1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2020 March 01.

-, HHS Public Access
«

Published in final edited form as:
Cancer Epidemiol Biomarkers Prev. 2019 September ; 28(9): 1409-1416. doi:
10.1158/1055-9965.EPI-19-0021.

Providing higher resolution indicators of rurality in the
Surveillance, Epidemiology, and End Results (SEER) database:
Implications for patient privacy and research

Jennifer L. Moss!2, David G. Stinchcomb?, Mandi Yu?*
1Cancer Prevention Fellowship Program, National Cancer Institute, Bethesda, MD 20892, USA,

2Department of Family and Community Medicine, Penn State College of Medicine, Hershey, PA
17033, USA,;

SWestat, Inc., Rockville, MD 20850, USA;

4Surveillance Research Program, National Cancer Institute, Bethesda, MD 20892 USA

Abstract

Background.—The burden of cancer is higher in rural areas than urban areas. The National
Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) database currently
provides county-level information on rurality for cancer patients in its catchment area, but more
nuanced measures of rurality would improve etiologic and surveillance studies.

Methods.—We analyzed disclosure risk and conducted a sample utility analysis of census tract-
level measures of rurality, using (1) U.S. Department of Agriculture’s Rural Urban Commuting
Area (RUCA) codes and (2) U.S. Census data on percent of the population living in hon-urban
areas. We evaluated the risk of disclosure by calculating the percentage of census tracts and cancer
cases that would be uniquely identified by a combination of these two rurality measures with a
census tract-level socioeconomic status (SES) variable. The utility analyses examined SES
disparities across levels of rurality for lung and breast cancer incidence and relative survival.

Results.—Risk of disclosure was quite low: <0.03% of census tracts and <0.03% of cancer cases
were uniquely identified. Utility analyses demonstrated an SES gradient in lung and breast cancer
incidence and survival, with relatively similar patterns across rurality variables.

Conclusions.—The RUCA and Census rurality measures have been added to a specialized
SEER 18 database. Interested researchers can request access to this database to perform analyses
of urban/rural differences in cancer incidence and survival.

Impact.—Such studies can provide important research support for future interventions to improve
cancer prevention and control.
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People living in rural areas of the United States (US) are facing a public health crisis?, with
lower life expectancy? and higher rates of chronic diseases®-> than their counterparts in
more urban areas. For example, cancer mortality rates are at least 8% higher in the most
rural compared to the most urban areas.5-8 In addition, rural areas are characterized by
elevated cancer risk based on demographic (e.g., older median age, lower socioeconomic
status®), behavioral (e.g., higher tobacco use?, lower uptake of cancer screeningl%-12), and
diagnostic (e.g., later stage of diagnosis for colorectal'314, Jung!4, and cervicall® cancers)
factors, suggesting that cancer disparities will persist into the future. About 14% of the US
population lives in rural (non-metro) counties (using the definition from the Office of
Management and Budget)6, so researching cancer burden in these areas could have great
impacts on population health. Increasingly, rural health has become a priority for national
research agencies, including the National Cancer Institute (NCI), but additional
infrastructure is needed to support epidemiologic and surveillance work around cancer in
rural areas.

A key challenge facing cancer surveillance and rural health research is selecting among
various definitions and measures of ruralityl’19 (see also: https://www.ruralhealthinfo.org/
topics/what-is-rural). Rural environments can be characterized as areas having agricultural
activity, low population density, or limited access to public and private sector services, with
each definition having different implications for health research.20 In addition, the
geographic scale of measures of rurality is an important consideration. County-level
measures of rurality are used in many US studies18:21.22 and these measures have been
available in cancer databases, including the NCI’s Surveillance, Epidemiology, and End
Results (SEER) database, for some time.23 However, many US counties include both urban
and rural areas, and studies done at the county level can, therefore, suffer from classification
bias.? Several measures of rurality are available at sub-county levels, such as census tracts.
18,21,24.25 Making tract-level measures of rurality more readily available for health research
will provide analytic benefits including reducing misclassification and increasing potential
to identify significant urban-rural health disparities.

