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Abstract

Purpose—Lung cancer has the highest mortality rate among all types of cancer in the United 

States. National Lung Screening Trial (NLST) demonstrated low dose CT (LDCT) for lung cancer 

screening decreases both lung cancer related mortality and all-cause mortality. Currently, the only 

CMS approved lung cancer screening registry is the Lung Cancer Screening Registry (LCSR) 

administered by the American College of Radiology (ACR). We aim to assess access to lung 

cancer screening services as estimated by the number and distribution of screening facilities 

participating in the LCSR, by state, and to evaluate state-level covariates that correlate with access.
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Method—The ACR LCSR list of participating lung cancer screening facilities was used as a 

proxy for the availability of lung cancer screening facilities in each state. Additionally, we 

normalized the number of facilities by state by the number of screening-eligible individuals using 

BRFSS data. State-level demographics were obtained from the 2015 BRFSS: poverty level, 

insured population, unemployed, Black and Latino. We obtained state-specific lung cancer 

incidence and death rates, number of active physician per 100,000 and Medicare expenditure per 

capita. We performed linear regression models to examine the influence of these state-level 

covariates on state-level screening facility number using Stata 11. QGIS, an open source 

geographic information system, was used to map the distribution of lung cancer screening 

facilities and to estimate the nearest neighbor index, a measure of facility clustering within each 

state.

Result—As of 11/18/2016, 2,423 facilities participated in the LCSR. When adjusted by the rate 

of screening-eligible individuals per 100,000, median population-normalized facility number was 

15.7 (interquartile rang (IQR) 25%,75% 10.7,19.3). There was a positive independent effect 

(coefficient=12.87, 95% CI= 10.93–14.8) between state-level number of screening facility and rate 

of screen-eligible individuals rate per 100,000. There were no significant correlations between 

numbers of facility and lung cancer outcomes, state demographic characteristics, or physician 

supply and Medicare expenditure. In most states, facilities are clustered rather than dispersed with 

a median nearest neighbor index of 0.65 (IQR25%,75% 0.51,0.81).

Conclusion—Facility number correlated with the rate of screening-eligible individuals per 

100,000, a measure of the at-risk population. Alignment of screening facility number and 

distribution with other clinically relevant epidemiologic factors remains a public health 

opportunity.

Introduction

Lung cancer, the leading cause of cancer mortality(1), has a high incidence rate and causes a 

significant portion of new cancer cases (2). Despite well-published data on lung cancer 

hazards, late stage diagnosis limits effective treatment options (2)(1). Diagnostic delay 

highlights the importance of lung cancer screening as an effective measure to reduce the 

mortality and treatment cost of lung cancer. National Lung Screening Trial (NLST) 

demonstrated low dose CT (LDCT) for lung cancer screening decreases both lung cancer 

related mortality by 20% and all-cause mortality by 6.7% compared to radiography (chest x 

ray) screening method(3)(4). This mortality benefit underscores the importance of rapid 

diffusion of lung cancer screening to practice and eliminating barriers to its implementation. 

The United States Preventive Services Task Force (USPSTF) recommends that adults 55-80 

who are asymptomatic, current smoker or have quit smoking within the last 15 year, tobacco 

smoking history of at least 30 pack years receive annual LDCT (Grade B)(5). With this 

recommendation, non-grandfathered commercial insurers must cover LDCT in this 

population without any out of pocket cost requirement to reduce financial barriers to access 

effective preventive services(6).

Currently, the only CMS approved lung cancer screening registry is the Lung Cancer 

Screening Registry (LCSR) administered by the American College of Radiology (ACR)(7). 

LCSR registers practices that provide LDCT and collects standardized information regarding 
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those individuals who receive lung cancer screening in these registered practices. The LCSR 

also facilitates reimbursement of LDCT services in Medicare patients for these registered 

providers (8). While the some of the financial barriers to screening have been reduced, 

geographic access to services including proximity of at-risk populations to screening 

facilities represent a potential barrier. We aim to assess the relationship between the 

availability of lung cancer screening facilities and the size of the at-risk population as well as 

state-level clinically relevant epidemiologic and demographic variables.

