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I. BACKGROUND AND SIGNIFICANCE 
 
A. Historical background 
 
An estimated 2.3-3.5 million people experience homelessness annually in the US.1 Lung cancer 
incidence and mortality are substantially higher in this vulnerable population than in comparably-
aged non-homeless individuals.2-4 To address this disparity, we propose a pragmatic clinical trial 
to test the effect of patient navigation on lung cancer screening (LCS) completion among 
homeless-experienced adults at increased risk for lung cancer. Work that we and others have 
done suggests 2 reasons why such an intervention is needed. 
 
1) Lung cancer is a major cause of death among homeless adults and the leading cause 
of tobacco-attributable death in this population. 
 
In our study of 28,033 adults who used Boston Health Care for the Homeless Program 
(BHCHP) services in 2003-08, cancer was the second-leading cause of death and the leading 
killer of adults ≥45 years old.5 Lung cancer accounted for one-third of these cancer deaths.5 In a 
subsequent study of cancer epidemiology in this cohort, lung cancer was the leading type of 
incident cancer and the leading cause of cancer death among both men and women, with age-
standardized incidence and mortality rates exceeding those in the Massachusetts adult 
population more than 2-fold.2 An estimated 88% of 
incident lung cancer cases2 and 93% of lung cancer 
deaths6 were attributable to tobacco smoking, making 
lung cancer the leading type of smoking-attributable 
cancer and the leading cause of smoking-attributable 
death among homeless people. The excess burden 
of lung cancer in these studies of homeless adults in 
Boston was similar to that observed in studies of 
homeless and marginally housed people in Canada4 
and Glasgow3 (Table 1), suggesting that these 
disparities are not geographically constrained. This body of evidence highlights the need for 
interventions to reduce lung cancer disparities in homeless populations. One avenue for doing 
so is LCS with low-dose computed tomography (LDCT) to promote detection and potentially 
curative treatment of early-stage lung cancer. This strategy was associated with a 20% 
reduction in lung cancer mortality in the National Lung Screening Trial (NLST).7 However, 
implementing such a strategy presents formidable hurdles in the setting of homelessness. 
 
2) Homeless people have suboptimal rates of cancer screening and are diagnosed with 
screen-detectable malignancies at later stages than non-homeless people; barriers to 
implementing LCS in the setting of homelessness could exacerbate existing disparities 
in lung cancer outcomes. 
 

Table 1. Lung cancer among homeless adults 
Study location (yrs) SIR/SMR (95% CI) 
Boston (2003-2008)   
  Incidence, men 2.30 (1.84, 2.84) 
  Incidence, women 2.23 (1.41, 3.35) 
  Mortality, men 2.39 (1.83, 3.08) 
  Mortality, women 2.31 (1.26, 3.88) 
Canada (1991-2001)  
  Mortality, men 1.91 (1.67, 2.18) 
  Mortality, women 1.73 (1.26, 2.36) 
Glasgow (1975-1993)   
  Incidence, men 1.64 (1.41, 1.86) 

 



In the 2003-08 BHCHP study of cancer epidemiology described above, homeless individuals 
were diagnosed with colorectal cancer and female breast cancer at significantly later stages 
than adults in the Massachusetts general population.2 Several studies have documented low 
rates of screening for these malignancies among homeless individuals.8-12 Given the high 
prevalence of smoking among homeless people8,13-18 and the aging of the homeless 
population,19 many homeless individuals are expected to meet the recommended criteria for 
consideration of LCS with LDCT20,21; however, as with colorectal and breast cancer screening, 
there are several obstacles to successfully implementing LCS in homeless populations. 
Homeless individuals struggling to meet basic subsistence needs may place a low priority on 
screening for asymptomatic illness22 or may feel too emotionally overwhelmed to cope with the 
possibility of an abnormal result. Additionally, despite a high burden of cancer risk factors, most 
homeless people appear to believe that their susceptibility to cancer is equal to or less than that 
of others the same age.8 Lack of insurance may pose another barrier,23,24 although this is less of 
a concern in Massachusetts and could improve elsewhere in states that expanded Medicaid 
under the Affordable Care Act. Even among insured individuals who are interested in obtaining 
LDCT screening, the process of scheduling and attending the test may prove logistically 
challenging because of difficulty navigating complex facilities and care systems,25 especially for 
the large proportions of homeless individuals with psychiatric and cognitive impairments.26-32 
Furthermore, ensuring timely follow-up of abnormal results may be challenging because of 
communication barriers and competing psychosocial issues. These barriers introduce the 
possibility that existing disparities in lung cancer mortality could worsen if homeless people are 
less able to complete LCS than other segments of the population.     
 
B. Preliminary data 
 
Our prior epidemiologic work demonstrating the burden of lung cancer disparities among 
homeless people is described above and provides the motivation for the proposed study. In 
addition, this study is informed by administrative data from BHCHP, survey and clinical trial 
studies with homeless smokers conducted by the PI (Dr. Baggett), navigation studies conducted 
by co-investigator Dr. Percac-Lima, and LCS-oriented studies conducted by co-investigators Dr. 
Park and Dr. Rigotti. Collectively, this preliminary data has demonstrated the following: 
 
1) We have the patient volume to support this study. Based on internal data from the 
BHCHP Institute, 3,443 unique individuals aged 55-77 years old were seen at any BHCHP site 
from 9/1/2015 to 9/1/2016. Of these, 53% were current smokers and 23% were former smokers, 
totaling 2,616 potentially eligible individuals seen by the program in a 12-month period. When 
extrapolated over the planned 2.5-year enrollment period, we anticipate being able to recruit 
and randomize the proposed number of 300 participants. 
 
2) We have characterized the target population. In April-July 2014, we used time-location 
sampling to conduct a survey of 306 homeless adult smokers at 5 high-volume BHCHP clinical 
sites.33-35 The response rate was 86%. One-quarter of respondents (N=78) were 55-77 years 
old. Of these, the vast majority were non-Hispanic white or black men with a high school 
degree. Seventy percent had ever experienced a traumatic head injury, 64% had used any drug 
in the past month, 39% had consumed alcohol to intoxication in the past month, 60% reported 
feeling seriously depressed, and half screened positive for PTSD. One-third reported COPD and 
17% reported cardiovascular disease. Past-month difficulty finding shelter, food, and clothing 
were common. The mean number of cigarettes per day was 12 and the mean Fagerstrom 
nicotine dependence score was 3.8 (range 0-12). These findings highlight the medical 
complexity and competing life issues of older homeless smokers and underscore the need for a 
navigation-based intervention to reduce the barriers to LCS. 



 
3) We can recruit and longitudinally retain homeless people in a clinical trial. From 
October 2015 to June 2016, we conducted a 3-arm (N=25 per arm) pilot randomized controlled 
trial testing the effect of a) contingent financial rewards for smoking abstinence, and b) text 
messaging to support smoking abstinence, against c) a shared control condition, among 
homeless smokers at BHCHP (NCT02565381). Sixty-eight percent of eligible individuals 
enrolled, and we reached our target enrollment within 6 months. Study attendance and retention 
rates were excellent. Of 14 possible assessment visits, participants attended a median of 10, 
with 97% attending ≥1 visit and 77% attending ≥7 visits. These findings demonstrate that our 
team has the expertise to conduct a behavioral treatment trial in the context of homelessness 
and to engage and retain this vulnerable population in a longitudinal fashion. This is facilitated 
by our extensive knowledge of the target population, our person-centered approach to 
participant engagement, our strong partnership with BHCHP, and the central location of BHCHP 
headquarters with respect to other homeless services. 
 
