to be good, very good, or excel-
lent compared with their age cohort,
test accuracy concerns (knowledge and
beliefs); PCP did not discuss LDCT
screening with them, did not read bro-
chure when it was mailed to them

(engaging)

Lack of insurance, out-of-pocket costs,

lack of transportation, entire health
care process—due to language barriers
difficult to navigate (patient needs and
resources); poor English language
(other personal attributes); lack of spe-
cific lung cancer symptoms, perceived
lack of provider time to discuss screen-
ing during appointment (knowledge
and beliefs)

(continued)
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Table 5. (continued)

Citation Target population
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Facilitators

Barriers

Lillie et al. 2017 (45) Patients meeting the USPSTF LCS Viewed LCS as convenient (design quality ~Anxiety waiting for results, fear of inci-

criteria at the time of an ap-
pointment with their PCP at
Minneapolis VA Health Care
System

Mishra et al. (47)
at an FQHC Clinic in
Albuquerque, New Mexico, or
the University of New Mexico
Comprehensive Cancer Center

Monu et al. (48) Registered participants in the
Amazon MTurk crowdsourcing
marketplace living in the
United State, at high risk for
lung cancer who met the
USPSTF eligibility criteria for
screening

Current smokers who were
enrolled in a tobacco cessation
program at Kaiser Permanente
medical centers in Southern
California

Raz et al. (52)

Roth et al. (53) Members of Kaiser Permanente,
Washington, who met USPSTF

screening criteria

Simmons et al. (54) Community members in Florida
who met the USPSTF LCS
screening criteria and had not
undergone LDCT screening for
lung cancer

Sin et al. (55) Korean men in Washington who
were immigrants to the United
States and who met the
USPSTF eligibility criteria for
screening

Tseng et al. (56) African American smokers aged
55-77 years who have had
either 30 or more pack-years of
smoking or had received an
LDCT exam in the past year

African Americans who met the
USPSTF eligibility criteria for

LDCT screening

Williams et al. (57)

and packaging); fear of getting lung
cancer, LCS knowledge (knowledge and
beliefs)

ing consequences of long-term tobacco
use (knowledge and beliefs); doctor
referral (engaging; champions)

Efficacy of early detection, knowledge of a
screening test, believe they were at
high risk for lung cancer (knowledge
and beliefs); former smoker (individual
stage of change); if recommended by
their physician (engaging)

Patient perceptions that LCS decreases
worry for patients and families, gives
peace of mind, and helps future plan-
ning (knowledge and beliefs)

Low or limited harm from LDCT scan per-
ception, benefit of early detection of
lung cancer (knowledge and beliefs);
trust in providers (individual identifica-
tion with organization); experiences of
friends or family with advanced cancer
(engaging; external change agents)

Believes screening is beneficial, values
early detection (knowledge and beliefs);
informational and discussions and
shared decision making (engaging)

Interest in health, perceptions about the
importance of seeking preventive health
care in relation to the consequences of
aging, perceptions concerning positive
aspects of the health-care system in
South Korea (knowledge and beliefs); doc-
tor referral, recommendations from
others—family members and the Korean
Women'’s Association (engaging; cham-
pions and external change agents)

Believes screening is beneficial, values
early detection, concern about lung
health (knowledge and beliefs); doctoral
referral (engaging; champions)

Felt they had all the information they
needed to make an informed decision
(knowledge and beliefs)

dental findings (knowledge and beliefs)

Patients who were receiving care Concern for one’s personal health—know- Lack of transportation, cost of purchasing

insurance, low health literacy, distance to
care, cost of treatment (patient needs and
resources); uncertainty about the value of
screening (in terms of the benefits and
necessity) and logistics of the screening
procedure, fear of radiation exposure, con-
cerns about psychological distress (knowl-
edge and beliefs); the challenge of being
able to trust health-care providers (indi-
vidual identification with organization)
Did not think a screening test exists
(knowledge and beliefs); current
smoker (individual stage of change)

High cost of test (patient needs and
resources); worrying about being
blamed for having smoked, worrying
about feeling like a social outcast for
smoking (knowledge and beliefs); cur-
rent smoker (individual stage of
change); no family history of lung can-
cer (engaging; external change agents)

None provided

Cost, inconvenient (patient needs and
resources); confusion and misunder-
standing of screening, concerns related
to accuracy of the screening test
(knowledge and beliefs); not brought up
by provider (engaging; champions)

Costs of health care in the United States,
lack of time—competing demands
(patient needs and resources); lack of
knowledge about lung cancer, attitudes
about prevention (knowledge and
beliefs); lack of physician recommenda-
tion (engaging; champions)

Screening cost (patient needs and resour-
ces); moderate to low knowledge
regarding LDCT screening (knowledge
and beliefs).