Methods

Data sources

Primary outcome—The publicly available list of screening facilities participating in the 

LCSR was accessed on November 18th, 2016 from ACR(9). Facility number by state, the 

primary outcome, was used as a proxy for the availability of lung cancer screening facilities 

in each state. Additionally, we normalized the number of facilities by state by the number of 

screening-eligible individuals defined below.

Covariates of the primary outcome—We used population-based data from the 2015 

Behavioral Risk Factor Surveillance System (BRFSS) to estimate the lung cancer screening 

eligible population. The BRFSS, which is described in detail elsewhere(10)(11)is an annual 

random telephone survey that uses stratified sampling methods for data collection and 

provides estimates that are representative of U.S. non-institutionalized residents aged ≥18 

years. BRFSS produces a large dataset of information regarding health, health risk 

behaviors, and health service utilization, which for many states is the only source of data 

available to policymakers(12).

USPSTF recommends lung cancer screening for 55 to 80 years old current or former 

smokers who have quit smoking in less than 15 years with a 30 pack-year history. We 

defined current smokers as smoking every day or some days and former smokers as those 

who have stopped smoking within the past 10 years. The BRFSS response choices precluded 

assessment of pack-year history and those who have quit within the past 15 years. The 

BRFSS sampling yielded state-specific proportions of screen-eligible individuals, rather than 

the absolute number of at-risk individuals. We chose 79 years as the upper age limit to be 

able to estimate the absolute number of screen-eligible individuals using U.S. Census data, 

which report population data at 5-year intervals from 55-79 years. We then expressed this as 

the rate of screen-eligible per 100,000 individuals 55-79 years.

Age-adjusted lung cancer death and incidence per 100,000 persons representing lung cancer 

related outcomes were obtained from the U.S. Cancer Working Group(13). Smoking 

prevalence in 2015 was obtained from Centers for Disease Control and Prevention (CDC)

(14).

The following state-level demographic data were obtained from the 2015 BRFSS: 

proportions of those below the poverty level, insured, unemployed, Black and Latino. We 

defined the poverty level as an annual household income level less than $25,000. Insured 

individuals are those who report any kind of health care coverage including commercial 
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insurance or noncommercial plans such as Medicare or Medicaid. Individuals were 

considered unemployed if they report having been unemployed for any period of time.

Physician supply, defined as the number of active physicians per 100,000 individuals were 

obtained from 2015 State Physician Workforce Data Book(15), which provide state specific 

data about active physicians and physicians in training. Medicare standardized risk-adjusted 

per capita costs were obtained from the Centers for Medicare and Medicaid Services 

Geographic Variation Public Use Files(16).

All correlates were estimated at the state-level.

Analysis

The location and distribution of screening facilities by state were graphically represented 

using QGIS 2.18, open-source geographic information system (GIS) application that 

provides data viewing and analysis(17). We calculated the nearest neighbor index (NNI) 

within each state to investigate state-specific facility location clustering and dispersion 

patterns. If the index is less than 1, the pattern exhibits clustering while an index great than 1 

indicates dispersion. The magnitude in either direction indicates the degree of clustering or 

dispersal.

We use BRFSS sampling weights and stratum indicators to adjust for the complex sampling 

design. We first used descriptive statistics to describe the sample’s characteristics. 

Continuous data were summarized using means and standard deviations; categorical data 

were summarized using weighted percentages. We performed multivariable linear regression 

models to further examine the influence of these covariates on state-level screening facility 

number. We specifically controlled for the screening eligible population in the model. We 

chose to use non-normalized screening facility number rather than facility number 

normalized to screening-eligible population to be able to explicitly estimate the independent 

effect of the rate of screening-eligible individuals per 100,000 compared to other covariates. 

All statistical analyses were performed using Stata 11 (StataCorp LLC, College Station, 

TX).

