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Abstract

Background Lung cancer is the leading cause of cancer death for both men and women in the United States. The
National Lung Screening Trial (NLST) demonstrated that low-dose computed tomography (LDCT) screening can
reduce lung cancer mortality among high-risk individuals, but uptake of lung screening remains low. Social media
platforms have the potential to reach a large number of people, including those who are at high risk for lung cancer
but who may not be aware of or have access to lung screening.

Methods This paper discusses the protocol for a randomized controlled trial (RCT) that leverages FBTA to reach
screening-eligible individuals in the community at large and intervene with a public-facing, tailored health communi-
cation intervention (LungTalk) to increase awareness of, and knowledge about, lung screening.

Discussion This study will provide important information to inform the ability to refine implementation processes for
national population efforts to scale a public-facing health communication focused intervention using social media to
increase screening uptake of appropriate, high-risk individuals.

Trial registration The trial is registered at clinicaltrials.gov (#NCT05824273).

Keywords Screening, Lung cancer, Social media, Decision support, Tailored communication, Facebook targeted
advertisement

*Correspondence:

Lisa Carter-Bawa

lisa.carterbawa@hmh-cdi.org

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-023-15857-8&domain=pdf

Carter-Bawa et al. BMC Public Health (2023) 23:975

Background

Lung cancer kills more people annually than breast,
cervical, colorectal, and prostate cancers combined [1].
Lung screening with annual low-dose computed tomog-
raphy (LDCT) reduces lung cancer-related mortality by
identifying lung cancer at earlier, more treatable stages
[2—-4]. However, population-level screening efforts are only
effective when eligible, high-risk individuals are aware
and engaged. In 2015, the Centers for Medicare and
Medicaid agreed to cover lung screening in response to
the 2013 U.S. Preventive Services Task Force (USPSTF)
Grade B recommendation for individuals aged 55 to
80 years with a 30-pack-year smoking history who cur-
rently smoke or have quit within the past 15 years [2, 3,
5]. In response to new scientific evidence, updated rec-
ommendations have decreased the minimum screening
eligible age to 50 years and pack-year history to 20 [6]. As
part of Medicare’s coverage, in order for lung screening
to be reimbursed, a shared decision-making and coun-
seling visit must be conducted with one or more patient
decision aids [5]. Medicare’s unprecedented policy and
coverage mandate fostered a unique opportunity for
advancing understanding of the shared decision-making
process for lung screening.

Although lung screening is recommended by the USP-
STF [2], has the potential to detect lung cancer at earlier,
more treatable stages, has a 20% lung cancer-related mor-
tality reduction in individuals who smoke long-term [3,
4] and is covered by Medicare and other health insurers
[5] population uptake has been abysmal. Nearly a decade
after the USPSTF recommended lung cancer screening,
less than 5% of screening-eligible Americans have been
screened [7]. Screening-eligible individuals are gener-
ally unaware lung screening exists [8—11], and screen-
ing-eligible individuals in the U.S. do not screen — when
they are aware — because of barriers to screening [8, 10].
Given that high-risk individuals are generally not aware
that lung screening exists, it is essential to employ new
and novel community-focused communication strate-
gies to increase awareness about lung screening so as
to reach high-risk, screening-eligible individuals. Social
media offers untapped opportunities to address the lack
of awareness and knowledge about lung screening and
thereby reach high-risk, screening-eligible individuals
and increase screening adoption. As of 2023, individuals
aged 65 and older are the fastest growing demographic
group on Facebook and use of this social media platform
among individuals born in or before 1945 has nearly dou-
bled in the past three years. Further, among the 2.7 bil-
lion Facebook users, over 32 million are age 50 years and
older — the age range for lung screening eligibility [11].
Because Facebook has the ability to target advertisements
to individual users by key demographic and interest areas
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within their profile, Facebook-targeted advertisement
(FBTA) offers an ideal social media platform to reach and
deliver a public-facing, tailored health communication
and decision support intervention to increase awareness
of, and knowledge about, lung screening among those
most at risk.

