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Abstract

Background: Cancer incidence and mortality rates in the
United States are declining, but this decrease may not be
observed in rural areas where residents are more likely to live
in poverty, smoke, and forego cancer screening. However, there
is limited research exploring national rural–urban differences in
cancer incidence and trends.

Methods: We analyzed data from the North American Asso-
ciation of Central Cancer Registries' public use dataset, which
includespopulation-based cancer incidencedata from46 states.
We calculated age-adjusted incidence rates, rate ratios, and an-
nualpercentagechange(APC)for:all cancerscombined,selected
individual cancers, and cancers associated with tobacco use and
human papillomavirus (HPV). Rural–urban comparisons were
made by demographic, geographic, and socioeconomic charac-
teristicsfor2009to2013.Trendswereanalyzedfor1995to2013.

Results: Combined cancers incidence rates were generally
higher in urban populations, except for the South, although

the urban decline in incidence rate was greater than in rural
populations (10.2% vs. 4.8%, respectively). Rural cancer
disparities included higher rates of tobacco-associated,
HPV-associated, lung and bronchus, cervical, and colorectal
cancers across most population groups. Furthermore, HPV-
associated cancer incidence rates increased in rural areas
(APC ¼ 0.724, P < 0.05), while temporal trends remained
stable in urban areas.

Conclusions: Cancer rates associated with modifiable
risks—tobacco, HPV, and some preventive screening modal-
ities (e.g., colorectal and cervical cancers)—were higher in
rural compared with urban populations.

Impact: Population-based, clinical, and/or policy strategies
and interventions that address these modifiable risk factors
could help reduce cancer disparities experienced in rural
populations. Cancer Epidemiol Biomarkers Prev; 27(11); 1265–74.
�2017 AACR.

Introduction
Cancer mortality rates across the United States have been

decreasing, but this decline has not been experienced equally
across demographic groups. For some racial/ethnic minorities,
incidence and mortality rates have declined more slowly than for
whites, which is also the case for rural areas (1). For many rural
populations, cancermortality is not decreasing; it is steady and, in
some cases, rising. Several studies have documented persistently
elevated cancer incidence and mortality in rural communities
comparedwith urban areas (2–5). As nearly 1 in 5Americans lives

in a rural area, disparities among this population can have a broad
impact on the nation's health (6).

The reasons for these cancer health disparities are complex. In
2010 to 2012, the highest rates of poverty and uninsured status in
the nation were found in small rural counties and in large inner
cities (7). Although the Affordable Care Act increased insurance
coverage,many states with large rural populations did not expand
Medicaid, leaving millions of people still without health insur-
ance (8). Furthermore, there are documented barriers to health
care access in rural communities. Many rural residents live in
health care provider–shortage areas, may have fewer choices in
care, and may need to travel long distances just to see a primary
care physician. Thus, it is not surprising that studies have found
that rural residents have lower rates of cancer screening and
experience lower quality cancer care (2, 3). Furthermore, numer-
ous studies have identified higher rates of cancer-risk behaviors
among rural residents, which can contribute to the elevated
incidence rates. Higher rates of tobacco use and obesity in rural
populations are consistently reported (9–13). In addition, human
papillomavirus (HPV) vaccination rates are lagging in rural areas,
with lower rates associated with increasing rurality (14).

The preponderance of evidence shows that rural residents may
be at greater risk for cancer, and there has been an increasing call
for further research efforts and funding investments in cancer
control based upon geographic location, broadly, and rural loca-
tions, specifically (15, 16). However, there is a paucity of research
that has comprehensively characterized the rural cancer burden.
Previous investigations have been limited to examining specific
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rural regions (e.g., Appalachia), data from only Surveillance
Epidemiology and End Results (SEER) registries, or national data
of single or limited cancer types (5, 17–26). Therefore, our
objective is to describe the national rural cancer burden by
assessing rural–urban differences in incidence rates and trends
by overall cancer, individual cancers, and by subgroups of cancers
(tobacco- and HPV-associated).

Materials and Methods
We analyzed data from the North American Association of

Central Cancer Registries (NAACCR) Cancer in North America
public use dataset, which contains data from population-based
cancer registries in the United States and Canada who authorized
inclusion in the dataset and whose registry was certified as
meeting gold or silver data quality standards by NAACCR (27).
Gold and silver quality standards are based on level of data
completeness (95þ% for gold certification and 90þ% for silver
certification), accuracy, and timeliness of submission of data to
NAACCR (28). This dataset included 46 states in theUnited States
and the District of Columbia, representing 93% of the United
States population. Four states (Kansas, Maryland,Minnesota, and
Vermont) did not consent for their data to be included. The
dataset includes variables on demographics, registry, county-level
characteristics (i.e., rural and poverty status), and tumor charac-
teristics (e.g., site, histology, stage).