4) Our navigation intervention is based on a model that has proven effective at improving 
lung and other cancer screening among underserved patient populations in Boston. Key 
collaborator, Dr. Sanja Percac-Lima, has developed and tested navigation interventions that 
have been associated with improved cancer screening rates among diverse, low-income 
community health center patients in Boston.36,37 She conducted a randomized controlled trial 
(RCT) across 18 clinical practices in an academic primary care network evaluating the impact of 
patient navigation relative to usual care for high-risk individuals who were overdue for breast, 
colorectal, and/or cervical cancer screening.38 Patients assigned to navigation were significantly 
more likely to complete screening for breast (23.4% vs. 16.6%, p=0.009), cervical (14.4% vs. 
8.6%, p=0.007), and colorectal (13.7% vs. 7.0%, p<0.001) cancer during the follow-up period.38 
More recently, with grant support from ACS and in collaboration with Drs. Park and Rigotti, Dr. 
Percac-Lima was the principal investigator of an RCT testing the effect of patient navigation on 
chest CT completion among low-income patients eligible for LCS at 5 MGH-affiliated health 
centers in greater Boston. Preliminary analysis of data after 11 months of follow-up has shown 
that participants in the navigation arm were significantly more likely to obtain a screening lung 
CT than participants assigned to usual care (24% vs. 9%, p<0.01). The LCS navigation 
approach used in our study will be based on these successful models. 
 
C. Study rationale 
 
Mitigating disparities in lung cancer outcomes and fully realizing the potential benefits of LCS 
among homeless people will require thoughtful interventions deployed through the clinical 
programs that serve this vulnerable population. Patient navigation, a strategy for guiding 
individuals through complex health systems,39 may be a promising approach for helping 
homeless people overcome their unique barriers to LCS.40 Navigation interventions have been 
shown to improve cancer screening participation36,37,41-56 and diagnostic resolution of abnormal 
results57-63 in vulnerable populations. Patient navigation has been endorsed by the ACS64 and 
the National Cancer Institute65 as a valuable approach to reducing cancer health disparities,65 
but this approach has not been tested rigorously in a homeless health care setting. Our 
research group is well-poised to conduct such a study by leveraging our extensive clinical and 
research experience with this population and our 9-year partnership with BHCHP, an 
internationally-renowned organization that serves over 12,000 currently (84%) and formerly 
(16%) homeless people annually through dozens of clinical sites in greater Boston.66 This 
innovative community partnership has given rise to numerous impactful studies on the health of 
homeless-experienced people,2,5,6,33-35,67 including a recently pilot trial for homeless smokers 
that had brisk recruitment, high retention rates, and encouraging results (NCT02565381). 



 
II. SPECIFIC AIMS 
 
Aim 1: To determine the effect of patient navigation, added to usual care, on 1°) LCS LDCT 
completion at 6 months (26 weeks) and 2°) LCS LDCT completion at 6 months (26 weeks) and 
diagnostic follow-up of abnormal results within 1 month (4 weeks) of the recommended 
timeframe, among homeless-experienced people who are eligible for LCS. 
 
Hypothesis: Participants assigned to receive patient navigation will have significantly greater 1°) 
LCS LDCT completion at 6 months (26 weeks) and 2°) LCS LDCT completion at 6 months (26 
weeks) with timely diagnostic follow-up of abnormal results. 
 
Aim 2. To conduct post-intervention qualitative interviews of trial participants and BHCHP PCPs 
to explain and interpret the quantitative findings of the pragmatic clinical trial.  
 
Based on a sequential explanatory mixed methods approach, Aim 2 interviews will examine how 
and why participants decided whether to undergo LCS, the barriers they encountered in doing 
so, the ways in which the navigator helped them overcome these barriers, and opportunities for 
improving the intervention for future use. 
 
 
III. SUBJECT SELECTION 
 
A. Inclusion and exclusion criteria 
 
To be eligible to participate, individuals must meet all the following criteria: 
 

1) Aged 55-77 years old, assessed by self-report and verified by date of birth. 
Rationale: LCS LCDT is covered only for patients aged 55-77. 

2) Have a 30 pack-year smoking history and have smoked within the past 15 years.  
Rationale: We will be recruiting exclusively smokers because they are at the highest risk 
for lung cancer and therefore stand to receive the most benefit from a LCS. These 
smoking history parameters are consistent with current practice guidelines and Medicare 
eligibility criteria. 

3) Have a BHCHP primary care provider (PCP). 
Rationale: Patient navigation is designed to support and extend services provided by 
medical practitioners. Having a PCP will help to ensure longitudinal medical oversight of 
the LCS process and appropriate follow-up of abnormal results.   

4) Are currently or formerly homeless, assessed by self-report and defined as ever having 
experienced a time in their life where they did not have fixed, regular housing. 
Rationale: Both currently and formerly homeless individuals were included in our 
epidemiologic analysis showing a more than 2-fold higher incidence and mortality rate 
from lung cancer compared to the general Massachusetts adult population.2 BHCHP and 
most HCH programs nationally continue to serve patients after they have gained 
housing.  

5) Be proficient in English, assessed with items asking about native language and self-
reported comfort communicating in English among non-native speakers. 
Rationale: Because of a budget reduction by the funding agency, we do not have the 
resources to develop study materials or conduct in-person navigation in languages other 
than English. Additionally, the vast majority of individuals in the target population speak 
English. 



 
Individuals meeting any of the following criteria will be excluded from the study: 
 
1) A recent prior chest computed tomography (CT) imaging (in the past 12 months). 

Rationale: This study is aimed at individuals who are most likely to benefit from LCS, 
based on evidence from the National Lung Screening Trial. Potential participants that 
have recently received a chest CT will have recently been scanned for lung cancer, 
therefore an additional screening will not benefit their health outcomes.  

2) Any personal history of lung cancer, or current presentation with symptoms concerning for 
lung cancer (e.g. hemoptysis or unexplained weight loss of >15 lbs. in the past year). 

Rationale: Individuals with a history of lung cancer or symptoms concerning for lung 
cancer require surveillance or diagnostic lung imaging, respectively, and are not 
appropriate candidates for screening lung imaging, which by definition is designed for 
individuals without symptoms or history of the illness being screened for. 

3) Inability to provide informed consent, assessed with knowledge questions about the material 
presented during the informed consent process that individuals must correctly answer 
before providing informed consent to participate. 

Rationale: In this vulnerable population, we wish to take a conservative approach to the 
informed consent process to help ensure that participants fully understand the pros and 
cons of participating in the research study. 

4) PCP is the study PI (Dr. Travis Baggett). 
Rationale: BHCHP patients under the primary care of Dr. Baggett may feel unduly 
influenced to participate. In addition, since the primary study outcome (receipt of LDCT 
for LCS) requires PCP involvement, the inclusion of Dr. Baggett’s patients creates a 
conflict of interest and the potential for bias. 

 
B. Source of subjects and recruitment methods 
 
This study will be registered with ClinicalTrials.gov prior to the recruitment and enrollment of 
human subjects. All participants will be recruited from BHCHP clinical sites. BHCHP does not 
have its own IRB but instead will rely on the Partners Human Research Committee for IRB 
review through a reliance agreement initiated through SMART IRB. In addition to being a faculty 
physician-investigator at Massachusetts General Hospital and Harvard Medical School, the 
study PI is the Director of Research at BHCHP and is very familiar with the clinical environment 
and patient population served by the program. 
 
Individuals must be homeless to enroll in services at BHCHP; however, some patients continue 
receiving care at the program after they are no longer homeless. An internal analysis of 
individuals seen at BHCHP in 2011 found that 16% of patients were housed, most without 
supportive services and therefore at potentially high risk for recurrent homelessness. Because 
our epidemiologic analyses demonstrating the dramatic lung cancer disparities experienced by 
BHCHP patients included both currently and formerly homeless individuals, and because of the 
often cyclic nature of homelessness, we will include both currently and formerly homeless 
individuals in the proposed study. We refer to this group collectively as “homeless-experienced.” 
Owing to the Massachusetts system of universal health insurance, about 80% of BHCHP 
patients are insured by the state Medicaid program,68 which covers LCS LDCT among eligible 
beneficiaries,69 and a sizable proportion of those remaining are covered by Medicare alone. This 
will help ensure the availability of LCS LDCT for the vast majority of potential participants. 
 