To facilitate awareness of the option to screen for lung
cancer and support meaningful patient-clinician discus-
sions about screening, effective communication strat-
egies are needed to prepare patients to initiate (“Ask
your doctor”) and to have these important discussions
with their clinician. To foster both, our team developed
LungTalk [8], a novel computer-tailored health commu-
nication and decision support tool to (1) increase aware-
ness and knowledge about lung screening; (2) decrease
perceived barriers to screening by addressing misinfor-
mation; (3) increase occurrence of a patient-clinician dis-
cussion about lung screening; and (4) increase screening
rates among individuals whose decision after a shared
decision-making discussion with their clinician is to
screen. Given that new and novel ways to increase aware-
ness and knowledge about lung screening and adoption
in high-risk populations are essential to support effective
population-based lung screening implementation, we
seek to better understand how to raise awareness about
lung screening.

Historically low levels of public trust in expert enti-
ties such as government, news media, and the healthcare
system as well as growing awareness of the new cancer
information ecosystem led us to consider social media as
a novel platform for cancer communication. FBTA has
been successfully used by our team and others to recruit
individuals into research studies [10, 12-15], and pro-
vides “precision marketing” — sending the right message
content to the right person at the right time via the right
channel.

Early health communication tools and decision aids
for lung screening have primarily focused on calculat-
ing personal risk for the development of lung cancer and
subsequent recommendations to screen based upon that
risk [16—18]. These tools range in level of complexity and
delivery including pamphlets and brochures in print,
web-based information, videos, educational scripts, and
computer programs [16—21]. These tools can also be
deployed in multiple formats such as by mail, telephone,
in person and via the internet and have been found to be
effective [16-21]. LungTalk tailors messages based on
smoking status, perceived barriers, and priorities for dis-
cussion in the patient-clinician encounter, allowing Lung-
Talk to address individualized issues that are personally
relevant to the lung screening decision. Ultimately, to
support shared decision-making in lung screening, it is
critical that health communication tools and decision
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aids about lung screening go beyond assessing risk and
tailor messages based on multiple salient variables that
may be personally relevant to the patient. LungTalk can
be used as a public-facing health communication tool at
multiple time points: prior to entrance into the health-
care system, during a clinic visit, and post-visit to sup-
port the decision to screen, or not, for lung cancer. In
addition, LungTalk goes beyond risk assessment screen-
ing education to increase perceived benefits and self-
efficacy and reduce perceived barriers in order to move
a screening-eligible individual forward in stage of adop-
tion for lung screening [8]. Finally, LungTalk is theoreti-
cally grounded, which increases our ability to determine
what components of the intervention are driving behav-
ior change [8, 22].

Our overall objective in this study is to test the effec-
tiveness of: 1) leveraging a well-established, social media-
based platform (FBTA) to target screening-eligible
individuals in the community and 2) a novel, tailored
health communication and decision support interven-
tion related to lung screening (LungTalk). Our central
hypothesis is two-fold: 1) FBTA will be a successful plat-
form to reach high-risk individuals who have not previ-
ously undergone or sought lung screening; and 2) tailored
lung screening information compared to non-tailored
information will increase knowledge and improve health
beliefs about screening and subsequent screening uptake.
This paper discusses the protocol for a randomized con-
trolled trial (RCT) that leverages FBTA to reach screen-
ing-eligible individuals in the community at large and
intervene with a public-facing, tailored health communi-
cation intervention (LungTalk) to increase awareness of,
and knowledge about, lung screening.

Methods

Overview

The INSPIRE-Lung Study is designed as a randomized,
controlled, community-based trial with two parallel
groups and a primary endpoint of lung screening uptake
by 6 months post intervention. Randomization will be
performed as block randomization with a 1:1 allocation.
See Table 1 for Trial Registration Data and Table 2 for
SPIRIT Flow Diagram of Participant Timeline. This study
has two components: (1) to assess the ability of FBTA to
reach high-risk individuals eligible for lung screening; and
(2) to examine the comparative-effectiveness of LungTalk
and a non-tailored lung screening information video in a
national sample of screening-eligible, community-based
individuals using an RCT design. Reach is defined as the
absolute number, proportion, and representativeness
of participating individuals assessed for lung screening
knowledge, awareness and uptake, and reasons why or
why not. Effectiveness is defined as increased knowledge,
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decreased perceived barriers to lung screening, occur-
rence of a patient-clinician discussion about the option to
screen, and screening uptake, if the decision is to screen.
Potential moderators of effectiveness (i.e., smoking sta-
tus, gender, age, family history of lung cancer, provider
recommendation, stigma, mistrust, fatalism, fear, worry,
lung screening health beliefs) will also be assessed. This
study was approved by the Institutional Review Board of
Hackensack Meridian Health (IRB Protocol #: Pro-2022—
0860). In addition, all methods will be performed in
accordance with the guidelines and ethical principles that
are fundamental to human subject protection and elec-
tronic written informed consent will be obtained online
from all study participants.

