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Implications
Practice: Health systems interested in 
implementing a low-dose computed tomography 
(LDCT) screening program should carefully as-
sess their readiness for implementation (staff 
time, leadership support, training resources, and 
technology) and should consider a stepwise ap-
proach to implementation, which allows time for 
correcting challenges before they grow into insur-
mountable barriers.

Policy: Health systems should consult with pri-
vate and public payers about coding, billing, 
and reimbursement processes to avoid potential 
errors and delays. Health systems in states without 
Medicaid expansion should anticipate significant 
out-of-pocket screening costs for patients.

Research: Further in-depth research is needed 
to uncover other potential barriers and facilita-
tors to implementation and the sustainability of 
LDCT screening programs.
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ABSTRACT
In recent years, studies have shown that low-dose 
computed tomography (LDCT) is a safe and effective way 
to screen high-risk adults for lung cancer. Despite this, 
uptake remains low, especially in limited-resource settings. 
The American Cancer Society (ACS) partnered with two 
federally qualified health centers and accredited screening 
facilities on a 2 year pilot project to implement an LDCT 
screening program. Both sites attempted to develop a 
referral program and care coordination practices to move 
patients through the screening continuum and identify 
critical facilitators and barriers to implementation. Evaluators 
conducted key informant interviews (N = 46) with clinical 
and administrative staff, as well as regional ACS staff 
during annual site visits. The Consolidated Framework for 
Implementation Research guided our analysis of factors 
associated with effective implementation and improved 
screening outcomes. One study site established a sustainable 
lung screening program, while the other struggled to 
overcome significant implementation barriers. Increased time 
spent with patients, disruption to normal workflows, and 
Medicaid reimbursement policies presented challenges at 
both sites. Supportive, engaged leaders and knowledgeable 
champions who provided clear implementation guidance 
improved staff engagement and were able to train, guide, 
and motivate staff throughout the intervention. A slow, 
stepwise implementation process allowed one site’s project 
champions to pilot test new processes and resolve issues 
before scaling up. This pilot study provides critical insights 
into the necessary resources and steps for successful lung 
cancer screening program implementation in underserved 
settings. Future efforts can build upon these findings and 
identify and address possible facilitators and barriers to 
screening program implementation.
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BACKGROUND
For many years, lung cancer has been the leading 
cause of cancer mortality in the USA and, until re-
cently, disease control efforts primarily have focused 
on reducing cigarette smoking [1–4]. However, there 
is new evidence that low-dose computed tomography 

(LDCT) screening is associated with a reduction in the 
risk of lung cancer mortality among high-risk adults [2, 
3, 5]. In 2014, the United States Preventive Services 
Task Force (USPSTF) issued LDCT as “Grade B” and 
recommended screening for adults aged 55–80 years, 
who have a 30 pack-year history, and currently smoke 
or have quit in the past 15 years [6]. Since 2014, further 
guidance has been issued to help develop high-quality 
screening programs [6–9]. However, LDCT uptake 
has been poor with only a small percentage of the 
eligible population reporting having received LDCT 
[10–12]. These low levels of screening are particularly 
challenging in limited-resource settings, such as feder-
ally qualified health centers (FQHCs) [11, 13, 14].

Research to understand the low uptake of LDCT 
has been limited and primarily focused on qualita-
tive examinations of perceptions of cancer screening 
intentions among patients and providers, along 
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(LDCT) screening is associated with a reduction in the 
risk of lung cancer mortality among high-risk adults [2, 
3, 5]. In 2014, the United States Preventive Services 
Task Force (USPSTF) issued LDCT as “Grade B” and 
recommended screening for adults aged 55–80 years, 
who have a 30 pack-year history, and currently smoke 
or have quit in the past 15 years [6]. Since 2014, further 
guidance has been issued to help develop high-quality 
screening programs [6–9]. However, LDCT uptake 
has been poor with only a small percentage of the 
eligible population reporting having received LDCT 
[10–12]. These low levels of screening are particularly 
challenging in limited-resource settings, such as feder-
ally qualified health centers (FQHCs) [11, 13, 14].

Research to understand the low uptake of LDCT 
has been limited and primarily focused on qualita-
tive examinations of perceptions of cancer screening 
intentions among patients and providers, along 

with quantitative examinations of the association 
between uptake and patients’ sociodemographic 
characteristics [15–20]. Beyond individual-level fac-
tors, implementation challenges likely also affect 
LDCT uptake. For example, concerns have been 
raised about the replicability of the National Lung 
Screening Trial (NLST) in other settings, the com-
plexity of the guidelines, and multilevel factors that 
influence implementation in health systems (e.g., 
lack of clinical infrastructure needed to identify pa-
tients who are eligible for LDCT) [21–23]. These 
challenges are especially prevalent in FQHCs and 
community hospital settings where 85% of all lung 
cancer care is provided in the USA [24]. However, 
there has been limited empirical study of the imple-
mentation process or barriers and facilitators to the 
uptake of LDCT [25].

A wide range of theories and models exist to 
help study barriers and facilitators to the imple-
mentation of evidence-based interventions [26–28]. 
The Consolidated Framework for Implementation 
Research (CFIR) synthesizes constructs from these 
theories and models to help advance the under-
standing of the implementation of a variety of 
interventions and in a wide range of settings [29]. 
Specifically, CFIR enables the examination of fac-
tors associated with program implementation across 
five domains (intervention characteristics, inner 
setting, outer setting, characteristics of individuals, 
and process) that contain 39 constructs that isolate 
factors that may influence the implementation of an 
intervention in practice [29]. While CFIR has not 
previously been used to study the LDCT screening 
program implementation, a wide range of studies 
have used CFIR to study cancer screening interven-
tions in community clinics, FQHCs, and other health 
care settings [30–32]. Using the CFIR framework 
can help fill the existing gap in the understanding of 
multilevel factors that influence the implementation 
of LDCT screening programs in health systems.