Participants will be recruited through a combination of 3 methods: 
 



1) In-person screening of patients at BHCHP clinical sites: Study personnel will screen patients 
in-person at 6 high-volume BHCHP clinic sites: a) Pine Street Inn, a 470-bed shelter where 
BHCHP operates a medical clinic 7 days/week in the men’s shelter and 6 days/week in the 
women’s shelter; b) Southampton Shelter, a 400-bed men’s shelter where BHCHP operates a 
medical clinic 7 days/week; c) Woods Mullen Shelter, a 200-bed women’s shelter where 
BHCHP operates a medical clinic 5 days/week; d) New England Center and Home for Veterans, 
a 209-bed emergency and transitional shelter where BHCHP operates a medical clinic 5 
days/week; e) St. Francis House, a daytime multiservice facility for homeless people where 
BHCHP operates a medical clinic 5 days/week; and f) Jean Yawkey Place, the BHCHP 
headquarters facility where medical, behavioral health, and dental clinics operate 5 days/week 
with an on-site pharmacy and medical respite unit. We will also screen and recruit patients at 
selected other BHCHP clinical sites with the approval of their respective site directors and 
BHCHP medical officers. BHCHP operates at dozens of smaller clinical sites in the Boston area 
that likely reach the subsets of patient population that are eligible for the INHALE Study. Our 
prior survey fieldwork with this population has given us extensive experience with tactfully 
deploying this proactive, in-person recruitment technique.33-35  In light of the COVID-19 
pandemic, BHCHP clinical sites and shelters are experiencing a significant decrease in patient 
volume and a lack of additional space to safely conduct in-person recruitment and data 
collection activities. Under these circumstances, study personnel will initially focus in-person 
screening and data collection efforts at Jean Yawkey Place, which has the highest volume of 
patients and the greatest degree of flexibility in physical space and layout. This will allow the 
study personnel to have an in-person presence at the clinic while practicing physical distancing 
and prioritizing the health and well-being of participants and study staff. If COVID-19 restrictions 
loosen and patient volume increases at shelter sites, we will expand our efforts to include the 
five additional sites, depending on COVID-19 public health guidelines and facility protocols. 
 
2) Review of BHCHP electronic records: BHCHP has a comprehensive EHR system (Epic) that 
prompts providers to assess tobacco use at every clinical encounter, facilitating determination of 
smoking history and current smoking status. Individuals with a BHCHP PCP who have been 
seen in a BHCHP clinic in the past year and who were current or former smokers at the time of 
their most recent clinical encounter will be approached in person at BHCHP clinical sites if they 
have a scheduled appointment or contacted proactively via phone (if they have listed contact 
information) by a research coordinator and screened for eligibility to participate. The BHCHP 
Chief Medical Officer has approved this recruitment strategy on behalf of all primary care 
providers at BHCHP clinical sites, who will in turn be notified about our recruitment approach 
prior to the start of the study (letter of approval in Appendix J).    
 
3) Referrals from BHCHP providers: We will advertise the study to all BHCHP providers and in 
all BHCHP clinical sites. Individuals deemed by a BHCHP provider to be potential candidates for 
LCS can be referred to the research coordinator, who will screen referred patients for eligibility 
to participate. 
 
IV. SUBJECT ENROLLMENT 
 
An integrated study schema depicting recruitment, enrollment, treatment assignment, and 
outcomes assessment has been uploaded as an attachment to this application. 
 
A. COVID-19 symptom and exposure screening 
 
BHCHP staff currently screen all patients for COVID-19 symptoms or a recent positive COVID-
19 test upon entry to BHCHP clinics and facilities. BHCHP is also providing patients with 



facemasks before entering the building. Study personnel will re-screen participants using the 
same approach before conducting any research activities in an enclosed room. If BHCHP 
ceases their COVID-19 screening procedure, study personnel will use BHCHP’s “COVID-19 
Screening Tool for People Experiencing Homelessness” to screen all participants for current 
COVID-19 symptoms and past 14-day COVID-19 exposures (i.e., travel to high risk countries or 
states; unmasked exposure to a person with COVID-19). Study staff will wear appropriate 
personal protective equipment (PPE) per MGH guidelines and policies and remain 6 feet away 
from the patient. If patient endorses any COVID-19 symptoms or high-risk exposures, study 
personnel will immediately notify a clinic staff member of the presence of a symptomatic patient 
and will not engage in any study activities. Immediately after departure of the symptomatic 
patient, study personnel will disinfect surfaces that were within 6 feet of the symptomatic patient. 
If the participant reports not having symptoms, they can be directed to the study table/interview 
room. If the study coordinator makes initial contact with a participant over the phone, before 
scheduling an in-person visit, study personnel will screen the participant within 72 hours before 
the appointment. If participants report COVID-19 symptoms or exposures, study staff will 
request participants’ permission to contact their BHCHP PCP via Epic messaging who can then 
advise the participant on next steps (e.g., testing and/or quarantine). If participants do not 
provide permission to study staff to contact their PCP, study staff will recommend that the 
participant seek care for their symptoms and/or exposure and offer to do the initial study 
procedures over the phone. If they are not interested in completing any further study procedures 
over the phone, study staff will call the participant again in 10 days to check-in and rescreen 
before attempting to schedule any study procedures in person. Participants will be advised to 
put on a facemask, regardless of symptoms, before coming in to meet with the research 
coordinator. Research personnel will instruct participants to notify them before arriving if they 
have fever or symptoms of COVID-19. 
 
B. Methods of enrollment 
 
Participants recruited through the above methods (section III.B) will be screened for eligibility 
either in-person or by phone. Prior to contacting participants, study staff will use the eligibility 
screener (Appendix A) to record information related to eligibility that was able to be collected 
during the prior review of prospective participants’ BHCHP EHR (as referenced above).  
 
Upon approaching the participants, study staff will use participant self-report to verify any 
information collected via their EHR and will collect the minimum amount of additional 
information necessary to assess and verify study eligibility. Eligible individuals identified through 
in-person screening will be offered the chance to enroll immediately. Those identified through 
phone screening will be asked to attend an in-person enrollment visit at one of clinic sites listed 
above. Participants will be asked to provide verbal informed consent before enrolling. 
 
At least six months after initial enrollment, participants who were randomized to the patient 
navigation arm of the study will be contacted via phone or approached in person at their next 
BHCHP appointment to be offered the opportunity to participate in a 45-minute qualitative 
interview. Forty participants will be interviewed in total, with purposive sampling of participants 
who did (N=20) and participants who did not (N=20) attain the primary outcome of completing a 
lung screening CT scan within six months.  
 
At approximately 6 months after the last patient participant is enrolled, providers who had at 
least one patient enrolled in the trial will be contacted via phone, email, or in person to be 
offered the opportunity to participate in a 45-minute qualitative interview. Ten participants will be 



interviewed in total, with purposive sampling to ensure that at least one provider who works at 
each of the targeted BHCHP clinic sites are interviewed.    
 
 
C. Informed consent procedures 
 
We will obtain verbal informed consent for this study. Eligible participants will be read a verbal 
consent script (Appendix B) and be presented with a study fact sheet (Appendix C) that will 
reinforce the consent script information. Depending on space availability, participant and 
research coordinator preferences, and whether in-person research activities are safe and 
permissible, informed consent will be obtained in one of the following ways: 1) “telephone booth” 
approach where the research coordinator would conduct the consent via Microsoft Teams or 
Enterprise Zoom on an encrypted laptop with the participant in a dedicated space on an 
encrypted study tablet; 2) meet in the clinic lobby, in a screened off area while maintaining at 
least 6 feet distance; 3) meet in an enclosed BHCHP clinic room while maintaining at least 6 
feet distance if safe to do so; or 4) over the phone. The research coordinator will confirm 
participants’ understanding of the consent materials with basic knowledge questions about the 
information presented to them to ensure that they have the capacity to provide informed 
consent. Individuals who are able to correctly answer these questions will be asked to give their 
verbal consent to participant, which will be recorded by the research coordinator. Participants 
who provide informed consent over the phone will be given the option to receive a copy of the 
study fact sheet via picking up in-person at the JYP clinic, via mail if the participant has a 
mailing address, via secure email, or via email without send secure after obtaining participant’s 
permission.  
 
40 participants who agree to participate in the post-intervention qualitative interviews will 
participate in a second verbal informed consent process either at least 6 months after their initial 
enrollment or sooner if the participant had completed lung cancer screening and the navigation 
intervention was terminated as a result. The research coordinator will read a separate verbal 
consent script (Appendix G) that reinforces the information presented in a fact sheet (Appendix 
F) that will be distributed to participants. The fact sheet will focus on the purpose, requirements, 
risks, and benefits of participating in the qualitative interview. The research coordinator will 
confirm participants’ understanding of the consent materials with basic knowledge questions 
about the information presented to them to ensure that they have the capacity to provide 
informed consent. Individuals who are able to correctly answer these questions will be asked to 
give their verbal consent to participant, which will be recorded by the research coordinator. 
 
