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Abstract 

Background  The efficacy of lung cancer screening (LCS) to reduce lung cancer specific mortality is heavily depend‑
ent on adherence to recommended screening guidelines, with real-world adherence rates reported to be drasti‑
cally lower than rates described in clinical trials. There is a dearth in the literature on reminder processes and clinical 
workflows used to address adherence and robust data is needed to fully understand which clinical set-ups, processes, 
and context enhance and increase continued LCS participation. This paper describes a protocol for an environmental 
scan of adherence and reminder processes that are currently used in LCS programs across the United States.

Methods  This study will triangulate data using a 3-step explanatory sequential mixed methods design to describe 
mechanisms of current adherence and reminder systems within academic and community LCS programs to pin‑
point clinic or system barrier and facilitator combinations that contribute to increased adherence. In step 1, surveys 
from a nationally representative sample of LCS programs will yield quantitative data about program structure, volume, 
and tracking/reminder processes and messages. After completion of the survey, interested LCS program personnel 
will be invited to participate in an in-depth interview (step 2) to explore current processes and interventions used 
for adherence at the participant and program level. Finally, in step 3, triangulation of quantitative and qualitative 
data will be completed through qualitative comparative analysis to identify combinations of components that affect 
higher or lower adherence.

Discussion  This research advances the state of the science by filling a gap in knowledge about LCS program char‑
acteristics and processes associated with better adherence which can inform the development and implementation 
of interventions that are scalable and sustainable across a wide variety of clinical practice settings.
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Contributions to the literature 

•	Adherence to annual lung cancer screening guidelines 
is critically low, hindering the individual and popula-
tion health benefits associated with early detection of 
lung cancer.

•	There is currently poor understanding of contextual 
factors at the clinic and healthcare system levels that 
influence adherence rates in academic, community, and 
rural lung cancer screening programs.

•	This mixed-methods, environmental scan study will 
provide needed knowledge on adherence processes in 
diverse practice settings, and second, inform future 
adherence and reminder intervention development and 
implementation research.

Background
Context is undoubtedly an integral component of imple-
mentation science, affecting the success of both initial 
implementation and continued sustainment of an inter-
vention [1, 2]. While there are varying definitions of con-
text available in the literature, it is widely accepted that 
context consists of much more than the implementation 
setting [1–5]. Context can be influenced by a variety of 
factors, including health care policy, payment and reim-
bursement systems, practice and health system organi-
zation and priorities, and characteristics of the target 
population [3], and has been described by Øvretveit, 
et al. to include “everything else that is not the interven-
tion” [6] (p.605). Given the complex and dynamic nature 
of context, factors that act as facilitators in one setting 
may act as a barrier in another setting [2].

Measuring and understanding context has emerged as a 
priority for the maturing and evolving field of implemen-
tation science, with many widely-used implementation 
science frameworks addressing contextual dimensions 
[4, 5]. The Agency for Healthcare Research and Quality 
recommends that attention be paid to context during all 
stages of research, including planning, implementation, 
analysis, and reporting [3]. Furthermore, dimensions of 
context are often interdependent, and successful imple-
mentation may depend on combinations of contextual 
factors [4]. A multilevel, participatory approach working 
directly with relevant stakeholders is best suited to iden-
tify, monitor, and report contextual factors that influence 
meaningful outcomes and equitable scalability [3].

Assessing context for lung cancer screening adherence
Lung cancer screening (LCS) with low-dose computed 
tomography (LDCT) holds tremendous potential to 
transform lung cancer outcomes. When diagnosed 
late, lung cancer has a five-year survival rate of 9%, but 

exceeds 60% when diagnosed early [7]. Only 22% of 
lung cancers are currently diagnosed early [7], but have 
increased by 4.5% per year since LCS received a grade 
B recommendation by the US Preventive Services Task 
Force (USPSTF) in late 2013 [8, 9]. When diagnosed at 
an early stage, lung cancer is potentially curable with 
more effective treatment options available leading to 
reduced mortality and improved quality of life [10, 11]. 
Two large clinical trials have provided evidence that 
LCS reduces lung cancer mortality by at least 20% when 
performed annually,10,11. Despite this clinical trial evi-
dence and federal policy support, LCS remains vastly 
underutilized among eligible individuals [12]. USPSTF 
currently recommends LCS for individuals who are 
50–80 years of age, have a tobacco exposure history of 
20 pack years or more, and currently smoke cigarettes 
or have quit within the past 15 years [13].

Adherence to recommended follow-up is vitally 
essential to maximize the efficacy of LCS [14], with 
approximately 90% of screened individuals having rec-
ommended annual screening follow-up (Lung-RADs 1 
or 2 results) [15]. The remaining 10% will have a result 
that is worrisome for lung cancer and require shorter-
term follow-up (Lung-RADs 3 or 4) [15]. The lung 
cancer-specific mortality reduction reported in clini-
cal trials can be partially attributed to the adherence 
rates that exceed 90% over multiple rounds of screen-
ing [10, 16], a necessary attribute of cancer screening 
that has not transferred to non-clinical trial settings 
[17, 18]. Real-world annual adherence rates have been 
routinely reported to be less than 50% [17, 18] and as 
low as 22% [19]. Reports of adherence to shorter-term 
follow-up are also low (< 60%) [20]. More importantly, 
adherence rates for LCS are lower for racial and ethnic 
minority populations [20–22], revealing a critical gap in 
achieving optimal population-based and health equity-
focused LCS efficacy.