To understand the implementation of LDCT 
screening in real-world settings, the American 
Cancer Society (ACS) conducted a 2  year pilot 
study with two FQHCs, each partnered with a 
local American College of Radiology (ACR) des-
ignated hospital screening facility. The Health 
Centers Advancing Lung Cancer Early Detection 
Pilot Program included the development and im-
plementation of an LDCT referral program and 
care coordination practices to help move patients 
through the lung screening continuum [33]. ACS 
provided guidance, training, technical assistance, 
and financial support to enable the sites to imple-
ment processes to identify eligible patients, provide 
shared decision-making (i.e., a process in which pa-
tient and provider work together to make decisions 
about health care), and refer and navigate patients 
through screening and follow-up over the course 
of 2 years. The goal of the following analysis is to 

identify the critical facilitators and barriers to pro-
gram implementation.

METHODS

Design 
This evaluation was conducted as part of a pilot study 
that used a mixed-methods design [33]. Participant 
sites submitted quantitative data through quarterly 
progress reports throughout the pilot study. During 
annual site visits in 2017 and 2018, project evaluators 
conducted semistructured, in-depth interviews with 
project stakeholders. The study evaluation team 
was comprised of two full-time evaluators from the 
ACS and an independent evaluator from the Rollins 
School of Public Health at Emory University. The 
pilot study and evaluation were reviewed by the 
Institutional Review Board at Morehouse School of 
Medicine and given a nonresearch determination.

Sites and study population 
This study included two sites, Site A  and Site 
B.  Each study site included an FQHC and their 
partner ACR-accredited screening facility, where 
patients could be screened with LDCT. For re-
porting purposes, we often use the term “site” to 
refer to both organizations and refer to them as 
one unit. Site A was located in a rural area within 
a state that had Medicaid expansion. Site B was in 
a large, urban area in a state without Medicaid ex-
pansion. Though Site A’s FQHC had a Breathing 
Center (pulmonary rehabilitation program and a 
black lung clinic), neither site had established a lung 
cancer screening program using LDCT prior to the 
pilot study. Both sites received funding to support 
for the pilot implementation. ACS provided funds 
to support uninsured screening at Site B to reduce 
cost burden. Site A  continued implementation ef-
forts beyond the pilot project and Site B decided 
not to continue LDCT screening beyond the initial 
pilot period.

Evaluators conducted semistructured interviews 
in both years of the project with stakeholders, 
including clinicians (e.g., nurse practitioners, pri-
mary care physicians, and pulmonologists), patient 
navigators, and project coordinators who had both 
clinical and administrative responsibilities, clinic ad-
ministrators, and regional ACS staff who oversaw 
the implementation of the pilot study. These data 
captured perceptions of the patient experience, but 
they do not reflect the thoughts or opinions of pa-
tients themselves.

Data collection 
A total of 46 interviews with 33 individuals 
took place by telephone or during in-person site 
visits. Interviewers used semistructured inter-
view guides with approximately 25 questions (see 
Supplementary Material). Three different interview 

http://academic.oup.com/tbm/article-lookup/doi/10.1093/tbm/ibaa121#supplementary-data
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guides were created with tailored questions for 
participants from FQHCs, hospital screening facil-
ities, and ACS staff. Topics of discussion included 
designing and implementing referral and screening 
processes, establishing and maintaining partner-
ships, progress on goals, and lessons learned about 
implementation. Examples of questions include, 
“How are patients navigated through the post-
screening process?,” “Based on your experience, 
what do you think is the best way to talk to patients 
about lung cancer screening?,” and “Have you made 
any changes to how you track and use program data 
since you started the pilot?”

Grantees also submitted quarterly progress reports 
to ACS with quantitative data about their eligible pa-
tient population. Data points included the number of 
screening-eligible patients (e.g., ages 55–77, current 
or former smoker, and 30 pack-year history), patients 
assessed for eligibility, shared decision-making visits, 
patients referred for LDCT, appointments made, 
screening exams completed, screening results, diag-
nostic orders, and cancer diagnoses.

Data analysis 
All 46 interviews were recorded with permis-
sion and transcribed verbatim using a profes-
sional transcription service. Evaluators developed 
a codebook comprised of 39 deductive codes 
based on constructs from the CFIR [29]. An add-
itional 25 inductive, thematic codes were added 
to the codebook to capture topic-specific elem-
ents of LDCT screening implementation, such as 
smoking cessation, billing processes, and provider 
hesitation about screening. All three coders had 
previous experience applying CFIR constructs to 
evaluations using qualitative methods. The three 
evaluators applied all deductive and inductive 
codes to the 46 transcripts using MaxQDA 2018, 
a qualitative coding and analysis software. To en-
sure reliability, the team double-coded four tran-
scripts and met to modify the codebook, refine 
code definitions, and establish intercoder agree-
ment. After establishing agreement, the remaining 
42 transcripts were analyzed and coded independ-
ently, and evaluators highlighted segments that 
required clarity, debate, or discussion. Coding 
discrepancies were reviewed and discussed until 
consensus was reached. In addition, basic infor-
mation about sites’ eligible patient population 
and screening referrals and completions were cal-
culated using Microsoft Excel.

Results are presented by CFIR construct. Only 
constructs that emerged through our qualitative 
analysis are presented. Because both pilot sites had 
dramatically different contextual factors, implemen-
tation experiences, and outcomes, this comparative 
analysis will highlight similarities and key differ-
ences that contributed to successes and challenges 
at each site.

