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Abstract

Objective: Given the higher rates of tobacco use along with increased mortality specific to lung 

cancer in rural settings, low-dose computed tomography (LDCT)-based lung cancer screening 

could be particularly beneficial to such populations. However, limited radiology facilities and 

increased geographical distance, combined with lower income and education along with reduced 

patient engagement, present heightened barriers to screening initiation and adherence.

Methods: In collaboration with community leaders and stakeholders, we developed and 

implemented a community-based lung cancer screening program, including telephone-based 

navigation and tobacco cessation counseling support, serving 18 North Texas counties. Funding 

was available to support clinical services costs where needed. We collected data on LDCT 

referrals, orders, and completion.

Results: To raise awareness for lung cancer screening, we leveraged our established collaborative 

network of more than 700 community partners. In the first year of operation, 107 medical 

providers referred 570 patients for lung cancer screening, of whom 488 (86%) were eligible for 

LDCT. The most common reasons for ineligibility were age (43%) and insufficient tobacco history 

(20%). Of 381 ordered LDCT, 334 (88%) were completed. Among screened patients, 61% were 

current smokers and 36% had insurance coverage for the procedure. Program cost per patient was 

$430.

Discussion: Implementation, uptake, and completion of LDCT-based lung cancer screening is 

feasible in rural settings. Community outreach, health promotion, and algorithm-based navigation 

may support such efforts. Given low lung cancer screening rates nationally and heightened lung 

cancer risk in rural populations, similar programs in other regions may be particularly impactful.

Summary Sentence:

Implementation, uptake, and completion of LDCT-based lung cancer screening is feasible in rural 

settings.

Keywords

community; computed tomography (CT); navigation; stakeholder; tobacco

Introduction:

Lung cancer remains a highly lethal disease, where poor outcomes are primarily driven 

by late stage at diagnosis. While highly effective treatment options are available for 

localized disease, only one-third of patients present at these stages. With definitive therapy, 

five-year survival can exceed 80% for stage 1 lung cancer, compared to fewer than 
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10% for stage 4 cases.1,2 The National Lung Screening Trial (NLST) demonstrated a 

safe, feasible, and effective means to detect lung cancer at an early stage and improve 

clinical outcomes. Specifically, low-dose computed tomography (LDCT) reduced lung 

cancer-specific mortality by 20%3; other studies have replicated this benefit.4

With LDCT, the number needed to screen (NNS) to prevent one lung cancer death is 320, 

which compares favorably to other cancer screening modalities (>700 for mammography, 

1,100 for Pap smear, and 800 for sigmoidoscopy).5–7. LDCT for high-risk individuals is now 

endorsed by the United States Preventative Services Task Force (USPSTF) and a covered 

benefit for Centers for Medicare and Medicaid Services (CMS), in addition to many private 

insurers. However, lack of awareness, limited screening facilities, and patient and provider 

concerns, have resulted in fewer than 5% of eligible individuals undergoing lung cancer 

screening.8–10

Lung cancer screening may be particularly beneficial in rural communities, as residents 

typically have higher rates of tobacco use, resulting in greater likelihood for smoking-

attributable disease and death, and lung cancer mortality.11–14 Unfortunately, the screening 

process can be hindered by additional barriers to care in rural areas. These include higher 

poverty rates, lower income and educational levels, and inadequate health insurance.15 

Similarly, rural populations face geographic barriers to complex care, with limited access 

and longer travel times to imaging and treatment centers.16,17 Medical providers in rural 

settings must also deal with heightened challenges in coordinating treatment, outreach, and 

specialty care, which may limit screening opportunities.18–20 At the system level, rural areas 

may lack integrated public health systems capable of vertical integration of care or providing 

multiple services required for multi-disciplinary screening programs.

Patient navigation programs have demonstrated success in addressing barriers in cancer 

screening. In breast, cervical, colorectal, and prostate cancer, navigation has resulted in 

increased screening initiation ranging from 11–17%, and increased screening adherence 

ranging 21–29%.21,22 The most profound effect of these efforts have occurred in medically 

underserved populations.22

Given these observations, we established the Lung Cancer Screening and Patient Navigation 

(LSPAN) program in May 2018 to provide comprehensive lung cancer screening with 

tobacco cessation counseling support to serve 18 rural and medically underserved counties 

across North Texas, targeting the estimated 107,000 residents with an elevated risk for 

lung cancer. At its foundation are three principal components: (1) community outreach 
and health promotion to bridge knowledge gaps regarding lung cancer screening 

among local providers and patients, in addition to fostering a virtual integrated provider 

network; (2) telephone-based patient navigation led by oncology-certified registered 

nurses using an algorithmic screening process with physician oversight; and (3) centralized 
reimbursement, where clinical service costs are supplemented with funding from the 

Cancer Prevention and Research Institute of Texas (CPRIT) for low-income, uninsured or 

underinsured patients. In this report we describe referral, ordering, and completion rates for 

LDCT in Year 1, encompassing May 1, 2018 – June 30, 2019.