Prior LCS adherence research has been predominantly 
quantitative and single-center in nature [23–28], hin-
dering the generalizability and reproducibility to more 
diverse practice settings. One variable consistently asso-
ciated with better adherence is a centralized program 
structure that uses a navigator or coordinator to oversee 
the entire LCS process for providers and participants [23, 
24]. Additionally, reminder messages have been vital for 
increasing adherence rates in cervical, breast, and colo-
rectal cancer screenings [29, 30], and have been reported 
to be used in many LCS programs as well [26, 29, 31]. 
There is a dearth in the literature on reminder processes 
and clinical workflows used to address adherence. In 
this capacity, robust qualitative data is needed to fully 
understand which clinical set-ups, processes, and context 
enhance and increase continued LCS adherence.
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Reminder messages provide an important opportunity 
to engage with LCS participants and communicate the 
significance of continued participation. Reading levels 
for LCS educational resources have primarily consisted 
of levels above those recommended by the Ameri-
can Medical Association and the National Institutes of 
Health (below 6th or 7th grade) [32, 33]. The content 
and reading level of reminder message templates used 
in clinical LCS programs is currently unknown. Under-
standing these nuances will influence how adherence and 
reminder interventions can optimally be designed, imple-
mented, and tested for sustainable and scalable dissemi-
nation while addressing equity for all.

Environmental scanning
This paper describes a protocol for an environmental 
scan of adherence and reminder processes that are cur-
rently used in LCS programs across the United States. 
Environmental scanning originated in the business sec-
tor to analyze internal strengths and challenges with 
external influences to improve organizational strategies 
and performance [34, 35]. Environmental scanning has 
been used in the public health, health services delivery, 
and medicine fields to examine the state of programs, 
practices, or services and to identify organizational/
community needs, barriers, service, and research gaps 
[34–37]. The purposes of this environmental scan are to 
first provide needed knowledge on adherence processes 
in academic and community LCS programs and second, 
to inform future adherence and reminder intervention 
development and implementation research.

Successful intervention implementation and continued 
sustainment require that the intervention fits the context 
of the targeted clinical environment [38]. Pragmatic study 
design and implementation science strive to close the gap 
between clinical research and practice by engaging health 

care systems, clinicians, and patients in the research pro-
cess in order to understand the context of the clinical 
setting and how to successfully implement scalable inter-
ventions that meet the needs and desired outcomes of the 
stakeholders [39]. Clinical and health system context has 
predominantly been measured with quantitative or quali-
tative methods alone [5]. Mixed methods approaches 
integrating quantitative and qualitative data lead to a 
better understanding of the question and evidence [40]. 
This environmental scan will employ an implementation 
science, mixed methods design to describe mechanisms 
of current adherence and reminder systems within aca-
demic and community LCS programs to pinpoint clinic 
or system barrier and facilitator combinations that con-
tribute to increased adherence.

Methods
Design overview
This study will triangulate data using a 3-step explanatory 
sequential mixed methods design [40] to provide insight 
into adherence, tracking, and reminder context and 
interventions, as summarized in Fig. 1. In step 1, a cross-
sectional survey from a nationally representative sample 
of LCS programs will yield quantitative data about pro-
gram structure, volume, and tracking/reminder processes 
and messages. After completion of the survey, interested 
LCS program personnel will be invited to participate in 
an in-depth interview (step 2) to qualitatively explore 
current processes and interventions used for adherence 
at the participant and program levels. Finally, in step 3, 
triangulation of quantitative and qualitative data will be 
completed through qualitative comparative analysis to 
identify combinations of components that affect higher 
or lower adherence. The reporting of Steps 1 and 2 con-
form to CROSS guidelines [41] and COREQ guidelines 
[42], respectively.

Fig. 1  Three-step data collection and design overview
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Theoretical and methodologic underpinnings
This research was conceptualized and guided by Choo’s 
conceptual model of environmental scanning [34]. 
Choo’s model posits that environmental scanning can be 
used to look at information (viewing) or look for infor-
mation (searching), and four types of scanning exist 
(undirected viewing, enacting, conditioned viewing, and 
searching), dependent on the availability of information 
to understand the complexity of the environment and to 
what extent the organization or researcher intervenes to 
understand the environment [34]. A scoping review that 
applied Choo’s model to environmental scanning in the 
health services delivery field found that two of the four 
scanning types, conditioned viewing and searching, were 
relevant to health services delivery research [35]. Condi-
tioned viewing is applied by using passive data collection 
to look at information, and searching uses active data 
collection to look for information [35]. This study will 
use the searching scanning type described by Choo to 
actively engage with LCS personnel and actively collect 
data with the use of surveys and interviews.

