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Abstract

Purpose—Little is known about disparities in colorectal cancer (CRC) incidence and mortality
by community-level factors such as metropolitan status.

Methods—This analysis utilized data from the Surveillance, Epidemiology, and End Results
(SEER) program from Utah. We included patients diagnosed with CRC from 1991 to 2010. To
determine whether associations existed between metropolitan/nonmetropolitan county of residence
and CRC incidence, Poisson regression models were used. CRC mortality was assessed using
multivariable Cox regression models.

Findings—CRC incidence rates did not differ between metropolitan and nonmetropolitan
counties by gender (males: 46.2 per 100,000 vs 45.1 per 100,000, A= .87; females: 34.4 per
100,000 vs 36.1 per 100,000, P=.70). However, CRC incidence between the years of 2006 and
2010 in nonmetropolitan counties was significantly higher in females (metropolitan: 30.4 vs
nonmetropolitan: 37.0 per 100,000, A= .002). As compared to metropolitan counties, the
incidence of unstaged CRC in nonmetropolitan counties was significantly higher in both males
(1.7 vs 2.8 per 100,000, P=.003) and females (1.4 vs 1.6 per 100,000, A=.002). Among patients
who were diagnosed between 2006 and 2010, metropolitan counties were found to have
significantly increased survival among males and females, but nonmetropolitan counties showed
increased survival only for males.

Conclusions—While we observed a decreasing incidence of CRC among men and women in
Utah, this effect was not seen in women in nonmetropolitan areas nor among those with unstaged
disease. Further studies should evaluate factors that may account for these differences. This
analysis can inform interventions with a focus on women in nonmetropolitan areas.

For further information, contact: Anne Kirchhoff, PhD, MPH, Huntsman Cancer Institute, 2000 Circle of Hope Drive, Salt Lake City,
UT 84112; anne.kirchhoff@hci.utah.edu; Tel: 801-587-4084.
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Methods

Data

Colorectal cancer (CRC) is the third most common cancer in the United States (US) and
ranks among the leading causes of cancer-related deaths for both men and women.! National
statistics show decreasing incidence and mortality from CRC for both men and women over
the past several decades.l2 Although debated, these improvements are likely to be largely
due to the increased uptake of CRC screening.! Although screening rates for CRC have
improved from 52.1% in 2008 to 58.2% in 2013, these rates are still well below the Healthy
People 2020 and National Colorectal Cancer Roundtable goal of 80% of the US population
receiving CRC screening by 2018.34 Because CRC is a top cancer killer and is largely
preventable with screening, improved CRC prevention efforts are a national priority.!

Studies have found that incidence of CRC differs by geographic area, with some suggesting
a lower incidence in nonmetropolitan areas, but with other studies showing higher CRC rates
in nonmetropolitan locations.>—2 Stage at diagnosis is the most significant prognostic factor
for CRC survival and is associated with a variety of factors including age, race, and
socioeconomic status.! To date, most analyses of CRC incidence by geographic factors have
focused on national samples or have been limited to specific states that tend to be
geographically dense.6:10.11

Utah, part of the Intermountain West, is a largely rural and frontier area and has many
distinct characteristics with important implications for CRC. The majority of the land mass
in Utah is classified as rural/frontier.12 However, only 9.4% of Utah’s population lives in
nonmetropolitan areas as most of the population resides in the Wasatch Front, which is a
large, metropolitan area where the majority of physicians, including gastroenterologists, are
located.12 Nonmetropolitan residents in Utah are less likely than their metropolitan
counterparts to be up to date with CRC screening,3 but there has been limited research on
the relationship of geography on CRC incidence and mortality.8: The objectives of this
study were to examine the incidence and mortality of CRC in Utah between the years of
1991 and 2010 and to identify disparities for residents living in nonmetropolitan counties of
the state. As gender and stage of cancer at diagnosis are important factors in CRC incidence
and mortality, we investigated differences between metropolitan and nonmetropolitan
counties stratified for these factors.