RESULTS

Overview of sites 
The two pilot sites took distinct approaches to 
LDCT implementation and demonstrated varied 
levels of success based on their implementation 
models and the contextual factors at play. Each 
site was able to adapt its approach to implementa-
tion based on their specific needs. This resulted in 
unique approaches to implementation, determining 
patient eligibility for LDCT, and issuing referrals. 
Ultimately, Site A  successfully created a sustain-
able screening program, while Site B struggled to 
overcome implementation barriers. Site A  identi-
fied more screening-eligible patients (N = 364) and 
had an overall higher number of patients screened 
(N  =  263; 72%) in their program. Conversely, Site 
B had challenges identifying patients and moving 
them through the referral and screening process. 
Across both years of the pilot study, Site B identi-
fied 128 screening-eligible patients and completed 
57 screening exams (44%). Details about implemen-
tation processes are described in depth using the 
CFIR framework below (Table 1).

Intervention characteristics 
The intervention characteristics domain examines 
the intervention itself (i.e., LDCT). According to 
CFIR, it is important to consider how interventions 
are perceived at study sites as interventions that 
have not been adapted to a particular setting are 
more likely to be perceived as a poor fit than those 
that are adapted for the site’s specific setting. The 
most influential implementation characteristics at 
our pilot sites were relative advantage, complexity, 
and cost (Table 1).

Relative advantage 
Perhaps because it was soon after lung cancer 
screening recommendations had been issued, and 
because of resource limitations, both sites struggled 
to see the immediate advantage of implementing 
LDCT screening. Site implementation leaders 
expressed a need for the relative advantage and 
importance of LDCT screening to be explicitly dem-
onstrated and clearly articulated to staff and lead-
ership from the beginning of the project. Although 
both sites recognized the difficulty in implementa-
tion, Site A leadership communicated the long-term 
advantages of implementing an LDCT program to 
staff, allowing them to gain buy-in for implemen-
tation. Furthermore, leadership at this site was 
supportive of the program and communicated the 
advantages clearly, resulting in buy-in from staff. 
Due to numerous competing demands at the or-
ganization, leadership at Site B struggled to com-
municate the advantages of lung cancer screening 
with LDCT to staff and leadership, resulting in 
ambiguity, low buy-in, and ultimately incomplete 
implementation.
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Complexity 
Similar to relative advantage, both sites felt that the 
LDCT program was highly complex and would be 
difficult to implement. Specifically, there were a 
high number of intervention steps that disrupted 
normal workflows and felt burdensome to staff. 
Sites dealt with this complexity differently. Site 
A  actively sought to reduce complexity by cre-
ating workflows that would address the challenges 
(e.g., creating a referral template), which they pilot 
tested and perfected prior to full implementation. 
In addition, having multiple intervention leaders 
who knew the plan and served as resources to staff 
helped reduce strain and lessened the perceived 
complexity. Site B’s approach involved numerous 
steps and handoffs, which unintentionally built 
more complexity into the referral process. For ex-
ample, at one point during the pilot, the process was 
as follows: The referral coordinator would examine 
the records of patients due for an appointment the 
upcoming week and send a list of potentially eli-
gible patients to nurses and medical assistants. The 
nurses or medical assistants would ask the patient 
screening questions (e.g., smoking status and symp-
toms) during their appointment and make a note 
for the physician to have a shared decision-making 
conversation with patients who were eligible. If the 
physician determined screening was appropriate, 
they would give the patient a paper referral form to 
take to a scheduling assistant at the front desk who 
would book an appointment for them. This long pro-
cess required actions from five people, including the 
patient. If an error occurred at any of these handoff 
points, such as a patient losing their paper referral 
form or the physician not having time to finish the 
shared decision-making conversation, the process 
would fail and the patient would leave without an 
appointment.

Cost 
Cost includes financial and resource investments 
required to implement and sustain an intervention. 
Pilot study funds were perceived by site leadership 
as sufficient for implementation. Because Site B was 
located in a state without Medicaid expansion, they 
used grant funds to pay for screening uninsured 
and underinsured patients. Site A did not need to 
do so because their state had expanded Medicaid 
and, thus, had few uninsured patients. The primary 
cost-related concerns for LDCT screening was time 
and staff resources. Site B did not have access to an 
electronic health record (EHR) system and, thus, 
implemented a time-intensive approach that in-
volved tracking referral forms manually. They also 
opted to spend pilot study funds on hiring new staff 
dedicated to the intervention, which was high cost 
and unsustainable after pilot funds were depleted. 
These one or two staff absorbed much of the extra 
work involved in the intervention, which further 

resulted in the perceived high cost of time and staff 
resources. Site A invested in strategic planning and 
staff training about the intervention beyond the ini-
tial training ACS provided, which were high-cost but 
also high-impact activities that reached more staff 
and produced a sustainable, higher-impact interven-
tion. Training and engaging all staff also resulted in 
the burden of time being distributed more evenly.

Outer setting 
According to CFIR, the outer setting domain exam-
ines external influences on an intervention, such as 
the economic, political, and social contexts within 
which the organization operates. These may include 
how the organization is networked with other organ-
izations, peer pressure from similar organizations, 
and large-scale policies that impact implementation. 
In the current study, patient needs and resources 
(e.g., transportation) and external policies (e.g., 
Medicaid expansion or nonexpansion) influenced 
implementation at both sites (Table 1).

Patient needs and resources 
Both sites identified patient trust as an ongoing chal-
lenge in their patient population, especially among 
adults at high risk of lung cancer. Building trust 
among current smokers was difficult because they 
were often fatigued by smoking cessation conversa-
tions, which are an aspect of the LDCT intervention. 
Low health literacy is common in this population, 
posing challenges to understanding insurance 
coverage, and the information presented in shared 
decision-making conversations, resulting in oppor-
tunities for patient hesitancy, misunderstanding, and 
subsequently misinterpretations of screening exam 
results. Thus, both sites faced greater than average 
challenges to providing clear, understandable infor-
mation about the screening process in a manner that 
gained trust.