Le et al. Page 3

J Am Coll Radiol. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Patients and Methods:

Study Setting:

The LSPAN service area spans more than 13,000 square miles in North Texas. 

Predominantly rural, the region is comprised of counties designated as Medically 

Underserved Areas or Primary Care Health Provider Shortage Areas, as defined by the U.S. 

Department of Health and Human Services.23 The median per capita income is $26,500, 

with 15% of the population living at or below the federal poverty level. Similarly, 20% of 

residents are uninsured and 27% are underinsured or enrolled in Medicare. 2019 population 

estimates define the population as predominately English-speaking, with country averages of 

85% identifying as White, 11% as Hispanic, and only 2% as African American. Smoking 

prevalence is also higher across the region, ranging from 16 – 18%, compared to 14% for the 

U.S. adult population.24

Moncrief Cancer Institute (MCI), a non-profit, community-based affiliate of the National 

Cancer Institute (NCI)-designated Harold C. Simmons Comprehensive Cancer Center at UT 

Southwestern Medical Center, operates the program from Fort Worth, Texas, in Tarrant 

County. Using an integrated electronic medical record system (EMR) (EPIC Systems; 

Verona, WI), patient characteristics and outcomes are tracked electronically for all program 

LDCTs performed at one of three facilities: MCI (Tarrant County), Graham Regional 

Medical Center (Young County), or Comanche County Medical Center (Comanche County). 

Each screening site is outfitted with a 64-slice CT and staffed by board-certified radiologists 

using the Lung CT Screening Reporting & Data System (Lung-RADS®) quality assurance 

tool to ensure standardized LDCT reporting, interpretation, and management.24 Prior to 

implementation of this program, the participating centers did not have LDCT protocols or 

employ Lung-RADS templates for lung cancer screening.

Outreach and Health Promotion:

MCI uses a targeted outreach approach, which relies on locally sensitive context to facilitate 

active referrals from community partners such as community health clinics and federally 

qualified health centers (FQHCs). An outreach coordinator is assigned a designated region 

within MCI’s larger 35-county service area. Coordinators travel to their assigned counties to 

build partnerships and meet in-person with community partners. In addition to developing 

partnerships with providers, they collaborate with the LSPAN nurse manager to assist new 

providers with identifying screen-eligible patients and coordinating referrals.

Provider education emphasizes screening eligibility criteria the role of shared decision-

making, while addressing concerns such as less favorable views of treatment for lung 

cancer as compared to other cancers.25 Education sessions are delivered to providers as 

part of the readiness assessment and contracting process. Participating providers are given a 

referral pad to document the shared decision-making process and ensure patient eligibility 

(see Supplemental Materials). Patient-level initiatives focus on educating the community 

about lung cancer screening, as well as the benefits of tobacco cessation. All materials are 

bilingual (English/Spanish) and appropriate for a fifth-grade reading level.
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Service Delivery and Navigation:

The patient navigation team includes a nurse program manager and registered nurse 

navigators, who are trained in motivational interviewing, problem solving, and goal 

setting to guide patients through the lung cancer screening process in a culturally- 

and socioeconomically-appropriate manner. Trained through the MD Anderson Certified 

Tobacco Treatment Specialist certification training program,24 nurse navigators also provide 

telephone-based tobacco cessation counseling. To ensure consistency in delivery and 

documentation, telephone-scripts and standardized forms were developed and used, along 

with specific smart-phrases for encounter notes in the EMR.

Program eligibility mirrors CMS guidelines: ages 55 – 77 years, at least a 30 pack-year 

smoking history, and a quit date within the last 15 years if a former smoker.26 A nurse 

navigator contacts patients for intake and scheduling after receipt of the completed referral 

form. The navigator confirms patient eligibility and assesses quit readiness for active 

smokers, including a referral to tobacco cessation counseling when appropriate. Barriers 

to screening completion, such as transportation, are assessed and addressed during the intake 

process, with transportation assistance provided as needed.

Navigation to facilitate screening completion is telephone-based and algorithm-driven, with 

the nursing team operating under standing orders to guide patients through diagnostic 

evaluation and treatment, where appropriate (Figure 1). Once completed, screening results 

are communicated back to the patient; those with normal results (Lung-RADS 1–2) 

receiving instruction to repeat screening in one-year, while those with abnormal results 

(Lung-RADS 3–4) are contacted by the registered nurse navigator to review the results 

and discuss the follow- up care plan. Results are also communicated back to the referring 

provider.

