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ABSTRACT

Introduction: Studies focused on rural-urban disparities in patients with prostate cancer have demonstrated minimal differ-
ences in incidence and overall survival (OS). However, available data are limited, especially in understudied geographic loca-
tions. In this study, we investigated additional measures of potential cancer disparity and focused on examining rural-urban
prostate cancer disparity in Nebraska residents.

Methods: Patients diagnosed with prostate cancer from 1991 to 2023 living in Nebraska were identified in the integrated Cancer
Repository for Cancer Research (iCaRe2) and categorized as rural and urban by rural-urban commuting area (RUCA) codes.
Results: Results are presented as mean +standard deviation. The iCaRe2 patient registry contained data on 765 men with
prostate cancer living in Nebraska, 621 (81.2%) of whom were urban residents and 144 (18.8%) of whom were rural residents.
Rural residents were diagnosed with prostate cancer 3.1years younger than urban residents (rural: 65.6 +8.21years, urban:
68.7+9.08years, p <0.001). Rural residents died of prostate cancer 4.2 years younger than urban residents (rural: 72.9 + 9.75 years,
urban: 77.1 £8.85years, p <0.001). Analyses of Gleason score and AJCC stage did not reveal statistically significant differences
between rural and urban residents. OS was similar between rural and urban men in Nebraska with prostate cancer, congruent
with currently published literature.

Conclusions: Our analysis demonstrates that rural patients in Nebraska are diagnosed and die with prostate cancer at younger
ages compared to urban patients. Our findings offer strategies to better define and delineate rural-urban cancer disparity and
support future, more robust investigations to consider novel approaches to determining disparities in cancer disease course.

Abbreviations: AJCC, American Joint Committee on Cancer; CI, confidence interval; GGG, Gleason Grade Groups; GUCARE, Genitourinary Cancer Registry; HPV, human papillomavirus;
HR, Hazard Ratio; iCaRe2, integrated Cancer Repository for Cancer Research; ISUP, International Society of Urologic Pathology; OS, overall survival; RUCA, rural-urban commuting area; SD,
standard deviation; SEER, Surveillance, Epidemiology, and End Results; TNM, tumor, node, and metastasis.
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1 | Introduction

Rural-urban disparities in US life expectancy have widened
since the 1970s, with cancer as one of the leading causes [1, 2].
A recent report using the Surveillance, Epidemiology, and End
Results (SEER) database revealed that residing in rural areas in
the United States was associated with a 2.4% absolute increase
in 5-year cancer mortality probability [3]. Studies have iden-
tified modifiable behaviors, such as tobacco use and human
papillomavirus (HPV) infections, as sources of elevated cancer
incidence [3-5] and high resource deprivation as a source of
elevated cancer mortality [3] among rural residents.

For prostate cancer, research has extensively focused on dispar-
ities in healthcare access between rural and urban communities
[6-12], and incidence, overall survival (OS), and mortality have
been the mainstay clinical metrics for investigation. Several
former analyses have not found significant modern-day dis-
parities in incidence and OS [1, 8, 13]. One study even found an
increase in incidence in urban populations compared to rural
populations, in which the authors cite healthcare access as a
likely contributing factor [4, 5]. An analysis of the SEER da-
tabase demonstrated that rural residents with prostate cancer
may experience increased rates of other-cause mortality while
urban residents with prostate cancer may experience marginally
higher rates of prostate cancer-specific mortality [14].

To the best of our knowledge, there are presently no reports that
have investigated other dimensions of prostate cancer between
rural and urban populations. It is well known that rural com-
munities are exposed to many unique environmental health
hazards, and these differences may promote biologic and clini-
cal differences in prostate cancer without altering prostate can-
cer incidence, OS, and mortality metrics. For instance, several
studies identified pesticide exposure to have a positive associa-
tion with prostate cancer [15, 16]. Moreover, exposure to certain
common pesticides has been associated with more aggressive
prostate cancer, which studies defined as distant stage, poorly
differentiated grade, Gleason score >7, and/or fatal disease
[16-18].

Almost 35% of Nebraskans are estimated to live in rural areas
[19]. This relatively high percentage of rural residents provides
an opportunity to examine disparities between rural and urban
communities, thereby providing information that can be used
to improve health outcomes in both populations. Therefore,
we sought to investigate whether rural-urban prostate cancer
health disparities exist in Nebraska using the integrated Cancer
Repository for Cancer Research (iCaRe2) registry, which has a
unique coverage focused on rural areas in the central US great
plains region, with about 47% of its registrants coming from
Nebraska [20]. Specifically, we examined iCaRe2 for potential
differences in prostate cancer-related metrics, including age of
diagnosis, age of death, tumor grade, and clinical stage. We also
determined OS in rural and urban populations to compare to
published reports.

2 | Methods
2.1 | Study Population

The integrated Cancer Repository for Cancer Research
(iCaRe2) is a multi-institutional resource created and main-
tained by the Fred & Pamela Buffett Cancer Center to collect
and manage standardized, multi-dimensional, longitudinal
data and biospecimens on consented adult cancer patients
(newly diagnosed and survivors), high-risk individuals, and
healthy controls. The iCaRe2 integrates data provided by sub-
jects via an online patient portal with data from the Electronic
Health Records system and other sources. Demographic data,
including race and ethnicity, smoking status, education, mari-
tal status, household income per year, and employment status,
are self-reported. The iCaRe2 employs a novel metadata-
driven architecture with an Oracle relational database as
the backend. It utilizes standard taxonomies to harmonize
and transform data from external data sources, thus ensur-
ing computable data availability for research analytics. This
study identified a cohort of patients with prostate cancer liv-
ing in Nebraska by querying the iCaRe2 Genitourinary Cancer
Registry (GUCARE).