External policies 
Both sites were aware of the Centers for Medicare 
& Medicaid Services (CMS) policy related to reim-
bursement for LDCT screening before beginning 
the pilot study; however, there were differences 
in coverage policies that impacted both sites. Site 
A was located in a state with Medicaid expansion 
that reimbursed LDCT screening. However, im-
plementation leaders discovered that Medicaid 
and some private insurers would not reimburse 
follow-up tests done within 12 months of the initial 
screening, despite ACR guidelines recommending 
follow-up 6 months after a Lung-RADS 3 finding. 
Because of this, FQHC and ACS staff at this site con-
tinuously engaged with insurance and reimburse-
ment experts to resolve errors, adding more burden 
to the process but ensuring that patients would not 
receive costly out-of-pocket bills. Site B was in a 
state without Medicaid expansion, so they did not 
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face reimbursement challenges; instead, they faced 
the challenge of identifying funds to pay for LDCT 
screening and recommended follow-up tests, espe-
cially when pilot funds were depleted. Site B had 
low screening and follow-up rates; therefore, there 
were few participants to share information about if 
or how reimbursement policies affected follow-up or 
intervention implementation.

Inner setting 
The inner setting involves characteristics of the or-
ganization and the context in which the interven-
tion is being delivered. In this project, the inner 
setting included the FQHC and LDCT screening 
partner. Three primary factors of the inner setting 
that impacted implementation outcomes included: 
networks and communication within the organiza-
tion, implementation climate or capacity to change, 
and the organization’s readiness to implement the 
LDCT program (Table 1).

Networks and communication 
Networks and communication differed considerably 
between the sites. From the beginning, Site A engaged 
stakeholders who could capture an array of perspec-
tives for implementing an LDCT program success-
fully from frontline office staff to the radiology suite. 
Communication was facilitated through direct calls 
between implementation leaders on personal lines 
and regular meetings, including multiple representa-
tives from both organizations and ACS. Although it 
was sometimes unclear which partner should be ac-
countable for emerging issues, when problems arose, 
partners worked together to resolve them quickly. In 
contrast, Site B experienced poor communication be-
tween the FQHC and screening facility, as well as be-
tween leadership and clinical staff. Leadership from 
the FQHC and screening facility were not engaged 
in regular communication about the intervention 
with each other or with their respective employees, 
only engaging when a problem arose. This resulted in 
chronic misunderstandings about the screening pro-
cess, unclear goals and division of responsibility, and 
ultimately frayed relationships that ended the project. 
Poor communication between FQHC leadership and 
screening center staff also resulted in disengaged em-
ployees and staff not feeling empowered to provide 
feedback about the program. Furthermore, the re-
ferral process required many steps to communicate 
basic information between the FQHC and screening 
site about patients, often on paper forms that were 
passed between multiple people in order to schedule 
screening and follow-up appointments.

Implementation climate 
Implementation climate encompasses the ability to 
change the interest or receptivity of implementation 
among participants. According to CFIR, a variety of 
factors influenced the implementation climate in the 

two settings, including tension about change, com-
patibility, relative priority, and the organization’s 
ability to set goals and provide feedback. After rec-
ognizing the relative advantage of implementing 
LDCT, Site A  had a strong interest and desire to 
implement a lung cancer screening program prior to 
the pilot project. This preexisting tension for change 
facilitated buy-in among referring providers and mo-
tivated them to succeed.

The lung cancer screening program aligned well 
with the patient-centered missions and values of 
both organizations. There were some providers at 
both sites who were somewhat familiar with lung 
screening literature, such as the NLST, and were 
initially hesitant about overscreening patients or the 
potential for false positives. Implementation leaders 
at Site A successfully addressed provider hesitancy 
through training and sharing their own patient suc-
cess stories. At Site B, leadership never addressed 
provider hesitancies and instead allowed individual 
providers to opt out of the referral program if they 
had concerns.

At Site B, the pilot study opportunity came at a 
time when the FQHC was facing many competing 
priorities and did not have the human or finan-
cial resources to implement a new, highly complex 
screening and referral program. FQHC leadership 
were more invested in attaining patient-centered 
medical home accreditation and addressing high 
staff turnover, making the LDCT screening inter-
vention a low priority. Not only was prioritiza-
tion an issue at the leadership level but it also 
trickled down to patient encounters. The FQHC 
was understaffed, and providers often reported 
that they did not have time to conduct shared 
decision-making or discuss lung cancer screening 
during patient encounters. As part of the inter-
vention, providers received daily reminder emails 
with names of screening-eligible patients, meant to 
keep the intervention top-of-mind; however, this 
sometimes overwhelmed providers who felt short 
on time and wanted to prioritize patients’ primary 
concerns. Although Site B agreed to participate in 
the pilot study, it was ultimately unable to devote 
the time, attention, or resources needed to make 
the program a success. Site A  faced fewer com-
peting demands and made the LDCT intervention 
a high priority, allowing them to devote resources 
to developing and executing the slow, stepwise im-
plementation process that ultimately led to their 
success.

Regular, formal education and training at Site 
A  enabled them to clearly communicate the pur-
pose and importance of the program and provided 
an opportunity to share feedback and ideas for im-
provement. Clinical staff at Site B did not feel that 
the goals of the program were well communicated, 
resulting in low motivation, and staff felt unable to 
provide feedback about the implementation process.
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Readiness for implementation 
Both sites differed in their readiness to implement 
a lung cancer screening program. Readiness for im-
plementation was heavily influenced by their level 
of leadership engagement, available resources, and 
access to knowledge and information.