Had not heard of LDCT, uncertain of their
decision to be screened (knowledge and
beliefs)

FQHC = federally qualified health centers; LCS = lung cancer screening; LDCT = low-dose chest computed tomography; PCP = primary care provider; VA = Veterans

Affairs; USPSTF = US Preventive Services Task Force.



the waiting area prior to a clinic visit, explaining that “when the
brochure was mailed to them, they paid less attention to it” (40).

Risk of Bias in Individual Studies

A large proportion of ratings overall were “cannot tell.”
Recurrent concerns among quantitative study designs were
rooted in a lack of information regarding methods. Conversely,
the majority of qualitative studies met all of the methodological
quality criterion of MMAT. All mixed-methods studies met the
methodological quality criterion of MMAT. Further details are
available in Supplementary Tables 1-3 (available online).

Discussion

This Cochrane systematic review of 37 studies identified facili-
tators and barriers to implementing lung cancer screening. This
study bridges an important gap in implementation literature by
categorizing and cataloging implementation barriers and facili-
tators guided by a multilevel theoretical framework. Using the
CFIR framework ensured that the key barriers and facilitators to
implementation at the system, provider, and patient levels
were examined systematically. Moreover, examining constructs
that describe barriers and facilitators across the 5 CFIR domains
and stratified by 3 levels of analysis allowed us to observe and
capture interactions across constructs and levels of analysis.
Many factors do not occur in a vacuum, many of which interact
and possibly reinforce one another in a dynamic implementa-
tion process. Although confirming some barriers and facilitators
presented in current literature, several noteworthy themes
emerged when comparing findings of this review with those of
other cancer screenings. Reinforcing lessons learned from
breast, cervical, and colorectal cancer prevention can help
inform lung cancer screening implementation.

Applying the CFIR framework provides strategic direction
that may help specify next steps for effective implementation
and subsequently increase lung cancer screening. Despite dif-
ferent target populations across varying contexts, this study
demonstrates some interrelationships of common factors that
influence lung cancer screening. Among the CFIR constructs
that appeared across levels, the most referenced construct that
affects care delivery at patient, provider, and systems levels
was knowledge and beliefs about the intervention, where the
substantial knowledge deficit warrants concern. To our sur-
prise, this was observed not only in community-based settings
but in academic settings as well. For providers to be able to rec-
ommend screening, they first must be knowledgeable of the
recommendations and able to effectively communicate eligibil-
ity criteria, risks, benefits, and potential costs to their patients.
Gaps in provider knowledge may impede the ability of providers
to assist patients in SDM thus leading to lower referral rates, as
shown across multiple health domains. Although patients
reported fears toward screening and cancer, many also reported
viewing screening as important. Additionally, they placed a
large emphasis of their decision on their provider. Providers
should be aware of the influence of their endorsement and rec-
ommendation and the importance of bidirectional communica-
tion (58-60). Unfortunately, our review found that a substantial
number of providers were more hesitant toward recommending
lung cancer screening and placed greater emphasis on potential
harms.

Given the dynamic nature of the implementation process,
and as mentioned previously, the constructs would often
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interact- either reinforcing or inhibiting one another. An exam-
ple is the relationship between provider concerns about evi-
dence strength and quality and their knowledge about the
intervention. Based on these results, educational interventions
targeting such knowledge deficits among providers and high-
risk individuals may be imperative. Implementation strategies
should be carefully designed to increase provider knowledge
and subsequently focus on improving the quantity and quality
of SDM. Achieving high-quality SDM in practice remains chal-
lenging (61) especially depending on practice size. Compared
with other cancer screening tests, the requirements for SDM
discussions and coordinating with specialists place new and
greater demands on the PCP. Additionally, strategies focused on
increased and improved integration of complex decision aids in
electronic health records has the potential to positively impact
implementation.