An implementation science approach will be leveraged 
by partnering directly with LCS program personnel to 
describe real-world clinical context and processes, pro-
viding unparalleled insight into multilevel challenges and 
priorities of screening programs across the country [43]. 
This study will also leverage strategies commonly used 
to strengthen implementation research, including using 
a mixed methods analysis and addressing multiple lev-
els of the health care delivery system, mainly the clinic/
provider and system/organizational levels. A multilevel 
perspective is important to best understand the interde-
pendence and influence of each level on LCS adherence 
[44].

Mixed methods data integration of quantitative sur-
vey data and qualitative interview data will be completed 
using qualitative comparative analysis (QCA). QCA is a 
set-theoretic research methodology for analyzing causal 
complexity, situations in which combinations of condi-
tions may combine in various ways to produce or prevent 
an outcome [45]. Best suited for use in small or medium-
sized (n = 10 – 50) case studies, QCA can combine case-
oriented (qualitative) and variable-oriented (quantitative) 
data to understand real-world clinical circumstances 
[46]. Originally developed in the comparative politics 
and macrosociology fields, QCA use has emerged in 
the public health field as a strategy to evaluate complex 
relationships of intervention components and dynamic 
environmental context [47]. For this research, the team 
is interested in determining which combinations of LCS 
program characteristics and adherence processes lead to 
better annual adherence.

Step 1 quantitative survey
Participants
Participants for step 1 will include LCS program naviga-
tors associated with the GO2 for Lung Cancer Screening 
Centers of Excellence (SCOE), a population of screening 
programs dedicated to providing the highest quality LCS, 
supporting the translation of evidence-based guidelines 
into actual clinical practice [48]. GO2 SCOE represents 
community, academic, and VA programs in 45 states and 
Washington, DC. The mission and breadth of programs 
make GO2 an unparalleled partner for supporting LCS 
implementation research studies. All SCOE navigators/
coordinators who are at least 18 years of age, can com-
plete surveys and interviews in English and are willing 
to document informed consent will be eligible to partici-
pate. Navigators/coordinators who are unwilling to docu-
ment informed consent will be excluded.

Procedures
Recruitment
Step 1 survey participants will be recruited through the 
GO2 for Lung Cancer SCOE. A study introduction and 
electronic survey link will be sent to email contact infor-
mation by the GO2 research team for all SCOE coordina-
tor contacts. Personnel from all programs (~ 900 SCOE) 
will be invited to participate in the survey if they meet 
the inclusion criteria. Recipients will be asked to forward 
the survey to the appropriate person if they are not the 
primary contact for their LCS program.

Informed consent and retention
An informational consent sheet available in REDCap 
(Research Electronic Data Capture; Vanderbilt Univer-
sity; electronic data capture hosted at Hackensack Merid-
ian Health) will include information about the risks and 
benefits of the study and contact information for the 
research team will be available for any questions from 
potential participants. Interested participants will need 
to read and acknowledge the contents of an informa-
tional consent form available in REDCap to formally par-
ticipate in the study.

Survey distribution and data collection
Survey respondents will immediately have the opportu-
nity to complete the survey after agreeing to the contents 
of the informational consent sheet. At survey completion, 
demographic and characteristic data will be collected 
from each participant, including sex, ethnicity, race, years 
of LCS experience, and education. Participants will have 
the option to provide their name and email at this point 
to be entered into the gift card drawing if desired. Sur-
vey respondents will also be asked to voluntarily upload 
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or email reminder message templates used by their pro-
gram for use in a content and readability analysis. Shar-
ing reminder templates will be optional, and survey 
respondents will be encouraged to remove any identify-
ing program information if it would make them more 
comfortable. No identifying program information will be 
recorded or used as part of the content and readability 
analyses.

Principles of the Tailored Design Method [49] will be 
used to maximize the response rate and encourage par-
ticipation. Prospective participants will be contacted up 
to three times over a four-week period, and respondents 
will have the option to enter into a drawing to receive one 
of ten $50 Amazon gift cards upon survey completion.

Any risks to the participants enrolled in all aims of this 
study will be minimal. No stigmatizing or confidential 
data will be collected during the surveys or interviews. 
The amount of identifiable information collected will be 
minimal (name and contact) for scheduling purposes 
only and any identifiers will be destroyed as soon as 
possible. All survey data will be stored in a secure RED-
Cap database and survey respondents will be assigned a 
unique study identification number that is only available 
to study investigators.

Measures
The step 1 survey was informed through environmental 
scan and capacity instruments that have been used for 
previous cancer screening [50–54] research with addi-
tional items specific for LCS prioritized through the 
expertise of the research team. The survey is divided 
into eight sections with questions addressing 1) pro-
gram history and structure, 2) workflows and processes, 
3) no-show tracking and reminders, 4) annual adher-
ence (Lung-RADs 1 or 2 results) tracking and reminders, 
5) Lung-RADs 3 (small nodule that is monitored with 
a 6-month LDCT) tracking and reminders, 6) Lung-
RADs 4 (nodule that is more worrisome for lung cancer 
required shorter-term follow-up) tracking and remind-
ers, 7) details about current reminder messages, and 8) 
respondent demographics and characteristics (Appen-
dix). Questions related to program history, structure, 
workflows, and processes were adapted from survey work 
that has been completed by the Project ACTS (Adher-
ence to CT Screening) [55] research team (personal com-
munication with Drs. JL Studts, MM Byrne, and U Basu 
Roy). The survey instrument was pre-tested for length 
of time for completion and question clarity by all study 
authors and three research coordinators and associates 
with LCS expertise.