Study setting

We will leverage FBTA to recruit community-based lung
screening-eligible individuals. Using the Centers for Dis-
ease Control and Prevention Smoking and Tobacco Use
statistics [23], we chose states with a relatively high (e.g.,
15.9% or greater) adult smoking rate representing all
U.S. census regions. We will employ FBTA in five states
including Indiana, Kentucky, Pennsylvania, Oklahoma,
and Oregon. We chose these five states because they are
geographically diverse across the U.S., their populations
are racially and ethnically diverse, and they have moder-
ate-to-high adult smoking rates increasing the likelihood
of reaching screening-eligible individuals. We are part-
nering with the GO2 for Lung Cancer (GO2) to identify
Centers of Excellence in Lung Cancer Screening (as des-
ignated by GO2) [24] to connect individuals who seek a
screening referral request but do not have a primary care
clinician. There are more than 800 Centers of Excellence
in Lung Cancer Screening nationwide, and there are cur-
rently 126 in the five states in which we will conduct the
study. These centers are well-established, well-connected,
dedicated to high quality screening and care, and have
strong collaborators with their local primary care net-
works, making them the ideal national partner to connect
participants without a primary care clinician to one for
facilitating the patient-clinician discussion about screen-
ing. They can also link individuals to primary care clini-
cians regardless of insurance status through federally
qualified health centers and community health centers
fostering access to high quality screening for low income
and other vulnerable subpopulations.

Sample eligibility criteria

Eligibility criteria mirror the current USPSTF lung
screening guidelines: 1) aged 50 to 80 years; 2) >20-pack-
year smoking history; 3) individuals who currently smoke
or quit smoking within the past 15 years [6]. Participants
will be excluded if they are non-English speaking, have
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Table 1 Trial registration data

Data Category Information

Primary registry and trial identifying number  ClinicalTrials.gov NCT05824273

Date of registration in primary registry 10 April, 2023

Source of monetary or material support National Cancer Institute RO1CA263662

Primary sponsor Hackensack Meridian Health

Collaborator National Cancer Institute (NCI)

Contact for public queries Lisa Carter-Bawa, PhD, MPH, APRN, ANP-C, FAAN [lisa.carterbawa@hmh-cdi.org]

Contact for scientific queries Lisa Carter-Bawa, PhD, MPH, APRN, ANP-C, FAAN, Center for Discovery & Innovation, Hackensack Meridian
Health, Nutley, NJ, USA

Public title The INSPIRE-Lung Study

Scientific title Leveraging Social Media to Increase Lung Cancer Screening Awareness, Knowledge and Uptake in High-
Risk Populations

Countries of recruitment USA

Health problem studied Lung cancer screening

Intervention(s) Intervention: computer-tailored health communication and decision support tool (LungTalk)

Comparator/attention control: non-tailored lung cancer screening video

Key inclusion and exclusion criteria Ages eligible for study: 50-80 years; Sexes eligible for study: both; Accepts Healthy Volunteers: Yes
Inclusion criteria: > 20 pack-year smoking history, individuals who currently smoke or quit smoking within
the past 15 years
Exclusion criteria: have previously undergone LDCT for early detection of lung cancer, have a lung nodule
or nodules that are currently being followed, have been diagnosed with lung cancer

Study type Interventional
Allocation: randomized; Intervention model: parallel assignment; Masking: none
Date of first enrollment June 1, 2023 (anticipated)
Target sample size 500
Recruitment status Not yet recruiting
Primary outcome(s) Reach (reaching screening-eligible individuals via social media)

Effectiveness of LungTalk
Knowledge of Lung Cancer & Screening
Screening Uptake (time frame: 6 months)