2.2 | Variable Definition

Patient zip codes from the iCaRe2 patient registry were
mapped to 2010 primary rural-urban commuting area (RUCA)
codes [21]. In our analysis, RUCA codes 1-3 were categorized
as urban and RUCA codes 4-10 were categorized as rural. Once
patients were coded as rural or urban, the following variables
were included for analysis: race and ethnicity, smoking status,
education, marital status, household income per year, current
employment status, age of diagnosis, age of death, Gleason
scores and Gleason Grade Groups (GGG), and clinical and
pathological tumor, node, and metastasis (TNM) stages. For
TNM stage analysis, TNM stages were grouped by T1-2, T3-4,
N1, and M1. With respect to incomplete stage data, the follow-
ing assumptions were made: missing N and M data meant NO
and MO, and missing T data was not considered if N1 or M1
existed. To capture the population that underwent curative
prostate cancer surgery, metastatic patients were omitted from
the analysis of pathological TNM stages. The disaggregation of
missing data for TNM staging can be found in Tables S1 and
S2. Table S1 lists clinical TNM stage data for 449 urban and
97 rural residents, respectively. Table 2 lists pathological TNM
stage data for 124 urban and 43 rural residents, respectively.
Since the iCaRe2 registry does not contain isolated PSA levels
at the time of diagnosis and many patients lacked pathologi-
cal TNM staging information, American Joint Committee on
Cancer (AJCC) stages were determined using Gleason scores
and clinical TNM staging information, and analysis of AJCC
stages was restricted to AJCC stages where PSA readings were
not needed (stages IIIB-IVB). Patients with missing data were
omitted from relevant analyses.
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2.3 | Biostatistical Analyses

Continuous variables were summarized as means=standard
deviations (SD). Associations between categorical variables
were assessed using chi-squared test, or Fisher's exact test when
expected cell counts were low. Associations between continuous
variables and rural-urban classifications were assessed using
the independent samples ¢-test.

For survival analysis, survival time was calculated using age of
diagnosis to age of death if a patient died; all other patients were
censored, and their survival time was calculated using age of
diagnosis to age last known to be alive. Survival data was plot-
ted using Kaplan-Meier curves. The difference in survival time
between rural and urban patients was assessed using a log-rank
test, and median survival time and associated 95% confidence
intervals (CIs) were calculated. For an adjusted analysis of sur-
vival, a Cox proportional hazards model was performed, which
was stratified by clinical TNM stage and included rural-urban
status and age. Age was modeled using restricted cubic splines
to allow for non-linearity. The proportional hazards assump-
tions were assessed, and variables that appeared to violate the
assumption were included in an interaction with time in the
model. Variables modeled using splines or involved in an inter-
action with time had hazard ratios calculated at various values
(e.g., 25th, 50th, and 75th percentiles) for the variable or fol-
low-up time.

In instances of missing data, percentages were calculated using
the number of patients who had data available as the denomina-
tor. All analyses were performed using SAS software version 9.4
(SAS Institute Inc., Cary, North Carolina, USA). All figures, ex-
cept for the Kaplan-Meier analysis, were generated in GraphPad
Prism version 10.2.3 for Windows (GraphPad Software, Boston,
Massachusetts, USA).

3 | Results

3.1 | Demographic Characteristics of Nebraskans
With Prostate Cancer

We identified 765 residents of Nebraska who were diagnosed
with prostate cancer from 1991 to 2023, of which 81.2%
(n=621) were categorized as urban residents and 18.8%
(n=144) as rural residents. Demographic characteristics of the
patient populations can be found in Table 1. Urban residents
were more racially and ethnically diverse, with 82.4% iden-
tifying as non-Hispanic White men, whereas 98.6% of rural
residents identified as non-Hispanic White men. We evaluated
smoking status and found no significant differences between
rural and urban residents. Across both populations, the ma-
jority of men with prostate cancer were not regular smokers
(urban: 56.1%, rural: 66.7%), and among those who reported
smoking regularly, the number of smoking years was similar
between rural and urban populations. We also analyzed the
highest level of education, marital status, household income
(per year), and current employment status, which overall re-
vealed no statistically significant difference between groups.
Although not statistically significant, a trend emerged for
the highest level of education: a greater percentage of rural

residents achieved high school graduate (urban: 14.7%, rural:
22.7%), post-secondary vocational/technical school (urban:
4.7%, rural: 11.4%), and associate degree/some college (urban:
22.9%, rural: 31.8%) as their highest level of education. Urban
residents, on the other hand, more often achieved college
graduate (urban: 31.8%, rural: 25.0%) and graduate/profes-
sional school (urban: 23.5%, rural: 9.1%) as their highest level
of education.

3.2 | Age of Diagnosis, Age of Death, and Overall
Survival

We compared the age of diagnosis (Figure 1A; Table 1) and
the age of death (Figure 1B; Table 1) between rural and urban
men with prostate cancer in Nebraska. Notably, the distri-
butions for rural men with prostate cancer for both the age of
diagnosis and the age of death were shifted to younger ages
compared to their urban counterparts. Prostate cancer was di-
agnosed in rural residents at 65.6 +£8.21years and in urban res-
idents at 68.7 +9.08 years, with the mean difference of 3.1years
(p<0.001). Even more disparate, rural residents died of pros-
tate cancer at 72.9+9.75years, while urban residents died of
prostate cancer at 77.1+8.85years, for a difference of 4.2years
(p<0.001).

We determined OS (Figure 2) and found no statistically signifi-
cant difference between rural and urban populations (p=0.56).
Rural men with prostate cancer had a median OS of 8.17years
(95% CI: 6.45, 8.99), and urban men with prostate cancer had a
median OS of 7.59years (95% CI: 6.89, 8.55). At the time of anal-
ysis, 41.5% of rural patients and 31.2% of urban patients were
alive, and 59.2% of rural patients and 68.8% of urban patients
were deceased. We did not have enough data on the cause of
death to perform a disease-specific survival analysis.

We performed an additional OS analysis that adjusted for clin-
ical TNM stage through stratification and age by including age
in the model with the rural/urban status variable (Table 2).
Diagnosis age was modeled using a restricted cubic spline due
to its non-linear relationship with survival, and because the age
spline violated the proportional hazards assumption, it was also
included in an interaction with time. Overall, there was no sta-
tistically significant difference in the adjusted risk of death be-
tween rural and urban patients (adjusted HR: 1.11; 95% CI: 0.85,
1.45; p = 0.45).

3.3 | Grade and Stage

Prostate cancer grade was analyzed using the International
Society of Urologic Pathology (ISUP) Gleason Grade Groups
(GGG), based on the Gleason scoring system. Results are shown
in Figure 3A and Table 3. Although rural and urban men with
prostate cancer did not have statistically significant differences
in GGG (p=0.54), there was a lower percentage of rural patients
(11.7%) with GGG 1, defined as Gleason score sum 6 or less, com-
pared to urban patients (20.7%).