Rural and urban were defined using the 2013 Beale codes (also
known as Rural-Urban Continuum Codes or RUCCs), which
categorize counties based upon their population size and prox-
imity tometropolitan areas. A Beale code or RUCCof one to three
indicates a metro (urban) county whereas a code of four to nine
indicates a non-metro (rural) county as outlined in the map in
Supplementary Fig. S1 (29).

Changes in cancer case reporting requirements occurred in
2001 in response to the shift from International Classification
of Disease Oncology-2 (ICD-O-2) to ICD-O-3 histology and
behavior codes. Our analysis only included cases that were
malignant in both ICD-O-2 and ICD-O-3 to allow for congruency
in analysis over time. Primary site of cancer diagnosis was defined
by the ICD-O-3 classification. We also categorized cancer groups
associated with two different carcinogenic exposures—tobacco
andHPV. Tobacco-associated cancers were those identified by the
2014 Surgeon General's Report, including oral cavity and phar-
ynx, larynx, esophagus, trachea, lung and bronchus, acute mye-
loid leukemia, stomach, liver, pancreas, kidney and ureter, cervix,
bladder, and colorectal (30). HPV-associated cancers were deter-
mined by ICD-O-3 code for primary site and relevant histology,
that is cervical carcinomas and squamous cell carcinomas of the
oropharynx, vagina, vulva, penis, anus, and rectum (31).

We used SEER�Stat 8.3.2 to calculate age-adjusted incidence
rates and rate ratios utilizing Tiwari modifications and to deter-
mine annual percentage change (APC) for selected individual
cancer sites and groups (32). Rate ratios with p-values less than
0.05 indicated statistically significant rural–urban differences in
rates. Rural–urban incidence rate comparisons were made by sex,
race/ethnicity, U.S. census division, and county-level poverty rate
for 2009 to 2013. Race/ethnic groups were defined as non-
Hispanic (NH) white, NH black, and Hispanic. U.S. Census
Division include the Northeast, South, Midwest, and West as
outlined in themap in Supplementary Figure S1. APC and overall
percentage change in cancer rates were analyzed for 1995 to 2013.

APCs with P values less than 0.05 indicated a statistically signif-
icant percentage change in rates. This study was determined to be
nonhuman subjects research by the Springfield Committee for
Research Involving Human Subjects.

Results
Between 2009 and 2013, 1,215,260 invasive cancer cases were

diagnosed in rural populations, comprising 16.7% of all cancer
cases (Table 1). More than three-fourths (75.8%) of rural cancer
cases were diagnosed in theMidwest and the South. Most cases in
rural areas were NH white (87.8%), compared with 75.3% of
urban cases. More than half of both rural and urban cancer cases
were diagnosed in individuals 65 years of age or older (57.1% and
53.2%, respectively). One third of rural cancer cases were diag-
nosed in counties with greater than 20% of the population living
in poverty compared with 10.7% of urban cases.

Primary site by sex
The incidence rates for all sites combined were higher in

urban populations for both sexes combined and for females
(Table 2). The all sites combined incidence rate in rural and
urban populations was 446.4 and 448.7 per 100,000, respec-
tively. The rate of tobacco-associated cancers were higher in
both sexes combined and individually, with a rural rate in both
sexes combined of 205.8 per 100,000 compared with a rate of
192.0 in urban populations. Rates of HPV-associated cancer
were higher in rural females compared with urban (15.2 vs.
13.4 per 100,000, respectively). In addition, for both sexes
combined and for males and females analyzed separately, oral
and pharynx, esophagus, colon and rectum, lung and bronchus,
larynx, and kidney and renal pelvis cancers each were higher in
rural populations compared with urban. Urban populations
had higher rates of breast (female), prostate, stomach, liver and
intrahepatic duct, pancreas, melanoma, thyroid, non-Hodgkin
lymphoma, and endometrial cancer.

Table 1. Demographic characteristics of invasive cancer cases in rural and urban
areas, 2009–2013

Rural N (%) Urban N (%)

Total cases 1,215,260 (16.7%) 6,073,283 (83.3%)
U.S. Census region
Northeast 134,197 (11.0%) 1,411,055 (23.2%)
Midwest 373,953 (30.8%) 1,157,272 (19.1%)
South 546,632 (45.0%) 2,130,224 (35.1%)
West 160,478 (13.2%) 1,374,732 (22.6%)

Sex
Male 646,302 (53.1%) 3,069,294 (50.5%)
Female 568,866 (46.9%) 3,003,288 (49.5%)

Race/ethnicity
Non-Hispanic white 1,066,639 (87.8%) 4,571,767 (75.3%)
Non-Hispanic black 84,207 (6.9%) 688,268 (11.3%)
Hispanic 31,675 (2.6%) 507,150 (8.4%)
Other 22,784 (1.9%) 223,674 (3.7%)
Unknown 9,955 (0.8%) 82,424 (1.4%)

Age
0–19 9,384 (0.8%) 59,312 (1.0%)
20–44 70,405 (5.8%) 464,105 (7.6%)
45–64 441,423 (36.3%) 2,316,831 (38.1%)
65þ 694,048 (57.1%) 3,233,035 (53.2%)