Key secondary outcomes Occurrence of a Patient-Clinician Discussion
Lung Cancer Screening Health Beliefs (perceived risk, perceived benefits, perceived barriers, self-efficacy)

Table 2 SPIRIT Flow Diagram

STUDY PERIOD

Enrollment Allocation Post-allocation Close-out

TIMEPOINT Baseline 0 1 week 6 months 7 months
ENROLLMENT:

Eligibility screen

Informed consent

Allocation X

INTERVENTIONS:

LungTalk X

Non-tailored LCS Video X

ASSESSMENTS:

Knowledge: LCS; LCS Health Beliefs; X X
Patient-Clinician Discussion

Screening Uptake; Patient-Clinician X X
Discussion about LCS

Stage of Adoption for LCS X X X

LCS lung cancer screening
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previously undergone LDCT for early detection of lung
cancer, have a lung nodule or nodules that are currently
being followed, or if they have been diagnosed with lung
cancer.

Recruitment rationale and procedures

We will use a highly successful recruitment strategy via
FBTA [25] to recruit 500 screening-eligible individuals
from Indiana, Kentucky, Pennsylvania, Oklahoma, and
Oregon. See Fig. 1 for CONSORT diagram. The Facebook
user’s interest list includes a wide range of details a user
can select when setting up and/or maintaining their pro-
file that they have an interest in such as groups, hobbies,
lifestyle choices, behaviors, points of view, specific organ-
izations and more. This allows us to purposively sample
people who are age 50 years and older, indicate smoking
or smoking cessation as an interest and reside in a par-
ticular state, city, or zip code. Using this approach, as we
have in prior studies [8, 10, 26], we will target our adver-
tisement on Facebook using the following keywords:
cigarette, tobacco, nicotine replacement therapy, nicotine
gum, electronic cigarette, smoking, vaping. Guided by the
safety and monitoring guidelines for researchers using
social media [27, 28], our approach includes design and
close monitoring of the FBTA to ensure all methodologic
and ethical standards are upheld. Currently, we have a
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potential reach of 550,000 potentially screening-eligible
individuals in the 5 states above. As an example, with a
$5,000 recruitment budget and an ad campaign that runs
for 14 days, Facebook analytics estimate that 28,000 to
82,000 people per day will see the ad in their daily news
feed in the five states and 262 to 758 unique Facebook
users will click on the embedded eligibility survey link
within the advertisement on a daily basis.

Description of the intervention
Individuals who enroll into the study will be randomized
to one of two arms: LungTalk or the non-tailored lung
screening educational video. LungTalk is a computer-
tailored health communication and decision-making tool
that is theoretically grounded in the Conceptual Model
on Lung Cancer Screening Participation [22]. See Fig. 2.
This model links the Health Belief Model to the Precau-
tion Adoption Process Model and includes key psycho-
logical variables (e.g., stigma, mistrust, fatalism, fear and
worry) as factors that may influence an individuals’ deci-
sion to screen, or not, for lung cancer [22]. The tool as
a whole serves as a cue to action for a screening-eligible
individual to engage in a discussion with their clinician
about the option to screen, or not, for lung cancer.
LungTalk is an interactive computer program that
takes approximately 8 to 12 min to complete depending

| Facebook targeted advertisement to screening-eligible individuals in 5 U.S. states |

Excluded: Non-English

Potential participant visits trial REDCap survey

speaking, aged <50 years or >

80 years, previously undergone

| Assessment of eligibility based upon inclusion/exclusion criteria questions |

LCS, have a lung nodule(s),

!

diagnosed with lung cancer

| Invitation to participate presented online to eligible participants at end of screening survey |

| Online informed consent

Excluded: No

* informed consent

| Complete baseline assessment (t = 0 weeks) |

v

| Block randomization with 1:1 allocation to intervention arm or control arm |

v

Allocated to LungTalk Intervention
(n=250)

}

Complete online follow-up assessment
(n=?)

l

Complete online follow-up assessment

(n=?)

v

Allocated to Online Attention Control:
Non-tailored Educational Video
(n=250)

|

Complete online follow-up assessment
(n=?)

l

Complete online follow-up assessment
(n=?)

t=1 week

t =6 months

Loss to follow-up (n=?)