The reminder message template content and read-
ability analyses will be guided by similar work performed 
on LCS educational websites [32, 33, 56] and key LCS 

communication recommendations [57]. An initial con-
tent analysis data extraction sheet will be iteratively 
refined as needed to collect information on organiza-
tional and logistical support, social support, educational 
aspects, LCS benefits, LCS risks, and costs [32, 57]. All 
reminder templates will be coded using the final version 
of the data extraction sheet. The readability of written 
information on each reminder template will be assessed 
using 3 validated readability assessment tools: the Flesch-
Kincaid grade level [58], the Simple Measure of Gobble-
dygook index [59], and the Gunning-Fog Score [60]. The 
Flesch-Kincaid score is based on the average number of 
words per sentence and the mean number of syllables 
per word [58]. The Simple Measure of Gobbledygook 
selects 10 sentences from the beginning, middle, and end 
of a text and uses the number of words with 3 syllables 
or more [59]. The Gunning-Fog index tabulates reading 
level with a formula using the number of sentences, the 
number of words, and the number of words with 3 syl-
lables or more [60].

Sample size
The research team aims to have a minimum of 315 com-
pleted surveys (~ 35% response rate) since navigators/
coordinators from all SCOE programs will be invited to 
complete the survey. Utilizing a two-sample proportion 
test and assuming a minimum sample size of 315 survey 
respondents, we will have 80% power to detect a mini-
mum difference of 16% for a χ2 test with one degree of 
freedom or 17.5% for a χ2 test with two degrees of free-
dom, between program characteristics and reminder 
processes at an alpha level of 0.05. Power calculations 
were performed using PASS 11 (NCSS, LLC) [61].

Analysis
Data will be analyzed with SAS/STAT, v9.4 (SAS Institute 
Inc., Cary, NC, USA) and will use duplicate data checking 
macros available in SAS to check for duplicate records 
[62]. Survey data will be summarized with descriptive 
statistics, depending on the distribution of the collected 
data. Univariate differences between program character-
istics and adherence processes will be tested with a t-test 
or ANOVA for continuous variables (or non-parametric 
tests) and χ2 test for categorical variables. Missing data 
will also be assessed, including rate of missing data and 
type or missing data. It is expected that any missing data 
will be missing at random and that pairwise deletion will 
be used to remove records with missing values for analy-
ses of that variable only [63].

Descriptive statistics will be used to characterize 
the informational content and readability of each LCS 
reminder template. The medians and standard deviations 
of reminder template readability scores, word count, and 
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reading time will be calculated, and scatterplots and/or 
boxplots will be generated to show variability in these 
scores and word counts.

Step 2 qualitative key informant interviews
Participants
A subset of 50 participants (~ 25 each from LCS pro-
grams with higher and lower annual adherence) will be 
invited to participate in a key informant interview to 
garner additional insight into the workflows and meth-
ods programs are using to address adherence. As there 
is not an existing definition for high or low LCS annual 
adherence, groups for higher and lower adherence will be 
divided based on rates reported by the LCS program in 
the step 1 survey.

Procedures
Recruitment
Step 2 interview participants will be identified from LCS 
navigators/coordinators who completed the Step 1 sur-
vey. The survey will contain a brief synopsis and question 
about continued involvement in the key informant inter-
view for step 2. Inclusion and exclusion criteria will be 
consistent with step 1 survey criteria.

Informed consent and interview procedures
The research team will contact individuals interested in 
completing the interview with additional information 
and to determine eligibility. Similar to step 1, informed 
consent procedures will consist of agreeing to the con-
tents of an electronic REDCap informational consent 
sheet. After informed consent acknowledgment, inter-
views will be conducted by an experienced, doctorally 
trained female interviewer (EAH) via Zoom. The inter-
viewer will not be known to the participants prior to the 
interview and details about the LCS background and 
interest in adherence of the interviewer and research 
study will be shared at the beginning of the interview, 
prior to starting the formal interview procedures. The 
interview will be conducted using cognitive interview-
ing principles (comprehension, retrieval from memory 
or relevant information, decision/judgment properties, 
and response processes) [64]. Probes will be used when 
appropriate, and interviews will be recorded/tran-
scribed. Since the interviews will be conducted using 
Zoom, the researchers will have little control over the 
interview setting and whether other individuals may be 
present. Interview participants will be informed that 
interviews are meant to be conducted 1-on-1, they can 
choose to have their cameras off during the interview if 
desired and will be compensated with a $20 Amazon gift 
card upon completion of the interview.

Interview guide and measures
The semi-structured interview guide (Appendix) is 
aligned with select constructs of the Consolidated Frame-
work for Implementation Research (CFIR) [65] that have 
been reported to influence LCS implementation at the 
system and provider/clinic level [66]. CFIR is one of the 
most extensive implementation frameworks available and 
is widely used to evaluate implementation barriers and 
facilitators [67, 68]. Interview questions were adapted 
from relevant questions for each CFIR domain available 
in the CFIR Interview Guide Tool (https://​cfirg​uide.​org/​
guide/​app/). (Appendix).