Prostate cancer stage was analyzed based on clinical and
pathological TNM and AJCC stages. Our analysis revealed no
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TABLE1 | Demographic characteristics of Nebraskans with prostate cancer in the iCaRe2 registry.

Urban (n=621) Rural (n=144) P
Race and ethnicity n=620 n=144
American Indian or Alaska Native, not Hispanic/Latino 4(0.6%) 0(0.0%)
Asian, not Hispanic/Latino 6 (1.0%) 0(0.0%)
Black/African American 87 (14.0%) 1(0.7%)
Not Hispanic/Latino 85 (13.7%) 1(0.7%)
Hispanic/Latino 1(0.2%) 0(0.0%)
Unknown 1(0.2%) 0(0.0%)
Multiracial, not Hispanic/Latino 0(0.0%) 1(0.7%)
Native Hawaiian/Pacific Islander, not Hispanic/Latino 2(0.3%) 0(0.0%)
White 521 (84.0%) 142 (98.6%)
Not Hispanic/Latino 511 (82.4%) 142 (98.6%)
Hispanic/Latino 5(0.8%) 0(0.0%)
Unknown 5(0.8%) 0(0.0%)
Unknown 1 0
Years smoking n=157 n=42 0.782
Never smoker/not regular 88 (56.1%) 28 (66.7%)
Less than 20years 20 (12.7%) 3(7.1%)
20-39.9years 22 (14.0%) 5(11.9%)
40+ years 13 (8.3%) 2(4.8%)
Regular smoker, unknown years 14 (8.9%) 4(9.5%)
Unknown status 464 102
Highest level of education n=170 n=44 0.07%
Some high school 4 (2.4%) 0(0.0%)
High school graduate 25 (14.7%) 10 (22.7%)
Post-secondary vocational or technical school 8 (4.7%) 5(11.4%)
Associate degree or some college 39 (22.9%) 14 (31.8%)
College graduate 54 (31.8%) 11 (25.0%)
Graduate or professional school® 40 (23.5%) 4(9.1%)
Unknown 451 100
Marital status n=172 n=44 0.90?
Never married 7 (4.1%) 1(2.3%)
Married 132 (76.7%) 37 (84.1%)
Separated 1(0.6%) 0(0.0%)
Divorced 18 (10.5%) 4(9.1%)
Widowed 14 (8.1%) 2 (4.5%)
Unknown 449 100
Household income (per year) n=144 n=38 0.27%
Less than $10,000 4(2.8%) 0 (0.0%)
$10,000-24,999 14 (8.7%) 2(5.3%)
$25,000-44,999 22 (15.3%) 7 (18.4%)
(Continues)
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TABLE1 | (Continued)

Urban (n=621) Rural (n=144) P
$45,000-74,999 38 (26.4%) 10 (26.3%)
$75,000-100,000 20 (13.9%) 11 (28.9%)
More than $100,000 46 (31.9%) 8 (21.1%)
Missing 477 106
Current employment status n=167 n=42 0.10%
Disabled, unable to work 6 (3.6%) 1(2.4%)
Employed less than 32h per week and part-time student 1(0.6%) 0(0.0%)
Employed less than 32h per week 3(1.8%) 3(7.1%)
Employed greater than or equal to 32h per week 42 (25.1%) 16 (38.1%)
Retired 115 (68.9%) 22 (52.4%)
Missing 454 102
Age of diagnosis (years) n=621 n=143
40-44 1(0.2%) 1(0.7%)
45-49 8 (1.3%) 6 (4.2%)
50-54 40 (6.4%) 8 (5.6%)
55-59 58 (9.3%) 17 (11.9%)
60-64 111 (17.9%) 35 (24.5%)
65-69 125 (20.1%) 35 (24.5%)
70-74 119 (19.2%) 22 (15.4%)
75-79 91 (14.7%) 14 (9.8%)
80-84 42 (6.8%) 3(2.1%)
85-89 22 (3.5%) 2 (1.4%)
90-94 4(0.6%) 0(0.0%)
Missing 0 1
Mean (SD) 68.7 (9.08) 65.6 (8.21) <0.001¢
Age of death (years) n=426 n=284
45-49 1(0.2%) 2 (2.4%)
50-54 2(0.5%) 2(2.4%)
55-59 16 (3.8%) 3(3.6%)
60-64 25 (5.9%) 6 (7.1%)
65-69 54 (12.7%) 18 (21.4%)
70-74 66 (15.5%) 16 (19%)
75-79 82 (19.2%) 18 (21.4%)
80-84 92 (21.6%) 9 (10.7%)
85-89 56 (13.1%) 8 (9.5%)
90-94 32 (7.5%) 2 (2.4%)
Missing 60 195
Mean (SD) 77.1 (8.85) 72.9 (9.75) <0.001¢

2Fisher's exact p value.
bMaster's or doctoral degrees.
‘Independent samples t-test.
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significant differences between rural and urban cohorts for
clinical TNM stages (p=0.62; Figure 3B, Table 3). Similarly,
pathological TNM stage analysis revealed no significant dif-
ferences between rural and urban cohorts (p =0.22; Figure 3C,
Table 3). Of patients who had both clinical and pathological
TNM stages, excluding metastatic patients, 65.2% of rural pa-
tients and 72.2% of urban patients remained at the same stage
(p=0.52), and some differences in stage were due to upstaging
to T3-4 tumors or positive lymph node status, particularly in
rural patients (Table 4). Analysis of AJCC stage demonstrated
no statistically significant difference between rural and urban
patients (p=0.57; Figure 3D, Table 3). Interestingly, the rural
cohort did not have any patients who qualified for the lowest
stage analyzed (ITIB), unlike the urban cohort.

4 | Discussion

In this study, we sought to investigate prostate cancer disparity
among rural and urban patients in Nebraska from 1991 to 2023
using our multi-institutional resource, iCaRe2. Most striking
from our analysis was a newfound rural-urban disparity in the
age of prostate cancer diagnosis and the age of death in patients
with prostate cancer, where rural patients were diagnosed and
died with prostate cancer at younger ages than urban patients.
The difference of 3.1years in diagnosis and 4.2 years in death
is both statistically and clinically meaningful. Despite these
important distinctions in populations, our OS analysis was not
statistically or meaningfully significant between the two com-
munities, which is consistent with other analyses of rural-urban
prostate cancer disparity [1, 8, 13]. After adjusting for clinical
TNM stage and age, the risk of death for rural patients still did
not significantly differ from urban patients. Given these results,
we posit traditional cancer analyses that focus on OS, which
merely captures the time between diagnosis and death, may not
be sufficient to capture cancer differences in populations.