Leadership engagement was critically influen-
tial in facilitating implementation. Site A obtained 
buy-in from key staff and leadership from the begin-
ning of the pilot study and maintained engagement 
throughout, especially if issues emerged. Engaged, 
motivated leaders and an enthusiastic project cham-
pion resulted in better readiness for implementation. 
Alternatively, leadership at Site B’s FQHC struggled 
to engage leadership due to competing priorities at 
the organizational level, resulting in poor planning, 
low prioritization, and misunderstandings about 
project details, such as goals and objectives. The 
original clinic leadership, including the pilot study 
champion, left the organization shortly after be-
ginning the intervention and was replaced by new 
staff who did not prioritize the pilot study. This new 
leadership was largely disengaged until major issues 
arose, leading to miscommunication and missed op-
portunities to address issues before they grew too 
big to handle.

Sites differed in the resources available for this 
project, particularly human resources and custom-
izable EHRs. Site A had substantial resources avail-
able to facilitate implementation. The FQHC and 
screening facility were both able to dedicate staff 
time from clinicians, navigators, and other staff to 
ensure project success. Additionally, their EHR was 
easy to customize and required only a simple step to 
capture screening eligibility data, including a pack-
year history calculator; staff felt that this resource 
was highly valuable to the overall success of the pro-
gram. The FQHC at Site B, however, had insuffi-
cient resources to support this project. They lacked 
support, time, and enthusiasm for implementing a 
new lung screening referral process. Major staff and 
leadership turnover, especially in key leadership 
positions, meant that staff were overwhelmed and 
the intervention became a low priority. The FQHC 
was also in the midst of other resource-intensive pri-
ority activities during the pilot: implementing a new 
EHR system and applying for patient-centered med-
ical home accreditation.

Finally, sites had similar access to knowledge and 
information to help prepare them for implementa-
tion. During the capacity-building phase that took 
place prior to beginning implementation, ACS 
subject matter experts provided both sites with 
high-level presentations about the evidence sup-
porting the benefit of LDCT screening for lung 
cancer and evidence for practice interventions asso-
ciated with higher rates of adherence with screening. 
Participants from both sites expressed dissatisfaction 
with the training sessions, expressing concerns that 

the training did not meet their specific needs because 
it was too high level, did not explain the relative im-
portance and long-term benefits of LDCT screening 
programs, and left them feeling unprepared for im-
plementation. They suggested that future trainings 
focus less on national studies and instead use local 
data and patient examples, when possible, to make 
training more relevant and offer practical imple-
mentation guidance, including change management 
principles. Participants from Site A also felt discon-
nected from ACS subject matter experts and shared 
that they would have felt more comfortable learning 
from local experts who knew the area and way of 
life.

Individual characteristics 
The individual characteristics domain examines de-
tails about individuals involved with intervention 
implementation (e.g., knowledge and beliefs about 
the intervention). In our pilot, roles within the or-
ganization were important influencers for interven-
tion success (Table 1).

Both sites appointed an intervention leader to 
serve as a bridge for communication and coordin-
ation between the FQHC and screening facility. At 
Site A, the intervention leader was a respiratory 
therapist and, at Site B, a screening facility navi-
gator and a referral coordinator from the FQHC 
shared coordination responsibilities. Project staff 
articulated the importance of appointing imple-
mentation leaders and working together across 
roles to make sure patients do not fall through the 
cracks. At both sites, the intervention required a 
variety of dedicated staff, including nurses, phys-
icians, navigators, and others to answer patient 
questions, issue referrals, and deliver appropriate 
screening and follow-up. At Site A, there were 
clearly delineated roles and expectations for all 
staff. Many clinical staff at Site B shared that they 
did not clearly understand their roles or expect-
ations, which caused confusion about who was re-
sponsible for the patient throughout the referral 
and screening processes and led to referrals for 
several ineligible patients.

Process 
The process domain captures the various steps to 
achieve both individual- and organizational-level 
uses of the intervention. CFIR examines four sub-
processes included in the intervention process: 
planning, engaging, executing, and reflecting. The 
planning and reflecting processes emerged as most 
critical for implementation success at the pilot sites 
(Table 1).

Planning 
Planning includes the degree to which the imple-
mentation method is developed before implementa-
tion. Both sites received high-level training about the 
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intervention and lung cancer screening from ACS 
during the capacity-building phase but after training 
sites differed in how they engaged in planning for 
execution. Both sites completed process mapping 
prior to implementation. Site A engaged in process 
mapping and pilot testing of processes and clearly 
defined roles before rolling out to all physicians, 
which facilitated successful implementation. At Site 
B, staff and leadership were less engaged in process 
mapping and the planning process was less clear and 
intentional, with few opportunities for initial plan-
ning among the staff. Both sites articulated the im-
portance of careful planning and process mapping 
prior to implementation to facilitate success.

Reflecting and evaluating 
The pace of implementation at each site created 
various opportunities for reflection and evalu-
ation. Site A  used a slow, stepwise approach to 
implementation, which allowed project champions 
to pilot test the referral and reimbursement pro-
cesses and resolve issues before scaling up and 
expanding. This site viewed process improvement 
as an ongoing and essential part of the program. 
Clinical staff had regular opportunities to provide 
feedback for improvement during partner meet-
ings; this kept staff engaged and captured issues be-
fore they grew into bigger problems. Site B focused 
on rapid implementation, which did not allow time 
for identifying and addressing emerging issues, 
and there was no routine meeting or other manner 
for staff to submit program improvement ideas. 
This approach left little opportunity to reflect on 
implementation progress and engage in process 
improvements.