County poverty level
0–9.99% 69,566 (5.7%) 1,019,614 (16.8%)
10–19.99% 744,946 (61.3%) 4,403,852 (72.5%)
20þ% 400,748 (33.0%) 649,817 (10.7%)
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Race/ethnicity
Urban populations had higher all cancer combined incidence

rates across sexes and racial/ethnic groups with the exception of
NHblackmales,where therewasno rural–urbandifference (Table
3). Tobacco-associated cancer rates were higher in rural males
acrossNH racial groups. Forwomen, rateswere higher in ruralNH
whites and Hispanics, but no rural–urban differences in rates
amongNHblacks. ElevatedHPV-associated cancerswere found in
rural areas amongst all sex and race/ethnic groupings except NH
black males and Hispanic females, where there were no rural–
urban differences. Lung and bronchus cancer rates were higher in
rural areas for all sex and race/ethnic groupings except for NH
black women amongst whom rates are higher in urban popula-
tions. Colorectal cancer rates were higher in rural NH white and
blackmen andwomen, but therewas no rural–urban difference in
rates among Hispanics. Cervical cancer rates were higher among
rural NH whites and blacks than their urban peers, but there was
no difference in Hispanics. Higher rates of breast, prostate, and
thyroid cancers were seen in urban populations across sex and
racial/ethnic groupings.

Geographic census region
All cancer combined incidence rates were higher in urban

populations across census regions, except the South where rates
werehigher in rural areas (449.1 vs. 440.9per 100,000 in rural and
urban areas, respectively; Table 4). Tobacco-associated, HPV-
associated, and lung and bronchus cancers were highest in rural
areas across regions, except for the Midwest where there were no
rural–urban differences. Colorectal cancer incidence rates were
higher in rural areas, except for theWest where there was no rural–
urban difference. Oral cavity and pharynx, esophagus, and larynx
cancers were higher in rural areas across regions. Cervical cancer

rates were higher in rural areas of the Midwest and South, but no
differences were seen in other regions. Breast, prostate, and
thyroid cancers incidence rates were higher in urban areas across
all regions. Stratifications by race/ethnicity showed somedifferent
dynamics for colorectal cancer. Rates were higher in urban blacks
in the Northeast, Midwest, and West compared with their rural
peers, but the rate in the black South was higher in rural popula-
tions (Supplementary Table S1). Hispanics in the rural West also
had a higher colorectal cancer rate than their urban peers.

County poverty level
Among populations where less than 10% live in poverty,

colorectal cancer rates were higher in rural populations, but rates
for all cancers combined, tobacco-associated, prostate, breast, and
five other cancers were higher in urban populations (Table 5). In
populations where the county poverty rate was 10% to 19.99%,
the all cancer combined rate was higher in rural populations
(447.6 vs. 445.6 per 100,000, respectively). Tobacco-associated,
HPV-associated, lung and bronchus, colorectal, and six other
cancers were higher in rural areas with between 10% and
19.99% of the population living below poverty. In populations
where 20þ% of the population lives in poverty, the all cancer
combined rate was higher in urban areas, but the tobacco-
associated, HPV-associated, lung and bronchus, colorectal, and
five other cancers had higher rates in rural areas.

Trends
Between 1995 and 2013, the all cancers combined incidence

rate decreased for both rural and urban populations (a decrease of
4.84% and 10.22%, respectively), with average annual decreases
of 0.27% and 0.56% (Fig. 1A). Lung cancer incidence rates
decreased by 7.0% and 18.4% in rural and urban populations,

Table 2. Invasive cancer incidence rates by primary site, rural and urban, all races, 2009–2013

Rurala Urbana

All rates Male rates Female rates All rates Male rates Female rates

All sites 446.4b 502.1 405.4b 448.7 501.1 412.5
Tobacco-associated 205.8b 266.0b 155.8b 192.0 248.3 147.9
HPV-associated 12.6b 9.9 15.2b 11.7 10.0 13.4
Oral cavity and pharynx 12.2b 18.3b 6.7b 11.2 16.9 6.2
Esophagus 5.1b 8.9b 1.7b 4.6 8.0 1.8
Stomach 5.8b 8.1b 3.8b 6.9 9.5 4.8
Colon and rectum 43.9b 50.5b 38.2b 40.1 46.2 35.1
Liver and intrahepatic duct 6.3b 9.6b 3.4b 7.9 12.3 4.2
Pancreas 11.9b 13.7b 10.4b 12.5 14.2 11.0
Larynx 4.4b 7.3b 1.8b 3.4 6.0 1.3
Lung and bronchus 70.2b 86.7b 57.1b 61.2 72.5 52.8
Melanoma 19.9b 24.1b 16.9b 20.1 26.1 15.9
Breast — — 113.4b — — 124.8
Cervical — — 8.4b — — 7.6
Endometrial — — 25.0b — — 25.7
Ovary — — 11.3b — — 11.7
Prostate — 114.1b — — 124.5 —