Centralized Reimbursement

Clinical services were provided to LSPAN program participants at no cost to the patient. 

While preventative services, including lung cancer screening, are typically covered by 

insurance without requiring deductibles, copayments or co-insurance, follow-up care 

required as a result of an abnormal screening (e.g., short-term repeat CT exams or other 

diagnostic procedures) may not be fully covered. In this program, clinical services are first 

billed to insurance, but MCI serves as the guarantor or secondary payor. As needed, CPRIT 

funds are used to cover co-pays and other uncovered costs associated with the screening 

process for underinsured patients, in addition to fully covering costs for uninsured patients. 

In this way, CPRIT funds fill gaps in coverage similar to Medicaid expansion in other states.

Data Analysis

Information on case characteristics and screening status (referrals, eligibility, LDCT orders, 

LDCT completion) was obtained from the program database. We calculated per-patient 

program cost by dividing the total annual personnel budget by the number of patients 

referred to the program. We compared age of individuals according to LDCT eligibility 

using Mood’s Median Test. We compared sex, race/ethnicity, and smoking status using 

Pearson’s Chi-Square test. Analyses were performed using R version 4.0.3 (2020-10-10).
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Results:

In Year 1, the program received 570 patient referrals from 107 primary care providers, 

of which 488 (86%) were eligible per CMS guidelines (Figure 2). Median number of 

referrals per provider was 2 (range 1–76). Among those referred who were ineligible for 

screening (n = 82), 43% were outside the age range for screening, 20% did not meet the 

smoking pack-year requirement, and 15% had completed a chest CT within the preceding 

12 months. Compared to ineligible referrals, eligible individuals had a trend toward being 

younger (median 62 vs 67 years; P=0.09). We also noted a significant difference in race/

ethnicity according to eligibility (P<0.001). However, this result was driven by differences 

in the “unknown” category (55% of ineligible versus 19% of eligible), which reflects 

additional opportunities to collect race/ethnicity data from individuals entering the screening 

process. Among cases with available race/ethnicity data, eligible individuals were slightly 

less likely to be under-represented minorities than were eligible individuals (Black, 3% vs 

7%; Hispanic, 3% vs 5%). There was no difference in sex or smoking status between eligible 

and ineligible referrals. Table 2 displays population characteristics through the entire lung 

screening process.

At the time of this analysis, screening completion was 70%, with 74% of eligible referrals 

scheduled for LDCT. Median time between patient contact and LDCT completion was 12 

days (interquartile range [IQR] 7–16 days). Among the remaining 26% not scheduled for 

LDCT, 60% could not be reached after three contact attempts, 24% actively declined, and 

15% passively declined. Drop-off rates through eligibility, scheduling, and completion were 

similar across clinical sites (Table 1). The overall screened population was predominately 

male (55%) and non-Hispanic white (86%), with median of age 63 years. Relative to the 

LDCT arm of the NLST (N=26,722), however, participants were numerically more likely 

to be female (45% vs 41%), Hispanic (5% vs 2%), and an active smoker (61% vs 48%). 

Regarding healthcare coverage, 36% of individuals were insured, 49% were under- or 

uninsured, and 15% had unknown status.

Program operations included a medical director (10% effort), program manager (50% 

effort), evaluation professional (5% effort), one RN navigator (100% effort), a certified 

medical office assistant (50% effort), and an outreach coordinator (50% effort), for a total 

annual operating cost (salary + fringe) of approximately $245,000. Dividing this cost among 

the 570 referred patients, the per-patient cost was $430.

Discussion:

Based on the published literature,27,28 to our knowledge LSPAN is among the fastest 

growing and largest rural lung cancer screening programs in the United States. LSPAN 

participants program were more likely to be to be active smokers relative to the NLST 

population, reflecting a national trend of increased smoking prevalence in rural areas, 

particularly in the Southern U.S.29,30 Active tobacco use has direct relevance to lung cancer 

screening efforts because cost effectiveness for annual LDCT is seemingly strongly linked 

to achievable tobacco cessation.31 Furthermore, tobacco use is associated with decreased 

adherence for other cancer screening modalities. As an example, 12-month interval repeat 
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mammography screening rates are 36% among active smokers, compared to 44% for former 

smokers with a quit date within the last 6 years and 58% for those with a quit date of more 

than 6 years prior.32 In the International Early Lung Cancer Action Program (I-ELCAP), 