Sample size
Step 2 includes 50 interviews, 25 each from programs 
with higher and lower adherence. Interviews will be 
stopped early if saturation is reached or continue 
beyond 50 if saturation has not been reached.

Analysis
Qualitative data will be coded by thematic analysis [69] 
and summarized by themes surrounding the burden to 
workflow, barriers, and facilitators of adherence pro-
cesses. Two coders will complete coding for at least 
the first five interviews to monitor intrareader reliabil-
ity. Coding will be inductive, and standardized codes 
from the first five interviews will be used to inform the 
development of a codebook to subsequently code the 
remaining interviews. The study team will meet sev-
eral times during the coding process to review codes 
and determine when saturation is reached. Codes and 
themes will further be used in qualitative comparative 
analysis.

Step 3 Qualitative Comparative Analysis (QCA)
The QCA analysis will require three steps. First, calibra-
tion of conditions (variables) is completed to determine 
set membership criteria for qualitative and quantitative 
elements [70]. Membership is defined as 0 ≤ x ≤ 1, where 
a score of 0 means the condition is clearly out of the tar-
get set, and a score of 1 means the condition is clearly 
in the target set; scores within this interval indicate 
fractional set membership. The second step is a neces-
sity analysis that identifies whether any conditions are 
required for the outcome’s occurrence [70]. Finally, a suf-
ficiency analysis is conducted in order to identify and dis-
tinguish those combinations of conditions (“explanatory 
recipes”) that consistently are associated with the pres-
ence of the outcome from those that are not [70]. Data 
triangulation through qualitative comparative analysis 

https://cfirguide.org/guide/app/
https://cfirguide.org/guide/app/
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will require complete data from 40 matched surveys and 
interviews.

Ethics approval and informed consent
This research was approved by the Hackensack Merid-
ian Institutional Review Board (Pro2023-0267) with a 
waiver of written documentation of informed consent. 
Informational consent sheets will be available in RED-
Cap and contain information about the study’s purpose, 
procedures, risks, and benefits. Study participants will 
be encouraged to print the information sheet for their 
records. The recruitment and informed consent pro-
cedures will preserve participants’ right to refuse and 
guarantee that the research team will not know potential 
participants who refuse.

Discussion
Results from this research will provide much-needed 
environmental scan data on LCS adherence from a 
nationally representative sampling of screening pro-
grams. Low annual adherence has been recognized as a 
critical challenge in reaching optimal population health 
benefits of LCS [14]. Published adherence rates have 
been reported to be better in some programs (> 60%) 
[27, 71, 72], and it may be possible that mechanisms 
used to address adherence in these programs can be 
implemented into LCS programs with lower adherence. 
This research helps fill a gap in knowledge about LCS 
program characteristics and processes associated with 
better adherence, helping lead to the development and 
implementation of scalable and sustainable interventions 
across a wide variety of clinical practice settings.

Successful sustainment of new interventions depends 
on the ability of the intervention to meet the priorities 
of the clinical team, to become part of routine clini-
cal practice, and for ongoing costs to fit into operating 
budgets [73]. This study uses innovative methods to 
advance current knowledge and understanding of real-
world LCS clinical practice and context. A comprehen-
sive mixed-methods approach will collect essential key 
factors related to LCS adherence across the nation in 
academic, community, and VA programs. Data triangu-
lation and integration of quantitative survey data and 
qualitative interview themes through the application 
of QCA will add to the literature in new and insightful 
ways by addressing what combinations of factors lead 
to improved adherence in a complex clinical environ-
ment [45].

Additionally, this study will perform a content and 
readability analysis on reminder message templates 
currently used by LCS programs. Health reminders are 

an avenue to enhance relationships with healthcare sys-
tems and provide educational opportunities [74]. Send-
ing reminder messages offers an additional opportunity 
for LCS programs to educate screening participants 
about the importance of continued LCS participation 
[75]. Realizing that a substantial proportion of the adult 
population in the United States have lower health lit-
eracy, the Agency for Healthcare Research and Quality 
recommends that clinical practices perform readability 
and understandability audits on materials used to com-
municate with patients, including appointment remind-
ers and educational fact sheets [76]. Since low health 
literacy is associated with both poorer health outcomes 
[77] and is more common among populations that are 
more likely to smoke cigarettes (i.e., rural residence, 
racial/ethnic minorities, low socioeconomic status) [78, 
79], a better understanding of the content and read-
ing level of reminder messages is needed to support 
reminder interventions and participant engagement 
opportunities.