Additionally, we will obtain verbal consent to participate in qualitative interviews from 10 BHCHP 
PCPs who had at least 1 patient enrolled in the trial. Similar to the participants who participate in 
the interviews, the providers will be read a verbal consent script (Appendix I) that coincides with 
a fact sheet (Appendix H) that will be distributed to them. The research coordinator will record 
the providers’ verbal consent to participate in the interview.   
 
We believe the verbal consent is justified for several reasons:  
 
1) The experimental intervention, patient navigation, is a low-risk and widely-recommended 
behavioral intervention strategy with a sound evidence base in promoting cancer screening in 
vulnerable populations. Indeed, patient navigation has been endorsed by the ACS64 and the 
National Cancer Institute65 as a valuable approach to reducing cancer health disparities,65 and is 
now part of routine care in some practice settings, including at MGH-affiliated health centers. 
 



2) The outcome that the navigator is facilitating – obtaining LDCT for LCS among individuals at 
increased risk for lung cancer – is concordant with the guideline recommendations of the 
USPSTF,20 ACS,70 and multiple other professional groups.71-74 
 
3) The study procedures present no more than minimal risk, as outlined below in section VII. 
 
In order to ascertain the primary and secondary study outcomes of LDCT completion and LDCT 
completion with timely diagnostic follow-up (see section VII.B.), we will review BHCHP and MGB 
records for LDCT results in addition to obtaining written authorization from all enrolled 
participants to obtain their health/medical records for the 14 months following their trial 
enrollment date from other Boston-area hospitals and health care facilities using a HIPAA-
compliant Release of Information (ROI) form which has been vetted by privacy officers at 
BHCHP, Boston Medical Center, and MGH (Appendix N). Participants who provide verbal 
consent during an in-person enrollment appointment will also complete the ROI form in person. 
Participants with a stable home address who complete the enrollment appointment remotely will 
be given the option to receive a pre-stamped envelope with the ROI form to have them sign and 
return back by mail to our MGH or BHCHP office.  
 
If COVID-19 prompts further restrictions around in-person research activities at BHCHP, the 
research coordinator will transition to completing the verbal consent process over the phone or 
via the HIPAA compliant video conferencing platforms, Microsoft Teams or Enterprise Zoom 
depending on each participant’s preference and access to technology. Based on feedback from 
the Boston Medical Center Compliance and Privacy Office, obtaining participant medical 
records for research purposes will continue to require written authorization regardless of current 
restrictions. Therefore, as noted previously, the research coordinator will offer participants with a 
stable home address the option to receive a pre-stamped envelope with the ROI form to sign 
and mail back. For participants who cannot receive a mailed ROI form, we will need to wait until 
in-person research restrictions are lifted. In this circumstance, once safe to do so, a research 
coordinator will either directly contact these research participants by phone or attempt to meet 
them in person at a clinic site to complete the form in person.  
 
D. Treatment assignment 
 
After providing informed consent and completing a baseline survey (see section V. A.), 
participants will be block-randomized in a 2:1 ratio to usual care with (N=200) or without 
(N=100) LCS navigation. The randomization scheme will be concealed from the study 
coordinator responsible for randomizing participants. Randomization will be stratified by 
smoking status (current/former), housing status (homeless/housed), prior discussion of lung 
cancer screening with their PCP, and primary clinical site where the patient sees their PCP (JYP 
vs. non-JYP sites) to ensure balance between study arms on these variables. We will stratify by 
smoking status (determined based on responses to the eligibility screener) because lung cancer 
risk perceptions and LCS motivations may differ between current and former smokers.75,76 
Current smoking will be defined as having smoked all or part of a cigarette in the past 30 days.77 
We will stratify by housing status based on responses to various items within the baseline 
survey because the navigation needs of formerly homeless people in housing may differ from 
those who are currently homeless. Current homelessness will be defined in the following ways: 
a) usually staying in an emergency shelter, transitional shelter, abandoned building, place of 
business, car or other vehicle, church or mission, hotel or motel, or anywhere outside during the 
past 7 days, b) usually housed in last 7 days but cannot stay in a residence for at least 14 days, 
c) usually institutionalized in the last 7 days if the admission was less than 90 days and they 
were homeless prior to admission, or d) usually institutionalized in the last 7 days if the 



admission was more than 90 days and they have no identified residence where they can stay at 
least 14 days upon discharge. These definitions are concordant with definitions of 
homelessness used by the US Department of Health and Human Services (section 330 of the 
Public Health Service Act, 42 USC § 254b)78 and by the US Department of Housing and Urban 
Development (S. 896 HEARTH Act of 2009).79 We will stratify based on prior discussion of lung 
cancer screening with their PCP (defined by an item within the baseline survey) due to the fact 
that these participants are farther along in the lung cancer screening process. Finally, we will 
stratify by the patient’s primary care clinical site since clinics may differ in their proximity to 
facilities that offer LCS or in their practice patterns around recommending and ordering LDCT 
for LCS. We will create 2 clinical site strata: 1 for JYP and one encompassing all of the 5 non-
JYP study sites described above. 
 
The 2 study arms are as follows: 
 
Arm 1: Usual care without patient navigation (N=100). Participants assigned to this arm will be 
given basic educational materials on general lung health (Appendix K) and referred back to their 
PCP to discuss whether to pursue lung cancer screening per usual practice.  
 
Arm 2: Usual care with patient navigation (N=200). Participants assigned to this arm will be 
informed about LCS, provided educational materials on LCS and patient navigation (Appendix 
L), and offered access to an LCS navigator. The navigator’s principal role is to guide 
participants through the LCS process. The navigator’s secondary role is to provide a brief 
tobacco intervention for participants who currently smoke. These roles are described below: 
 
1) LCS navigation: The navigator will introduce the concept of LCS and assist participants in 
scheduling and attending a shared decision-making (SDM) visit with their PCP to discuss the 
test in greater depth. The navigator will proactively reach out to PCPs about this via electronic 
messaging through the BHCHP EHR and make him/herself available to assist in the LCS 
process. If a PCP and a participant jointly decide to pursue LCS, the navigator will assist with 
booking the LDCT appointment at a local facility that offers this test and interprets it according to 
the Lung-RADS framework.80 BHCHP maintains strong clinical ties with Massachusetts General 
Hospital, Boston Medical Center, and several other area hospitals, enhancing the feasibility of 
referring patients to these facilities for LDCT. The navigator will work collaboratively with 
participants to reduce the barriers to LCS completion while building participants’ self-efficacy. If 
a participant has difficulty obtaining LDCT because of lack of insurance, the navigator will 
connect the participant with a BHCHP benefits specialist to enroll in health insurance under the 
state’s universal coverage system. Following LDCT, the navigator will coordinate a follow-up 
appointment with a participant’s PCP to discuss the results and arrange any necessary follow-
up testing. Throughout this process, the navigator will provide reminder phone calls about 
upcoming appointments, arrange for transportation assistance and other enabling services 
when needed, and reinforce the content and concepts covered in the LCS SDM visit through in-
person or phone contact. Data from our survey of homeless smokers at BHCHP indicate that 
over 70% have mobile phones, which will facilitate communication between the navigator and 
study participants. In addition to documenting their encounters and activities with patients for 
research data collection purposes (see section VI.A.), the navigator will document within the 
patients’ BHCHP EHR for their care teams to reference as needed. 
 
The navigator will work with each participant for up to 6 months (26 weeks) to receive the initial 
LCS LDCT scan. If a participant receives their initial LCS LDCT scan within the 6-month (26-
week) timeframe and requires follow-up diagnostic testing of abnormal results anytime sooner 
than the usual LCS LDCT screening interval of 12 months, the navigator will continue to work 



with the participant until the follow-up diagnostic testing is completed or until the participant no 
longer wishes to be navigated. 
 