In our analysis, RUCA primary codes 4-10 were categorized
as rural, which is consistent with the categorization used by
the Health Resources and Services Administration (HRSA),
to acknowledge that even micropolitan areas in Nebraska are
embedded in vast rural regions that highly impact these small
communities. Using these definitions, our analysis included
18.8% rural residents, which still underestimates the proportion
of rural residents in Nebraska [19]. Urban areas had expectedly
more racially and ethnically diverse patients than rural areas,
but both patient populations were still predominantly non-
Hispanic White men (> 80%). Racial/ethnic disparities in cancer
exist. Black Americans have a higher incidence rate and mor-
tality rate of prostate cancer compared to non-Hispanic White
Americans [22-28]. One study reported that Alaskan Natives
and American Indians also have higher prostate cancer mortal-
ity rates compared to non-Hispanic White Americans [24]. Our
study supports the notion that rural residents constitute another
distinct group experiencing high rates of adverse outcomes from
prostate cancer and warrant further investigation.

Previous national studies have shown rural communities have
higher incidences of tobacco use and tobacco-related cancers
compared to their urban counterparts [4, 5, 29] and smoking
may impact prostate cancer incidence and risk of death [30].

Therefore, we also investigated smoking status in our analysis.
Smoking status was missing from most patients in both com-
munities (>70%). The available data revealed similar smoking
statuses between the two populations, with a majority being
non-smokers (>50%). Voluntary response bias may be a factor,
especially in a database not specifically designed to collect de-
tailed tobacco use information.

Our analyses of rural-urban differences in education, marital
status, household income, and employment status did not reveal
statistically significant differences. Education and household
income are known to be different among rural and urban pop-
ulations: fewer people in rural communities complete a bache-
lor's degree and above [31], and those in rural communities often
have lower incomes [32]. Our results, though not statistically
significant, appear to agree with this trend. Although there was
an observed, not statistically significant difference regarding
current employment status, where more urban residents were
retired than rural residents, this could be related to differences
in age of diagnosis, as the presence of prostate cancer prompted
the enrollment into the iCaRe2 registry, and we found urban
men with prostate cancer were diagnosed at older ages com-
pared to rural men.

We investigated prostate cancer grade through Gleason scores
and GGG and stage through clinical and pathological TNM
stages and AJCC stages. GGG, clinical and pathological TNM
stages, and AJCC stages were not statistically significant for dif-
ferences between rural and urban patients with prostate cancer
but demonstrated some evidence that rural populations may less
commonly have prostate cancers with low grade and low stage.
Our AJCC stage analysis, which considered Gleason scores and
clinical TNM stage, potentially suggested rural patients with
prostate cancer in Nebraska may less frequently have the low-
est stage in our analysis (IIIB), which may be a consequence of
high Gleason scores and positive lymph node status. This would
suggest that rural patients may have more clinically aggressive
prostate cancer at the time of diagnosis compared to urban pa-
tients, which is an important area for future research. However,
our analysis of AJCC stage by rural-urban status was not statis-
tically significant and was limited by a lack of initial PSA levels,
which precluded analysis of stages lower than ITIB.

Analysis of pathological TNM stage, which also did not show
statistically significant differences, potentially suggested rural
patients with prostate cancer in Nebraska may be more fre-
quently upstaged to T3-4, which identifies local cancer growth
outside the prostate, and have positive lymph nodes than their
urban counterparts. As surgical specimens are required to sup-
port pathological TNM staging, one area of future investigation
is whether surgery, which is frequently performed in otherwise
healthy individuals, is being pursued as treatment over radia-
tion therapy more commonly in rural patients.

Taken together, the current analysis demonstrates disparate
clinical presentations between rural and urban patients in that
rural men may be diagnosed and die with prostate cancer at
younger ages than urban men. Although our analysis of grade
and stage was not statistically significant, the earlier onset of
prostate cancer as well as the trend of higher grade and stage
in rural patients supports the need to investigate potential
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A Age of Diagnosis of Patients in Nebraska
with Prostate Cancer
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FIGURE1 | Bar graphs of (A) age of diagnosis and (B) age of death of rural (orange) and urban (blue) patients in Nebraska with prostate cancer.
(A) The mean £ SD age of diagnosis for rural patients was 65.6 + 8.21 years and for urban patients was 68.7 £9.08 years (p <0.001). (B) The mean + SD
age of death for rural patients was 72.9 £9.75years and for urban patients was 77.1 £ 8.85years (p <0.001).
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FIGURE2 | Kaplan-Meier survival graph of overall survival of rural
(blue) and urban (red, dashed) patients in Nebraska with prostate can-
cer (p=0.56). The median survival time for rural patients was 8.17 years
(95% CI: 6.45, 8.99) and for urban patients was 7.59years (95% CI: 6.89,
8.55). At the time of analysis, 41.5% of rural patients and 31.2% of urban
patients were alive, and 59.2% of rural patients and 68.8% of urban pa-
tients were deceased.

biological differences in prostate cancer between rural and
urban patients. It is known that residents in Nebraska have dif-
ferent environmental influences compared to urban residents
that could impact human biology, particularly in relation to pes-
ticide exposure [33, 34]. The positive association between pesti-
cide exposure and aggressive prostate cancer is already known
[15-18]. Air pollution has also been associated with increased
prostate cancer risk [35-38]. Studies on air pollution in rural
and urban spaces have demonstrated differences in the quality
and quantity of particulate matter sources [39], with particulates
associated with agricultural activity and windblown dust being
high in the rural US Midwest Great Plains region [40]. However,
the differences of these exposures in relation to prostate cancer

risk and biology are unknown. Tobacco use, which is more prev-
alent in rural populations and in the Midwest [41, 42], may be
another contributing factor that has known positive associations
with aggressive prostate cancer [30, 43]. Other evidence suggests
a positive association between heavy alcohol use and aggressive
prostate cancer [44, 45]. Although differences in alcohol use
among rural and urban communities are a complex topic that
requires further investigation [41, 46, 47], rates of heavy alcohol
use appear to be higher in rural compared to urban residents in
Nebraska [48, 49].