Testis — 5.5 — — 5.5 —

Urinary bladder 20.9b 36.0 8.8 20.6 36.1 8.9
Kidney and renal pelvis 16.9b 21.9b 12.3b 15.9 21.6 11.1
Brain and other nervous system 6.7b 7.8 5.6 6.6 7.7 5.6
Thyroid 12.0b 5.8b 18.2b 14.4 7.2 21.2
Hodgkin lymphoma 2.6 3.0 2.3 2.7 3.1 2.4
Non-Hodgkin lymphoma 18.2b 21.8b 15.3b 19.2 23.2 16.0
Myeloma 5.9b 7.4b 4.8b 6.5 8.1 5.3
Leukemia 13.5b 17.1 10.5 13.3 17.1 10.4
aRates are expressed per 100,000 people and age-adjusted to the 2000 U.S. standard population.
bThe rate ratio indicates that the rural rate is statistically significantly different than the urban rate (P < 0.05).
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Table 3. Cancer incidence rates by primary site by race/ethnicity

Rurala Urbana

All rates Male rates Female rates All rates Male rates Female rates

All cancers
NH white 449.5b 501.5b 410.8b 464.4 510.1 433.1
NH black 458.7b 567.8 384.6b 471.4 570.7 404.9
Hispanic 322.7b 349.5b 306.3b 350.9 393.5 325.2

Tobacco-associated cancers
NH white 206.6b 266.8b 156.3b 197.0 253.7 151.5
NH black 216.1b 292.3b 159.5b 209.9 276.8 163.7
Hispanic 152.4 189.2b 119.6b 150.0 195.5 116.0

HPV-associated cancers
NH white 12.8b 10.3b 15.2b 12.3 11.0 13.6
NH black 13.1b 10.2 16.0b 12.4 9.6 14.7
Hispanic 8.9b 5.2b 13.1 10.1 6.3 13.7

Selected individual cancers
Prostate
NH white — 108.1b — — 116.2 —

NH black — 190.5b — — 199.0 —

Hispanic — 78.1b — — 106.7 —

Breast
NH white — — 114.3b — — 131.4
NH black — — 118.2b — — 125.6
Hispanic — — 81.6b — — 92.5

Lung and bronchus
NH white 71.7b 87.3b 59.2b 65.4 75.4 58.0
NH black 70.1b 104.5b 45.0b 67.0 89.7 51.9
Hispanic 36.7b 45.7b 29.2b 32.3 41.9 25.4

Colorectal
NH white 43.2b 49.7b 37.6b 39.5 45.2 34.7
NH black 53.8b 63.7b 46.8b 48.8 58.0 42.5
Hispanic 36.6 42.5 31.1 35.6 43.0 29.9

Urinary bladder
NH white 22.1b 38.0b 9.2b 23.3 40.5 10.0
NH black 10.5b 16.9b 6.1b 12.1 20.2 6.8
Hispanic 10.3b 16.8b 4.7 11.4 20.1 5.2

Melanoma
NH white 22.1b 26.5b 18.9b 26.2 33.0 21.3
NH black 1.3b 1.3 1.3b 1.0 1.1 0.9
Hispanic 5.5b 6.1b 5.3b 4.5 5.0 4.2

Kidney and renal pelvis
NH white 16.8c 21.9 12.2b 16.1 21.9 11.1
NH black 17.5 22.4b 13.5 18.0 24.7 12.9
Hispanic 16.6 20.2 13.2b 15.8 20.7 11.9

Non-Hodgkin lymphoma
NH white 18.7b 22.4b 15.6b 20.1 24.3 16.7
NH black 12.5b 14.5b 10.7b 14.6 17.7 12.2
Hispanic 14.9 16.8b 13.3 17.4 20.1 15.2

Leukemia
NH white 13.8b 17.4b 10.7 14.0 18.0 10.8
NH black 10.1 13.0 8.1 10.5 13.3 8.6
Hispanic 10.0b 12.0 8.1b 10.7 13.1 8.9

Oral cavity and pharynx
NH white 12.5b 18.7b 6.8 12.2 18.4 6.7
NH black 11.3b 17.7b 5.8b 9.3 14.7 5.2
Hispanic 6.6b 9.3b 3.9 7.2 10.9 4.1

Endometrial
NH white — — 25.3b — — 26.5
NH black — — 23.3b — — 25.2
Hispanic — — 19.0b — — 21.8

Thyroid
NH white 12.8b 6.3b 19.3b 15.7 8.2 23.0
NH black 6.7b 2.7b 10.7b 9.2 3.8 13.6
Hispanic 9.0b 4.2b 14.7b 12.8 5.3 20.0

Pancreas
NH white 11.8b 13.6b 10.1b 12.4 14.2 10.8
NH black 15.1b 16.5 13.8 15.8 17.3 14.6
Hispanic 10.7 11.1 10.3 11.2 12.2 10.3

