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Background: Lung cancer is the most common cancer killer worldwide. Nearly 80 percent of lung cancers
are diagnosed at advanced stages. Lack of access to medical care and undwerutilized lung cancer screening
are key reasons for advanced diagnoses. We sought to understand the regional differences in presentation
of lung cancer across Michigan. Utilizing a comprehensive cancer registry over 33 years, our goal was to
examine associations between sociodemographic patient factors and diagnoses at advanced stages.

Methods: The Michigan Cancer Registry was queried from 1985 to 2018 to include all new diagnoses of
non-small cell lung cancer (NSCLC) using International Classification of Diseases for Oncology (ICD-O)
version 3 codes. NSCLC was categorized as early, regional and distant disease. Advanced disease was
considered to be any disease that was regional or distant. NSCLC rates were calculated and mapped at
the zip code level using the 2010 population as the denominator and spatial empirical Bayes methodology.
Regional hospital service areas were constructed using travel time to treatment from the patient’s zip code
centroid. Logistic regression models were estimated to investigate the significance of rural vs. urban and
travel time on level of disease at presentation. Kaplan-Meier and multivariate survival analysis was performed
to evaluate the association between distance from the nearest medical center and length of survival
controlling for known risk factors for lung cancer.

Results: From 1985 to 2018, there were 141,977 patients in Michigan diagnosed with NSCLC. In 1985,
men were 2.2 times more likely than women to be diagnosed but by 2018 women and men developed disease
at equal rates. Mean age was 67.8 years. Among all patients with known stage of disease, 72.5% of patients
were diagnosed with advanced disease. Regional and distant NSCLC rates were both higher in the northern
parts of the state. Longer drive times in rural regions also significantly increased the likelihood of advanced
NSCLC diagnoses, in particular regional lung cancer. Patients with longer drive times also experienced
overall worse survival after controlling for other factors.

Conclusions: Regional disparities exist in Michigan for diagnoses of NSCLC at advanced stages. Factors
such as lack of screening in urban regions and distances to treating institutions in rural areas likely contribute
to the increased likelihood of advanced NSCLC. Future interventions should target the specific needs of

residents to detect disease at earlier stages and improve overall outcomes.
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Introduction

Lung cancer is the most common cause of cancer-related
death for men in the world, and the second most common
cause of cancer-related death for women in the world (1-3).
Smoking is the most common risk factor, with 80% to 90%
of patients having a history of tobacco use (4). Increasingly,
however, environmental factors like radon and poor air
quality have been associated with an increased risk of lung
cancer (5-8). The advent of low dose computed tomography
(CT) scans for lung cancer screening has reduced the number
of deaths from lung cancer in recent years (9). In addition,
advances in chemotherapy and new immunotherapy agents
have helped to improve survival (10-12).

Despite these advances, disparities persist in the
incidence and mortality from lung cancer. Mortality rates
are higher in males, African Americans, and those of lower
socioeconomic statuses (13,14). Additionally, there are
regional variations in lung cancer outcomes. In the United
States, mortality is higher in the mid-South (Kentucky,
Mississippi, Arkansas, and Tennessee) compared to the
rest of the country (2). Patients of lower socioeconomic
statuses participate less frequently in lung cancer screening,
experience delays in time from initial diagnosis to treatment
and experience higher mortality (15-17).

Our goal was to examine regional variations in lung
cancer incidence and outcome over time. We chose to focus
on a single state to perform a detailed analysis of patient
specific and regional factors. Michigan is a Midwestern state
characterized by several urban areas and large expanses of
rural areas. The state is divided into the Lower Peninsula,
which contains all of the major cities, and the remote Upper
Peninsula. Most of the state’s major medical institutions
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are located directly within the major cities. Residents in
the northern part of the Lower Peninsula and the Upper
Peninsula typically may drive 2—4 hours to get to the nearest
large academic medical center. We present this article in
accordance with the STROBE reporting checklist (available
at https://jtd.amegroups.com/article/view/10.21037/jtd-24-
205/rc).

Methods
Patient selection

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Ethical
approval for the study was obtained prior to data collection
from the Henry Ford Health Institutional Review Board
(No. IRB-16448). Individual consent for this retrospective
analysis was waived.