Despite the analytic benefits, including detailed census tract-based rurality information in
the SEER cancer incidence database can confer a substantial risk of identifying individual
patients. Already, a census tract-based socioeconomic status (SES) quintile26:27 was added
to the SEER incidence database for studying SES disparities in cancer incidence and
survival.23 Adding rurality information at the census tract-level would provide valuable
opportunities for studying intertwined effects of SES and rurality on cancer outcomes, but
would concomitantly increase the risk of deductive disclosure. In this paper, we describe the
addition of two indicators of census tract-level rurality to NCI’s SEER incidence database??,
demonstrate their utility for research on geographic disparities in cancer burden, and outline
the procedures in place to maintain patient confidentiality. These variables improve upon
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existing resources in SEER by offering more detailed insight into the relationship between
rurality and cancer risks.

Materials and Methods

We evaluated adding two tract-level measures of rurality to the SEER cancer cases using the
census tract of residence at the time of diagnosis: one based on the US Department of
Agriculture (USDA)’s Rural Urban Commuting Area (RUCA) codes (https://
www.ers.usda.gov/data-products/rural-urban-commuting-area-codes.aspx), and one based on
the Census Bureau’s percent of the population living in non-urban areas (https://
WWW.census.gov/programs-surveys/geography/guidance/geo-areas/urban-rural.html) (Table
1). The RUCA measure reflects proximity to a large urban center and, thus, may be most
relevant for studies that focus on access to care, e.g., cancer treatment and survival studies.
There are 10 primary RUCA codes that range from 1 (“metropolitan area core: primary flow
within an urbanized area (UA)” to 10 (rural areas: primary flow to a tract outside a UA or
urban cluster (UC)”; within each primary code, there are additional secondary codes (total
secondary codes=23) that describe the commuting patterns. The Census measure reflects the
rural nature of the immediate environment and may be most relevant for studies that focus
on behaviors and risk, e.g., cancer prevention and screening studies; the original data from
Census are population counts that result in continuous percentages, which are categorized
based on predefined cutoffs.

Tests of uniqueness to assess impact on confidentiality

To understand the implications of adding these two tract-level measures to the SEER cancer
incidence database on patient confidentiality, we sought to assess the potential change in risk
of identification. Our analyses assumed that the novel rurality measures would be made
available in conjunction with the existing measure of SES and that no additional geographic
area identification would be available when releasing rurality data. We evaluated
combinations of (1) two- or four-category versions of the RUCA-based measure (https://
www.ers.usda.gov/data-products/rural-urban-commuting-area-codes.aspx) and (2) two-,
three-, or four-category versions of the Census-based measure (https://www.census.gov/
programs-surveys/geography/guidance/geo-areas/urban-rural.html), in addition to (3) the
quintile SES measure2® (Table 1). Under each of these conditions, we calculated the number
of uniquely-identified census tracts in SEER areas, excluding Alaska, and then estimated the
percent of cancer cases in SEER that were located in these tracts. We excluded Alaska
because of special confidentiality constraints for the Alaska Native Tumor Registry.

In addition, we examined the degree of difference in classification of census tract using the
two rurality measures. Specifically, we calculated the percent of cases in census tracts that
had discordant classifications, i.e., were either (1) classified as “urban” by the RUCA
measure and as “mostly rural”/“all rural” by the Census measure, and (2) classified as
“rural” by the RUCA measure and as “mostly urban”/“all urban” by the Census measure. We
calculated this indicator of mismatch across cancer sites (i.e., lung, breast), by diagnosis
year (i.e., 2005-2014), and by registry (i.e., among the SEER 18 registries).
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Demonstration of utility of rurality variables for research

Next, we undertook a brief analysis to demonstrate the utility of these variables for studies
of geographic disparities in cancer. The rurality variables were linked to the incidence
database, which also allows for survival analysis by examining outcomes among the incident
cancer cases. To calculate age-standardized rates, the incidence database uses annual
population estimates derived from the U.S. Census Bureau’s Population Estimates Program
in collaboration with the National Center for Health Statistics (for more details, see https://
seer.cancer.gov/popdata/methods.html). We examined urban/rural differences in the
socioeconomic gradient in incidence and survival of lung and breast cancers (separately). As
others have demonstrated, lung cancer burden is greater in areas that are rural®’ and low
SES?8 than in other areas, potentially due to individual-level differences in tobacco use.%2°
In contrast, breast cancer incidence is higher in areas that are urban®7 and high SES3C than
in other areas, potentially due to lifestyle factors and access to mammography screening.
10.31 However, few studies have examined the interaction of area-level rurality and SES in
their association with these cancer outcomes.