Results

As of 11/18/2016, 2,423 facilities participated in the LCSR (Table 1), with a median number 

of 32 facilities per state (IQR25%–75% = 13–76) with highest number in the Florida (n=198) 

and the lowest number in the District of Colombia and Montana (n=3). When adjusted by 

the rate of screening-eligible individuals per 100,000, median population-normalized facility 

number was 15.7 (IQR25%–75%= 10.7–19.3). Figure 1 graphically represents the location and 

distribution of lung cancer screening facilities by state-specific rates of screen-eligible 

individuals. Figure 2 depicts screening facility location and distribution by NNI. 71% of 

states had significant facility clustering while 12% demonstrated significant dispersal. Of 

these states with dispersed facilities, 60% were western states (Utah, Wyoming and 

Montana).
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When evaluating the independent effects of state-level covariates on availability of lung 

cancer screening services, we demonstrated a positive independent effect (coefficient=12.87, 

95% CI= 10.93–14.8) between state-level number of screening facilities and the rate of 

screen-eligible individuals per 100,000 (Table 2). There were no significant correlations 

between facility number and state-specific lung cancer death rates, smoking prevalence, 

demographic characteristics, physician supply nor Medicare expenditure, although a trend 

toward a positive correlation between lung cancer incidence rates (coefficient=1.25, 95%CI= 

−0.15 – 2.65, p=0.08) and facility number and a trend toward a negative correlation between 

the proportion of the population in poverty (coefficient= −2.14, 95%CI= −4.48–0.19, 

p=0.07).

Discussion

We demonstrated state-level variability in lung cancer screening facility number when 

normalized to the rate of screening-eligible individuals as well as variability in facility 

clustering. Appropriately, the number of lung cancer screening facilities correlated with the 

estimated number of individuals eligible for screening by state; however, the frequency of 

screening facilities was not associated with lung cancer incidence and death rates, smoking 

prevalence, or other state-level demographic variables.

Equitable and efficient use of proven preventive services requires reduction of a host of 

barriers to access. The Affordable Care Act (ACA) expanded the number of insured 

individuals to decrease the lack of insurance coverage as a barrier to care. Further, cost of 

care even for those insured limits use of these services, therefore, the ACA concomitantly 

eliminated out of pocket cost sharing for high value preventive services for those with 

commercial insurance. With regard to lung cancer screening, Medicare has similarly 

extended coverage with no cost sharing as long as patients participate in an approved 

registry. Having eliminated cost to the patient and lack of reimbursement to the practice as 

barriers to screening, access to services may still be limited by geographic availability. For 

example, western states demonstrated significant lung screening service dispersal likely 

mirroring a metropolitan area or population distribution that should reduce geographic 

limitations on access; however, individuals who live in more remote locations may have to 

travel farther to access these screening services compared to those who live more centrally. 

Conversely, states with highly clustered services but a large geographic area may similarly 

restrict geographic access, such as California or Texas, due to travel distance or duration. 

Conducting these analyses is beyond the scope of the current study but represent key areas 

for future work.

That the availability of screening services correlates strongly with the number of screening-

eligible individuals, for whom practice reimbursement is assured, may suggest response to 

market forces and local demand. Nonetheless, opportunity to align lung screening 

availability with relevant clinical variables such as state-level lung cancer deaths or other 

population risk factors such as smoking prevalence remains as a public health consideration. 

Smoking trends continue to shift from cities, where most facilities are located, to rural 

areas(17)(18), increasing the challenge of optimizing screening facility distribution. Changes 

in smoking prevalence raise the need for further investigation on how should resources be 
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allocated geographically(19). From analogous studies of breast cancer screening, geographic 

access increases use of screening mammography and potentially decreases stage at 

diagnosis(20)(21).

Having geographic access to the facility alone insufficiently guarantees access to screening. 

Full implementation of lung cancer screening requires increasing screening capacity per 

facility, particularly in areas with currently constrained care delivery. Smieliauskas estimated 

that lung cancer screening implementation would increase imaging procedures by 4% across 

the U.S., representing a significant workforce issue and likely to result in disparities to 

access lung cancer screening (22). Manpower constraints can limit temporal service 

availability with office closures and limited hours. We demonstrated no correlation between 

physician supply as measured by the total number of active physicians per 100,000 

individuals and the number of screening facilities. The LCSR gives the physical location of 

screening facilities, not the hours that service is provided, another measure of access. While 

the physical structures exist to render service, the low supply of radiologists in some states 

may represent a limiting factor.