The Michigan Cancer Surveillance Program (MCSP)
is a government-funded program used to report all new
cancer diagnoses in the state of Michigan. Using the
Michigan Cancer Registry, which is the associated registry
of the MCSP, we queried this database for all patients with
a new diagnosis of non-small cell lung cancer (NSCLC)
from 1985 to 2018. Demographic information, status of
disease at presentation (early, regional, distant), survival
data, comorbidity data and patient zip code of residence
were collected for all included patients. The Surveillance,
Epidemiology and End Results (SEER) program 2000 and
2018 categories were used to define early, regional, and
advanced disease states. Regional NSCLC was defined
as SEER categories 2, 3, 4, 5 implying “Regional by
direct extension and/or lymph node involvement” and
corresponded with stage II and/or stage III disease. Distant
NSCLC was defined by category 7 and implied stage IV
disease. Advanced NSCLC was defined as regional or
distant disease. Any records with unknown or missing
stage information were removed. Those removed records
however, were mapped using the accompanying zip code
to visualize their spatial patterns. This map did not show
clusters of data on unknown or missing stage information,
demonstrating that these data were more random across
Michigan. Incidence and disease status at presentation
were mapped at the zip code level throughout the state.
Notably, smoking history was not recorded for over 80% of
patients in the database. More consistent smoking data was
recorded over the last 3 years of the study period. Given the
inconsistent recording of smoking history, smoking status
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was excluded from the study.

All hospitals that existed in the state during this period
were also recorded. Hospitals were included if they
had capacity to diagnose and direct initial work up and
treatment of lung cancer. We considered centers with
computed tomography imaging capabilities and the physical
presence of oncology services, such as medical oncologists,
to fit this description. Medical centers with computed
tomography capability without oncology services, such
as urgent care centers, did not meet the above criteria
and were not included. Hospital service areas defined by
groupings of drive times in minutes were calculated using
Michigan’s street network. Patients were assigned a drive
time based on their zip code of residence within the medical
center’s service area. The patient’s residence was also
assigned an urban or rural designation.

Statistical analysis

Rates of regional and distant NSCLC were calculated
at the zip code level using the 2010 census population
as the denominator and empirical Bayes smoothing
methodology in GeoDa version 1.2 (18). The rates were
mapped in ArcGIS Pro v. 3.0.4 (19). Zip codes were
coded as urban vs. rural using the 2010 urban boundaries,
defined as having 50,000 or more people (20). Rural
areas encompassed all people not included in urban areas.
Hospital service areas were calculated in Network Analyst
ArcGIS Pro using the Michigan Street Network provided
by ESRI and distance-time breakpoints of 0 to less than
15 minutes, 15 to less than 30 minutes, 30 to less than
60 minutes, 60 to less than 90 minutes and 90 to
120 minutes. Logistic regression models were estimated
to investigate the direct association of rural versus urban
residency and travel time on each patient’s level of disease
at diagnosis controlling for sex, age, African American race
and year of diagnosis. These models were also stratified by
stage of disease. These regression analyses were conducted
using proc logistic in SAS v. 9.4 (21).

The same models were also used to measure the
associations of increasing travel time to a regional medical
facility for treatment, controlling for sex, age, and year of
diagnosis. Survival analysis was conducted in R version
4.1.0 using Survival and ggsurvfit packages (22-24). The
date of last contact was used to calculate survival. Patients
alive at the date of last contact were censored. Additionally,
patients who died within 30 days of their initial diagnosis
were excluded from the analysis, since only the month and
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year of diagnosis is recorded. A total of 116,070 participants
were used for the analysis. A period of 4 years was set up
as a follow-up period. Patients who were first diagnosed in
2017 were last contacted in 2021. Kaplan-Meier Plots were
generated for time to the nearest medical center, race, level
of disease, and sex. Cox proportional-hazards model was
calculated to find multivariate associations between survival
time and distance to the nearest medical center, level of
disease, race, and sex. The proportional hazards assumption
was tested using scaled Schoenfeld residuals against the
transformed time. Hazard ratios, 95% confidence levels,
and P values were reported.

Propensity matching

The analysis was also repeated on a propensity-matched
cohort using the Matchlt package (25). Nearest neighbor
matching based on propensity score differences was
performed. Participants were matched based on age
at diagnosis, level of disease, race, and sex. Matching
was performed using the nearest 1:1 matching with the
propensity score as the distance metric. Age was taken as a
continuous variable. A total of 86,570 participants remained
in the analysis after propensity matching. Tables S1-S3
show a summary of the matching data.