Data sources and variables.—Cancer incidence and relative survival data came from
the SEER 18 database, which covers about 28% of the US population (https://
seer.cancer.gov/). Age-standardized cancer incidence rates in SEER 18 were calculated for
2005-2014, expressed as cases per 100,000 people (lung cancer) or per 100,000 women
(female breast cancer). Five-year relative survival was calculated as the percent of patients
diagnosed between 2005 and 2009 whose vital status was “alive” by sixty months after their
diagnosis. We used SEER*Stat software23 to generate estimates and standard errors of
incidence and survival across census tract characteristics (separately for lung and breast
cancer).

We examined differences in these outcomes across tract-level SES quintile?5, as well as
across rurality categories. We categorized SES into five quintiles with Q1 indicating lowest
SES and Q5 indicating highest SES. The RUCA-based measure was categorized into two
levels: “urban” (metropolitan area with commuting flow to urbanized areas); or “rural”
(micropolitan, small town, or rural area with commuting flow to urbanized clusters or to
non-urbanized areas) (https://www.ers.usda.gov/data-products/rural-urban-commuting-area-
codes.aspx). The Census-based measure was categorized into four levels: “all urban” (100%
of population living in urban areas); “mostly urban” (=50% but <100% in urban areas);
“mostly rural” (>0% but <50% in urban areas); or “all rural” (0% in urban areas) (https://
WWW.census.gov/programs-surveys/geography/guidance/geo-areas/urban-rural.html).

Statistical analysis.—To examine disparities in cancer burden across these census tract
groups, we imported incidence and survival data into HD*Calc (https://seer.cancer.gov/
hdcalc/), a program supported by the NCI that generates summary measures of disparities
for population-based health data. We extracted estimates and standard errors of four
commonly-used disparities measures32:33 comparing cancer burden in different SES groups
across categories of rurality: (1) range difference (RD), the arithmetic difference between
cancer rates in the lowest versus highest SES groups; (2) absolute concentration index
(ACI), which summarizes the concentration of cancer burden among all SES groups on the
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absolute scale; (3) range ratio (RR), the cancer rate for the lowest SES group divided by the
cancer rate for the highest SES group; and (4) relative concentration index (RCI), which is a
relative version of the ACI, using the average cancer burden in the population as the
reference. Additional details on the calculation of these variables are available (https://
seer.cancer.gov/hdcalc/).34

Tests of disclosure risk to assess impact on confidentiality

The risks of identification resulting from adding the census tract-level rurality measures are
quite small. Across combinations of SES and rurality measures, fewer than 5 out of 18,909
census tracts in relevant SEER catchment areas were uniquely identified by combinations of
these variables (Table 2). The risk of identification was quite small: across combinations,
<0.03% of census tracts and <0.03% of cases were uniquely identified. Using the proposed
categorization scheme (combining five categories of SES, two RUCA-based rurality
categories, and four Census-based rurality categories), only one census tract was uniquely
identified (0.005% of tracts and 0.004% of cases).

Mismatch of rurality measures.—Overall, 91.0% of cases lived in census tracts that
were classified as urban using the RUCA measure, and 86.7% lived in census tracts
classified as urban using the Census measure (Figure 1). Across SEER registries, the
disagreement of rurality classifications ranged from 1.8% in Detroit to 34.8% in lowa
(Figure 1). Across cases, 12.4% lived in census tract that had different classifications for the
RUCA-based rurality variable versus the Census-based rurality variable. As a result, 13.8%
of lung cancer cases and 10.5% of breast cancer cases were in census tracts that had
different rurality classifications using the two different measures. Over the study years,
mismatch of rurality for lung and breast cancer cases was relatively similar, ranging from
11.6-11.8% from 2005-2014.