A key limitation of this brief report is the inability to precisely define the distribution of the 

population considered at risk, particularly of those with the risk profile specified by the 

USPSTF and Medicare as eligible for LDCT coverage, as the BRFSS has insufficient data to 

define those with at least a 30 pack year smoking history or those who have recently quit 

within the last 15 years. We likely underestimated the number of screening-eligible 

individuals which, however, would further bias toward the observed correlation between 

facility availability and the rate of screening-eligible. As with all self-reported data, BRFSS 

responses are subject to recall bias, similar to the bias encountered when clinically 

implementing a lung screening program and ascertaining smoking status. Nevertheless, we 

derived the most representative state population estimates of screening-eligible individuals 

by using the BRFSS. Using the BRFSS to estimate the screening-eligible population 

precludes evaluation of county level contributors of geographic access and limits analyses to 

state-specific variables. This latter focus may underestimate the geographic availability of 

screening services particularly for those who reside in border communities straddling more 

than one state. Similarly, it is beyond the scope of our analyses to measure travel distances 

and durations to the nearest screening facility, particularly for individuals who live in these 

border communities. However, we are able to describe the relationship of state-specific 

variables. The LCSR itself presents only the geographic location of screening sites, not an 

estimate of relative use nor the potential clinical impact of actual use among screen-eligible 

individuals. However, we used the LSCR as a source of screening service availability. It is 

beyond the scope of the study to assess actual screening usage at these facilities and the 

impact on lung cancer mortality reduction.

Conclusion

Despite heterogeneity in lung cancer screening service distribution and the tendency toward 

facility clustering for the vast majority of states, encouragingly, the number of screening 

facilities in each state correlated with the rate of screening-eligible individuals per 100,000, 

a measure of the at-risk population. However, there remains a need to evaluate the extent to 
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which geographic clustering or dispersal impacts service access. The lack of correlation with 

other variables such as state-specific lung cancer mortality or smoking prevalence remain 

opportunities for aligning service provision with clinically relevant epidemiologic factors.
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Take-home points

1. At the state level, the number of lung cancer screening facilities correlate with 

the rate of screening-eligible individuals per 100,000, a measure of the at-risk 

population.

2. Despite correlation of the number of screening facilities with the size of the 

at-risk population, the geographic distribution of the screening sites may still 

result in disparities to screening access.

3. The potential mismatch in screening facility distribution with other clinically 

relevant epidemiologic factors, such as lung cancer mortality and smoking 

prevalence, remain a public health opportunity.
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Figure 1. 
Distribution of lung cancer screening facilities and the rate of lung cancer screening-eligible 

per 100,000 individuals by state.
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Figure 2. 
Distribution of lung cancer screening facilities and state-specific nearest neighbor index 

(NNI), a measure of site clustering or dispersal. If the index is less than 1, the pattern 

exhibits clustering while an index great than 1 indicates dispersion.
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Table 2

Correlates of screening site availability and state-specific clinically relevant epidemiologic and demographic 

characteristics.

Facility number Coefficient 95% Confidence
Interval

P value

Rate eligible per 100k 12.871 10.939 – 14.803 <0.01

Lung incidence 1.255 −0.150 – 2.658 0.08

Lung death −0.741 −2.827 – 1.345 0.48

Physician supply −0.006 −0.083 – 0.096 0.89

Poverty −2.144 −4.481 – 0.192 0.07

Insured −1.349 −3.618 – 0.920 0.24

Unemployed −0.176 −4.211 – 3.858 0.93

Black 0.044 −0.821 – 0.909 0.92

Latino 0.212 −0.726 – 1.152 0.65

Medicare expenditure 0.003 −.006 – 0.013 0.46

Smoking prevalence 0.667 −1.402 – 2.737 0.52
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