Results
Demographics

Table 1 shows overall patient demographics. A total of
141,977 patients were diagnosed with NSCLC in Michigan
during the study period. Figure I shows the percentage of
cases by sex over time. In 1985, men were 2.2 times more
likely than women to be diagnosed but by 2018 women
and men developed disease at equal rates. Mean age was
67.8 years. Overall 85.2% of patients were White and
13.6% of patients were Black. After removal of patients with
unknown or missing records about stage, there were a total
of 124,009 cases.

Disease status at presentation

During the study period, early disease was diagnosed in
23.3% (33,060/141,977) of patients, regional disease in
24.9% (35,380/141,977) of patients and distant disease
in 39.1% (55,569/141,977) of patients (Table 1). Rates of

advanced disease rose steadily over time (Figure 2).
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Geograpbhic area versus level of disease

Figure 3 details the geographic distribution of patients
with advanced disease at presentation. There was a strong
tendency for rates of regional disease to be highest in the

Table 1 Patient demographics (N=141,977)

Variable Values

Male, n (%) 81,328 (57.3)

Age at diagnosis, years, mean 67.8

Race, n (%)

White 120,964 (85.2)
African American 19,309 (13.6)
Hispanic 1,030 (0.7)
Other 674 (0.5)
Stage at diagnosis, n (%)

Early 33,060 (23.3)
Regional 35,380 (24.9)
Distant 55,569 (39.1)
Unknown 17,968 (12.65)
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more rural parts of the state, particularly in the northeast
Lower Peninsula and the Upper Peninsula. 7able 2 shows
the relationship of distance from the treating medical center
to level of disease at presentation. A majority of NSCLC
patients living in urban areas traveled less than 30 minutes
to the nearest available regional hospital. The majority of
similar patients in rural areas, in contrast, had a travel time
of at least 60 minutes.

Table 3 shows factors that were associated with a regional
or distant diagnosis. Patients living in rural areas were more
likely to be diagnosed with regional disease controlling for
sex, age, African American race and year of diagnosis. Rural
vs. urban residence was not significant for advanced disease.

Survival compared to distance from nearest medical center

Kaplan-Meier survival analysis of patients before and after
propensity matching revealed an association of decreased
survival as drive times increased from the nearest medical
center (Figure 4). Multivariate Cox proportional hazard
modeling, after controlling for sex, race and stage of
disease, showed that patients living 15-60 minutes away
had significantly worse survival (Tzble 4). However, patients
living 60 to less than 90 minutes away from the nearest
medical center did not have significantly increased risk.

= Males

=== Females

1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2018

Year

Figure 1 Percentages of NSCLC cases in men and women over time. NSCLC, non-small cell lung cancer.
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Figure 2 Rates of advanced disease over time.
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Figure 3 Geographic distribution of patients with regional and advanced disease at presentation.

Survival by sex, race and disease stage

Figure 5 shows Kaplan-Meier analyses of patients by race.
Black patients had a lower overall survival probability than
Hispanic and White patients. Males also had a significantly
lower survival outcome probability than females.

Discussion

Our study demonstrated there are regional differences in

© Journal of Thoracic Disease. All rights reserved.

lung cancer stage at diagnosis in the state of Michigan. We
chose to use a state database for several reasons. Firstly, this
database is comprehensive and every lung cancer diagnosed
in our state was included. We felt that this database would
not have a selection bias that other national databases may
have. Secondly, our state is characterized by few urban
centers and large rural areas surrounding these urban
centers. Large parts of our state are quite remote and access
to medical centers is limited in these areas. We felt that
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Table 2 Number of regional and distant diagnoses by drive time and rural/urban status in Michigan

Level of disease

Rural, n (%)

Urban, n (%)

Total, n (%)

Regional
0 to <15 min 2,741 (26.19) 19,351 (79.05) 22,092 (63.22)
15 to <30 min 5,522 (52.77) 4,811 (19.65) 10,333 (29.57)
30 to <60 min 2,052 (19.61) 318 (1.30) 2,370 (6.78)
60 to <90 min 110 (1.05) 0 110 (0.31)
90-120 min 40 (0.38) 0 40 (0.11)
Total 10,465 (100.00) 24,480 (100.00) 34,945 (100.00)

Distant
0 to <15 min 3,628 (26.13) 33,674 (82.12) 37,302 (67.95)
15 to <30 min 7,353 (52.95) 6,928 (16.89) 14,281 (26.02)
30 to <60 min 2,704 (19.47) 406 (0.99) 3,110 (5.7)
60 to <90 min 147 (1.06) 0 147 (0.27)
90-120 min 55 (0.40) 0 55 (0.10)
Total 13,887 (100.00) 41,008 (100.00) 54,895 (100.00)