2) Brief tobacco intervention: The navigator will provide a brief tobacco intervention and 
distribute educational handouts on smoking cessation (on an ad hoc basis; Appendix M) 
consistent with the “5 A’s” approach.81 Within this framework, the navigator will Ask participants 
if they currently smoke cigarettes and Advise current smokers to quit, emphasizing the 
connection between smoking and lung cancer and the importance of quitting smoking to lower 
their lung cancer risk. The navigator will then Assess current smokers’ willingness to quit and 
Assist them in accessing no-cost or low-cost smoking cessation resources, including: 

a) BHCHP PCPs, to discuss smoking cessation medications (e.g. nicotine 
replacement products, bupropion, or varenicline), which are covered by the state 
Medicaid program with a $1-3 copayment at retail pharmacies or at no charge through 
the BHCHP pharmacy. Over 80% of BHCHP patients are insured by the 
Massachusetts Medicaid program under the state’s universal health insurance 
system.68 
b) BHCHP tobacco counselors, who are formally trained in tobacco counseling and 
conduct weekly support groups at 4 BHCHP venues and individual counseling 
sessions at 5 BHCHP venues, all free of charge. 
c) The Massachusetts Smokers’ Helpline, a free and confidential phone counseling 
service, for participants with mobile phones. Participants who call the Massachusetts 
Smokers’ Helpline may receive up to 4 weeks of nicotine replacement therapy (patch, 
gum, or mini-lozenge) at no cost. 
 

The navigator will then arrange a time to follow-up with current smokers either by phone or in 
person to discuss their progress on smoking and their engagement in available services. For 
participants who undergo LDCT, the navigator will conduct a follow-up brief intervention to head 
off false reassurance about smoking if the findings are negative. Brief tobacco interventions are 
an evidence-based, effective treatment approach to promoting smoking cessation.81,82 The brief 
intervention strategy described above acknowledges the centrality of smoking cessation in 
reducing lung cancer deaths, capitalizes on the “teachable moment” afforded by the LCS 
process,83 satisfies the CMS requirements for LCS LDCT approval,21 and complements our 
pragmatic trial design by working within existing tobacco cessation resources available to the 
target population.  
 
 
V. Study Procedures 
 
A. Study visits and measurements 
 
Participants who are screened and deemed eligible to participate, whether in person or over the 
phone, will be asked to complete a research visit during which enrollment, collection of baseline 
data, and randomization to study arm will occur. Participants will meet with the research 
coordinator in person at a BHCHP clinic site to complete these activities or complete these 
activities remotely. After verbal consent and the written ROI form is completed, a study 
coordinator will meet with the participant to administer a 30-minute baseline survey. In a similar 
fashion to the verbal consent, the survey can be completed in one of the following ways 
depending on current pandemic status and/or participant/staff preferences: a) “telephone booth” 
approach where the research coordinator would conduct the survey on an encrypted laptop via 
Microsoft Teams or Enterprise Zoom with the participant in a dedicated space with an encrypted 
study tablet; b) meet in the clinic lobby in a screened off area while maintaining at least 6 feet 



distance; c) meet in an enclosed BHCHP clinic room while maintaining at least 6 feet distance of 
safe to do so; or d) remotely, either over the phone if the participant has adequate access to 
their own phone and phone plan, or over secure video conferencing (Microsoft Teams or 
Enterprise Zoom) if the participant has adequate access to the necessary technology. 
 
Participants will receive a one-time $25 gift card upon completion of the baseline survey in 
recognition of their time and effort. If participants complete the baseline survey over the phone, 
research staff will offer participants the chance to pick up the study gift card in-person at JYP or 
via mail if the participant has a mailing address. 
 
Participants with a stable home address who complete enrollment and the baseline survey over 
the phone and who are not willing to travel to JYP to sign the ROI in person, will be given the 
option to receive a pre-stamped envelope with the ROI form to have them sign and mail back to 
our MGH or BHCHP office. Participants will be mailed the $25 gift card once the research 
coordinator receives a signed ROI.  
 
Arm 2 participants will additionally have a series of ad hoc meetings with the LCS navigator as 
part of the intervention. These meetings may occur in person or over the phone. The navigator 
will be asked to log the date, time, and nature of activities carried out during these navigation 
sessions/meetings. 
 
Due to the nature of the primary outcome, which will be ascertained via medical record review, 
no formal research follow-up visit is necessary. The screening, baseline, and outcome variables 
for the study are detailed in section VI.A. 
 
40 participants in Arm 1 will participate in post-intervention interviews and be stratified according 
to whether they did (N=20) or did not (N=20) attain the primary outcome of completing a lung 
screening CAT scan within six months (26 weeks) of initial enrollment. Participants who agree to 
participate will go through a separate verbal consent process as illustrated previously. 
Interviews will occur after at least 6 months of exposure to the navigation intervention or sooner 
if the navigation intervention was terminated due to the participant completing lung cancer 
screening and requiring no additional follow-up or support. The interviews will last up to 45 
minutes and be audio recorded. The selection of qualitative participants following ascertainment 
of the primary quantitative outcome avoids introducing a treatment effect from the interviews 
while remaining temporally close enough to the LCS process to facilitate accurate recall. These 
40 participants will receive a one-time $25 gift card upon completion of the interview in 
recognition of their time and effort. 
 
Additionally, we will interview 10 BHCHP PCPs among those who had at least 1 patient enrolled 
in the trial. Providers who agree to participate will provide verbal consent as illustrated 
previously. Interviews will last up to 45 minutes and be audio recorded. Interviews will occur 
following completion of the trial (at least 6 months after the last patient participant is enrolled) to 
avoid influencing provider practice around LCS ordering and follow-up. The 10 PCPs will 
receive a one-time $25 gift card upon completion of the interview in recognition of their time and 
effort. 
 
Study personnel will follow various safety precautions to prevent COVID-19 transmission. For 
patients that are screened for eligibility over the phone and interested in scheduling an in-
person study visit, study personnel will administer a screening instrument for COVID-19 
symptoms and recent positive COVID-19 tests within 72 hours prior to the scheduled in-person 
study visit. Prior to entering BHCHP clinic buildings, per BHCHP policy, all patients are already 



required to wear a face mask and be screened for COVID-19 symptoms and recent positive 
COVID-19 tests at the door. If BHCHP ceases these screening procedures, study personnel will 
implement the same screening measures at the start of any in-person visit and will continue to 
require participants to wear a face mask while engaging with study staff. If a patient endorses 
any COVID-19 symptoms, study personnel will immediately cease study activities and notify a 
clinic staff of the presence of a symptomatic patient.  
 
If rising COVID-19 rates necessitate temporary restrictions on all in-person study activities at 
BHCHP facilities, we will transition to remotely conducting as many study activities as possible 
until the restrictions are lifted. Study personnel will be able to screen, perform verbal informed 
consent, conduct the baseline survey, perform qualitative interviews, and provide navigation 
services over the phone or by the HIPAA-compliant video conferencing platforms Microsoft 
Teams or Enterprise Zoom depending on patient preference and access to technology (i.e., 
owning a device with adequate minutes or video conferencing capabilities). Study personnel will 
always follow the MGB requirements for using Teams or Zoom with no study visits or activities 
being audio- or video-recorded within the Teams or Zoom platform. Microsoft Teams will be the 
preferred platform to use for video call study visits, but in the event of technical difficulties, study 
personnel will use Enterprise Zoom as a backup platform.  
 
B. Drugs 
 
While the LCS navigator will assist participants who currently smoke with accessing smoking 
cessation resources, neither the navigator nor study staff will provide participants with 
medications. Participants in both arms may choose to seek smoking cessation medications 
through their BHCHP PCP or other health care provider. 
 
C. Devices 
 
No devices will be used in this study. 
 
D. Procedures 
 
There are no procedures or surgical interventions in this study. Participants may elect to 
undergo LCS with LDCT after consultation with their PCP (and with the LCS navigator, for those 
in Arm 2), but the ordering and oversight of LDCTs will be handled by BHCHP PCPs as per 
usual practice for participants in both study arms.  
 
E. Data Collection 
 
We will collect all study data electronically using Partners-approved laptops or tablet devices 
with full disk encryption. Participant data will be recorded, saved, and managed using the 
Partners-hosted Research Electronic Data Capture (REDCap) program with data collection 
forms custom-designed for this study. We will also use BHCHP and MGB EHR to collect 
information from participants’ medical records that relates to their general health history, any 
charted mental health problems, and any other information that directly relates to lung cancer 
screening and smoking. The specific data elements collected at each study visit are detailed 
below in section VI.A.  
 