(Continued on the following page)
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respectively, corresponding to �0.34% and �1.08% APCs (Fig.
1B). Breast cancer rates in rural and urban areas decreased at
nearly equal rates, with APCs of �0.52% and �0.51%, respec-
tively (Fig. 1C). Colorectal cancer rates decreased 21.78% and
32.22% in rural and urban areas, respectively Fig. 1D). Rural
and urban populations experienced 28.05% and 35.04%
decreases in cervical cancer incidence rates between 1995 and
2013 (Fig. 1E). Trends in prostate cancer incidence rates were
similar between rural and urban populations; 37.99% and
38.18% decreases, respectively (Fig. 1F). Rural populations
experienced a statistically significant 0.79% APC increase in
HPV-associated cancers between 1995 and 2013, whereas rates
remained stable in urban areas (Fig. 1G). The decrease in
tobacco-associated cancer incidence rates were steeper in urban
compared with rural populations, with decreases of 13.8% and
3.4%, respectively (Fig. 1H).

Discussion
We evaluated rural–urban differences in cancer incidence rates

and trends in theUnited States. In general, urban populations had
higher all sites combined incidence rates regardless of sex or race/
ethnic groupings. However, rural populations often had higher
rates of tobacco-associated and HPV-associated cancer rates. For
individual cancers, rural populations, had higher rates of lung and
bronchus, colorectal, oral and pharynx, larynx, and cervical can-
cers than their urbanpeers,whereas urbanpopulations hadhigher
rates of breast (female), prostate, and thyroid cancers. For most
regions, cancer incidence rates were higher in urban populations,
except for the South. Lung and bronchus, colorectal, and oral
cavity and pharynx cancers tended to be higher in rural areas
acrossmost regions. The rate of all cancers combinedwashigher in
rural populations in areas with 10% to 19.99% of the population
living in poverty. Higher rates of lung and bronchus, colorectal,

Table 3. Cancer incidence rates by primary site by race/ethnicity (Cont'd )

Rurala Urbana

All rates Male rates Female rates All rates Male rates Female rates

Esophagus
NH white 5.1b 9.0b 1.7b 5.0 8.7 1.9
NH black 5.9b 10.1b 2.4 4.5 7.3 2.4
Hispanic 3.0 4.9 1.1 2.8 5.0 1.1

Larynx
NH white 4.3b 7.2b 1.8b 3.5 6.0 1.4
NH black 5.8b 11.5b 1.9 4.5 8.6 1.8
Hispanic 2.6 4.4 0.8 2.6 5.1 0.7

Brain and other nervous system
NH white 7.2b 8.4b 6.0b 7.5 8.8 6.4
NH black 3.8 4.4b 3.3 4.2 4.9 3.7
Hispanic 4.7b 5.2b 4.0 5.2 6.0 4.5

Cervix
NH white — — 8.0b — — 6.9
NH black — — 10.8b — — 9.8
Hispanic — — 9.4 — — 9.9

aRates are expressed per 100,000 people and age-adjusted to the 2000 U.S. standard population.
bThe rate ratio indicates that the rural rate is statistically significantly different than the urban rate (P < 0.05).

Table 4. Cancer incidence rates by U.S. Census region

Northeasta Midwesta Southa Westa

Rural Urban Rural Urban Rural Urban Rural Urban

All cancers 476.6b 482.9 447.0b 462.4 449.1b 440.9 415.7b 419.8
Tobacco-associated 208.5b 201.8 204.5 203.6 215.8b 194.3 175.3b 170.4
HPV-associated 12.3b 11.5 11.9 11.8 13.7b 12.7 10.9b 10.5
Prostate 121.3b 136.9 110.3b 125.4 116.1b 122.5 111.4b 116.3
Breast (female) 122.0b 131.5 114.8b 127.1 110.6b 121.0 113.6b 122.8
Lung and bronchus 69.1b 63.1 68.9 68.5 77.0b 64.6 53.0b 48.7
Colorectal 43.2b 41.8 44.6b 41.9 45.5b 39.7 37.7 37.4
Urinary bladder 27.1b 24.3 22.0b 21.6 18.8 18.9 20.6b 18.8
Melanoma 22.6b 20.2 20.1b 19.0 18.2b 19.5 23.3b 21.9
Kidney and renal pelvis 16.1 16.0 17.2 16.9 17.5b 16.3 14.7 14.5
Non-Hodgkin lymphoma 20.6b 21.3 19.5 19.7 17.1 18.1 17.3b 18.6
Leukemia 15.5b 14.6 13.8b 13.4 12.9 12.8 13.3b 12.9
Oral cavity and pharynx 11.5b 11.0 11.9b 11.4 13.0b 11.8 11.1b 10.3
Endometrial 31.2 30.8 27.8 28.3 22.1 22.1 23.7 24.2
Thyroid 16.1b 19.6 12.4b 13.6 10.7b 12.2 12.2b 13.7
Pancreas 12.7b 13.4 11.7b 13.0 12.2 12.1 11.0b 11.7
Esophagus 5.9b 4.9 5.4b 5.2 4.7b 4.4 4.9b 4.1
Larynx 4.0b 3.5 4.2b 3.9 5.1b 3.9 2.7b 2.3
Brain and other nervous system 7.4b 6.8 6.9 6.7 6.4 6.5 6.7b 6.3
Cervix 7.3 7.2 7.7b 7.2 9.4b 8.3 7.3 7.0
aRates are expressed per 100,000 people and age-adjusted to the 2000 U.S. standard population.
bThe rate ratio indicates that the rural rate is statistically significantly different than the urban rate (P < 0.05).
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kidney and renal pelvis, and oral cavity and pharynx cancers were
found in rural areas with at least 10% of the population living in
poverty compared with urban areas. Rates of lung, breast, and
colorectal, cervical, prostate, and tobacco-associated cancers
decreased in both rural and urban populations, but the rate of
decrease was more pronounced in urban population. The rate of