Advanced stage

0to <15 min 6,369 (26.15) 53,025 (80.97) 59,394 (66.11)
15 to <30 min 12,875 (52.87) 11,739 (17.93) 24,614 (27.40)
30 to <60 min 4,756 (19.53) 724 (1.11) 5,480 (6.10)
60 to <90 min 257 (1.06) 0 257 (0.29)
90-120 min 95 (0.39) 0 95 (0.11)
Total 24,352 (100.00) 65,488 (100.00) 89,840 (100.00)

Table 3 Logistic regression models estimating risk factors for regional and distant diagnoses

Regional vs. early lung cancer Distant vs. early lung cancer Advanced vs. early lung cancer

Effect OR 95% Wald CI P value OR 95% Wald CI P value OR 95% Wald ClI P value

Variable
Rural vs. urban 1.093  1.056-1.131 <0.01 0.891 0.863-0.920 <0.01 0.969 0.941-0.998 0.30
Females 0.822  0.797-0.847 <0.01 0.800 0.778-0.822 <0.01 0.810 0.789-0.831 <0.01
Age 0.983  0.981-0.984 <0.01 0.981 0.980-0.982 <0.01 1.285 1.235-1.338 <0.01
African American 1.074  1.023-1.127 <0.01 1.422 1.363-1.483 <0.01 0.982 0.981-0.983 <0.01
Diagnosis year 1.001  0.989-1.002 0.35 1.017 1.015-1.018 <0.01 1.010 1.009-1.012 <0.01

Distance from healthcare center
0 to <15 min - - - 1.194  1.128-1264 <0.01 1.089 1.035-1.147 <0.01
15 to <30 min 1.064  1.028-1.102 <0.01 1.061 1.000-1.126 0.051 1.044 0.989-1.102 0.12
30 to <60 min 1.024  0.962-1.089 0.46 - - - - - -
60 to <90 min 1.297  0.972-1.729 0.08 - - - - - -
Females 0.821  0.796-0.847 <0.01 0.799 0.777-0.822 <0.01 0.908 0.789-0.830 <0.01
Age 0.983  0.981-0.984 <0.01 0.981 0.980-0.982 <0.01 0.982 0.981-0.983 <0.01
African American 1.068  1.018-1.121 <0.01 1.404 1.346-1.465 <0.01 1.274 1.224-1.326 <0.01
Diagnosis year 1.001  0.999-1.002 0.38 1.017 1.016-1.019 <0.01 1.011 1.009-1.012 <0.01

OR, odds ratio; Cl, confidence interval.
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Non-small cell lung cancer survival probability by distance from hospital (propensity matched)

c o o o =
o N ®» © o
I 1 1 L 1

1N
~
L

Overall survival probability
o o
w o
1 L

o
o
1

0.1
0.0
I 1 I 1 I I 1 I 1 I I 1 I
0 3 6 9 12 15 18 21 24 27 30 33 36
Time from diagnosis, months
= 0-15 min — 15-30 min =—30-60 min — 60-90 min
At risk
0to <15 min 56621 49951 42820 37105 32699 29149 26345 24211 22408 20937 19635 18536 17587
15 to <30 min 24178 21379 18227 15706 13797 12325 11092 10112 9320 8611 8063 7566 7126
30 to <60 min 5532 4841 4115 3515 3094 2762 2480 2269 2078 1933 1807 1692 1595
60 to <90 min 231 199 168 146 127 116 104 93 84 79 7 69 65
Events
0 to <15 min 0 4414 9182 12988 16141 18681 20848 22532 23999 25190 26279 27209 28035
15 to <30 min 0 1870 3907 5558 6949 8016 8993 9787 10433 11009 11465 11896 12257
30 to <60 min 0 449 900 1317 1647 1903 2126 2297 2461 2587 2693 2788 2874
60 to <90 min 0 19 36 52 66 77 87 95 102 105 107 112 115

Figure 4 Kaplan-Meier survival based on drive time to nearest hospital.

utilizing this state database would allow us to map trends
and analyze any differences based on urban versus rural
settings. Over 75% of patients diagnosed with NSCLC
presented in advanced stage disease. Patients residing in
rural areas were more likely to be diagnosed with regional
disease, and patients residing in urban areas were more
likely to be diagnosed with distant and advanced stage
disease. However, those patients living in areas with a travel
time up to 30 minutes were more likely to be diagnosed
with regional and distant stage disease. This demonstrates
that both screening in urban areas and distance to a
treatment facility in rural areas are important factors to
target future interventions.