While this environmental scan will be strengthened 
with an implementation science and mixed methods 
approach, some limitations must be recognized using 
the available recruitment strategies and methodolo-
gies. First, recruitment is being conducted with a single 
navigator community that requires multilevel organi-
zational support and resources to provide high-qual-
ity LCS to be designated an SCOE [48]. Some of the 
required organizational supports, such as access to a 
lung cancer multidisciplinary team and internal quality 
improvement process, may not exist in lower resource 
settings and results from this research may not apply 
to all LCS clinical settings. Second, there are multi-
ple aspects of the reminder process that the survey is 
detailed to capture, including mode, timing, frequency, 
who sends the reminder, and to whom the reminder 
is sent. While this detailed information will provide a 
comprehensive snapshot of reminder processes, the 
granularity of the survey may be burdensome for busy 
LCS program personnel. The research team attempted 
to lessen the possible burden by shortening the sur-
vey length and pre-testing the survey with individuals 
with LCS expertise to obtain an accurate estimate of 
survey completion time. Despite these limitations, this 
research is among the first research studies grounded 
in implementation science to identify system and 
clinic influences of LCS adherence and reminder pro-
cesses. The approach will provide valuable information 
on mechanisms of better adherence in settings out-
side of clinical trials and will shape future LCS adher-
ence intervention development, implementation, and 
sustainment.
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Appendix

Overview of questions for step 1 quantitative survey

Program history/structure • Year of program initiation
• Number of personnel and naviga‑
tors/coordinators
• Medical specialties involved 
with operations
• Medical specialty of program 
Medical Director
• Structure (centralized/hybrid/
decentralized)
• Service area (urban, suburban, 
rural)
• Practice setting (Large hospital, 
small hospital, VA, academic, cancer 
center, outpatient radiology, other)
• Zip code of screening program

Overall workflows and processes • Source of referrals (internal 
or external primary care, pulmonary, 
other medical specialty)
• Performance of shared decision-
making
• Types of affiliated imaging centers 
(internal or external centers located 
in hospital or free-standing centers)
• Availability of CT scans for after-
hours or weekend appointments
• Procedure wait time (Annual 
CTs, 6-month CTs, PET/CT, tissue 
sampling
• Volume of low-dose CTs 
in past year
• Tracking platform used (Excel, 
Word, electronic health record, com‑
mercially available software)
  ◦ If applicable, which tracking 
software is used
• Capabilities of tracking software

No-shows tracking and reminders • Does program track no-shows 
to the low-dose CT appointment
• No-show rate
• No-show reminders sent to screen‑
ing participants
  ◦ Number of reminders sent (0, 
1, 2, 3+)
  ◦ Who sends reminders (for each 
reminder sent)
  ◦ Modality of reminder (for each 
reminder sent)
  ◦ Timing of reminder (for each 
reminder sent)
• No-show reminders sent to pri‑
mary care or ordering provider
  ◦ Number of reminders sent (0, 
1, 2, 3+)
  ◦ Who sends reminders (for each 
reminder sent)
  ◦ Modality of reminder (for each 
reminder sent)
• Timing of reminder (for each 
reminder sent)

Annual adherence, Lung-RADs 
3, and Lung-RADs 4 tracking 
and reminders

• Annual adherence rate
• Shorter-term (interval) adherence 
rate
• Annual/Lung-RADs 3/Lung-RADs 
4 reminders sent to screening 
participants:
  ◦ Number of reminders sent (0, 
1, 2, 3+)
  ◦ Who sends reminders (for each 
reminder sent)
  ◦ Modality of reminder (for each 
reminder sent)
  ◦ Timing of reminder (for each 
reminder sent)
• Annual/Lung-RADs 3/Lung-RADs 
4 reminders sent to primary care 
or ordering provider
  ◦ Number of reminders sent (0, 
1, 2, 3+)
  ◦ Who sends reminders (for each 
reminder sent)
  ◦ Modality of reminder (for each 
reminder sent)
  ◦ Timing of reminder (for each 
reminder sent)

Details about reminder messages 
currently used

• How reminder messages were 
developed
• Capability of LCS program to send 
messages by text message, email, 
through electronic health record
• Health equity, health literacy, 
or imaging aspects of messages

Respondent demographics 
and characteristics

• Age
• Gender
• Employment status
• Education
• Race
• Ethnicity
• Percent work effort allocated 
to LCS program
• Years of LCS experience
• Length of time working with cur‑
rent LCS program
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Adapted CFIR interview questions (Step 2)

System and Clinic 
Level Barriers 
and Facilitators 
Adapted to Address 
Adherence

CFIR Guide Root 
Interview Questions

Adapted Interview 
Question

Intervention Characteristics

System Level Implica‑
tions
Barriers: Process 
and cost of tracking
Facilitators: Efficacy 
of need for optimal 
adherence well docu‑
mented from clinical 
trial evidence
Provider/clinic Level 
Implications
Barriers: Process 
and cost of tracking
Facilitators: Efficacy 
of need for optimal 
adherence well docu‑
mented from clinical 
trial evidence

What do influential 
stakeholders think 
of the intervention?

In your opinion, what 
are the most important 
aspects of a successful 
lung cancer screening 
program? How do you 
define success for a 
lung cancer screening 
program?

Please consider 
the following aspects 
of the intervention: 
duration, scope, 
intricacy and number 
of steps involved 
and whether the inter‑
vention reflects a clear 
departure from previ‑
ous practices

If you could wave a 
magic wand, is there any-
thing you change about 
the work-flow of your LCS 
program overall? Specific 
to adherence?

What costs will be 
incurred to implement 
the intervention?