Fig. 1 CONSORT flow diagram for INSPIRE-Lung Trial
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Antecedents

Mediators

Proximal Outcome

Distal Outcome

Psychological Variables
(perceived smoking-related
stigma, medical mistrust,
cancer fatalism, lung cancer
worry, lung cancer fear)

Demographic and Health
Status Characteristics
(age, gender, race/ethnicity,
income, insurance status,
education, smoking status,
family history of lung
cancer)

v

Lung Cancer Screening
Health Beliefs
(perceived risk, perceived
benefits, perceived
barriers, self-efficacy)

Cognitive Variables
(knowledge: lung cancer
and lung cancer screening)

Healthcare Provider
Recommendation

!

Stage of Adoption
(unaware, unengaged,
undecided, decided not

to act, decided to act,
action, maintenance)

Shared Decision-
Making Outcomes

¢

Social and Environmental
Variables (social influence,
media exposure)

Shared Decision-Making
Process (patient-provider
discussion including
healthcare provider
recommendation, quality of
communication, time,
discussion or risks vs
benefits, and quality of the
patient-provider relationship)

l

Preference-Concordant
Decision Reached

Lung Cancer
Screening
Participation

(to be screened,
not to be screened,
undecided/delayed

decision)

| |

Fig. 2 Conceptual model for lung cancer screening participation

upon specific tailoring variables selected by the user and
includes embedded audio, video and animation segments
with tailoring algorithms for scripts presented from a
master content library [8]. LungTalk tailors initially on
smoking status. Early in the program, the user is asked to
indicate if they currently smoke cigarettes or if they quit
smoking and subsequent content is aligned with an indi-
vidual’s current smoking status. In addition, LungTalk tai-
lors on the top three barriers to lung screening identified
in our prior research testing the Conceptual Model for
Lung Cancer Screening Participation (R15 CA208543)
[22]. Those barriers are: (1) cost/insurance issues; (2)
worry; and (3) not receiving a recommendation from a
healthcare clinician. After viewing an embedded video
of how a lung scan is performed, the user will be asked
if they perceive cost/insurance, worry, or lack of receiv-
ing a clinician recommendation as a barrier to getting
screened. At this point, the user is able to choose none,
one, two, or all three barriers. Based upon the user’s
responses, LungTalk will play a brief video that includes
messaging to address the perceived barrier. LungTalk

concludes by offering the option of saving or printing a
tailored summary at the end for individuals to use as a
discussion prompt with their clinician [8]. This print-out
highlights key points related to lung health and screen-
ing, tailored by smoking status, offers question prompts
to initiate a discussion with their clinician, and tailors
the question prompts based upon questions that remain
important to the user that they wish to discuss further
with their clinician [8]. Messages in LungTalk are pre-
sented at an 8th grade reading level, and in consideration
of different ways people like to learn, the content is nar-
rated as well as presented as key text on the screen.

The comparator/attention control condition is a non-
tailored 5-min video from the GO2 for Lung Cancer
about lung screening designed for the lay individual
[29]. This video was chosen as the comparator to serve
as an attention control condition for the nonspecific
effects of the intervention by balancing attention, treat-
ment contact, and delivery channel so that a precise test
of the hypothesized active component (the tailoring in
LungTalk) of the intervention comparator can be made.
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Attention control conditions require two components —
clinical attention and a therapeutic benefit; choosing the
GO?2 for Lung Cancer’s lung screening video meets both
requirements.

Intervention delivery

Intervention delivery will occur online. Eligible partici-
pants will be randomly assigned to either the intervention
(LungTalk) or attention control (non-tailored educational
video) after completion of the baseline survey with a 1:1
allocation as per a computer-generated randomization
schedule stratified by smoking status (current or former).
After recruitment, participants will be redirected to the
REDCap platform to complete the informed consent and
baseline survey. Participants then will be randomized and
directed to their assigned intervention condition (i.e.,
LungTalk or attention control).