 
VI. BIOSTATISTICAL ANALYSIS 
 



A. Specific data variables 
 
1) Screening variables: Screening variables will include self-reported measures related to the 
inclusion and exclusion criteria for study participation. These will include the following variables, 
assessed as shown in Appendix A: 
- First and last name 
- Date of birth  
- Age 
- Preferred language 
- BHCHP PCP  
- Preferred BHCHP clinic site 
- History of homelessness 
- History or symptoms of lung cancer 
- Recent non-lung cancer or cancer treatment 
- Home oxygen use 
- Cigarette smoking history 
 
2) Contact form variables: Enrolled participants will be asked to complete a contact information 
form. This information will be valuable for following up with participants who cannot complete 
the baseline survey on the same day as enrollment, as well as for the patient navigator to aid 
with patient outreach and EHR documentation. This form will include the following variables, 
assessed as shown in Appendix O: 
- BHCHP Epic MRN (entered by the research coordinator from patient’s EHR) 
- Last 4 digits of social security number 
- Phone number (if applicable) 
- Address/location of usual nighttime residence 
- Alternative contact (who may know of participant’s whereabouts)  
- Contact in the case of an emergency 
- Participant photograph (with participant permission) to facilitate subsequent contact with 
patient navigator 
 
3) Baseline variables: Enrolled participants will be asked to complete a baseline assessment 
(Appendix D) of variables mapping to core domains of the Health Belief Model in addition to 
other key factors that could impact one or more dimensions of the Health Belief Model, as 
displayed in Table 2. 
 
4) Electronic health record variables: The following information will be collected from the review 
of patients’ BHCHP and MGB electronic health records:  
- History of care with BHCHP and BHCHP PCP prior to study enrollment 
- Comorbid health conditions. 
- Documentation of a shared decision making (SDM) appointment with PCP to discuss lung 
cancer screening.   
- Documentation of referrals for lung CT scans.  
- Documentation of completion of lung CT scans  
- Documentation of follow-up appointments with PCP that address results of lung cancer 
screening.  
- Documented smoking status (and any changes in smoking status during study enrollment).  
- Documented prescriptions to any smoking cessation medications 
- Documented insurance status and insurance type.  

 
 



 
 
 
 
 
 

Table 2. Baseline measures of study participants corresponding to Health Belief Model 
(HBM) domains and other key factors. 
HBM domains Measures 

Sociodemographic 
factors 

Age; sex; race/ethnicity; education; (all based on items from the 
2003 HCH User Survey23,84 and our prior survey work with 
homeless individuals33,34); homelessness onset, episodes, and 
duration1; current living situation 

Perceived lung 
cancer 
susceptibility/severity 

Perceived risk of lung cancer and smoking, perceived severity of 
lung cancer, worry about lung cancer, (all developed by Dr. Park 
for NLST)76,85;  

Cues for LCS Prior LCS recommendation by health care provider; prior exposure 
to LCS brochures, flyers, posters, or advertisements 

Perceived LCS 
benefits/barriers 

Lung cancer screening knowledge86; perceived benefits of quitting 
smoking76,85, comfort navigating hospital/health system; health 
insurance status23,84; competing priorities for meeting subsistence 
needs22 

Self-efficacy for LCS General self-efficacy scale87,88; self-efficacy for completing LDCT 

Other key factors Measures 

Tobacco use 
Duration of smoking; past quit attempts; current cigarettes/day; 
alternative tobacco use35,89,90, Fagerstrom Test for Nicotine 
Dependence91; stage of change92,93; Contemplation Ladder94 

COVID-19 
Comfort navigating hospital/attending medical appointment during 
COVID-19 outbreak95-97; Previous history of COVID-19 And Lung 
Infection/Pneumonia  

Comorbid conditions 
Alcohol Use Disorders Identification Test-Concise (AUDIT-C)98,99;! 
Drug Abuse Screening Test (DAST-10)100,101, and K6 screen for 
psychological distress102,103; single-item general health status (SF-
1)104,105 

 
3) Navigation log: The navigator will complete a log (Appendix E) capturing the following 
information each time he/she interacts with a participant in Arm 2. 
- Name of study staff who completes navigation activity 
- Date and time 
- Participant ID number 
- Who was contacted for navigation activity 
- Contact modality for navigation activity 
- Tasks/activities undertaken during encounter 
 
4) Qualitative interview data elements:  
 
Participant interviews: Participants will be asked to articulate their thought process in 
considering whether to pursue LCS and to identify the factors that most shaped their decision, 



including logistical, physical, or emotional barriers and facilitators. Based on our Health Belief 
Model framework (Table 2), we will prompt participants to consider the impact of the navigator 
on a) altering their perceived susceptibility to lung cancer, b) providing them with cues or 
reminders to pursue LCS, c) enhancing their self-efficacy for pursuing LCS, and d) helping them 
to overcome barriers to completing LCS. Among participants who undergo LDCT, we will 
assess their perspectives on the ease of the process, its impact on lung cancer worry, perceived 
lung cancer risk, and smoking behavior, and the need for any follow-up testing. 
 
PCP interviews: These interviews will elicit PCP perspectives on the challenges of 
implementing LCS guidelines in primary care practice for a vulnerable population and probe the 
ways in which the navigator did or did not help to reduce these challenges. We will also seek 
feedback from PCPs on ways to strengthen the integration of patient navigators into clinical care 
teams. 
 
B. Study Endpoints 
 
1) Primary outcome: The primary outcome is receipt of LDCT for LCS at 6 months (26 weeks). 
This will be based on radiology records verifying that a chest CT was performed for LCS and 
interpreted according to the Lung-RADS framework.80 To ascertain this outcome, study staff will 
examine available health records from BHCHP, MGB, and any other institution for which the 
participant signs a release of information, as described above in section IV.C. At 6 months (26 
weeks) after enrollment, radiology records will be requested/obtained from these facilities. Most 
Boston-area hospital records are accessible through Care Everywhere in the BHCHP version of 
Epic and through MGB Epic, supporting the feasibility of gathering this information in an efficient 
manner. This approach does not rely on participant self-report and therefore does not require in-
person or phone follow-up to ascertain. For those verified to have undergone LDCT for LCS 
within the 6 month (26-week) timeframe, the Lung-RADS result along with any abnormal or 
incidental findings will be recorded.  
 
2) Secondary outcome: Increasing LDCT completion will only reduce lung cancer mortality if 
individuals with abnormal results can undergo evaluation and treatment of early stage lung 
cancer in a timely fashion. In the setting of homelessness, a valid concern is whether 
participants with abnormal LDCT results can be recalled for diagnostic follow-up in a timely 
manner. To address this concern, our secondary outcome is receipt of LDCT with timely 
diagnostic follow-up of 
any abnormal results. To 
satisfy this composite 
outcome, participants 
must achieve the primary 
outcome (LDCT at 6 
months (26 weeks) and, if 
the result is abnormal, 
also obtain the next 
recommended follow-up 
test within 1 month (4 weeks) of the advised timeframe, based on the Lung-RADS framework.80 
Lung-RADS category descriptions, recommended follow-up, associated probabilities of 
malignancy, and estimated general population prevalences are shown in Table 3.104 As 
described above, we will obtain radiology records for participants who underwent LDCT for LCS 
to document the findings of the study, determine the Lung-RADS category associated with 
those findings, and ascertain the recommended diagnostic follow-up plan. Participants with 
Lung-RADS 1-2 findings do not require specific diagnostic action, but rather may continue with 

Table 3. Lung-RADS categories. 