DISCUSSION
The evaluation of this pilot project provides in-
sight into critical resources and steps that promote 
successful LDCT screening program implementa-
tion for high-risk adults in FQHCs. Using the CFIR 
framework to analyze qualitative data and synthe-
size study findings helped us compare and contrast 
the two pilot sites to identify facilitators and barriers 
to successful implementation.

Staff and leadership at both sites acknowledged 
that implementing LDCT screening for lung cancer 
is a highly complex process that requires substantial 
upfront planning and investment among leadership 
and staff, as well as ongoing communication to help 
troubleshoot challenges that arise throughout the im-
plementation process. Given this high level of invest-
ment required, sites developing LDCT screening in the 
future should consider their readiness to implement 
prior to committing to LDCT screening. This pro-
cess involves determining if there are potential multi-
level barriers to success and the organization’s ability 
to overcome them prior to beginning the project. 

Organizations could consider undertaking a thorough 
capacity and readiness assessment to ensure that per-
sonnel and other resources are available. Prior litera-
ture has assessed the readiness of primary care clinics 
to implement LDCT programs, finding that only 10% 
of respondents had lung cancer screening available in 
their practice [21]. Similar to our findings, this study 
also suggested high levels of uncertainty about LDCT, 
including the need for guidance about implementation 
and concerns about how screening programs would be 
integrated into EHRs. As suggested by our evaluation, 
identifying and addressing these practical needs is an 
important step prior to beginning implementation.

While there is currently no existing readi-
ness assessment specifically designed for LDCT 
programs, other assessment tools exist and could 
be adapted for use among sites considering LDCT. 
For example, the Diabetes Care Coordination 
Readiness Assessment is designed to measure pri-
mary care clinic readiness to coordinate care for 
adult patients with diabetes [34]. The tool con-
siders five domains: organizational capacity, care 
coordination, clinical management, quality im-
provement, and infrastructure when assessing for 
implementation readiness. A wide range of other 
readiness assessment tools exist and could be 
adapted, including the Practice Transformation 
Readiness Assessment and Quality Improvement 
Capacity Assessment [35, 36]. Others have used 
CFIR to assess readiness for implementation, sug-
gesting that readiness is often captured by two 
CFIR domains: inner setting (e.g., readiness for 
implementation, implementation climate, net-
works, and communication) and characteristics of 
individuals [37]. Specifically, for LDCT, an assess-
ment could include identifying competing prior-
ities, concurrent activities, ongoing or upcoming 
systems challenges, and system readiness. If there 
is reluctance or hesitation about implementing or 
if an organization feels unprepared for LDCT im-
plementation, then it would be important to con-
sider these challenges and ensure full buy-in to the 
program before beginning.

After buy-in was established, we found that having 
at least one champion who is enthusiastic and know-
ledgeable about the project can help provide guidance 
throughout the initial planning and implementation 
process. The value of a program champion has con-
sistently been demonstrated in the literature [38]. 
Ideally, given the complexity of LDCT screening, it 
would be best to have both administrative leadership 
and a physician champion. We found that these cham-
pions should be involved in the day-to-day implemen-
tation and monitoring of the program. Specifically, 
this includes an individual who is dedicated to com-
munication between the FQHC or primary care site 
and screening facility. Other studies have similarly 
found that two champions can help with implemen-
tation success—a project champion who leads change 
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efforts specific to the implementation of a program 
and an organizational change champion who focuses 
on higher-level issues, such as mobilizing resources 
and linking the project vision with the vision of the 
broader organization [39].

Developing a successful program also requires 
careful planning. In our pilot study, implementa-
tion was more effective when using a bottom-up ap-
proach with frontline staff who were responsible for 
implementation rather than a top-down approach. 
This approach helped gain buy-in and input when 
rolling out implementation to providers, whereas ad-
ministrative leadership overseeing and directing the 
implementation process without frontline staff input 
resulted in missed opportunities and miscommuni-
cation. These observations are especially true in the 
context of LDCT screening, which is relatively new 
and unknown for staff and providers alike.

While we used CFIR as an evaluation framework 
applied retrospectively, it would also be possible to 
use CFIR and other frameworks as an implementation 
planning framework. For example, combining CFIR 
with the Theoretical Domains Framework (TDR) 
could help identify multilevel determinants that 
should be considered in the implementation planning 
stage [40]. The process of planning and using a step-
wise approach to implementation with built-in oppor-
tunities for evaluation allows for regular updates and 
modifications to the process as needed. As we found 
in our pilot study, this stepwise method of implemen-
tation and scale-up is not necessarily a quick process, 
but careful planning using an implementation frame-
work could help anticipate and mitigate challenges.

Our study is not without limitations. We provide a 
qualitative overview of LDCT program implementa-
tion in two unique settings; while both sites had high 
lung cancer incidence and aimed to develop partner-
ships between FQHCs and accredited screening facil-
ities, there were many practical differences between 
the sites that were not revealed until implementation 
began. Although we interviewed a wide range of 
staff across sites and at multiple time points, our find-
ings cannot be widely generalized. Relatedly, these 
sites had high levels of support from ACS staff and 
ample funding, which likely does not reflect the im-
plementation experience at other sites. In addition, 
we retrospectively applied CFIR as a framework for 
qualitative interview analysis. Our initial interview 
guide did not specifically consider CFIR constructs; 
however, future studies could incorporate elements 
of CFIR throughout the planning of the program, 
development of the evaluation, and qualitative and 
quantitative measures of implementation success. 
Finally, we did not interview patients as part of our 
evaluation. Given the exploratory nature of this pilot 
study and limited resources, we opted to focus on 
capturing the experiences of health professionals 
involved in implementation. Thus, our project data 

includes only stakeholders’ and providers’ percep-
tions of the patient experience but do not reflect 
the thoughts of patients themselves. Future studies 
should engage patients to further explore patient-
level barriers and facilitators.