In recognition that different rural areas in the US may be ex-
posed to diverse environmental exposures that impact biology
in distinct ways, there is a great need for state-specific or region-
specific analyses to properly assess rural-urban disparities in
the US. A multi-cancer analysis from the University of Kansas
Medical Center shares this conclusion for investigating rural-
urban cancer disparities at the local level [50]. Many studies on
rural-urban disparities have been conducted using the SEER
database, but one rural-urban prostate cancer analysis has dis-
cussed the underrepresentation of rural populations in SEER
due to the composition of SEER registries in mostly metropoli-
tan areas as a limitation of the resource [14]. We encourage other
institutions to focus on rural-urban analyses that can better rep-
resent local rural communities and uncover cancer disparities
specific to their state or region.

Our study has several important strengths. First and foremost,
our study has revealed that there is a clinical prostate cancer
disparity among rural men, which has not yet been demon-
strated in the field. We focused our investigation on clinically
important details that have not yet been well studied in exam-
ining rural-urban differences in prostate cancer: age of diagno-
sis, age of death, GGG, clinical and pathological TNM stages,
and AJCC stage. Equally important is our use of a patient regis-
try focused on rural and urban communities in the central US
great plains region, iCaRe2, to perform a state-specific analysis.
Consequently, our study contributes a unique and important
perspective that encourages further research in rural-urban
prostate cancer disparity regarding regional characteristics,
clinical presentation, and biological behavior. Potential causes
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TABLE 2 | Extended Cox proportional hazards model for survival, stratified by clinical TNM stage.

Follow-up time (years) Adjusted hazard ratio 95% Confidence interval p
Rural-urban status 0.45
Rural 1.11 0.85-1.45
Urban 1.00 Reference

Diagnosis age (years)?

62years old 2 1.00 0.97-1.03
5 1.02 1.00-1.04
10 1.05 1.02-1.08
68years old 2 0.98 0.93-1.02
5 0.99 0.96-1.03
10 1.02 0.97-1.07
75years old 2 1.09 1.06-1.11
5 1.10 1.07-1.13
10 1.13 1.05-1.21

Note: This model is stratified by clinical stage.

2Diagnosis age was modeled using a restricted cubic spline due to its non-linear relationship with survival, and because the age spline violated the proportional
hazards assumption, it was also included in an interaction with time. Therefore, hazard ratios for age are shown for various ages (since the hazard associated with an
increase in 1year of age differs by age) and times of follow up (since the hazards are not the same over the follow-up period). The overall p value for the age spline and
age spline-time interaction were 0.002 and 0.009, respectively.

A Gleason Grade Group of Patients B Clinical TNM Stages of Patients
in Nebraska with Prostate Cancer in Nebraska with Prostate Cancer
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FIGURE3 | Bar graphs of (A) Gleason grade groups (GGG) (rural n=60, urban n=270), (B) clinical TNM stages (rural n=97, urban n =449), (C)
pathological TNM stages (rural n =43, urban n =124), and (D) AJCC stages (rural n=26, urban n =140) of rural (orange) and urban (blue) patients in
Nebraska with prostate cancer. Interestingly, rural patients in Nebraska with prostate cancer less frequently had (A) GGG 1 and (D) AJCC stage IIIB
and more often had (C) lymph nodes positive for cancer in pathological TNM staging compared to urban patients in Nebraska with prostate cancer.

underlying these differences were also discussed and provide a  This study has several limitations. The most important one re-

guidepost for future investigations. The iCaRe2 tissue bank pro- lates to the large percentage of patients for which data is not
vides a unique platform tailored to support bioanalytical compo- available, as documented throughout this study. Further, we
nents of such investigations. recognize this study underrepresents the rural population of
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TABLE 3 | Clinical characteristics of Nebraskans with prostate Nebraska. Moreover, because iCaRe2 relies heavily on rural
cancer in the iCaRe2 registry. patients who are referred to the Fred & Pamela Buffett Cancer
Center, which is an urban center, this data may be subject to re-

Urban Rural ferral bias. Also, while our analyses suggest potential biological
(n=621) (n=144) p differences in prostate cancer between rural and urban popu-
Gleason Grade n=270 n=60 0.542 lations, concrete biological evidence is lacking. In addition, the
Group generalizability of our findings to nearby states or the Midwest
is unknown, though likely. Finally, there are known associa-
1 (Gleason score 56 (20.7%) 7 (11.7%) . . . .
sum <6) thI?S betwee.n rurality and socmeconom'lc status [3, 51], and
socioeconomic status could be a confounding factor in our anal-
2 (Gleason score 50 (18.5%) 14 (23.3%) ysis. These limiting factors are not unique to the current study.
3+4=7) In fact, the limiting factors of this study constitute key findings
3 (Gleason score 41 (15.2%) 9.(15%) thz.lt h.ighligh.t the large and fundam.ental kno.vs./ledg.e gaps that
443=7) exist in seeking to ur.lders.tand medical COI‘l.dltlF)I.lS in sparsgly
populated remote regions in the US. As a scientific community
4 (Gleason score 32 (11.9%) 9 (15%) invested in public health, we can strive to better capture this im-
sum 8) portant underserved population.
5 (Gleason score 91 (33.7%) 21 (35%)
sum 29) 5 | Conclusions
Unknown 351 84
Clinical TNM n=449 n=97 0.622 In our study, we sought to determine rural-urban cancer dispar-
stages ity among patients in Nebraska diagnosed with prostate cancer
from 1991 to 2023. Using our multi-institutional patient registry,
T1-2 249 58 (59.8%) iCaRe2, we investigated race and ethnicity, smoking status, ed-
(55.5%) ucation, marital status, household income, current employment
T3-4 81 (18.0%) 14 (14.4%) status, age of diagnosis, age of death, overall survival, Gleason
scores, clinical and pathological TNM staging, and AJCC stag-
N1 19 (4.2%) 6(6.2%) ing (stages IIIB-IVB). From this analysis, we determined rural
M1 100 19 (19.6%) patients with prostate cancer in Nebraska are diagnosed with
(22.3%) prostate cancer and die at younger ages than urban patients.
Overall survival was similar between the two cohorts, which
Unknown 172 47 is consistent with published reports. Investigation into prostate
Pathological n=124 n=43 0.222 cancer grade and stage was limited by missing information for
TNM stages many patients we analyzed, but the overall clinical characteris-
1o 68 (54.8%) 22 (51.2%) tics potentially suggested rural patients may have biologically

different prostate cancer that is more clinically aggressive than
T3-4 47 (37.9%) 14 (32.6%) their urban counterparts. Smoking status, education, marital
status, household income, and current employment status were
similar between the two cohorts. Urban patients were slightly
Unknown 497 101 more diverse than rural patients, but non-Hispanic White
men were predominant by a high margin in both populations.