We hypothesize distance from a medical center is a
surrogate marker for access to medical care. We mapped
out regional hospitals that have capabilities to perform lung
cancer operations as well as manage chemotherapy and
radiation regimens. This does not address any free-standing
primary care clinics. Further work is required to understand

© Journal of Thoracic Disease. All rights reserved.

adherence to lung cancer screening guidelines by primary
care providers, with a specific focus on screening adherence
in rural areas. In northeast Michigan where regional
diagnoses were elevated, counties such as Oscoda and
Montgomery had very high rates of uninsured persons (17%
and 13% respectively). The ratio of patients to primary care
physicians is also extremely high in Presque Isle County,
located in the northernmost part of the Lower Peninsula. In
this county the ratio is 4,250 to 1 compared to the overall
state ratio of 1,270 to 1 (26). In future studies, we would like
to understand the impact of distance from major medical
centers in rural areas has where patients are more likely
reliant on community practice physicians for care.

In review of the literature, lung cancer screening remains
underutilized. Overall, only a small percent of eligible
patients actually complete lung cancer screening (27,28).
When comparing urban and rural areas, 5 percent of
patients in rural regions lack access. Rates of utilization are
not different between urban and rural regions, however (29).
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Table 4 Cox proportional-hazards model estimating survival, Michigan 1985-2018
Before matching After matching
Characteristic
HR 95% ClI P value HR 95% CI P value

Distance from healthcare center (min)

0to<15 - - - - - -

15to0 <30 1.03 1.01-1.05 <0.01 1.05 1.02-1.07 <0.01

30 to <60 1.07 1.03-1.10 <0.01 1.10 1.06-1.15 <0.01

60 to <90 1.00 0.87-1.15 >0.90 1.00 0.84-1.21 >0.90
Sex

Male - - - - - -

Female 0.87 0.86-0.88 <0.01 0.87 0.85-0.89 <0.01
Stage

Early - - - - - -

Regional 1.92 1.88-1.97 <0.01 1.89 1.84-1.93 <0.01

Distant 4.36 4.27-4.45 <0.01 2.35 2.29-2.41 <0.01
Race

African American - - - - - -

Hispanic 1.09 1.00-1.19 0.053 0.96 0.85-1.08 0.50

Other 0.89 0.83-0.96 <0.01 0.97 0.89-1.06 0.50

White 1.08 1.06-1.10 <0.01 1.01 0.99-1.04 0.30

HR, hazards ratio; Cl, confidence interval.

Targeted interventions to ensure access to screening and
inform screening eligible patients of the benefits of lung
cancer screening are required to improve lung cancer
outcomes. It may be helpful to address obstacles such as
transportation with travel vouchers, for example. Lung
cancer screening is also very related to referrals from
primary care physicians. Efforts to increase awareness
among primary care physicians will also help to increase
rates of lung cancer screening. It should be stressed,
however, that lung cancer screening rates are very low
across all demographics and should be increased broadly.
The low rates of lung cancer screening alone do not explain
our findings, however. Lung cancer screening was not
approved by the United States Preventive Services Task
Force (USPSTF) until December 2013. Most institutions in
Michigan began their lung screening programs several years
after this approval. Overall screening rates in Michigan
are relatively low and consistent with national levels of
screening. Given that our study was performed over
multiple decades, the effect of screening on incidence or

© Journal of Thoracic Disease. All rights reserved.

stage at diagnosis is likely minimal.

At the start of our study period men were more likely to
be diagnosed with NSCLC. This disparity was eliminated
at the end of the study period, however, as men and women
were equally likely to develop lung cancer. This equalization
likely occurred because the incidence of lung cancer
decreased more rapidly in men than in women. In review
of the literature, there are epidemiologic differences in
presentations between men and women. Women tend to be
diagnosed at a younger age and have a lower dose exposure
to tobacco than men (29). Additionally, women tend to have
a higher rate of diagnosis in never-smokers than men (30,31).
There is a paucity in the scientific literature regarding
trending rates of diagnosis in men and women over time,
and further studies are needed to examine this relationship
in other geographic regions.