Using the Surveillance, Epidemiology, and End Results (SEER) program, we identified CRC
cases between the years of 1991 and 2010 in Utah using SEER 9. CRC was defined
following the site coding rules ICD-0-3/WHO 2008.14 SEER is composed of high quality
population-based (state or metropolitan area) central cancer registries, enabling the
monitoring of health disparities related to cancer incidence, mortality, patient survival, and
treatment. There were N=13,026 CRC diagnoses available for analysis.
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Census demographic data by county were pulled from county level attributes within
SEER*Stat. The county level attributes that were included in the analysis were educational
attainment (percent with less than high school education), age (percent under 18 years old
and percent over 65 years old), median income, percent of families that live below the
poverty level, and employment status (percent of county unemployed). Most of the county
level demographics were provided with SEER*Stat in percentages and income as dollars in
tens.

Our primary independent factor of interest, metropolitan or nonmetropolitan county of
residence, was based on where the patient lived at diagnosis and was defined using the
Rural-Urban Commuting Area (RUCA) Code Definitions that were developed by the United
States Department of Agriculture (USDA). The RUCA codes examine population density,
urbanization and daily commuting based on US Census tracts.1> Using SEER’s
classification, RUCA codes were assigned at the county level.16 Counties were classified as
metropolitan for RUCA codes 1-3 and the remaining codes, which included micropolitan
areas, were considered nonmetropolitan (RUCA codes 4-9).18 Patient-level factors were also
obtained from SEER*Stat including gender, stage of diagnosis, and year of diagnosis.

Statistical Methods

Results

Demographic characteristics were compared between metropolitan and nonmetropolitan
counties using median, interquartile range, minimum and maximum. We then generated
incidence rates as cases per 100,000 persons with 95% confidence intervals. All rates were
age-adjusted to the 2000 US standard population. P values for the rates comparison were
calculated by Poisson regression and were adjusted by age. Poisson regression models were
used to assess if there were statistically significant associations between metropolitan status
and cancer incidence by diagnosis year and cancer stage within gender. The LOESS method
to generate nonparametric local regression smoothing was used to produce smoothing
incidence and 95% confidence interval scatterplots for CRC incidence rate trend from 1991
to 2010 by metropolitan status within gender.

Multivariate Cox proportional hazards models stratified by metropolitan status and gender,
with adjustment for age at diagnosis and cancer stage, were used to calculate adjusted hazard
ratios (HRs) and their 95% confidence intervals for the outcome of CRC mortality.
Statistical analyses were performed with SAS 9.4 (SAS Institute Inc., Cary, North Carolina).
All Pvalues were 2-sided and were conducted at a significance level of .05.

Ten counties were metropolitan and 19 were honmetropolitan (Table 1). Census level
demographic information showed that Utah metropolitan counties have a lower percentage
of people with less than a high school education (median: 11.0%) as compared to Utah
nonmetropolitan counties (median: 14.3%). Utah metropolitan counties also had fewer
families living below poverty than nonmetropolitan (median: 6.3% vs 9.4%) and lower
levels of unemployment (median: 4.7% vs 6.4%). Utah metropolitan counties had higher
median household income (median: $45,800) as compared to nonmetropolitan counties
(median: $34,250).
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CRC Incidence

We evaluated CRC incidence by diagnosis year and cancer stage within gender for
metropolitan and nonmetropolitan counties (Table 2). Overall, the incidence rates by gender
did not differ between metropolitan and nonmetropolitan counties, respectively (males: 46.2
per 100,000 vs 45.1 per 100,000, P =.87; females: 34.4 per 100,000 vs 36.1 per 100,000, P
=.07). However, as compared to metropolitan counties, the incidence of unstaged CRC in
nonmetropolitan counties was significantly higher in both males (1.7 vs 2.8 per 100,000, P
=.003) and females (1.4 vs 2.2 per 100,000, #=.002). Among females, the incidence of
CRC diagnosed in the years 2006 to 2010 in nonmetropolitan counties was significantly
higher than in metropolitan counties (37.0 per 100,000 vs 30.4 per 100,000, A= .002). For
the same years, there was no statistically significant difference in the rate for males.

As depicted in Figure 1, the incidence of CRC in males has decreased in both metropolitan
and nonmetropolitan counties, with a particular drop in the early 2000s when colonoscopies
began to be routinely recommended as part of cancer prevention screening.1”:18 For females
in metropolitan counties, the decrease is only apparent after 2000, whereas for
nonmetropolitan females the incidence stayed stable through 2010.