CONCLUSIONS
Screening patients for lung cancer using LDCT 
has been shown to improve health outcomes for 
high-risk adults but, without commitment, readi-
ness, and resources, the road to successful pro-
gram implementation can be a long one. Our 
pilot study identified a variety of facilitators and 
barriers to program implementation and pro-
vided two starkly contrasting examples of how 
implementing and managing screening programs 
can be complex, time consuming, and resource 
intensive. However, with thoughtful planning and 
execution, open communication, and motivated 
staff, health systems can ultimately build a path to 
lung cancer screening for their patients and reduce 
lung cancer deaths.

SUPPLEMENTARY MATERIAL

Supplementary material is available at Translational Behavioral 
Medicine online.

Acknowledgments 

Funding: This pilot study was funded by the Bristol-Myers Squibb 
Foundation. C.G.A.’s doctoral studies are sponsored by the National Cancer 
Institute (1F99CA253576-01).

Compliance with Ethical Standards

Conflicts of Interest: M.M.C., R.A.S., and L.W. are employed by the ACS 
and ACS CAN, which receive grants from private and corporate founda-
tions, including foundations associated with companies in the health 
sector, for research and initiatives outside of the submitted work. The 
authors are not funded by any of these grants, and their salary is solely 
funded through ACS and ACS CAN funds. C.G.A. declares that she has no 
conflicts of interest.

Author Contributions: M.M.C. and L.W. collected all project data. C.G.A., 
M.M.C., and L.W. coded and analyzed the data. C.G.A. and M.M.C. wrote 
the manuscript with input from R.A.S. and L.W. R.A.S. served as the study’s 
primary investigator, provided input on analysis, and contributed subject 
matter expertise to manuscript writing.

Ethical Approval: This study did not contain any studies with human 
participants performed by any of the authors. The pilot study and evalu-
ation were reviewed by the Morehouse School of Medicine Institutional 
Review Board (1032106) and given a nonresearch determination. This 
article does not contain any studies with animals performed by any of 
the authors.

Informed Consent: Informed consent was obtained from all individual parti-
cipants included in the study. 

Reporting Guidelines: Because our analysis used an implementation sci-
ence framework, we chose the Standards for Reporting Implementation 
Studies (StaRI) Standard as our reporting guideline because it is one of 
the most commonly used among qualitative and implementation science 
research.



ORIGINAL RESEARCH

page 1098 of 1098 TBM

References

1. National Cancer Institute. Patient and physician guide: National Lung 
Screening Trial. Available at https://www.cancer.gov/types/lung/ 
research/nlst. Accessed August 10, 2020.

2. Aberle DR, Adams AM, Berg CD, et al. Reduced lung-cancer mor-
tality with low-dose computed tomographic screening. N Engl J Med. 
2011;365(5):395–409.

3. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA Cancer J Clin. 
2015;65(1):5–29.

4. Centers for Disease Control and Prevention. Office of Smoking and 
Health 2020. Available at https://www.cdc.gov/tobacco/about/osh/
index.htm. Accessed August 10, 2020.

5. de Koning HJ, van der Aalst CM, de Jong PA, et al. Reduced lung-cancer 
mortality with volume CT screening in a randomized trial. N Engl J Med. 
2020;382(6):503–513.

6. United States Preventive Task Force. Screening for lung cancer: U.S. 
Preventive Services Task Force recommendation statement. Ann Intern 
Med. 2014;160(5):330–338.

7. Wiener RS, Gould MK, Arenberg DA, et al.; ATS/ACCP Committee on 
Low-Dose CT Lung Cancer Screening in Clinical Practice. An official 
American Thoracic Society/American College of Chest Physicians policy 
statement: Implementation of low-dose computed tomography lung 
cancer screening programs in clinical practice. Am J Respir Crit Care Med. 
2015;192(7):881–891.

8. Jaklitsch MT, Jacobson FL, Austin JH, et al. The American Association 
for Thoracic Surgery guidelines for lung cancer screening using low-
dose computed tomography scans for lung cancer survivors and other 
high-risk groups. J Thorac Cardiovasc Surg. 2012;144(1):33–38.

9. Mazzone P, Powell CA, Arenberg D, et al. Components necessary 
for high-quality lung cancer screening: American College of Chest 
Physicians and American Thoracic Society Policy Statement. Chest. 
2015;147(2):295–303.

10. Jemal A, Fedewa SA. Lung cancer screening with low-dose computed 
tomography in the United States—2010 to 2015. JAMA Oncol. 
2017;3(9):1278–1281.

11. Wender RC, Brawley OW, Fedewa SA, Gansler T, Smith RA. A blueprint for 
cancer screening and early detection: Advancing screening’s contribution 
to cancer control. CA Cancer J Clin. 2019;69(1):50–79.

12. Richards TB, Soman A, Thomas CC, et al. Screening for lung 
cancer—10 States, 2017. MMWR Morb Mortal Wkly Rep. 
2020;69(8):201–206.

13. Brenner AT, Cubillos L, Birchard K, et al. Improving the implementation of 
lung cancer screening guidelines at an academic primary care practice. J 
Healthc Qual. 2018;40(1):27–35.

14. Wang GX, Baggett TP, Pandharipande PV, et al. Barriers to lung cancer 
screening engagement from the patient and provider perspective. 
Radiology. 2019;290(2):278–287.

15. Carter-Harris L, Ceppa DP, Hanna N, Rawl SM. Lung cancer screening: 
What do long-term smokers know and believe? Health Expect. 
2017;20(1):59–68.

16. Tanner NT, Egede LE, Shamblin C, Gebregziabher M, Silvestri GA. 
Attitudes and beliefs toward lung cancer screening among US Veterans. 
Chest. 2013;144(6):1783–1787.