HPV-associated cancers increased in rural population, but
remained stable in urban populations.

As many individual cancer rates are higher in rural areas, the
higher combined cancer rate in urban areas may be largely driven
by higher rates of breast and prostate cancer, the two most
common cancers. Of particular note, however, is the dynamic of

Table 5. Cancer incidence rates by county-level poverty rates

0–9.99% Below povertya 10–19.99% Below povertya 20þ% Below povertya

Rural Urban Rural Urban Rural Urban

All cancers 441.7b 463.7 447.6b 445.6 445.2b 448.2
Tobacco-associated 183.5b 188.8 203.2b 191.6 214.4b 200.5
HPV-associated 10.2 10.4 12.3b 11.9 13.5b 12.7
Prostate 120.9b 127.7 112.9b 122.6 115.3b 132.7
Breast (female) 120.4b 134.6 114.8b 123.6 109.8b 117.6
Lung and bronchus 55.5b 58.9 68.5b 61.2 76.0b 64.6
Colorectal 41.7b 39.2 43.1b 40.0 45.8b 41.9
Urinary bladder 23.0 23.0 22.0b 20.4 18.4b 17.9
Melanoma 25.2b 23.7 21.0b 20.2 17.0b 14.1
Kidney and renal pelvis 15.6 15.8 16.7b 15.8 17.4b 17.0
Non-Hodgkin lymphoma 18.8b 20.6 18.9 19.0 16.9b 18.2
Leukemia 14.7 14.2 13.7b 13.2 12.8 12.8
Oral cavity and pharynx 10.8 10.9 12.2b 11.3 12.5b 11.2
Endometrial 26.6b 27.9 26.2b 25.2 22.4b 25.0
Thyroid 14.0b 17.8 12.5b 13.8 10.6b 13.0
Pancreas 11.6b 12.9 11.8b 12.3 12.2b 13.0
Esophagus 5.0 4.6 5.2b 4.5 4.9 4.8
Larynx 3.0 2.9 4.1b 3.4 5.0b 4.1
Brain and central nervous 7.0 7.1 6.9b 6.5 6.3 6.0
Cervix 5.9 6.1 8.0b 7.7 9.4 9.2
aRates are expressed per 100,000 people and age-adjusted to the 2000 U.S. standard population.
bThe rate ratio indicates that the rural rate is statistically significantly different than the urban rate (P < 0.05).

Figure 1.

Temporal trends in rural and urban cancer incidence, 1995–2013; rates are per 100,000 and age-adjusted to the 2000 U.S. standard population. "Total" indicates
the percent change in incidence between 1995 and 2013, and "APC" indicates the APC in rates during this interval. ^ notes an APC that is statistically significantly
different than zero (P < 0.05). Figure 1 contains multiple panels displaying the trends, total percent change, and APC (1995–2013) for eight cancer groups. A, all
cancer; B, lung cancer; C, breast cancer; D, colorectal cancer; E, cervical cancer; F, prostate cancer; G, HPV-associated cancer; H, tobacco-associated cancer.
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rural incidence rates and trends relative to mortality rates and
trends. We found that incidence rates for all cancers combined
are decreasing in rural areas, but other studies have shown that the
rural mortality rates are not decreasing at such rates. In 1999,
cancer mortality rates for those residing in urban and rural were
similar, but by 2014 there was a marked disparity with higher
cancer mortality in rural populations (33). Less access to cancer
screening and oncology care in rural areas due to poorer spatial
access to care, cost burdens, and greater uninsured rates among
rural populations may contribute to this incidence/mortality
dynamic (34, 35). These access barriers may mean that rural
residents are diagnosed at amore advanced stage of disease which
can affect prognosis and treatment options (36, 37). Social and
behavioral factors like higher poverty, greater social isolation, and
higher levels of smoking, obesity, and physical inactivitymay also
contribute to poorer cancer outcomes (38, 39). Future research
should examine this dynamic by assessing rural–urban differ-
ences in cancer stage at diagnosis and treatment to elucidate the
contributing factors to higher mortality in rural areas despite
lower incidence rates.