Data collection

This study is focused on both the implementation of a
social media-based communication platform to increase
awareness about lung screening as well as the effective-
ness of a tailored health communication and decision
support tool (LungTalk). For the implementation of a
social media-based communication platform, the pri-
mary outcome is reach. For the effectiveness of LungTalk,
the primary outcome is screening uptake. All investiga-
tors (principal and co-investigators) will be given access
to the cleaned de-identified data sets. Project data sets
will be housed on the Hackensack Meridian Health pass-
word-protected server and a file transfer protocol site
created for the study. All data sets will be password pro-
tected. To ensure confidentiality, data dispersed to study
team members will be blinded of any identifying partici-
pant information.

Assessment of reach

Inherent in FBTA are a number of standard analytics
[30] that will facilitate our ability to assess the number,
proportion, and representativeness of individuals who
are exposed to both health communications about lung
screening. Using the FB analytics component [30] of our
FBTA, our assessment plan will measure the total reach
of the FBTA to increase awareness of the option to screen
for lung cancer among screening-eligible individuals.
Quantitative data collected from FB analytics during
the recruitment campaign will assess reach by detailing:
1) reach; 2) link clicks; and 3) impressions. Reach in FB
analytics is defined as the number of people who saw the
FBTA at least once [30]. This can be further analyzed by
hour, day, specific number of days, week, and campaign
length. In addition, reach can be further stratified by spe-
cific location (i.e., state, city, town, county, zip code) [30].
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Assessment of effectiveness

Our assessment plan will compare the effectiveness of a
tailored (LungTalk) health communication and decision
support tool versus non-tailored health communica-
tion tool delivered online to improve: 1) total knowledge
about lung screening; 2) lung cancer screening health
beliefs; 3) occurrence of a patient-clinician discussion
about lung screening; and 4) screening uptake. After
enrollment, we will conduct a baseline survey using RED-
Cap Survey with validated measures [31] used in our
prior work assessing knowledge, lung cancer screening
health beliefs, occurrence of a patient-clinician discus-
sion about lung screening and stage of adoption for lung
screening among 500 screening-eligible individuals in 5
states representing socioeconomically, ethnically, and
geographically diverse locations. Grounded in the Pre-
caution Adoption Process Model, stage of adoption is
defined as seven stages an individual may be classified
when presented with a health decision: (1) unaware, (2)
aware but unengaged, (3) undecided, (4) decided not to
act, (5) decided to act, (6) action, and (7) maintenance.
Stratified by smoking status, participants will then be
randomized to LungTalk or attention control. One week
after delivery of the intervention, participants will com-
plete an online follow-up survey to assess changes in
knowledge, lung cancer screening health beliefs, occur-
rence of a patient-clinician discussion about lung screen-
ing, and screening uptake. At six months, participants
will complete another online survey to assess occur-
rence of a patient-clinician discussion about lung screen-
ing and screening uptake. See Table 3 for Measures of
Assessment.

In order to mimic real-world implementation of a
social media campaign to increase screening uptake,
participant incentives will not be offered for the baseline
survey. However, after enrollment in the study and view-
ing the intervention to which the participant has been
randomized, participants will learn that they will receive
a monetary gift card upon completion of the follow-up
surveys at two time points following intervention ($50
after 1-week survey post-intervention; $25 after 6-month
survey post-intervention).

Retention

Several techniques to increase engagement in the study
over the 6-month follow-up period will be employed
such as: 1) communicating clearly the requirements of
the study during the recruitment phase; 2) obtaining
alternative contact information such as phone numbers
(i.e., home, work, cell) and participant email address for
follow-up; and 3) sending out an electronic newsletter to
report the progress of the study.
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Table 3 Measures of assessment
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To assess the ability of FBTA to reach high-risk individuals eligible for lung screening

Total # of clicks on the link within the FBTA that led to the REDCap survey platform of the study

Constructs Assessment or Measure

Reach Total # of people who saw the FBTA at least once
Link Clicks

Impressions

Total # of times the FBTA was on screen (may include multiple views of the ad by the same person/people)

To examine the comparative-effectiveness of LungTalk and a non-tailored lung screening information video in a national sample of screening-eligible,

community-based individuals using an RCT design

Timeline of Assessment

Constructs Assessment or Measure # of Items Baseline 1wk 6 mo
Knowledge Knowledge: Lung Cancer Screening 9 X X