Category Description Management Malignancy 
probability 

Gen. pop. 
prevalence 

1 Negative Repeat LDCT 12 mos <1% 90% 2 Benign 

3 Probably 
benign Repeat LDCT 6 mos 1-2% 5% 

4A 
Suspicious 

Repeat LDCT 3 mos 
+/- PET/CT 5-15% 2% 

4B/X Chest CT, PET/CT, 
+/- biopsy >15% 2% 

*Adapted from the American College of Radiology 



annual screening at 12 months. These individuals will automatically satisfy the secondary 
outcome. In contrast, Lung-RADS 3-4 findings signal an increased risk for malignancy and merit 
sooner-than-annual follow-up testing. These individuals will satisfy the secondary outcome only 
if they obtain the next recommended diagnostic study within 1 month (4 weeks) of the 
recommended timeframe. For example, if a participant has a Lung-RADS 3 finding for which 
follow-up LDCT in 6 months is recommended, we will assess whether this follow-up test 
occurred within 7 months (30 weeks) of the initial LDCT. If a participant has a Lung-RADS 4B/X 
finding suggesting a high suspicion for malignancy, we will assess whether the recommended 
follow-up testing occurred within 1 month (4 weeks) of the initial LDCT. The offer of delayed 
navigation to control arm participants will not interfere with this outcome because a) delayed 
navigation will be offered only to those who did not undergo an initial LCS LDCT within 6 
months (26 weeks) (i.e. the primary outcome), and b) attaining the primary outcome is 
necessary for satisfying the secondary outcome. 
 
3) Other outcomes: We will examine time to receipt of LDCT for LCS. Process outcomes 
include acceptance of navigation when offered, number of contacts with the navigator, and 
attendance of a LCS SDM visit with a BHCHP PCP. Tobacco-related outcomes include receipt 
of a prescription for any smoking cessation medication and changes in clinically-recorded 
smoking status (i.e. quitting among current smokers or relapsing among former smokers), both 
ascertained by BHCHP medical record review. We will track the frequency and types of 
abnormal findings detected on LCS LDCT, any additional diagnostic testing or therapeutic 
changes pursued in response to these findings, and the percentage of participants diagnosed 
with lung cancer (based on radiology and BHCHP and MGB records review). We will also track 
diagnostic chest CT scans obtained for reasons other than LCS. 
 
 
C. Statistical Methods 
 
Quantitative analysis: LDCT completion at 6 months (26 weeks) (1° outcome) and LDCT 
completion with timely diagnostic follow-up (2°outcome) are both binary outcomes. In the 
principal analysis, we will assess the difference between the navigation and usual care arms on 
attainment of these outcomes using the Chi-square test. We will also use logistic regression 
models to examine the associations between treatment condition and outcomes including 
clinical site and other known predictors of outcomes to increase the precision of effect 
estimates. Additional analyses will examine time to receipt of LDCT for LCS between study 
arms using time-to-event methods (log-rank tests and Cox regression models). Although we 
expect to be underpowered to detect significant interactions, we will examine whether the effect 
of navigation varies by smoking status, housing status, or clinical site in an exploratory analysis. 
 
Qualitative analysis: Qualitative interviews will be audiotaped and transcribed. We will use 
inductive content analysis methods to identify major and minor themes, and we will use 
deductive methods to strengthen, refine, and enhance understanding of identified themes.105 
Qualitative data coding will be performed by 2 trained study staff members using NVivo 11 
software. The data coders will meet regularly with Drs. Baggett and Park to discuss the 
structural thematic framework, categories, and coding plan. We will resolve discrepancies 
through discussion and comparison to raw data. Coding will continue iteratively until a high level 
of reliability (Kappa>0.80) is established. 
 
Integration with quantitative data: Based on a mixed methods approach,106 we will use the 
qualitative interview data to interpret and explain the quantitative observations from the trial. 
This will aid in better understanding why overall LDCT completion was higher or lower than 



expected and why the navigation intervention did or did not improve these outcomes. Following  
from our stratified sampling scheme, we will integrate the quantitative and qualitative data by 
assessing for thematic differences in the interview content of participants who did (N=20) and  
did not (N=20) attain the 
primary outcome. We will 
focus in particular on 
comparing and contrasting 
these two groups’ views on 
the utility of the navigator 
with respect to the Health 
Belief Model domains of 
perceived susceptibility, 
cues, self-efficacy, and 
barriers, as described 
above. We will additionally 
incorporate the quantitative 
baseline measures tapping 
these Health Belief Model 
domains into integrated 
analyses. Table 4 
illustrates the way in which these quantitative and qualitative data elements will be integrated 
and presented in a blended fashion. 
 
D. Power Analysis 
 
The sample size justification is based on the primary outcome of LCS LDCT completion at 6 
months (26 weeks). Internal BHCHP data suggests a presently negligible baseline rate of LCS 
LDCT. Allowing for improvement in this rate as LCS comes into wider practice, we will assume 
that 5% of usual care (Arm 1) participants will obtain an LDCT within 6 months (26 weeks). In 
our judgment, increasing this completion rate to 15% would represent a clinically meaningful 
change. We will have >80% power to detect such a difference with a sample size of 200 in the 
navigation arm (Arm 2) and 100 in the usual care arm (Arm 1). 
 
 
VII. RISKS AND DISCOMFORTS 
 
The potential risks and discomforts associated with this study are detailed below.  The methods 
for mitigating these risks and monitoring the safety of participants are described in section IX.b. 
 
A. Complications of surgical / non-surgical procedures 
 
Not applicable. 
 
B. Drug side effects and toxicities 
 
Study staff will not be offering any drugs or over-the-counter products to participants. 
 
C. Device complications 
 
Not applicable. 
 

Health Belief 
Model domains Measurement (method) LCS LDCT at 6 months 

Yes (N=20) No (N=20) 
 

Perceived 
susceptibility / 

severity 

Baseline survey (quan) Lung cancer risk perception, severity, 
and worry scores 

Post-intervention 
interview (qual) 

Quotes/themes about navigator impact 
on perceived susceptibility/severity 

 
Cues 

Baseline survey (quan) Past provider recommendation for 
LCS, exposure to LCS information 

Post-intervention 
interview (qual) 

Quotes/themes about navigator 
provision of cues for LCS 

 

 
Self-efficacy 

Baseline survey (quan) General and LCS-specific self-efficacy 
scores 

Post-intervention 
interview (qual) 

Quotes/themes about navigator impact 
on self-efficacy 

 
Perceived 

benefits / barriers 

Baseline survey (quan) LCS knowledge, competing 
subsistence difficulty scores 

Post-intervention 
interview (qual) 

Quotes/themes about navigator 
assistance with barriers 

Table 4. Proposed integration of quantitative and qualitative data. 



D. Psychosocial (non-medical) risks 
 
Potential risks to participants include psychological distress arising from the possibility of false-
positive CT findings leading to additional diagnostic studies or procedures. Psychological and/or 
physical distress may also be brought about by discussing smoking and/or changing smoking 
behavior. Finally, because we will collect and record identifying information (e.g. name, date of 
birth, and social security number), there is a risk to privacy if the data are compromised. Section 
IX (Monitoring and Quality Assurance) describes our methods for safeguarding the data and 
privacy of participants. The potential risks of this study are reasonable in relation to the potential 
benefits of reducing the risk of dying from lung cancer. 
 
E. Radiation risks 
 
There is a slight physical risk associated with exposure to radiation during CT scanning, 
although the “low-dose” nature of the test is designed to help mitigate this risk. For this reason, 
LDCT LCS for individuals at increased risk of lung cancer is recommended by a variety of 
professional societies since the benefits of screening for early stage cancer vastly outweigh the 
risks presented by small radiation exposures.  
 
 
VIII. POTENTIAL BENEFITS 
 
A. Potential benefits to participating individuals 
 
Potential benefits for participants include the opportunity to receive assistance in completing 
LCS, which has been associated with a 20% reduction in lung cancer mortality. Additionally, 
current smokers will be informed of and referred to various resources to help them quit smoking, 
which may confer numerous health and financial benefits. 
 
