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Abstract
Background

In this study, we aimed to determine the performance of the lung cancer screening (LCS) program using low-
dose computed tomography (LDCT) in a rural community.

Methodology

We conducted a retrospective cohort study of patients who underwent LCS at a rural healthcare institution
from September 1, 2016, through December 31, 2019, to determine the utilization of screening, rate of
positivity, rate of cancer detection, and patient compliance.

Results

A total of 1,474 patients underwent initial LCS, and 1,776 LCS examinations were performed using LDCT. Of
1,776 tests performed, 375 (21.1%) were categorized as positive (Lung CT Screening Reporting and Data
System III or higher), with 215 of the 375 (57.6%) being lost to follow-up. A total of 29 malignancies were
identified (in 1.6% of all LCS tests) during the study period, with 23 (82.8%) malignancies being low-stage
malignancies (stage I or II), 24 (79.3%) malignancies potentially surgical candidates (stage IIIA or less), and
five (17.2%) malignancies being non-surgical candidates based on stage (stage IIIB or IV). A total of 28.7% of
all patients eligible for repeat screening had at least one repeat annual test. Overall, 9.9% of all patients
eligible for two repeat annual tests had a second repeat annual test.

Conclusions

LCS using LDCT is effective in detecting lung cancer in a rural setting. However, compliance with repeat
annual screening and recommendations for further workup is low. This may be exacerbated by healthcare
and socioeconomic issues prevalent in rural communities. The use of LCS patient coordinators and
dedicated tracking software may improve compliance with repeat annual screening and compliance with
recommendations when LCS tests are positive.
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Introduction

Lung cancer is the leading cause of cancer death in the United States and is primarily caused by tobacco-
related diseases [1,2]. Detecting lung cancer at an early stage has been a long-held collective goal of public
healthcare institutions and may allow potentially curative treatment or increased odds of long-term
survival [3,4]. This need is even more pressing in rural communities because tobacco use rates are higher in
rural communities relative to urban areas [5].

The United States National Lung Screening Trial (NLST) showed a 20% decrease in lung cancer-specific
mortality in a high-risk population using low-dose computed tomography (LDCT) [6]. The cost-effectiveness
of LDCT lung cancer screening (LCS) has been established [7]. Since 2011, most professional organizations
have recommended LCS with this methodology, and guidelines for screening programs have been published
[3]. In 2014, the US Preventative Services Task Force recommended LCS [8]. On February 5, 2015, the Centers
for Medicare and Medicaid Services (Medicare) issued its final decision about coverage of LDCT for LCS [9].

The NLST stated that one weakness of the study was that the trial was conducted at institutions “which are
recognized for their expertise in radiology and the diagnosis and treatment of cancer. It is possible that
community facilities will be less prepared to undertake screening programs” [6]. Furthermore, community
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facilities in smaller rural settings often face greater limitations in resources and expertise [10-13]. To
evaluate these concerns, we sought to describe the performance of an LCS program within a non-NLST rural
community hospital.

Materials And Methods
Setting

Kingman Regional Medical Center is a 235-bed rural community hospital in northern Arizona with an
annual emergency department census of approximately 55,000 patient visits. The hospital serves District 1
of Mohave County and covers an approximate 10,000 square-mile area.

Methods

The study was approved (KHI 0193) by the Kingman Healthcare Incorporated Institutional Review Board
(IRB) and patient consent was waived due to the retrospective nature of the study. Following IRB approval,
we conducted a retrospective chart review of all patients who underwent LCS with LDCT from September 1,
2016, through December 31, 2019. LCS was performed using the Centers for Medicare & Medicaid Services
eligibility criteria (age 55-77 years, at least 30-pack-year smoking history, smoking cessation less than 15
years, no cancer symptoms, no concomitant life-threatening illness, medically fit, and willing to undergo
additional indicated medical management and future LCS), and examination techniques were performed
following the American College of Radiology standard imaging protocols [14]. Screening tests were
interpreted by board-certified radiologists using a standard structured reporting and the Lung CT Screening
Reporting and Data System (Lung-RADS) protocol for lung nodule evaluation and subsequent
recommendations. Primary care clinicians managed subsequent visits following the initial LCS until referral
to specialists. All data were abstracted from the hospital’s LCS program registry using a structured
abstraction tool after initial abstractor training. Abstracted data included the number of patients screened,
number of patients who returned for repeat screening, results of LDCT tests, number of findings in each of
the Lung-RADS categories, number of patients subsequently diagnosed with lung cancer, and stages of lung
cancer in those patients.