Demonstration of utility of rurality variables for research

Lung cancer incidence.—Lung cancer incidence was higher in more rural tracts than
other areas for both the RUCA- and Census-based rurality variables, and incidence was
higher in low- compared to high-SES census tracts (Figure 2a). For the RUCA variable,
annual mean lung cancer incidence ranged from 46.4 (in high-SES, urban tracts) to 81.6 per
100,000 people (in low-SES, rural tracts). Similarly, for the Census variable, annual mean
lung cancer incidence ranged from 44.6 (in high-SES, all urban tracts) to 82.9 (in low-SES,
all rural tracts).

The absolute disparities measures indicated greater SES disparities in rural versus urban
areas when using the RUCA variable (Table 3). The RD in rural areas (28.14, standard
error[ SE]=1.71) was 42% greater than in urban areas (19.81, S£=0.30), indicating a wider
spread in lung cancer incidence rates in rural areas (p<.05). Similarly, the ACI in rural areas
(—4.47, SE=0.17) was 15% greater than in urban areas (—3.88, S£=0.05), indicating that
while the disparity in lung cancer incidence favored those of higher SES across rurality, this
tendency was greater in rural areas than in urban areas (p<.05). In contrast, the absolute
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disparities measures demonstrated inconsistent results across rurality levels when using the
Census variable. That is, both the RD and ACI indicated greater SES disparities in mostly
urban compared to all urban areas, but no statistical differences for mostly rural or all rural
(compared to all urban areas) emerged.

The relative disparities measures found mixed results for the SES disparities in lung cancer
incidence by either rurality variable (Table 3). When using the RUCA variable, the RR
indicated a 7% greater SES disparity in rural than urban areas (0<.05), but the RCI indicated
a 7% greater disparity in urban than rural areas (p<.05). When using the Census variable, the
RR and RCI indicated greater SES disparities in mostly urban compared to all urban areas
(both p<.05), but the mostly/all rural areas had smaller SES disparities compared to all urban
areas (all p<.05).

Lung cancer survival.—In contrast, lung cancer survival was higher in more urban
census tracts than in other areas for both the RUCA- and Census-based rurality variables and
in high-SES census tracts (Figure 2b). For the RUCA variable, mean lung cancer survival
ranged from 13.2% (in low-SES, rural tracts) to 22.7% (in high-SES, urban tracts).
Similarly, for the Census variable, mean lung cancer survival ranged from 12.7% (in low-
SES, all rural tracts) to 23.1% (in high-SES, all urban tracts). The absolute and relative
disparities measures indicated that the SES disparities in lung cancer survival were generally
greater in urban than in more rural census tracts (Table 3). For example, the RD for lung
cancer survival using the RUCA variable was 57% smaller in rural areas (RD=3.81,
SE=0.95) than in urban areas (RD=8.86, S£=0.35) (p<.05).

Breast cancer incidence.—Breast cancer incidence was higher in more urban tracts than
in other areas for both the RUCA- and Census-based rurality variables, and incidence was
generally higher in high- compared to low-SES census tracts (Figure 3a). For the RUCA
variable, annual mean breast cancer incidence ranged from 106.0 (in low-SES, urban tracts)
to 142.5 per 100,000 women (in high-SES, urban tracts). Similarly, for the Census variable,
annual mean breast cancer incidence ranged from 103.6 (in low-SES, all rural tracts) to
143.5 (in high-SES, all urban tracts). The absolute and relative disparities measures
indicated that the SES disparities in breast cancer incidence were generally larger in urban
than in more rural census tracts (Table 3). For example, the RD for breast cancer incidence
using the RUCA variable was 49% smaller in rural areas (RD=18.68, SE£=3.67) than in
urban areas (RD=36.44, S£=0.57) (p<.05).

Breast cancer survival.—Breast cancer survival was also higher in more urban census
tracts than in other areas for both the RUCA- and Census-based rurality variables and in
high-SES census tracts (Figure 3b). For the RUCA variable, mean breast cancer survival
ranged from 83.1% (in low-SES, urban tracts) to 94.8% (in high-SES, urban tracts).
Similarly, for the Census variable, mean breast cancer survival ranged from 80.7% (in low-
SES, all rural tracts) to 95.0% (in high-SES, all urban tracts). The absolute and relative
disparities measures indicated that the SES disparities in breast cancer survival were
generally larger in urban than in more rural census tracts (Table 3). For example, the RD for
breast cancer survival using the RUCA variable was 42% smaller in rural areas (RD=6.78,
SE=1.93) than in urban areas (RD=11.68, SE=0.34) (p<.05).
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Discussion