Is cost a current barrier 
for your magic wand 
idea? Do you believe cost 
is a prohibitive parameter 
for success of your pro-
gram? Implementation 
procedures? Adherence?

Outer Setting

System Level Implica‑
tions:
Barriers: Insurance 
and reimbursement 
issues
Facilitators: None
Provider/clinic Level 
Implications:
Barriers: Logistical 
and cost barriers 
for LCS participants
Facilitators: Barrier 
reduction and under‑
standing of popula‑
tion being served 
by LCS program

To what extent were 
the needs and prefer‑
ences of the indi‑
viduals served by your 
organization consid‑
ered when decid‑
ing to implement 
the intervention?

To what extent were the 
needs and preferences 
of your LCS popula-
tion considered when 
deciding on your 
adherence procedures? 
Reminder materials? 
How about the needs 
and preferences of your 
ordering providers?

Have you elicited 
information from par‑
ticipants regard‑
ing their experiences 
with the intervention?

Have you or your health 
system asked your LCS 
participants regarding 
their experiences with 
your tracking or reminder 
procedures?

Have you heard stories 
about the experi‑
ences of participants 
with the intervention?

Are you familiar with 
barriers your LCS 
participants’ experience 
that may keep them 
from being adherent to 
annual screening/follow-
up?  Does your program 
have any programs or 
solutions in place to help 
address these barriers?

System and Clinic 
Level Barriers 
and Facilitators 
Adapted to Address 
Adherence

CFIR Guide Root 
Interview Questions

Adapted Interview 
Question

Inner Setting

System Level Implica‑
tions:
Barriers: Staffing 
problems
Facilitators: Support 
for LCS from adminis‑
trative and leadership 
team
Provider/clinic Level 
Implications:
Barriers: Insurance, 
adequate staffing, 
and time require‑
ments to perform 
shared decision-
making.
Deficiencies 
of the electronic 
health record to find 
eligible participants 
also problematic.
Facilitators: Giving 
personnel opportuni‑
ties to inform LCS 
process.

How will the infra‑
structure of your 
organization (social 
architecture, age, 
maturity, size, or physi‑
cal layout) affect 
the implementation 
of the intervention? 
How will the infra‑
structure facilitate/hin‑
der implementation 
of the intervention?

In your opinion, are there 
certain aspects of your 
LCS program structure or 
organization that helps 
or hinders adherence 
rates?

Are meetings, such 
as staff meetings, held 
regularly?

Does your LCS program 
hold regular meetings? 
Are problem areas and 
potential solutions 
discussed at these meet-
ings?

When you need to get 
something done 
or to solve a problem, 
who are your "go-to" 
people?

In your opinion, is your 
screening program 
leadership receptive to 
changes in workflow if 
identified from program 
personnel?

Describe activi‑
ties or initiatives 
that (appear to) 
have highest priority 
for you (for the organi‑
zation)?

Describe activities or 
initiatives that appear 
to have the highest 
priority for your screening 
program.

Do you expect 
to have sufficient 
resources to imple‑
ment and administer 
the intervention?

Do you believe you have 
sufficient resources to 
address the adherence 
challenge?

How do you expect 
to procure necessary 
resources?

What is the process 
to procure necessary 
support and resources 
for changes in workflow 
or quality improvement 
initiatives?

Characteristics of Individuals
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System and Clinic 
Level Barriers 
and Facilitators 
Adapted to Address 
Adherence

CFIR Guide Root 
Interview Questions

Adapted Interview 
Question

System Level Implica‑
tions:
Barrier: Limited aware‑
ness and knowledge 
about LCS and adher‑
ence
Facilitators: None
Provider/clinic Level 
Implications:
Barriers: Low knowl‑
edge and awareness 
among referring 
providers for shared 
decision-making 
and referrals. Patients 
also unaware 
of screening and are 
uncertain of positive 
results.
Facilitators: High 
knowledge 
and awareness 
increases referrals

What do you know 
about the intervention 
or its implementation?

In your opinion, are 
primary care/referring 
providers knowledgeable 
about LCS procedures/
eligibility/guidelines? 
Are eligible participants 
becoming more knowl-
edgeable?

Do you think the inter‑
vention will be effec‑
tive in your setting?

Do you feel your adher-
ence/tracking/reminder 
processes are efficient? 
What are the strengths? 
What are the weaknesses

Process

System Level Implica‑
tions:
Barriers: Process 
of setting up tracking 
mechanisms
Facilitators: Having 
leadership or cham‑
pion and being able 
to learn from other 
LCS programs
Provider/clinic Level 
Implications:
Barriers: Institutional 
policies may compli‑
cate clinic processes 
and availability 
of resources
Facilitators: Buy-in 
from administration 
and having a naviga‑
tor or coordinator 
to oversee the process

Can you describe 
the plan for imple‑
menting the interven‑
tion?

Please tell me about the 
process your program 
uses for tracking annual 
and shorter term follow-
up? How many reminders 
are sent?