HPV-associated cancers were significantly higher among NH
white rural females and NH black rural males; among rural
individuals in theNortheast, South, andWest regions; and among
communities where 10% or more of the population lived below
the poverty level. These findings complement a recent study that
showed elevated oral pharyngeal cancer rates among males and
those living in rural areas (40). Furthermore, other studies have
shown that sexually transmitted disease risk is associated with
lower income and that rural males engage in more risky sexual
behaviors (41, 42). Identifying patterns of HPV-associated cancer
is important as there are vaccines for HPV subtypes most com-
monly associatedwith cancer (i.e., 16 and 18). Amultistate survey
found no rural–urban difference in HPV vaccination initiations
overall, but some rural subgroupswere less likely than their urban
counterparts to initiate vaccination, including girls whose
mothers indicated cost as a barrier (43). A statewide analysis of
clinic visits among adolescents in Utah found that rural adoles-
cents were less likely to receive a HPV vaccination when receiving
other adolescent vaccinations comparedwith their urban counter-
parts (44). As HPV-associated cancers are the only cancer type
where rates are increasing in rural areas, there is an opportunity to
reduce and change the trending trajectory of these rates through
HPV vaccination interventions.

We also found a decreasing trend in cervical cancer incidence
rates for both rural and urban women, although the decrease was
greater in urban. However, incidence rates were higher for rural
compared with urban women, particularly in the South. Further-
more, incidence rateswere higher for both ruralNHwhite andNH
black women. These findings are consistent with studies indicat-
ing higher rates in rural women, especially among Southern black
women (45, 46). Rural women are less likely than their urban
counterparts to have had a pap smear, which paradoxically may
contribute to higher rates in rural areas due to lack of detection at a
precancerous stage andmay underestimate already high rates due
to lack of detection (17, 47, 48). Our findings of rural–urban and
geographic disparities in incidence among both white and black
women in the rural South correspond with elevated mortality
rates in these populations as well (46, 49, 50).

Our analysis found that tobacco-associated cancers were sig-
nificantly higher among rural males (NH white and NH black)
and females (NH white and Hispanic); among rural populations

in the Northeast, South, and West; and among rural populations
experiencing greater poverty. The rate of tobacco-associated can-
cers was especially high in the rural South, likely the key contrib-
utor to the higher overall cancer incidence rates in rural vs. urban
south. A 2006 study indicated that smoking rates in the rural areas
of 10 states (including the southern states of Alabama, Georgia,
Mississippi, Oklahoma, South Carolina, and Texas) increased
between the mid-1990s and the early 2000s, which may latent-
ly contribute to higher tobacco-associated cancer rates in the
rural South (51). Furthermore, although tobacco-associated
cancer incidence rates have decreased in both rural and urban
populations, the decrease has been more pronounced in urban
areas. These findings complement studies consistently indicat-
ing higher smoking rates and higher rates of smokeless tobacco
in rural areas (10–12, 52, 53). Doogan and colleagues suggest
that rural–urban differences in smoking in past studies were
due to demographic or psychosocial differences, whereas more
recent differences may be due to the disproportionately positive
effects of tobacco control policies in urban areas (11). There are
opportunities to ensure that policies are broadly relevant and
enforceable. Furthermore, although our findings mirror differ-
ences in smoking prevalence, they also might suggest popula-
tion groups among whom tobacco cessation interventions
might best be implemented and may inform the development
for more context-specific (e.g., rural Hispanic females) pro-
grams. Our findings also underscore the importance of inter-
ventions aimed at preventing smoking initiation in rural ado-
lescents, among whom tobacco use is more pervasive (53, 54).
In addition to rurally relevant tobacco initiatives, continued
efforts could address policies and interventions that promote
healthy lifestyles more broadly (13, 55, 56).

Our results indicated rural–urban differences in lung cancer
incidence acrossmost racial/ethnic groups and regions, with these
disparities widening in recent years. This corroborate previous
studies showing higher rates in rural areas, which may be due in
part to higher poverty and smoking rates in rural areas (19).
Primary and secondary prevention strategies can help reduce the
lung cancer disparity in rural areas. The continued rural disparity
for lung cancer specifically provides an opportunity to implement
low-dose computed tomography (LDCT) screening to reduce
lung cancer mortality in high risk, rural areas. Although radiol-
ogist capacity for LDCT is a concern in rural areas, efforts to
increase knowledge and awareness of LDCT in rural areas like
Appalachian Kentucky have shown preliminary success (57, 58).
Similar campaigns could be implemented in other rural areas to
reach high-risk populations as implementation of LDCT screen-
ing programs continues to expand.