former smokers also showed greater adherence to screening than active smokers.33

In addition to higher rates of smoking and lung cancer in rural communities,34 screening 

facilities are also geographically maldistributed.16,17,35 In Virginia, the majority of 37 

accredited LDCT facilities are concentrated near Washington D.C., where only 10% of 

adults smoke. Conversely, in all of southwest Virginia, an Appalachian region where 

smoking rates exceed 30%, there are only two LDCT facilities.36 Similarly, rural residents 

meeting the eligibility criteria for lung cancer screening often report not receiving 

information or recommendations from a health care provider, in addition to lack of 

transportation as key barriers to screening.37

We designed the LSPAN program specifically to address these considerations. In 

collaboration with community partners, the program has increased screening awareness 

among the general public using similar measures successful in other rural settings.38 

Additional education and guidance has been provided to clinicians and healthcare 

organizations on screening eligibility and procedures. A straightforward referral process, 

supported by telephone-based navigation, is designed to optimize feasibility and efficiency 

for patients and practitioners. In Year 1, the LSPAN outreach team established a referral 

network of more than 100 primary care providers in Year 1, echoing the success of 

stakeholder engagement efforts in other medically underserved lung cancer screening 

efforts.39 Similarly, provider education efforts also appear efficient, with more than 85% 

of referred patients meeting the complex eligibility criteria for screening LDCT.

Almost 15 percent of individuals referred for screening were ineligible, most commonly due 

to age, less commonly due to smoking history or recent chest CT scan. These individuals 

tended to be older and less likely to be Black or Hispanic. Educational efforts may help 

decrease ineligible referrals for LDCT.20 Additionally, recent changes to USPSTF lung 

cancer screening guidelines lowering minimum age and smoking history eligibility are 

expected to have a particular effect on non-white populations.40,41

Approximately one-fourth of eligible referrals did not complete screening. Although average 

time from referral to patient contact was three days, failure to contact the patient after 

three attempts accounted for more than half of these incomplete cases, a challenge noted in 

lung cancer screening programs for urban safety-net populations42. Reasons for active and 

passive refusals to undergo LDCT after referral merit further investigation, as it is unclear 

as to whether this behavior reflects patient health beliefs, logistical considerations, or other 

concerns. Notably, once an LDCT order was placed, adherence was almost 90%, suggesting 

such a procedure is feasible despite the distance needed to travel. This high adherence rate 

exceeds real-world reports across various cancer screening modalities and is comparable to 

that in the controlled clinical trial setting for the NLST.3,43,44 Patient navigation services 

may likely have contributed to the high completion rates, as such interventions have 

demonstrated efficacy in cervical, breast, and colorectal cancer screening.45 Prospective 

Le et al. Page 7

J Am Coll Radiol. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



evaluation of the effect of patient navigation on adherence to lung cancer screening steps in 

medically underserved populations is currently underway.46

Our estimated per-patient cost of $430—based on the inaugural year of program operations

—may change over time, as one might expect increased referrals and heightened program 

efficiency in future years. It is difficult to place this figure in a broader lung cancer 

screening context. Indeed, a recent systematic review of lung cancer screening navigation 

cost-effectiveness found no studies met inclusion criteria47. Beyond lung cancer, screening 

navigation costs appear to vary widely, from $195 per colorectal cancer screen in New 

Hampshire low-income adults48, to $275 across cancer types when navigation services start 

after detection of an abnormal finding49, to over $1,500 for each low-income individual in a 

French colorectal cancer screening program50.

Numerous factors support the generalizability of our program to other settings. With 

USPSTF endorsement, LDCT-based lung cancer screening is eligible for reimbursement 

by Medicare, Medicaid, Affordable Care Act plans, and commercial insurance carriers. 

Providing this service to indigent populations may be easier elsewhere than in Texas; 

depending on the state, rates of Medicaid enrollment may be up to four times that of 

Texas, which has one of the most limited programs in the nation51. Over time, LDCT 

referrals may increase nationwide in concert with growth in pay-for-performance healthcare 

models, which frequently incorporate screening and prevention efforts52. Similarly, patient 

navigation is now broadly recognized to improve patient outcomes and satisfaction, while 

imparting financial benefits53. Telephone- and web-based interpreter services allow delivery 

of navigation across languages. Perhaps the greatest impediment to replicating our operation 

is the challenge of establishing trust and referral patterns, for which we capitalized on 

existing rural cancer screening and survivorship programs54.