CRC Mortality

In Table 3, for metropolitan counties, we found significantly better cause-specific survival
for males diagnosed during the most recent time period, 2006-2010 (HR = 0.69, 95% CI =
0.59-0.79, P<.0001), and for 2001-2005 (HR = 0.81, 95% CI = 0.71-0.93, P=.003), as
compared to those diagnosed 1991-1995. Similarly, females living in metropolitan counties
diagnosed during the most recent period (2006—-2010) also had better cause-specific survival
(HR =0.76, 95% CI = 0.65-0.88, A= .0003) compared to females diagnosed 1991-1995.
For nonmetropolitan counties, improvements in cause-specific survival were seen in males
who were diagnosed 1996-2000 (HR = 0.71; 95% CI = 0.51-0.99, P=.04) and 2006-2010
(HR =0.70; 95% CI = 0.49-0.98, P=.04), as compared to those diagnosed between 1991
and 1995. We found no improvements in mortality among females from nonmetropolitan
counties.

Discussion

This study examined differences in CRC incidence and mortality by metropolitan vs
nonmetropolitan counties in a largely rural and frontier state. We found a decrease in CRC
incidence in Utah for both men and women living in metropolitan counties since the onset of
colonoscopy recommendations in the early 2000s. However, in nonmetropolitan counties,
while men experienced a decrease in incidence over the same timeframe, women did not.
Relatedly, women in nonmetropolitan counties did not experience improvements in CRC
mortality from 2006—-2010 compared to 1991-1995 whereas metropolitan women did. To
our knowledge, there have been no previous reports examining differences by gender on
CRC incidence and mortality among metropolitan and nonmetropolitan residents in rural
states such as Utah. These findings suggest that women in nonmetropolitan areas represent a
group that has not benefited fully from improvements in screening and treatment which have
likely led to a decrease in CRC incidence nationally over the past 2 decades.
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In our analyses, both men and women in nonmetropolitan counties had significantly higher
incidence of unstaged CRC, whereas we found no other statistically significant differences
by stage. These findings differ from previous studies which have reported that
nonmetropolitan residents are diagnosed more often with late stage CRC and no specific
differences in unstaged cancer. The Utah Cancer Registry has a very low rate of unstaged
cancer; thus, this may reflect the lack of appropriate disease staging in certain jurisdictions.

Nonmetropolitan residents have been found to be less likely than their metropolitan
counterparts to receive preventive services including CRC screening.1%-21 These disparities
may be in some part attributable to the generally lower income and education level of
nonmetropolitan compared to metropolitan populations,1%-21 but they are likely also affected
by the lack of specialty physicians to provide screening in rural areas.22 We found a similar
county level pattern in Utah, with nonmetropolitan counties having lower levels of education
and higher levels of poverty and unemployment. While we were unable to investigate access
to care directly, an earlier study of travel time to colonoscopy providers in Utah found that
lower travel time was associated with increased screening compliance,14 although this
association disappeared in adjusted analyses.

Other factors such as difference in physician characteristics in metropolitan and
nonmetropolitan areas may also play a role in individuals’ decisions to seek medical care
and receipt of preventative services such as colonoscopies. These factors have been
examined in relation to breast cancer screening, with studies demonstrating that physician
recommendation is the most influential determinant of mammography among
nonmetropolitan women and that the likelihood of physician recommendation may vary
among nonmetropolitan and metropolitan physicians.23-2% A similar situation may be
present with regard to recommendation for CRC screening among nonmetropolitan and
metropolitan physicians and warrants future research.