N1 9 (7.3%) 7 (16.3%)

Clinical and n="72 n=23 0.522 R . Lo S
pathological Lnr.ntatlons. to our study include mls.smg information in (.)ur
TNM stage match patient registry, not accurately capturing the rural population
(including referral bias), unknown generalizability of our find-
Yes 52 (72.2%) 15 (65.2%) ings, and socioeconomic status being a potential confounding
No 20 (27.8%) 8 (34.8%) variable.
Unknown 549 121 Our results support future investigations into rural-urban can-
AJCC stages n=140 n=26 0.57b cer disparity. Particularly, we assert that studying rural-urban
cancer disparity needs more novel approaches. Exploring clin-
1B 10 (7.1%) 0(0.0%) ical features of cancer disease course, such as age of diagno-
Ic 17 (12.1%) 4 (15.4%) sis and age of death, may better capture differences in cancer
behavior, and performing state- or region-specific analyses
IVA 13 (9.3%) 3 (11.5%) may better account for unique environmental factors and in-
IVB 100 19 (73.1%) fluences. Moreover, genetic and physiologic studies of tumors
(71.4%) from rural and urban patients might identify biological dif-
ferences in cancers. Overall, we believe rural-urban cancer
Unknown 481 118 disparities exist in clinically meaningful ways, and our study
“Chi-squared p value. contributes to strategies in which we may be able to delineate
bFisher's exact p value. differences.
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TABLE 4 | Changes in clinical and pathological TNM stages of rural and urban patients in Nebraska with prostate cancer.
Clinical TNM stage Pathological TNM stage Staging change n (%)

Rural (n=23) T1-2NOMO T3-4NOMO Upstage 4 (17.4%)
T1-2NOMO N1MO Upstage 3 (13.0%)

T3-4 N1MO Upstage 1(4.3%)

Urban (n=72) T1-2 T3-4 Upstage 1(1.4%)
T1-2NOMO T3-4 Upstage 1(1.4%)

T1-2NOMO T3-4NOMO Upstage 1(1.4%)

T1-2NOMO N1MO Upstage 4 (5.6%)

T3-4 N1 Upstage 1(1.4%)

T3-4NOMO N1MO Upstage 1(1.4%)

T3-4NOMO T1-2 Downstage 1(1.4%)

N1MO T3-4 Downstage 1(1.4%)

Author Contributions

Cassie Liu: conceptualization, investigation, writing — original draft,
writing - review and editing, methodology, visualization, project ad-
ministration. Kaeli K. Samson: investigation, methodology, formal
analysis, writing - review and editing, visualization. Oleg Shats: data
curation, writing - review and editing. Raymond Bergan: conceptual-
ization, supervision, funding acquisition, writing — review and editing,
project administration.

Acknowledgments

Financial support for this research was provided to R.B. by the
National Institutes of Health (RO1CA276846). The authors would
like to acknowledge the integrated Cancer Repository for Cancer
Research (iCaRe2) registry, developed and maintained by the Fred
& Pamela Buffett Cancer Center (FPBCC), for support in the collec-
tion of patient data and specimens used in this study (FPBCC NCI
Support Grant P30 CA036727). The authors would also like to ac-
knowledge Dr. Shinobu Watanabe-Galloway for her helpful advice and
suggestions.

Ethics Statement

This project did not constitute human subject research as defined by
45CFR46.102 and, therefore, did not require IRB review.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Datasets generated and/or analyzed during the current study are not
publicly available but are available from the corresponding author upon
reasonable request.

References

1. G. K. Singh and M. Siahpush, “Widening Rural-Urban Disparities in
Life Expectancy, U.S., 1969-2009,” American Journal of Preventive Med-
icine 46, no. 2 (2014): e19-e29.

2. M. C. Garcia, L. M. Rossen, B. Bastian, et al., “Potentially Excess
Deaths From the Five Leading Causes of Death in Metropolitan and

Nonmetropolitan Counties—United States, 2010-2017,” MMWR Sur-
veillance Summaries 68, no. 10 (2019): 1-11.

3. K. M. Kenzik, E. S. Davis, J. A. Franks, and S. Bhatia, “Estimating the
Impact of Rurality in Disparities in Cancer Mortality,” JCO Oncology
Practice 20, no. 7 (2024): 993-1002.

4. W. E. Zahnd, A. S. James, W. D. Jenkins, et al., “Rural-Urban Dif-
ferences in Cancer Incidence and Trends in the United States,” Cancer
Epidemiology, Biomarkers & Prevention 27, no. 11 (2018): 1265-1274.

5.S. J. Henley and A. Jemal, “Rural Cancer Control: Bridging the
Chasm in Geographic Health Inequity,” Cancer Epidemiology, Biomark-
ers & Prevention 27, no. 11 (2018): 1248-1251.

6. L.-M. Baldwin, C. H. A. Andrilla, M. P. Porter, R. A. Rosenblatt, S.
Patel, and M. P. Doescher, “Treatment of Early-Stage Prostate Cancer
Among Rural and Urban Patients,” Cancer 119, no. 16 (2013): 3067-3075.

7. A. Maganty, L. M. Sabik, Z. Sun, et al., “Under Treatment of Prostate
Cancer in Rural Locations,” Journal of Urology 203, no. 1 (2020): 108-114.

8. H. Li, K. K. Sahu, S. A. Kumar, et al., “Access to Care and Healthcare
Quality Metrics for Patients With Advanced Genitourinary Cancers in
Urban Versus Rural Areas,” Cancers (Basel) 15, no. 21 (2023): 5171.