Statistical analysis

Statistical analysis was conducted using Microsoft Excel. Nominal data are presented as descriptive
statistics.

Results

A total of 1,474 patients underwent initial LCS, and a total of 1,776 LCS examinations were performed using
LDCT. All LCS examinations were assigned a final Lung-RADS score using the American College of Radiology
diagnostic criteria (Table 7). A total of 968 patients were eligible for one or more repeat annual LCS tests by
having their initial test completed by December 2018, and 28.7% (268/968) of the eligible patients had at
least one repeat annual LCS test. A total of 537 patients were eligible for two repeat annual LCS tests by
having their initial test completed by December 2017, with 9.9% (53/537) having a second repeat annual test.

Lung-RADS score Findings

1 — Negative No nodules and definitely benign nodules

2 — Benign appearance or behavior Nodules with a very low likelihood of becoming a clinically active cancer

3 — Probably benign Nodules with a low likelihood of becoming a clinically active cancer

4A — Suspicious Findings for which additional diagnostic testing is recommended

4B — Very suspicious Findings for which additional diagnostic testing and/or biopsy is recommended

TABLE 1: The Lung-RADS scoring system.

Lung-RADS: Lung CT Screening Reporting and Data System

The average age of this cohort was 66.1 years. Of the 1,776 tests, 931 (52.4%) were performed on female
patients and 845 (47.6%) were performed on male patients. Of the 1,776 tests performed, 375 (21.1%) were
positive with Lung-RADS scores of 3, 4A, 4B, or 4x (Table 2). Of the 375 positive LCS tests, 27.9% (104/375)
were determined to be benign by diagnostic positron emission tomography scan. A total of 14.5% (54/375) of
the positive tests underwent biopsy. No evidence of further workup was available in 57.6% (215/375) patients
with positive tests.
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Lung-RADS score Total cases (N = 375)
RAD 3 189 (50.7%)

RAD 4A 95 (25.5%)

RAD 4B 84 (22.5%)

RAD 5 5(1.3%)

TABLE 2: The Lung-RADS score of those who underwent lung cancer screening with low-dose
computed tomography from September 1, 2016, through December 31, 2019.

Lung-RADS: Lung CT Screening Reporting and Data System

In the total cohort, malignancies were identified in 2% (29/1474) of all patients screened (Table 3). Of the
1,776 LCS tests performed, lung cancer was identified in 1.6% of total LCS tests performed. A total of 82.8%
(23/29) malignancies were low-stage malignancies (stage I or II), 79.3% (24/29) were potentially surgical
candidates (stage IIIA or less), and 17.2% (5/29) were not surgical candidates based on stage (stage IIIB or
IV). The average number of patients needed to screen to detect one lung cancer of any stage was 61 tests.
The number needed to screen to detect one lung cancer of a stage that was potentially surgically resectable
was 74 tests. The number needed to screen to detect one lung cancer of a low stage was 77 tests.

Stage Total cases (N = 29)

I 17 (58.6%)

[ 6 (20.6%)
1A 1 (3.4%)
s 2 (6.9%)
v 3(10.3%)

TABLE 3: Malignancy staging of those who underwent lung cancer screening with low-dose
computed tomography.

Discussion

Since the completion of the NLST, LCS by LDCT scans has become encouraged and supported by healthcare
and patient advocacy organizations nationwide [3,8,9]. The NLST was a large-scale trial that analyzed over
75,000 LCS tests using LDCT, with 24.2% of all screening tests being classified as positive, and 1.4% of all
screening tests resulting in a cancer diagnosis [6]. The current study found similar results, with 21.1% of all
total screening tests being classified as positive, and 1.6% of all total screening tests resulting in a cancer
diagnosis. This data suggest that LCS with LDCT is effective at detecting lung cancer in a rural patient
population represented by our LCS Program at Kingman Regional Medical Center.

One concerning finding from the study is that 57.6% of patients with positive LCS tests did not pursue
further testing or treatment at Kingman Regional Medical Center. It is possible that a proportion of these
patients did pursue further care at a larger institution due to the perceived benefit of a further workup at an
academic institution or a larger institution due to the potential seriousness of the diagnosis.