B. Potential benefits to society 
 
Considerable knowledge could be gained from this study. To our knowledge, this will be the first 
study to focus on LCS among homeless people and the first randomized trial of any cancer 
screening intervention in this population. By focusing on an understudied topic area pertaining 
to a common cause of death among homeless people, our study fills an important gap in the 
literature and could serve as a blueprint for improving cancer screening and outcomes in 
homeless health care settings, particularly in the 295 HCH programs that serve 890,000 people 
annually in the US.107 
 
 
IX. MONITORING AND QUALITY ASSURANCE 
 
A. Data monitoring 
 
All data will be collected using password-protected laptops or tablets with full disk encryption.  
We will use the Partners-hosted Research Electronic Data Capture (REDCap) application for 
data collection and management. REDCap is a secure, HIPAA compliant web-based application 
hosted by Partners HealthCare Research Computing, Enterprise Research Infrastructure & 
Services (ERIS). Because a Partners username is required for logging in to REDCap, all activity 
on study documents is electronically logged and therefore traceable.  All data will be collected 
according to a standardized protocol preprogrammed into REDCap, which has built-in functions 



providing real-time data entry validation to help ensure accuracy and completeness. Each data 
collection form will have instructions or prompts for collecting the required data elements, and 
the response fields for each item will have appropriate ranges and formats to ensure that the 
data is entered in a valid way. Participants who agree to be photographed will have their photo 
taken using the same device on which the rest of the data is collected (encrypted laptop or 
tablet). The photograph will be uploaded immediately to the REDCap database and the original 
photograph file will be permanently deleted from the device.  
 
The PI will review all study data weekly to monitor its integrity. Additionally, the PI, 
biostatistician, and/or data analyst will download the study data on a weekly basis from the 
Partners REDCap server and back it up to the PI’s SFA on the Partners network, which is 
protected by the Partners IS firewall, backed up nightly, and accessible only to authorized study 
staff. Only the minimum necessary number of study staff will have access to this data. Data 
analyses will be conducted by authorized study staff on the data files residing on the PI’s 
Partners SFA. The data will not be transferred to investigators outside the Partners system. 
 
The qualitative interviews conducted post-intervention will be recorded by a microphone 
connected directly to a password-protected, Partners-approved laptop or tablet with full-disk 
encryption. Audio files will be backed up to the PI’s SFA described above and then deleted from 
the portable device. 
 
If study activities are administered to participants using Enterprise Zoom or Microsoft Teams, 
personnel will always follow the MGB requirements for using video conferencing for research 
activities with no study visits or activities being audio- or video-recorded, with the exception of 
qualitative interviews, which will be audio-recorded with an encrypted laptop or tablet 
microphone (and not via the audio-recording capabilities within the Zoom or Teams platform) as 
described above. Study personnel will always follow the Principles of Privacy and share the 
minimum necessary amount of information.   
 
B. Safety monitoring 
 
Because of the narrow range of risks of the proposed study, there will not be a Data and Safety 
Monitoring Board for this trial. Instead, the safety of participants will be monitored by the PI on a 
continual basis. Navigators will stay in close contact with BHCHP PCPs and clinical staff to 
ensure the safety and well-being of all participants.  
 
To minimize the risk to privacy, we will adhere to the data management procedures described 
above to help ensure the safety and integrity of data collected about study participants. All 
identifying information will be saved securely within the REDCap database. Paper ROI forms 
will be scanned into the PI’s SFA and paper copies retained in a locked cabinet in the PI’s 
office. Only the minimum necessary number of study staff will have access to this data. At the 
conclusion of the study, personal identifiers will be removed from the dataset and all analyses 
will occur in a de-identified fashion. 
 
To help ensure the safety of participants, adverse events monitoring will be handled in the 
manner described below. 
 
C. Outcomes monitoring 
 
Because of the low-risk nature of the intervention, we will not conduct a formal interim analysis 
of the data nor define rules for early stopping of the trial. 



 
D. Adverse event reporting guidelines 
 
We will adhere to the Partners policy statement on “Reporting Unanticipated Problems including 
Adverse Events.”  Consistent with this policy, an adverse event will be defined as “any untoward 
or unfavorable medical occurrence in a human subject, including any abnormal sign, symptom, 
or disease, temporally associated with the subject’s participation in the research, whether or not 
considered related to the subject’s participation in the research.”  The PI and his designated 
study staff will be responsible for the monitoring of adverse events in study participants. 
 
Adverse events reported to the PI or other study staff will be documented in an adverse event 
report containing a description of the event, the date and time of onset, the date and time of 
resolution, the expectedness of the event, the relationship to the study, the seriousness of the 
event, and the action taken in response to the event. An adverse event will be deemed 
unexpected if the nature, severity, or frequency of the event is not consistent with a known or 
foreseeable risk given the research procedures, the characteristics of the subject population, or 
with an expected progression of an underlying condition. The following attribution scale will be 
used to describe the relationship of the adverse event to the study protocol: unrelated to the 
protocol, or possibly, probably, or definitely related to the protocol. A serious adverse event will 
be defined as an adverse event that results in death, is life-threatening, requires hospitalization, 
causes persistent or significant disability, or requires medical or surgical intervention. 
 
A summary safety report detailing all adverse events and their handling will be included in 
annual study progress reports to the Partners IRB and the American Cancer Society. 
Unexpected adverse events of any severity that are at least possibly related to the research and 
suggest the research puts participants at increased harm will be reported to the Partners IRB 
within 5 working days or 7 calendar days. Serious adverse events that are unexpected and at 
least possibly related to the research will be assumed to suggest that the research puts 
participants at increased harm and will be reported to the Partners IRB within the same time 
frame. Any action resulting in a temporary or permanent suspension of this study will be 
reported to the American Cancer Society’s program official. Adverse event reports and annual 
safety summaries will be documented by study ID number; personal identifiers will not be 
included in these reports. 
 
E. Protocol adherence 
 
1) Research staff: The study coordinators will be trained on the data collection protocols 
described above. Their understanding of these protocols will be assessed by asking them to 
demonstrate competency in using the REDCap data collection forms.  
 
2) LCS navigator: To ensure adherence to the navigation intervention strategy, the navigator 
will receive in-depth training on patient navigation and focused training on tobacco cessation 
counseling. 
 
      a) Navigation training: The navigator will receive training in the core skills of patient 
navigation, including establishing rapport with patients while maintaining appropriate 
professional boundaries, motivational interviewing, performing an initial assessment with 
patients to explore barriers to LCS, working with patients to overcome these barriers, educating 
patients about the LCS process, introducing the concept of shared decision-making (SDM) 
around LCS, and empowering participants to discuss the benefits and risks of LCS with their 
PCP. Training will also encompass an overview of lung cancer, the rationale behind LCS, and 



the practical steps involved in completing LDCT so that the navigator can better counsel 
patients on what to expect from the LCS process. Additionally, the navigator will be trained in 
identifying and managing logistical hurdles to completing LCS, such as insurance coverage 
lapses that may need to be remedied before LDCT is feasible. To facilitate timely follow-up of 
abnormal LDCT results, the navigator will received focused education on the American College 
of Radiology (ACR) Lung Imaging Reporting and Data System (Lung-RADS) framework.80 
Lung-RADS is a quality assurance tool designed to standardize LCS LDCT reporting and 
management recommendations, reduce confusion in LCS LDCT interpretations, and facilitate 
outcome monitoring.80 The navigator training will be based on the protocol developed for Dr. 
Percac-Lima ’s successful RCT of patient navigation for LCS among community health center 
patients (see section E). Dr. Percac-Lima, who has extensive experience in navigator training, 
will provide key components of this training and facilitate role playing sessions to reinforce skills. 
To the greatest extent possible, experienced navigators will be included in the training process. 
Depending upon prior experience, the navigator trainee will spend up to 2 weeks shadowing 
and observing an experienced navigator in the field prior to the start of the study. Refresher 
training and review of specific case scenarios will occur every 3 months throughout the study to 
ensure that the navigator is adhering faithfully to the intended roles and responsibilities.  
      b) Tobacco counseling training: The goal of the tobacco training component is to equip 
the navigator with the skills to provide a brief tobacco intervention. To achieve this goal, the 
navigator will complete an online 9-module course titled “Basic Skills for Working with Smokers,” 
sponsored by the University of Massachusetts Center for Tobacco Treatment Research & 
Training.108 This course provides an introduction to the theory and practice of working with 
smokers in a health care setting. The navigator will additionally receive 4 hours of case-based 
teaching from Dr. Baggett on practical approaches to working with homeless smokers, followed 
by 6 hours of observing a certified Tobacco Treatment Specialist interact with and counsel 
smokers about tobacco cessation. 
 
The navigator’s adherence to their intended duties will be assessed during weekly team 
meetings and through periodic audit of their navigation encounter logs.  
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