Step 2: Lung cancer screening navigator adherence semi-
structured interview guide

Introduction •   Thank you for agreeing to partici‑
pate in this interview.
•    The goal of this research project 
is to learn about how screening 
programs are addressing participant 
adherence, tracking, and reminders.
•    We are interested in learning 
more about processes and multi-
level strategies used for adherence 
in your program.
•    Do you have questions before we 
begin the interview recording?
•    Can you please verbalize 
that you agree with audio recording 
of this interview? You are welcome 
to leave your camera off dur‑
ing the interview if that will make 
you feel more comfortable and, 
while we do not anticipate this, 
you are welcome to stop the inter‑
view at anytime if you start to feel 
uncomfortable.

Overview of Lung Cancer 
Screening Role and Perspec-
tives 

1)       To start, can you give me 
a quick overview of who does what 
in your screening program?
  a.     Probe: How many personnel 
are involved with your program?
  b.    Probe: Who completes 
referrals/SDM/tobacco cessation/
tracking?
  c.     Probe: What are the discipli‑
nary backgrounds of the different 
positions of your program?
2)       What is your current role 
within your lung cancer screening 
program and what are your day-to-
day responsibilities?
  a.     Probe: Please describe what 
your typical day looks like.
  b.    Probe: How long have you 
been in this role?
3)       Describe activities or initiatives 
that appear to have the highest 
priority for your screening program.
  a.     Probe: Is there anything else 
you can say about why _________ 
is high priority for your program.
  b.    Probe: Is this high prior‑
ity something that was initiated 
by program leadership or more 
broadly at the health system level?
4)       What do you think are 
the most important aspects 
of a successful lung cancer screen‑
ing program?
  a.     Probe: How do you define 
success for a lung cancer screening 
program?
  b.    Probe: Does your program 
use specific metrics to track suc‑
cess? If so, what are those specifi‑
cally?
  c.     Probe: Does your definition 
of success differ from program 
leadership?
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Adherence Processes and Avail-
able Resources

5)       Please tell me about the pro‑
cess your program uses for tracking 
annual and shorter term interval 
follow-up?
  a.     Probe: How many reminders 
are sent? By whom?
6)       If you could wave a magic 
wand, is there anything you would 
change about the current workflow 
of your LCS program overall? Spe‑
cific to adherence?
  a.     Probe: Do you feel your 
adherence/tracking/reminder 
processes are efficient? Why or why 
not?
7)       Do you believe you have 
sufficient resources to address 
adherence and tracking?      
  a.     If no: what resources are you 
lacking?
  b.    Probe: Do you believe cost 
is a prohibitive parameter for suc‑
cess of your program? Implementa‑
tion procedures? Adherence?
8)       In your opinion, are there 
certain aspects of your LCS program 
structure or organization that helps 
or hinders adherence rates?
  a.     Probe: What are 
the strengths? What are the weak‑
nesses?

Strategies Used to Facilitate 
Adherence

9)       Please tell me the role 
that electronic health records 
and/or tracking software has had 
in helping address adherence/track‑
ing/reminders.
  a.     Are there any capabilities 
you wish your EHR/tracking soft‑
ware had to help with adherence 
or reminders?
10)   In your opinion, are primary 
care/referring providers knowl‑
edgeable about LCS procedures/
eligibility/guidelines? Are eligible 
participants becoming more knowl‑
edgeable?
  a.     Probe: How do you think 
knowledge has changed in the past 
5 years?
11)   What educational opportuni‑
ties does your screening program 
offer to referring providers? 
How about eligible screen‑
ing candidates? Are there any 
other concerted efforts made 
to educate the general public 
about lung cancer screening? Any 
efforts with community outreach 
and engagement around lung 
cancer screening in your catchment 
area?

12)   To what extent were the needs 
and preferences of your LCS eligible 
population considered when decid‑
ing on your adherence proce‑
dures? Reminder materials? How 
about the needs and preferences 
of your ordering providers?
  a.     Probe: How do you think this 
approach (engage/did not engage) 
has affected adherence?
13)   Have you or your health system 
asked your LCS participants regard‑
ing their experiences with your 
tracking or reminder procedures?
14)   Are you familiar with any 
barriers that your LCS participants’ 
experience that may keep them 
from being adherent to annual 
screening/follow-up?  Does your 
program have any programs 
or solutions in place to help address 
these barriers?
  a.     Probe: Can you describe 
a specific story?
15)   Are there any additional 
ways or strategies your screening 
program uses to reach referring 
providers or participants to address 
adherence?
  a.     Probe: Tell me more 
about __________.

Program Reflection and Quality 
Improvement

16)   Does your LCS program hold 
regular meetings? Are problem 
areas and potential solutions dis‑
cussed at these meetings?
17)   In your opinion, is your screen‑
ing program leadership receptive 
to changes in workflow if identified 
from program personnel?
  a.     Probe: Walk me 
through an example when changes 
in workflow were made. Who cham‑
pioned the process?
18)   What is the process to procure 
necessary support and resources 
for changes in workflow or quality 
improvement initiatives?

Final question 19)   Is there anything else that you 
would like to tell me? Are there any 
questions I did not ask that you 
thought I should have?

Closing Thank you very much for answering 
questions about your role, screen‑
ing program, and perspectives!  
Your input and time are greatly 
appreciated!
Have a wonderful day
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