Adding indicators of rurality/urbanicity at the census tract-level to the NCI SEER database
offers several conceptual and methodological advantages to researchers interested in
geographic patterns in cancer surveillance. Importantly, in our analysis of uniqueness, we
demonstrated that making measures of census tract-level rurality available does not
substantially increase the risk of identifying patients, thereby preserving confidentiality. In
addition, there was relatively high concordance in the cases defined as rural or urban
according to each variable (i.e., 91.0% of cases were classified as urban using the RUCA-
based measure, and 86.7% were classified as urban using the Census-based measure; 12.4%
of cases had discordant classifications across the two measures).

Based on these results and conversations with SEER leadership, the two-category RUCA-
based measures and the four-category Census-based measures have been added to SEER
database. There is minimal difference in disclosure risk among the measures. These two
measures have been used extensively in the health geography research literature,12:21.26.35
The two-category RUCA measure (Categorization C33) is most commonly used in health
research papers that use RUCA-based measures. The four-category Census-based measure
can be collapsed into the two- or three-category versions in several ways and, thus, provides
a good deal of flexibility to the researcher.36 These measures are also compatible with the
rurality measure available with the NAACCR Cancer in North America database.36

Therefore, a specialized SEER 18 cancer incidence database, containing census tract-level
SES quintile and the two rurality measures, is available for research use upon request. All
sub-state geographic identifiers, such as county and registry/state, are excluded from this
specialized database to limit the risk of disclosure. To further prevent disclosure, users will
be required to sign a confidentiality agreement prior to be given the access to this specialized
database. More details about how to request this database can be found on the SEER
website: https://seer.cancer.gov/data-software/specialized.html. Data from the Alaska Native
Tumor Registry are not included because of additional confidentiality constraints. This
specialized database contains cancer cases diagnosed from 2000 to 2015, thus providing
valuable opportunities to evaluate prevalence as well as temporal changes in disparities of
cancer incidence and survival. Although census tract definitions change over time, cases are
assigned rurality values for the area where they live at diagnosis. Both RUCA and Census-
based rurality designations are updated every decade, so cases diagnosed in 2000-2005 are
assigned a rurality designation based on data from 2000, and cases diagnosed in 2006—-2015
are assigned a rurality designation based on data from 2010.

In our demonstration analysis using this specialized database, we illustrated the utility of
these new measures. When considering census tract-level rurality (along with SES
disparities), the range of lung and breast cancer incidence rates was much wider than
observed using only county-level rurality measures.5” Importantly, the interaction between
SES and rurality varied across cancer types and outcomes (e.g., incidence was higher in
rural and low-SES areas for lung cancer, but incidence was higher in urban and high-SES
areas for breast cancer). Contrary to our hypothesis, the patterns were generally consistent
across rurality variables (except for lung cancer incidence rates); however, absolute and
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relative disparities measures tended to be of greater magnitude for the RUCA-based
compared to the Census-based rurality comparisons. Compared to the RUCA-based rurality,
which has only two categories, the four-category Census-based rurality provides
opportunities for detecting possible non-monotone relationship between the size of SES
disparity and rurality. Notably, SES and rurality are correlated with each other (and many
other demographic characteristics), so additional modeling procedures (e.g., multilevel
modeling) may be useful in understanding the unique and interacting associations of these
variables with cancer outcomes. Future researchers should choose the rurality variable most
pertinent to their research question (as described above, the RUCA measure reflects
proximity to urban centers, and the Census measure reflects the nature of the immediate
environment).

Limitations should be noted for the use of these census tract-level rurality measures in
studies of cancer surveillance. By definition, these rurality measures are ecological, and
should not be used for individual-level inferences. In addition, the rurality measures refer to
the census tract the patient lived in when diagnosed with cancer, and does not necessarily
reflect exposure to rurality during the time preceding diagnosis. Finally, in order to limit the
risk of disclosure and maintain patient confidentiality, some variables were removed from
the specialized SEER 18 database. Namely, this specialized database does not include
indicators of the patient’s county or registry/state, so spatial analyses will not be possible
using these data.