9. A. A. Pandit, N. N. Patil, M. Mostafa, M. Kamel, M. T. Halpern, and C.
Li, “Rural-Urban Disparities in Patient Care Experiences Among Pros-
tate Cancer Survivors: A SEER-CAHPS Study,” Cancers (Basel) 15, no.
7 (2023): 1939.

10.J. Bai, S. L. Pugh, R. Eldridge, et al., “Neighborhood Deprivation and
Rurality Associated With Patient-Reported Outcomes and Survival in
Men With Prostate Cancer in NRG Oncology RTOG 0415,” International
Journal of Radiation Oncology, Biology, Physics 116, no. 1 (2023): 39-49.

11. E. R. Dwyer, S. K. Holt, E. M. Wolff, et al., “Patient-Centered Out-
comes of Telehealth for the Care of Rural-Residing Patients With Uro-
logic Cancer,” Cancer 129, no. 18 (2023): 2887-2892.

12. L. Han, R. Sullivan, A. Tree, et al., “The Impact of Transportation
Mode, Socioeconomic Deprivation and Rurality on Travel Times to Ra-
diotherapy and Surgical Services for Patients With Prostate Cancer: A
National Population-Based Evaluation,” Radiotherapy and Oncology
192 (2024): 110092.

13. M. W. Lewis-Thames, M. E. Langston, S. Khan, et al., “Racial and
Ethnic Differences in Rural-Urban Trends in 5-Year Survival of Pa-
tients With Lung, Prostate, Breast, and Colorectal Cancers: 1975-2011
Surveillance, Epidemiology, and End Results (SEER),” JAMA Network
Open 5, no. 5 (2022): €2212246.

10 of 12

Cancer Medicine, 2025



14. L. F. Stolzenbach, M. Deuker, C. Colla-Ruvolo, et al., “Differences
Between Rural and Urban Prostate Cancer Patients,” World Journal of
Urology 39, no. 7 (2021): 2507-2514.

15. K. L. Bassil, C. Vakil, M. Sanborn, D. C. Cole, J. S. Kaur, and K. J.
Kerr, “Cancer Health Effects of Pesticides: Systematic Review,” Cana-
dian Family Physician 53, no. 10 (2007): 1704-1711.

16. M. C. R. Alavanja, M. K. Ross, and M. R. Bonner, “Increased Cancer
Burden Among Pesticide Applicators and Others Due to Pesticide Ex-
posure,” CA: A Cancer Journal for Clinicians 63, no. 2 (2013): 120-142.

17. S. Koutros, L. E. Beane Freeman, J. H. Lubin, et al., “Risk of Total
and Aggressive Prostate Cancer and Pesticide Use in the Agricultural
Health Study,” American Journal of Epidemiology 177, no. 1 (2012): 59—
74, https://doi.org/10.1093/aje/kws225.

18. L. A. Pardo, L. E. Beane Freeman, C. C. Lerro, et al., “Pesticide Ex-
posure and Risk of Aggressive Prostate Cancer Among Private Pesticide
Applicators,” Environmental Health 19, no. 1 (2020): 30.

19. Rural Health Information Hub, “Nebraska Nonmetro Population,”
2023, https://www.ruralhealthinfo.org/states/nebraska.

20. “Integrated Cancer Repository for Cancer Research,” University of
Nebraska Medical Center, https://www.unmc.edu/cancercenter/resea
rch/icare2/.

21. US Department of Agriculture Economic Research Service, “Rural-
Urban Commuting Area Codes,” 2023, https://www.ers.usda.gov/data-
products/rural-urban-commuting-area-codes/.

22. A. N. Giaquinto, K. D. Miller, K. Y. Tossas, R. A. Winn, A. Jemal,
and R. L. Siegel, “Cancer Statistics for African American/Black People
2022,” CA: A Cancer Journal for Clinicians 72, no. 3 (2022): 202-229.

23.S. R. Stock, M. T. Burns, J. Waller, et al., “Racial and Ethnic Dif-
ferences in Prostate Cancer Epidemiology Across Disease States in the
VA,” JAMA Network Open 7, no. 11 (2024): e2445505.

24.H. Zeng, M. Xu, Y. Xie, et al., “Racial/Ethnic Disparities in the
Cause of Death Among Patients With Prostate Cancer in the United
States From 1995 to 2019: A Population-Based Retrospective Cohort
Study,” eClinicalMedicine 62 (2023): 102138.

25. A. Wadhwa, C. Roscoe, E. A. Duran, et al., “Neighborhood Depriva-
tion, Race and Ethnicity, and Prostate Cancer Outcomes Across Califor-
nia Health Care Systems,” JAMA Network Open 7, no. 3 (2024): e242852,
https://doi.org/10.1001/jamanetworkopen.2024.2852.

26. P. Kheirandish and F. Chinegwundoh, “Ethnic Differences in Pros-
tate Cancer,” British Journal of Cancer 105, no. 4 (2011): 481-485.

27. E. A. Platz, E. B. Rimm, W. C. Willett, P. W. Kantoff, and E. Giovan-
nucci, “Racial Variation in Prostate Cancer Incidence and in Hormonal
System Markers Among Male Health Professionals,” JNCI Journal of the
National Cancer Institute 92, no. 24 (2000): 2009-2017.

28. M. A. Kinseth, Z. Jia, F. Rahmatpanah, et al., “Expression Differ-
ences Between African American and Caucasian Prostate Cancer
Tissue Reveals That Stroma Is the Site of Aggressive Changes,” Interna-
tional Journal of Cancer 134, no. 1 (2014): 81-91.

29. K. Buettner-Schmidt, D. R. Miller, and B. Maack, “Disparities in
Rural Tobacco Use, Smoke-Free Policies, and Tobacco Taxes,” Western
Journal of Nursing Research 41, no. 8 (2019): 1184-1202.

30.S. Al-Fayez and A. El-Metwally, “Cigarette Smoking and Prostate
Cancer: A Systematic Review and Meta-Analysis of Prospective Cohort
Studies,” Tobacco Induced Diseases 21, no. 19 (2023): 19, https://doi.org/
10.18332/tid/157231.

31. US Department of Agriculture Economic Research Service, “Edu-
cational Attainment Improved in Rural America but Educational Gap
With Urban Areas Grew for Bachelor's Degrees and Higher,” 2023,
https://www.ers.usda.gov/data-products/chart-gallery/gallery/chart-
detail/?chartId=106147.