On the basis of this review, we found that knowledge alone
is insufficient to implement a successful screening program.
Most of the perceived barriers identified at the patient and pro-
vider level were within the construct of patients’ needs and
resources. Providers identified barriers in communication (eg,
language barriers, general health literacy), time constraints, and
complexity of patients’ comorbidities. At the patient level, this
included multiple components of access to care. Differential
access may occur throughout the process of obtaining care and
subsequently benefiting from care (62-64). Findings from this
construct can be seen as an overarching accessibility concern,
emphasizing that accessibility, characterized as approachabil-
ity, acceptability, availability and accommodation, affordability,
and appropriateness (62), represents a critical step toward
improving implementation. These fundamental issues need to
be addressed to maintain effective interventions over time.
Deploying mobile screening units to communities has been
shown to reduce structural barriers attributed to location, dis-
tance, and hours of operation and demonstrated success in
other cancer screening areas (65-67). It may also be important
for specific screening programs to understand the unique acces-
sibility needs of their service population. This is particularly
important, as eligible individuals constitute a unique cancer
screening population with smoking-related health inequalities,
including racial and ethnicity, socioeconomic, geographical,
and sexual and gender minorities. Moreover, accessibility may
be further ameliorated by raising awareness and meeting the
information needs of patients, especially among those who do
not have a PCP. Patient-directed information will likely require
tailoring to ensure that it can be readily understood by the
intended audience.

There are several key limitations that warrant consideration
when interpreting results of this review. One of the primary lim-
itations was the heterogeneity of the study designs, analyses,
context and subpopulations represented, and the quality of
studies. Based on the assessment using the modified MMAT,
the quality of the studies included in our review was variable.
The majority of studies at times did not provide significant
detail, highlighting methodological concerns. On the other
hand, some studies scored well on the MMAT scale, despite
shortcomings in design and reporting. Despite these differen-
ces, all studies were synthesized equally to investigate the
diversity of facilitators and barriers to implementation through-
out the continuum of care, thereby gaining as broad an interpre-
tation of the topic as possible. Although using the CFIR as a
guiding framework is a strength of our review, the significant
number of constructs meant that some areas with few facilita-
tors and/or barriers identified received less consideration. As
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the aim of this work was to provide an inventory of factors act-
ing as barriers and/or facilitators, information on the magnitude
of the effect was beyond the scope of this review. Therefore, evi-
dence from studies may have been given undue weight and
others underemphasized. Lastly, despite a vigorous and com-
prehensive search strategy and review processes, some studies
may have been overlooked, and our findings may exclude
potentially important factors. By choosing to include only origi-
nal research published in full, it is possible that there is a risk of
publication bias (due to the exclusion of grey literature and
unpublished research) in the findings presented (68).
Nevertheless, we believe that this review summarizes a diverse
body of current literature and identifies prominent factors to
lung cancer screening implementation in the community set-
ting in the United States.

Although CMS coverage was established in 2015, procedural
and reimbursement issues took longer to resolve. A greater
number of studies from 2020 onward are urgently needed to
illustrate the current landscape of lung cancer screening. More
research needs to be conducted in high-burden areas across dif-
ferent contexts, particularly among the populations at higher
risk of death from lung cancer or populations that are socially
and economically disadvantaged. These groups are often noted
in literature as populations with low screening adherence; how-
ever, most of these groups are historically left out of biomedical
research. Among these groups are females, racial and ethnic
minorities, and rural residents.

This high-quality comprehensive systematic review synthe-
sized the available knowledge regarding factors related to lung
cancer screening implementation throughout the continuum of
care using a metatheoretical framework. Applying the CFIR
domains and constructs to understand and specify factors
related to implementation of lung cancer screening, as well as
cataloging the lessons learned from previous efforts, helps
inform the development and implementation processes of lung
cancer screening programs in the community setting. Although
it may not be possible to target and change all of the aforemen-
tioned barriers identified in this review, there are some clear
next steps for effective implementation to increase lung cancer
screening, such as increasing knowledge and beliefs about the
intervention among providers and patients and understanding
the unique accessibility needs of high-risk patients. Further
work is needed to develop best practices and address structural
barriers to reduce the burden of suffering from lung cancer.
Strategies may likely need to be population and context specific,
but findings from this study may serve as a framework to guide
the planning process.
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