This study examined the relationship between patients’
spatial location and incidence of late-stage lung cancer
diagnoses. We observed spatial disparities in late-stage
diagnoses of NSCLC, most notably more rural parts of
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Non-small cell lung cancer survival probability by race (propensity matched)
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Figure 5 Kaplan-Meier survival based on race.

the state having a higher incidence of late-stage diagnoses.
This is consistent with the literature demonstrating spatial
variations in cancer outcomes, with a predominance toward
rural areas (2). Concerning survival, patients living 15 to
less than 60 minutes from a medical center had significantly
increased risk of mortality. Patients living 60 to less than
90 minutes from a hospital, however, did not experience
increased risk. The paradox is likely due in part to the lack
of individual-level data for patients and treating institutions
from our database. Additionally, we did not examine
patient level socioeconomic factors that likely contribute
to increased mortality in more rural areas. Patients in
more rural areas may have differences in education level
compared to similar patients in urban regions which can
impact compliance to lung cancer screening guidelines.
Political affiliations, primary payer and insurance status
were not captured in this dataset, but may be important
in understanding the disparity in mortality experienced
for patients in more rural regions of the state compared to
urban regions.
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— Hispanic — Other — White
5366 4938 4568 4296 4026 3826 3641
260 239 228 220 209 194 186
451 413 380 340 311 305 297
33944 31095 28714 26704 25036 23538 22249
4707 5049 5354 5571 5795 5957 6111
204 223 232 238 247 260 268
401 432 455 491 515 520 525
26742 29007 30954 32591 33987 35268 36377

We used zip code level data and mapped to all regional
treating hospitals. In the future, recording a database with
the hospital at which a patient is treated would strengthen
this correlation to allow for more robust analysis. Despite
this limitation, our data reproduced what has been
demonstrated in the literature that men have an overall
worse survival than females, and Black patients had an
overall worse survival than Whites. Continued work is
needed to understand these disparities better and eliminate
modifiable factors contributing to worse survival in specific
patient populations.

As our study was conducted over a very long time period,
it is important to note the changes in treatment patterns
that has occurred. During the later part of the study
more targeted treatments became available. In addition,
novel techniques such as minimally invasive surgery have
continually increased in prevalence and have allowed for
resection with less morbidity. Despite these advances, there
still may be a stigma against lung cancer being “brought
upon oneself” by a modifiable behavior like smoking.
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This stigma may dampen referral patterns to appropriate
treating institutions, particularly for residents in rural or
disadvantaged communities.

In a population-based study on smoking among patients
with lung cancer in 7 states (Alaska, Colorado, Florida,
Idaho, Louisiana, North Carolina, and Rhode Island),
investigators observed 87.5%, 36.7% and 50.8% of lung
cancer patients reported ever, current, or former smoking
history, respectively (32). These states were selected
because their patient data on lung cancer had less than
15% of cases with unknown smoking status. The findings
varied for men and women who ever smoked (90.4% wvs.
84.3%), currently smoked (37.5% vs. 35.8%) and formerly
smoked (52.8% wvs. 48.5%) These findings were used to
inform our study.

This study has limitations. Data was collected
retrospectively through a state-managed database. We relied
on the completeness of the database for our conclusions.
But some key variables, such as smoking, were missing in
most patients making those conclusions weaker. This study
however, was informed by the previously noted study that
demonstrated that a high percentage of patients with lung
cancer had a smoking history (32). We need to emphasize
the importance of complete data collection for better
database completion and completion of future studies. Also,
there were approximately 17,000 patients that were excluded
from analysis due to incomplete data. A prior study has
suggested propensity matching for missing data, but weigh
the advantages and disadvantages of this approach (33).
In addition, this was a retrospective study looking only
at the state of Michigan. Future studies using a national
cancer database may offer further insights to more national
geographic disparities. As mentioned, the association
between drive time to a medical center and survival was
determined using patient zip code level data and not
specific treating institution. In the future, utilizing treating
institution may be more useful in determining accessibility
in rural areas. Since patient-level treating hospital data was
unavailable, zip-code level allowed for an analysis of access.
"This lack of data may have led to the paradox we witnessed
regarding survival for patients who lived 60 to 90 minutes
away from a treating institution. Future studies examining
patient distance to their specific treating institution would
be helpful to understand if this plays a role in survival.

Conclusions

A statewide analysis of lung cancer trends over 4 decades
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revealed shifting trends in lung cancer incidence. Female
patients now develop disease as frequently as male
patients. Patients in rural areas tend to develop advanced
disease more commonly than patients in urban areas.
Survival is independently associated with drive time to the
nearest institution. Future interventions should improve
accessibility and lung cancer screening particularly in rural
and underserved areas.
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