Two recent initiatives in Utah have been implemented to improve CRC screening in our
state. From 2009 to 2015, the Utah Department of Health had a grant from the Centers for
Disease Control and Prevention to increase CRC screenings among low income and
uninsured Utahns. While this program could have potentially affected CRC screening
behaviors and awareness in Utah during the time of our study, the number of colonoscopies
provided was limited and the program only overlapped with 2 years of our data. More
recently, the 2016—-2020 Utah Cancer Control Plan has key action steps to decrease structural
barriers to CRC screening, such as encouraging in-home screening via fecal
immunochemical tests, and these may help to address access to care disparities for
nonmetropolitan residents.28

Culturally, Utah’s population is primarily of the Latter Day Saints (LDS) faith. LDS women
often advocate for the health care of their families (which are often large and multi-
generational) ahead of their own health. Since nonmetropolitan areas account for over 80%
of the state of Utah and these areas are substantially higher in the population of LDS faith,
one must factor in cultural considerations. We suggest that future studies to support CRC
screening in Utah and other similar states that have large LDS populations, such as Idaho,
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incorporate potential cultural factors that may affect screening behaviors between men and
women.12.27,28

The use of SEER data throughout the state of Utah, which is a large state with diversity in
metropolitan and nonmetropolitan areas, is a key strength of this study. However, there are
certain limitations that are important to consider in the interpretation of the results. As
RUCA was developed for national use, there could be potential misclassification of rural
areas or population growth in Utah that could dilute the ability to identify significant
differences between classification areas. However, as RUCA is widely used and updated to
reflect the growing US population, we believe it is an appropriate classification scheme for
this analysis. Also, the use of county-level demographics rather than individual measures
may limit inferences regarding sociodemographic factors and the outcome variables. Finally,
we were not able to include additional measures (individual or ecologic) regarding health
care access, health insurance penetration, or utilization in our study.

Conclusion

In summary, while we found a decreasing incidence of CRC among men and women in
Utah, this effect was not seen in women in nonmetropolitan areas. Future studies need to
focus on examining specific characteristics of individuals and their environment that may
affect access to and utilization of CRC screening and care in nonmetropolitan areas and
account for the discrepancy in CRC incidence noted in this study. Also, we found trends
toward better survival over time, suggesting an important area for future research. The
results of this study should be considered in the design and implementation of interventions
with a focus on CRC prevention among women in nonmetropolitan areas.
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Incidence across Years by Metropolitan/NonMetropolitan Counties, age adjusted to the 2000US Std
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Figure 1. Year-Specific Colorectal Cancer Incidence by Metropolitan/ Nonmetropolitan Counties

Within Gender, SEER 1991-2010

These scatterplots demonstrate decreases in CRC incidence in both metropolitan and
nonmetropolitan counties for males by year of diagnosis. This decrease is not observed for

females in nonmetropolitan counties.
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Table 1

Census Level Demographics for Metro vs Nonmetropolitan Counties in Utah

Metropolitan Counties (N=10)2

Nonmetropolitan Counties (N=19)2

Median Household income ($)
% families below poverty
Employment

Unemployed

Race/Ethnicity

Non-white

Black

American Indian/Alaska Native
Asian/Pacific Islander
Hispanic

Other minority

45,800 (39,730, 50,270)
6.3(4.0,7.7)

4.7 (3.9,55)

3.4 (18, 4.5)
0.5 (0.4, 1.4)
0.9 (0.6, 1.3)
1.4(0.9,2.3)
6.7 (5.3, 10.4)
9.7 (8.0, 14.2)

37,210/64,960
3.1/8.0

2.8/6.0

0.4/6.7
0.2/1.7
0.1/2.0
0.1/4.3
1.4/12.8
1.7/18.1

34,250 (32,000, 36,180)
9.4 (6.1, 12.0)

6.4(5.3,7.8)

2.3 (16, 4.1)
0.2(0.2,0.4)
1.3(0.8,25)
0.4(0.2,0.7)
45(2.8,5.4)
7.3(5.3,9.4)

Median (IQR)% Min/Max% Median (IQR)% Min/Max%
Education
<High school 11.0 (7.6, 14.4) 7.4117.1 14.3 (12.2,17.5) 8.5/30.4
Age
<18 32.7 (31.0, 35.1) 29.8/38.6 33.5(30.7, 35.4) 23.2/39.3
65+ 7.72 (7.2, 9.8) 4.9/17.0 12.5 (9.9, 14.1) 8.4/17.1
Income

28,140/49,610
4.2/26.9

2.2/15.1

0.5/56.5
0.1/1.2
0.0/56.1
0.0/1.2
1.8/10.3
2.3/59.5

Page 10

a . . . . . .
Metropolitan counties represent 88.3% of the total state population; Nonmetropolitan counties represent 22.7% of the total state population
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