Perceived Risk Perceived Risk of Lung Cancer Scale [32] 3 X X

Perceived Benefits Perceived Benefits of Lung Cancer Screening Scale [32] 6 X X

Perceived Barriers Perceived Barriers to Lung Cancer Screening Scale [32] 17 X X

Self-Efficacy Self-Efficacy for Lung Cancer Screening Scale [32] 9 X X

Occurrence of Patient- Self-report of Occurrence of a Patient-Clinician Discussion 1 X X X
Clinician Discussion about Lung Cancer Screening

Screening Uptake Self-report via the stages of adoption algorithm for screening 1 X X X

with verification process

Data analysis and interpretation

Analysis of reach

Using data from the Facebook analytics collected during
the targeted advertisement period, we will analyze reach
in the following ways: (1) number and percentage of indi-
viduals age 50 and older who currently or formerly smoke
in the population in which the advertisement is mar-
keted; (2) percentage of eligible participants who agree to
participate in the study; (3) compare differences between
those participating and those not participating on smok-
ing status (i.e., current vs. former), age, gender, geography
and other key variables collected on the screening survey;
(4) record reasons that participants refuse to participate
in the study; (5) estimate attrition at 1 week and 6-month
follow-up time periods; and (6) compare differences
between those completing and those not completing the
study on sociodemographic and health status variables,
geography, baseline scores on knowledge, lung cancer
screening health beliefs, and stage of adoption for lung
cancer screening. Facebook generates analytics related to
the advertisement and includes descriptive statistics such
as proportions and means to assess reach, link clicks, and
impressions, as described above, for the FBTA [30].

Analysis of effectiveness

Our analyses were defined a priori to address the study
aims. We will use descriptive statistics such as means,
standard deviations, and frequency distributions/distri-
butional assumptions to examine data quality, identify
patterns of missing and out-of-range values, and evaluate
the assumptions of statistical tests. Specifically, we will
examine all aspects of data quality to ensure statistical

integrity and accuracy including: 1) data skewness, kur-
tosis, and parametric assumptions; 2) intention-to-treat
(ITT) principles; 3) missing data considerations; and 4)
control of overall alpha to avoid inflated experiment-
wise Type-I error due to multiple statistical tests. Reme-
diation of normal distribution assumption violations
will be accomplished using methods such as data trans-
formations (e.g., log or square root for positively skewed
variables), Box-Cox family transformations, or kernel
estimation techniques to determine the best-fitting par-
ametric density [33], or other methods as appropriate.
Assessment of internal consistency reliability of all scales
will be carried out using the Cronbach’s alpha coeffi-
cient. We will apply the intention-to-treat (ITT) princi-
ple in handling missing data on screening uptake. A study
participant will be coded as ‘no screening uptake’ unless
otherwise verified by our participating sites. We will
examine violations of the missing-at-random assump-
tion. If missing is not completely at random, then covari-
ates associated with missingness will be incorporated
into data analysis to minimized. A related approach is the
use of mixed-effects models, which is capable of handling
binary as well as continuous outcomes [34], to use all
available behavioral outcomes data since HLM does not
carry out list-wise deletion by default, thus the statistical
power loss due to missing data may be minimal. Addi-
tionally, missing outcome data (assuming up to 20% of
the respondents will be unreachable at our three-month
follow-up) as well as missing assessments may be amena-
ble to imputation by several techniques that can handle
both continuous and categorical missing data [35-37].
We may also use the Pattern-Mixture Model to examine
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whether or not missed follow-up assessments are asso-
ciated with baseline characteristics with safeguards to
minimize model overfit. Finally, to control for poten-
tially inflated Type-I error rate due to multiple compari-
sons, analyses will incorporate a multiple comparisons
method, such as a False Discovery Rate-controlling pro-
cedure, which is more powerful than simple Bonferroni
corrections [37].