There is currently no way to definitively calculate the rate of initial compliance with LCS in the rural
community because there are no definitive data on the number of patients eligible to undergo LCS. To
estimate the compliance with LCS, available census and county health data reported that approximately 24%
of the local population was between the ages of 55 and 77 years, and the active smoking rate among all
individuals in the county was 29% [15]. If it is estimated that one-third of smokers between the ages of 55
and 77 in Mohave County have a smoking history of at least 30-pack-years and continue to smoke or ceased
to quit smoking less than 15 years ago, then 1,630 people in the catchment area could have potentially
qualified for the annual LCS program. Given that 1,473 patients received at least one LCS test over the time
period studied, it is likely that the LCS rate for the initial LCS test is relatively high (90%), but the
proportion of possible patients receiving the test annually is relatively low (30%).
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An additional finding is that compliance with annual LCS after the initial LCS test is low in the current
population. Only 28.7% and 9.9% of eligible patients underwent second and third annual LCS tests,
respectively. It is possible that a lack of understanding of the need for annual screening contributes to this
attrition. Lack of continuity with primary care providers, limitations in access to care, and other social
factors may contribute to this trend as well.

Limitations

The current retrospective chart review examined patients who underwent LCS with LDCT at a single rural
intuition in northern Arizona. Although the results are comparable to the NLST, they may not be
generalizable to all rural communities across the United States due to the patient population in Kingman,
Arizona. The retrospective nature of the study was also limited to data available in the existing hospital
electronic medical records. A large number of patients in the current study were lost to follow-up after the
initial positive screening with LDCT. The prevalence of malignancy could have been affected by the patients
who were lost to follow-up. During the study period, there was also no standardized process for referral to
the program, and relied upon outside providers to refer patients for inclusion.

Conclusions

LCS with LDCT is effective in detecting lung cancer in a rural community at a rate that is similar to that
demonstrated in the NLST, with the majority of the cancers being detected at a low stage when they are more
likely to be curable. However, the majority of patients with positive LCS tests were lost to follow-up, and the
majority of patients who underwent LCS did not return for annual repeat LCS as recommended.
Administrative changes could significantly increase the number of cancers diagnosed by LCS by increasing
screening compliance with annual LCS after initial LCS, and by increasing compliance to recommendations
made when LCS tests are positive. Possible solutions include the use of dedicated LCS program coordinators
or patient navigators to communicate eligibility and recommendations to patients and their providers,
and/or dedicated tracking software to assist in follow-up reminders and/or additional imaging or procedural
recommendations and referrals.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Kingman Regional
Medical Center issued approval 0230. Animal subjects: All authors have confirmed that this study did not
involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure
form, all authors declare the following: Payment/services info: All authors have declared that no financial
support was received from any organization for the submitted work. Financial relationships: All authors
have declared that they have no financial relationships at present or within the previous three years with
any organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References

1. Dela Cruz CS, Tanoue LT, Matthay RA: Lung cancer: epidemiology, etiology, and prevention . Clin Chest
Med. 2011, 32:605-44. 10.1016/j.ccm.2011.09.001
2. Bade BC, Dela Cruz CS: Lung cancer 2020: epidemiology, etiology, and prevention . Clin Chest Med. 2020,
41:1-24.10.1016/j.ccm.2019.10.001
3. Smith RA, Andrews KS, Brooks D, et al.: Cancer screening in the United States, 2018: a review of current
American Cancer Society guidelines and current issues in cancer screening. CA Cancer ] Clin. 2018, 68:297-
316. 10.3322/caac.21446
4.  Choi HK, Mazzone PJ: Lung cancer screening. Surg Oncol Clin N Am. 2020, 29:509-24.
10.1016/j.50¢.2020.06.004
5. Tobacco use by geographic region . (2019). Accessed: February 28, 2022:
https://www.cdc.gov/tobacco/disparities/geographic/index.htm.
6. Aberle DR, Adams AM, Berg CD, et al.: Reduced lung-cancer mortality with low-dose computed
tomographic screening. N Engl ] Med. 2011, 365:395-409. 10.1056/NE]Moal102873
7. Black WC, Gareen IF, Soneji SS, et al.: Cost-effectiveness of CT screening in the National Lung Screening
Trial. N Engl ] Med. 2014, 371:1793-802. 10.1056/NE]Moal312547
8. Krist AH, Davidson KW, Mangione CM, et al.: Screening for lung cancer: US Preventive Services Task Force
recommendation statement. JAMA. 2021, 325:962-70. 10.1001/jama.2021.1117
9.  Screening for lung cancer with low dose computed tomography (LDCT). (2015). Accessed: February 3, 2022:
https://www.cms.gov/medicare-coverage-database/view/ncacal-decision-memo.aspx?
proposed=N&NCAId=274.
10. Chen X, Orom H, Hay JL, Waters EA, Schofield E, Li Y, Kiviniemi MT: Differences in rural and urban health
information access and use. ] Rural Health. 2019, 35:405-17. 10.1111/jrh.12335
11. Barreto T, Jetty A, Eden AR, Petterson S, Bazemore A, Peterson LE: Distribution of physician specialties by
rurality. ] Rural Health. 2021, 37:714-22. 10.1111/jrh.12548
12.  Shipman SA, Wendling A, Jones KC, Kovar-Gough I, Orlowski JM, Phillips J: The decline in rural medical
students: a growing gap in geographic diversity threatens the rural physician workforce. Health Aff