Other limitations of this study include a sociocultural and geographic context which may be 

distinct from other rural regions. Specifically, the LSPAN population is largely non-Hispanic 

white and English speaking. We also recognize dedicated funding for LDCT performance 

may not be available at other sites, although Medicaid expansion in other states has resulted 

in a lower proportion of individuals without healthcare coverage compared to Texas. Given 

our relatively small sample size and limited clinical follow-up, cost effectiveness of the 

program cannot yet be determined. For some case characteristics, such as race/ethnicity, 

a substantial proportion of cases had missing data. Importantly, because there were no 

formal lung cancer screening efforts in this geographic region prior to implementation of 

this program, the relative impact of the program’s centralized LDCT ordering and navigation 

on parameters such as screening adherence and follow-up cannot be determined. Finally, as 

previously noted, we cannot determine the overall reach and penetration of our program, as 

sufficient tobacco history data is not available at the population level. That is, we do not 

know the number or proportion of potentially eligible individuals who were not referred for 

screening. Even taking a highly conservative approach, based on an estimate of more than 

100,000 smokers in the region served by our program, it seems likely that only a small 

proportion of potentially eligible patients have been reached thus far.
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In conclusion, implementation, uptake, and completion of LDCT-based lung cancer 

screening is feasible in rural settings. Community outreach, health promotion, and 

navigation may support such efforts. Given low lung cancer screening rates nationally and 

heightened lung cancer risk in rural populations, similar programs in other regions may be 

particularly impactful.
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Take Home Points:

• Implementation, uptake, and completion of LDCT screening for lung cancer 

is feasible in a rural setting, particularly when supported by community 

outreach, health promotion, and algorithm-based navigation.

• Provider education emphasizing eligibility criteria for screening and the 

importance of shared decision-making to address the risks and benefits, 

coupled with standardized counseling and referral tools, can support efficient 

and effective collaboration as demonstrated by eligibility and completion rates 

for Year 1.

• Patient engagement remains high once active in the program, with almost 

90% of ordered LDCT completed.
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Figure 1. 
Lung Cancer Screening Algorithm
1Interval scan to evaluate indeterminate CT scan at interval < 12 months until there is 

resolution or findings.
2Go to PET-CT and/or subsequent biopsy to occur within weeks of screening result.
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Figure 2. 
Patients referred to, eligible for, and completing low-dose computed tomography (LDCT)-

based lung cancer screening.
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Table 1.

LDCT referrals, eligibility, ordering, and completion rates according to screening location.

Referrals N
Eligible N 

(%
a
)

Ordered N 

(%
b
)

Completed N 

(%
c
)

Pending N 

(%
c
)

Canceled/No Show 

N (%
c
)

MCI/UTSW 332 284 (85) 221 (78) 194 (88) 10 (5) 17 (8)

Graham Regional 
Medical Center 169 147 (87) 110 (75) 95 (86) 12 (11) 3 (3)

Comanche 
County Medical 
Center

69 57 (83) 50 (88) 45 (90) 4 (8) 1 (2)

Total 570 488 (86) 381 (78) 334 (88) 26 (7) 21 (6)

LDCT, low-dose computed tomography; MCI, Moncrief Cancer Institute; UTSW, University of Texas Southwestern Medical Center

a
Among referred patients

b
Among eligible patients

c
Among ordered LDCT
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Table 2.

Characteristics of patients throughout the lung cancer screening process

Referrals n (%) 
or median (IQR)

Eligible n (%) 
or median 

(IQR)

Ordered n (%) 
or median 

(IQR)

Comple ted n 
(%) or median 

(IQR)

Pending n (%) 
or median 

(IQR)

Canceled/No 
Show n (%) or 
median (IQR)

Age 63 (59–68) 62 (59–68) 63 (59–68) 63 (59–68) 63 (59–67) 60 (57–67)

Sex

Male 315 (55) 264 (54) 206 (54) 184 (55) 17 (65) 5 (24)

Female 255 (45) 224 (46) 175 (46) 150 (45) 9 (35) 16 (76)

Race-ethnicity

White (non-
Hispanic)

381 (67) 354 (73) 324 (85) 283 (85) 26 (100) 15 (71)

Black 19 (3) 13 (3) 13 (3) 11 (3) 0 (0) 2 (10)

Hispanic 21 (4) 17 (3) 17 (4) 16 (5) 0 (0) 1 (5)

Other 9 (2) 9 (2) 9 (2) 9 (3) 0 (0) 0 (0)

Smoking status

Unknown 140 (25) 95 (19) 18 (5) 15 (4) 0 (0) 3 (14)

Current 359 (63) 309 (63) 233 (61) 206 (62) 15 (58) 12 (57)

Former 211 (37) 179 (37) 148 (39) 128 (38) 11 (42) 9 (43)

IQR, interquartile range
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