Most rural populations had higher colorectal cancer incidence
rates than urban populations across sexes, race/ethnic groups,
regions, and poverty levels. In addition, although colorectal
cancer rates have decreased in both rural and urban populations,
rates in rural populations have decreased more slowly. The
increased incidence in rural areas is consistent with studies indi-
cating lower colorectal cancer screening rates in rural populations,
with disparities seen also between rural and urban minorities
(59–61). Other studies have shown that high rates of colorectal
cancer mortality have clustered in largely rural areas of the United
States, like the Lower Mississippi Delta Region and Appalachia
(49, 62). The confluence of high incidence andmortality and low
colorectal cancer screening rates make rural populations impor-
tant areas for preventive and screening interventions.
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Although most cancer incidence rates are higher in rural areas,
there are a few notable exceptions, namely breast, prostate, and
thyroid cancers. These high urban rates persist regardless of race,
ethnicity, and region. For breast cancer, our findings corroborate
previous studies showing higher incidence rates in urban areas,
which may be due to increased early detection and utilization of
mammography services (63–67). Our findings also corroborate
previous studies showing higher rates of prostate cancer in urban
areas (63, 68, 69). Even when stratifying by racial/ethnic group-
ings (NH whites, NH blacks, or Hispanics), rates were higher in
urban populations across all groups. As with breast cancer, ele-
vated incidence of prostate cancer among urban menmay be due
to higher screening rates and greater availability of healthcare
services, especially as themajority of our study periodwas prior to
the 2012 United States Preventive Services Task Force (USPSTF)
discontinuation of recommending PSA testing (70). Higher rates
of thyroid cancer in urban areas is consistentwith previous studies
(71). Likewise, this may be due to greater access to healthcare
services utilization of imaging services among urban residents,
especially as previous studies show urban residents have higher
and increasing incidence of small tumors thatmaybe indicative of
incidentally detected cancers (71). Despite the elevated incidence
rates of these cancers in urban areas, studies have either shown no
rural–urban differences in mortality or elevated mortality in rural
areas. Although there continues to be debate regarding overdiag-
nosis of both breast and thyroid cancers and as the USPSTF
recently revisited prostate cancer screening recommendations, it
is important for rural populations to have adequate access and
utilization of screening services and cancer treatment to reduce
rural mortality disparities.

Strengths and limitations
Our study is the first, to our knowledge, to comprehensively

describe rural–urban differences in cancer incidence across sexes,
racial/ethnic groups, regions, and poverty levels and to assess
trends. Previous studies were limited to single-state cancer regis-
tries, multi-registry data sources like SEER, mortality data, or only
considered one or a few cancer types. Assessing rural–urban
differences across demographic and geographic designations and
categorizing cancers by associations with carcinogenic agents like
tobacco and HPV provides useful information to better under-
stand disparities and inform population-based interventions.
Furthermore, our assessment of rural–urban incidence trends will
be useful for future research and interventions.

Our study was not without limitation. The only rural–urban
metric available in the dataset was a dichotomous rural–urban
measure, which limits howwe couldmake comparisons. Analyses
that use different measures and/or categorizations of rural–urban
status may yield different results. Furthermore, the NAACCR
dataset categorized counties into a small number of poverty
groupings with the most impoverished grouping being 20þ%.
However, because poverty is more pervasive in rural areas (e.g.,
21.7% of the entire rural South lives below poverty), residual
confounding may have occurred when stratifying by only a small
number of predefined poverty levels (72). The dataset did not
include data from four states. This may particularly have affected
analysis performed by U.S. Census region, as one state in the
Northeast region (Vermont) and South region (Maryland) and
two states in theMidwest region (Minnesota andKansas)were not
included. In addition, a few states were not certified for the
entirety of the study period, thus their data were only included

for years when they achieved silver or gold certification (73). This
year-to-year variability may minimally impact findings, but to
fully utilize the robustness of this dataset, we included all regis-
tries that were certified for each given year in our analysis.

Conclusions
We found that overall cancer incidence rates were higher in

urban areas, but there were some areas where rural populations
experience cancer disparity. Cancers associated with modifiable
factors (i.e., tobacco and HPV) were higher in rural areas, as were
cancers with either new or established screening modalities like
lung, cervical, and colorectal cancers. Thus, these cancers, are
ready for population-based, clinical, and/or policy strategies and
interventions thatwill reduce risk andultimately reduce incidence
(and mortality). Our findings further underscore the importance
of greater research investment in rural cancer control. In addition,
as more geographically precise data become more readily avail-
able, more specific analysis could consider cancer incidence
differences along a rural–urban gradient, beyond the dichoto-
mous rural–urban designations used in our study and could look
more finely at differences across census regions. This will be
important for identifying areas and populations who would
benefit the most from interventions known to be effective at
reducing smoking, increasing HPV vaccination, and increasing
access to and utilization of cancer screening tests. Future research
should explore differences in cancer stage distribution, receipt of
treatment, and survival to help further characterize rural-urban
cancer disparities and to subsequently develop population and
clinically based strategies and interventions to close gaps in rural–
urban cancer outcomes.
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