In conclusion, census tract-level measures of rurality add specificity to studies attempting to
understand the relationship between rurality and cancer incidence and survival. The
additional risk of uniquely identifying patients is limited, and will be further controlled
programmatically by the Surveillance Research Program at NCI. Future studies should
continue to examine how rurality may influence geographic disparities in cancer outcomes
to identify potential targets for improving public health.
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RUCA rurality variable
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Lung cancer incidence (panel A) and survival (panel B) across quintiles of socioeconomic
status (SES) using two measures of rurality; Surveillance, Epidemiology, and End Results,
2005-2014. Survival indicates five-year relative survival among cases diagnosed from 2005—
2009. Top figures in each panel indicate outcomes using the United States Department of
Agriculture’s (USDA) Rural Urban Commuting Areas (RUCA), and bottom figures in each
panel indicate outcomes using the Census Bureau’s classification of percent of residents
living in non-urban areas. Leftmost columns indicate outcomes for people living in the most
impoverished census tracts (Q1 for SES), while rightmost columns indicate outcomes for
people living in the most affluent census tracts (Q5 for SES).
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Breast cancer incidence (panel A) and survival (panel B) across quintiles of socioeconomic
status (SES) using two measures of rurality; Surveillance, Epidemiology, and End Results,
2005-2014. Survival indicates five-year relative survival among cases diagnosed from 2005—
2009. Top figures in each panel indicate outcomes using the United States Department of
Agriculture’s (USDA) Rural Urban Commuting Areas (RUCA), and bottom figures in each
panel indicate outcomes using the Census Bureau’s classification of percent of residents
living in non-urban. Leftmost columns indicate outcomes for women living in the most
impoverished census tracts (Q1 for SES), while rightmost columns indicate outcomes for
women living in the most affluent census tracts (Q5 for SES).
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Table 1.

Categorical alternatives for tested measures of census tract-level rurality.

Page 14

Categories of RUCA-based measures

Four categories — Categorization A:

. Urban area commuting focused (codes 1.0, 1.1, 2.0, 2.1, 3.0, 4.1,5.1, 7.1, 8.1, and 10.1)
. Large rural city or town focused (codes 4.0, 4.2, 5.0, 5.2, 6.0, and 6.1)

. Small rural town focused (codes 7.0, 7.2, 7.3, 7.4, 8.0, 8.2, 8.3, 8.4, 9.0, 9.1, and 9.2)

. Isolated small rural town focused (codes 10.0, 10.2, 10.3, 10.4, 10.5, and 10.6)

Two categories — Categorization C:
. Urban area commuting focused (codes 1.0, 1.1, 2.0, 2.1, 3.0, 4.1,5.1, 7.1, 8.1, and 10.1)

. Not urban area commuting focused (all other codes)

Categories of Census-based
measures

Four categories:

. 100% urban

. >50% but <100% urban
. >0% but <50% urban

. 100% rural

Three categories:

. 100% urban
. Mixed urban and rural
. 100% rural

Two categories:
. >50% urban

. <50% urban

Note. The specialized SEER 18 cancer incidence database includes census tract-level rurality using (1) four categories of the Census-based variable

and (2) two categories of the RUCA-based variable. RUCA=Rural Urban Commuting Areas.
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Table 2.

Page 15

Uniqueness test results for combinations of categorical measures of census tract-level socioeconomic status
(SES) and rurality.

SES

RUCA-based rurality  Census-based rurality  Unique tracts (n)

Unique tracts (%)

Cancer cases in unique tracts
(SEER 2006-2014) (%)

5 categories
5 categories
5 categories
5 categories
5 categories
5 categories

5 categories

nla

4 categories
2 categories
4 categories
2 categories
4 categories

2 categories

nla

4 categories
4 categories
3 categories
3 categories
2 categories

2 categories

o N P N P B~ O

0.000
0.021
0.005
0.011
0.005
0.011
0.000

0.000
0.027
0.004
0.015
0.004
0.012
0.000

Note. Analysis limited to census tracts located in SEER 18 catchment areas excluding Alaska. Shaded categorization scheme was selected for
incorporation into a specialized SEER 18 cancer incidence database, available upon request. SES=socioeconomic status; RUCA=Rural Urban
Commuting Areas; SEER=Surveillance, Epidemiology, and End Results.
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