17. Patel D, Akporobaro A, Chinyanganya N, et al.; Lung-SEARCH 
Investigators. Attitudes to participation in a lung cancer screening trial: a 
qualitative study. Thorax. 2012;67(5):418–425.

18. Hoffman RM, Sussman AL, Getrich CM, et al. Attitudes and be-
liefs of primary care providers in New Mexico about lung cancer 
screening using low-dose computed tomography. Prev Chronic Dis. 
2015;12:E108.

19. Lewis JA, Petty WJ, Tooze JA, et al. Low-dose CT lung cancer 
screening practices and attitudes among primary care providers 
at an academic medical center. Cancer Epidemiol Biomarkers Prev. 
2015;24(4):664–670.

20. Zahnd WE, Eberth JM. Lung cancer screening utilization: A be-
havioral risk factor surveillance system analysis. Am J Prev Med. 
2019;57(2):250–255.

21. Volk RJ, Foxhall LE. Readiness of primary care clinicians to implement 
lung cancer screening programs. Prev Med Rep. 2015;2:717–719.

22. Shin DW, Chun S, Kim YI, et al. A national survey of lung cancer special-
ists’ views on low-dose CT screening for lung cancer in Korea. PLoS One. 
2018;13(2):e0192626.

23. Modin HE, Fathi JT, Gilbert CR, et al. Pack-year cigarette smoking history 
for determination of lung cancer screening eligibility. Comparison of the 
electronic medical record versus a shared decision-making conversation. 
Ann Am Thorac Soc. 2017;14(8):1320–1325.

24. Fischel RJ, Dillman RO. Developing an effective lung cancer program in a 
community hospital setting. Clin Lung Cancer. 2009;10(4):239–243.

25. Li J, Chung S, Wei EK, Luft HS. New recommendation and coverage of 
low-dose computed tomography for lung cancer screening: Uptake has 
increased but is still low. BMC Health Serv Res. 2018;18(1):525.

26. Brownson RC, Jacobs JA, Tabak RG, Hoehner CM, Stamatakis KA. 
Designing for dissemination among public health researchers: Findings 
from a national survey in the United States. Am J Public Health. 
2013;103(9):1693–1699.

27. Nilsen P. Making sense of implementation theories, models and frame-
works. Implement Sci. 2015;10:53.

28. Tabak RG, Khoong EC, Chambers DA, Brownson RC. Bridging research 
and practice: Models for dissemination and implementation research. 
Am J Prev Med. 2012;43(3):337–350.

29. Damschroder LJ, Aron DC, Keith RE, Kirsh SR, Alexander JA, Lowery JC. 
Fostering implementation of health services research findings into prac-
tice: A consolidated framework for advancing implementation science. 
Implement Sci. 2009;4:50.

30. Liang S, Kegler MC, Cotter M, et al. Integrating evidence-based practices 
for increasing cancer screenings in safety net health systems: A mul-
tiple case study using the Consolidated Framework for Implementation 
Research. Implement Sci. 2016;11:109.

31. Walker TJ, Risendal B, Kegler MC, et al. Assessing levels and correlates 
of implementation of evidence-based approaches for colorectal cancer 
screening: A cross-sectional study with federally qualified health cen-
ters. Health Educ Behav. 2018;45(6):1008–1015.

32. Kegler MC, Liang S, Weiner BJ, et al. Measuring constructs of the con-
solidated framework for implementation research in the context of 
increasing colorectal cancer screening in federally qualified health 
center. Health Serv Res. 2018;53(6):4178–4203.

33. Watson L, Cotter MM, Shafer S, Neloms K, Smith RA, Sharpe K. Case 
study on the implementation of a lung cancer screening program in fed-
erally qualified health centers. Public Health Rep. In press.

34. Weeks DL, Polello JM, Hansen DT, Keeney BJ, Conrad DA. Measuring pri-
mary care organizational capacity for diabetes care coordination: The 
Diabetes Care Coordination Readiness Assessment. J Gen Intern Med. 
2014;29(1):98–103.

35. HealthIT.gov. Assessing your organization’s readiness 2017. 
Available at https://www.healthit.gov/topic/health-it-initiatives/
assess-your-organizations-readiness. Accessed August 10, 2020.

36. Parchman ML, Anderson ML, Coleman K, et al. Assessing quality improve-
ment capacity in primary care practices. BMC Fam Pract. 2019;20(1):103.

37. Miake-Lye IM, Delevan DM, Ganz DA, Mittman BS, Finley EP. Unpacking 
organizational readiness for change: an updated systematic review and 
content analysis of assessments. BMC Health Serv Res. 2020;20(1):106.

38. Miech EJ, Rattray NA, Flanagan ME, Damschroder L, Schmid AA, Damush TM. 
Inside help: An integrative review of champions in healthcare-related imple-
mentation. SAGE Open Med. 2018;6:2050312118773261.

39. Shaw EK, Howard J, West DR, et al. The role of the champion in pri-
mary care change efforts: From the State Networks of Colorado 
Ambulatory Practices and Partners (SNOCAP). J Am Board Fam Med. 
2012;25(5):676–685.

40. Birken SA, Powell BJ, Presseau J, et al. Combined use of the Consolidated 
Framework for Implementation Research (CFIR) and the Theoretical Domains 
Framework (TDF): A systematic review. Implement Sci. 2017;12(1):2.

https://www.cancer.gov/types/lung/research/nlst
https://www.cancer.gov/types/lung/research/nlst
https://www.cdc.gov/tobacco/about/osh/index.htm
https://www.cdc.gov/tobacco/about/osh/index.htm
https://www.healthit.gov/topic/health-it-initiatives/assess-your-organizations-readiness
https://www.healthit.gov/topic/health-it-initiatives/assess-your-organizations-readiness