2022 Bodily et al. Cureus 14(3): €23299. DOI 10.7759/cureus.23299 4 0of 5


https://dx.doi.org/10.1016/j.ccm.2011.09.001
https://dx.doi.org/10.1016/j.ccm.2011.09.001
https://dx.doi.org/10.1016/j.ccm.2019.10.001
https://dx.doi.org/10.1016/j.ccm.2019.10.001
https://dx.doi.org/10.3322/caac.21446
https://dx.doi.org/10.3322/caac.21446
https://dx.doi.org/10.1016/j.soc.2020.06.004
https://dx.doi.org/10.1016/j.soc.2020.06.004
https://www.cdc.gov/tobacco/disparities/geographic/index.htm
https://www.cdc.gov/tobacco/disparities/geographic/index.htm
https://dx.doi.org/10.1056/NEJMoa1102873
https://dx.doi.org/10.1056/NEJMoa1102873
https://dx.doi.org/10.1056/NEJMoa1312547
https://dx.doi.org/10.1056/NEJMoa1312547
https://dx.doi.org/10.1001/jama.2021.1117
https://dx.doi.org/10.1001/jama.2021.1117
https://www.cms.gov/medicare-coverage-database/view/ncacal-decision-memo.aspx?proposed=N&NCAId=274
https://www.cms.gov/medicare-coverage-database/view/ncacal-decision-memo.aspx?proposed=N&NCAId=274
https://dx.doi.org/10.1111/jrh.12335
https://dx.doi.org/10.1111/jrh.12335
https://dx.doi.org/10.1111/jrh.12548
https://dx.doi.org/10.1111/jrh.12548
https://dx.doi.org/10.1377/hlthaff.2019.00924

Cureus

(Millwood). 2019, 38:2011-8. 10.1377/hlthaff.2019.00924

13.  Haggstrom DA, Lee JL, Dickinson SL, et al.: Rural and urban differences in the adoption of new health
information and medical technologies. ] Rural Health. 2019, 35:144-54. 10.1111/jrh.12358

14. Lung cancer screening resources. (2022). Accessed: February 3, 2022: https://www.acr.org/Clinical-
Resources/Lung-Cancer-Screening-Resources.

15.  US county profile: Mohave County, Arizona . (2016). Accessed: February 28, 2022:
http://www.healthdata.org/sites/default/files/files/county_profiles/US/2015/County_Report_Mohave_County_Arizona.pdf

2022 Bodily et al. Cureus 14(3): €23299. DOI 10.7759/cureus.23299 50of 5


https://dx.doi.org/10.1377/hlthaff.2019.00924
https://dx.doi.org/10.1111/jrh.12358
https://dx.doi.org/10.1111/jrh.12358
https://www.acr.org/Clinical-Resources/Lung-Cancer-Screening-Resources
https://www.acr.org/Clinical-Resources/Lung-Cancer-Screening-Resources
http://www.healthdata.org/sites/default/files/files/county_profiles/US/2015/County_Report_Mohave_County_Arizona.pdf
http://www.healthdata.org/sites/default/files/files/county_profiles/US/2015/County_Report_Mohave_County_Arizona.pdf

	Results of Lung Cancer Screening in a Rural Setting: A Retrospective Cohort Study
	Abstract
	Background
	Methodology
	Results
	Conclusions

	Introduction
	Materials And Methods
	Setting
	Methods
	Statistical analysis

	Results
	TABLE 1: The Lung-RADS scoring system.
	TABLE 2: The Lung-RADS score of those who underwent lung cancer screening with low-dose computed tomography from September 1, 2016, through December 31, 2019.
	TABLE 3: Malignancy staging of those who underwent lung cancer screening with low-dose computed tomography.

	Discussion
	Limitations

	Conclusions
	Additional Information
	Disclosures

	References