Total knowledge scale scores, Lung Cancer Screen-
ing Health Beliefs (total scale scores for perceived risk,
perceived benefits, perceived barriers, self-efficacy), and
stage of adoption are continuous variables. Screening
referral request and screening uptake are dichotomous
variables. Prior to group comparisons, measures will
be described by timepoint, both overall and by group.
Within-group changes will be assessed using the stand-
ardized response mean (SRM) effect sizes (mean change
divided by SD of change). The primary outcome is lung
screening uptake but forward movement in stage of
adoption (i.e., the change score) will also be evaluated as
a secondary analysis. For between-group comparisons,
continuous outcome variables will be compared using
two-sided independent-sample t-tests (accompanied by
the standardized mean difference effect size, i.e., differ-
ence between group means divided by baseline SD) and
dichotomous outcome variables will be compared using
the Chi-square test, or two-sided Fisher’s exact test,
if 20% or more cells have expected counts less than 5
(accompanied by the odds ratio effect size). In the case
of differential attrition, as noted above, regression mod-
els will also be used to assess outcomes by adjusting for
baseline covariates that differ significantly between par-
ticipants who do and do not complete follow-up assess-
ments. Moderators of intervention effectiveness will be
assessed by regressing outcome variables (e.g., knowledge
score) on randomization arm, the potential moderator,
and an interaction term, where a significant interaction
effect is indicative of moderation. Significant moderator
effects will further be explored and described with strati-
fied analyses.

Sample size justification and power analysis

With a sample size of =250 per intervention group, and
assuming an ITT analysis (with a default of no screen-
ing uptake unless otherwise verified), we will be able to
detect a difference between the LungTalk and the atten-
tion control intervention condition groups with an
81% statistical power if the difference in lung screening
uptake is 31% in the LungTalk group compared to 10%
in the attention control intervention condition group,
in a test of independent proportions and a two-sided
type-I error rate of 5%. This 31% versus 10% difference is
based on preliminary data testing LungTalk in a sample
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of community-based screening-eligible individuals in
Indiana in 2018 using the same ITT procedure. With a
sample size of n=250 per group and up to 20% missing
assessment data (n=200 available for analysis) on total
knowledge scale and total perceived risk scale scores,
we will have an 80% statistical power if the difference is
d=0.28 (in standardized effect size units, or Cohen d),
in an independent-sample t-test with a two-sided type-I
error rate of 5%. A 0.25 effect is considered a ‘small’ effect
size in psychology-based research, thus a conservative
estimate of the statistical evidence that can be supported
in our study design.

We expect to start enrollment in June 2023 and con-
clude the study in the Summer of 2027. Data analysis will
be completed by December 2027.

Discussion

To date, researchers have focused on the implementa-
tion of shared decision-making in lung screening using
various decision aids at the point of healthcare delivery.
We are challenging the current status quo by shifting
the focus of outreach and engagement back before the
screening-eligible individual enters the healthcare sys-
tem to identify effective communication platforms and
interventions to increase lung screening awareness and
knowledge. Upon study completion, we will have identi-
fied the reach of FBTA, and determined the effectiveness
of a computer-tailored health communication and deci-
sion support tool intervention (LungTalk) using a social
media campaign to increase screening awareness and
uptake. Educating screening-eligible individuals about
key factors related to lung screening at a population-
based level by leveraging social media as a platform to
reach the right people in order to implement this effort
has the potential to enhance patient outcomes by: 1)
increasing baseline knowledge; 2) decreasing misinfor-
mation; and 3) decreasing perceived barriers to screen-
ing. We expect that leveraging social media to increase
awareness and knowledge will be an effective public-
facing communication strategy for complex health top-
ics such as lung screening. Equally important will be
our ability to identify and engage vulnerable patient
populations based upon precise targeting criteria. Ulti-
mately, using a novel health communication strategy to
tailor health messages based upon characteristics that
are unique to the individual as well as leveraging social
media to reach the target population and deliver this type
of intervention are both innovative methods to engage
high risk individuals [38—41]. These findings will be used
to inform how public health campaigns in lung screen-
ing can be scaled to support increasing awareness and
knowledge. This contribution is significant because the
gap in the current state of the science in lung screening
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is population awareness and knowledge which has led to
the abysmal rates of lung screening discussions with cli-
nicians (< 10%) [11] and screening uptake (< 5%) [7].

Protocol modifications

Modifications to the protocol which may have an impact
on the conduct of the study, potential benefit of the
patient or may risk to the participant, including changes
of study objectives, study design, target population, sam-
ple sizes, study procedures, or significant administrative
aspects will require a formal amendment to the proto-
col. Such amendment will be submitted for review by the
Hackensack Meridian Health Institutional Review Board
for approval.
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