32. “Earnings: Federal Reserve Bank of New York Economic Research,”
2023, https://www.newyorkfed.org/medialibrary/Research/Interactiv
es/Data/equitable-growth-indicators/downloads/10_2023_EGI_natio
nal_earnings.pdf.

33.W.J. Lee, J. S. Colt, E. F. Heineman, et al., “Agricultural Pesticide
Use and Risk of Glioma in Nebraska, United States,” Occupational and
Environmental Medicine 62, no. 11 (2005): 786-792, https://doi.org/10.
1136/0em.2005.020230.

34.N. Wan and G. Lin, “Parkinson's Disease and Pesticides Exposure:
New Findings From a Comprehensive Study in Nebraska, USA,” Jour-
nal of Rural Health 32, no. 3 (2016): 303-313.

35.Y. Chen, S. Yang, J. Lin, et al., “Long-Term Exposure to Ambient Air
Pollutants and Risk of Prostate Cancer: A Prospective Cohort Study,”
Environmental Research 270 (2025): 121020.

36. L. M. K. Youogo, M. E. Parent, P. Hystad, and P. J. Villeneuve, “Am-
bient Air Pollution and Prostate Cancer Risk in a Population-Based
Canadian Case-Control Study,” Environmental Epidemiology 6, no. 4
(2022): €219.

37.1. Kayyal-Tarabeia, A. Zick, I. Kloog, I. Levy, M. Blank, and K. Agay-
Shay, “Beyond Lung Cancer: Air Pollution and Bladder, Breast and Pros-
tate Cancer Incidence,” International Journal of Epidemiology 53, no. 4
(2024): dyae093.

38.J. Li, Z. Deng, S. J. C. Soerensen, et al., “Ambient Air Pollution and
Urological Cancer Risk: A Systematic Review and Meta-Analysis of Ep-
idemiological Evidence,” Nature Communications 15, no. 1 (2024): 5116.

39. F. Borghi, A. Spinazz¢, N. De Nardis, et al., “Studies on Air Pollution
and Air Quality in Rural and Agricultural Environments: A Systematic
Review,” Environments 10, no. 12 (2023): 208.

40.Y. Wang, J. V. Puthussery, H. Yu, Y. Liu, S. Salana, and V. Verma,
“Sources of Cellular Oxidative Potential of Water-Soluble Fine Ambient
Particulate Matter in the Midwestern United States,” Journal of Hazard-
ous Materials 425 (2022): 127777.

41. “Substance Use and Misuse in Rural Areas: Rural Health Information
Hub,” 2024, https://www.ruralhealthinfo.org/topics/substance-use.

42. M. E. Cornelius, C. G. Loretan, T. W. Wang, A. Jamal, and D. M.
Homa, “Tobacco Product Use Among Adults—United States, 2020,”
MMWR. Morbidity and Mortality Weekly Report 71, no. 11 (2022):
397-405.

43. L. A. Plaskon, D. F. Penson, T. L. Vaughan, and J. L. Stanford, “Ciga-
rette Smoking and Risk of Prostate Cancer in Middle-Aged Men1,” Can-
cer Epidemiology, Biomarkers & Prevention 12, no. 7 (2003): 604-609.

44, O. D'Ecclesiis, E. Pastore, S. Gandini, et al., “Association Between
Alcohol Intake and Prostate Cancer Mortality and Survival,” Nutrients
15, no. 4 (2023): 925.

45. A.J. Macke and A. Petrosyan, “Alcohol and Prostate Cancer: Time to
Draw Conclusions,” Biomolecules 12, no. 3 (2022): 375.

46. M. A. Dixon and K. G. Chartier, “Alcohol Use Patterns Among
Urban and Rural Residents: Demographic and Social Influences,” Alco-
hol Research: Current Reviews 38, no. 1 (2016): 69-77.

47.]. Saalfield and B. Haag, “Alcohol Use Amongst Rural Adolescents
and Young Adults: A Brief Review of the Literature,” Psychological Re-
ports (2024): 00332941241251460, https://doi.org/10.1177/0033294124
1251460.

48.T. Lee, “Poll Shows Rural Nebraskans Concerned About Alcohol,
Drug Abuse,” University of Nebraska-Lincoln: Office of Research and
Innovation, 2018, https://research.unl.edu/blog/poll-shows-rural-
nebraskans-concerned-about-alcohol-drug-abuse/.

49. C. R. Thrash and T. D. Warner, “The Geography of Normative Cli-
mates: An Application to Adolescent Substance Use,” Journal of Youth
and Adolescence 45, no. 8 (2016): 1587-1603.

11 of 12


https://doi.org/10.1093/aje/kws225
https://www.ruralhealthinfo.org/states/nebraska
https://www.unmc.edu/cancercenter/research/icare2/
https://www.unmc.edu/cancercenter/research/icare2/
https://www.ers.usda.gov/data-products/rural-urban-commuting-area-codes/
https://www.ers.usda.gov/data-products/rural-urban-commuting-area-codes/
https://doi.org/10.1001/jamanetworkopen.2024.2852
https://doi.org/10.18332/tid/157231
https://doi.org/10.18332/tid/157231
https://www.ers.usda.gov/data-products/chart-gallery/gallery/chart-detail/?chartId=106147
https://www.ers.usda.gov/data-products/chart-gallery/gallery/chart-detail/?chartId=106147
https://www.newyorkfed.org/medialibrary/Research/Interactives/Data/equitable-growth-indicators/downloads/10_2023_EGI_national_earnings.pdf
https://www.newyorkfed.org/medialibrary/Research/Interactives/Data/equitable-growth-indicators/downloads/10_2023_EGI_national_earnings.pdf
https://www.newyorkfed.org/medialibrary/Research/Interactives/Data/equitable-growth-indicators/downloads/10_2023_EGI_national_earnings.pdf
https://doi.org/10.1136/oem.2005.020230
https://doi.org/10.1136/oem.2005.020230
https://www.ruralhealthinfo.org/topics/substance-use
https://doi.org/10.1177/00332941241251460
https://doi.org/10.1177/00332941241251460
https://research.unl.edu/blog/poll-shows-rural-nebraskans-concerned-about-alcohol-drug-abuse/
https://research.unl.edu/blog/poll-shows-rural-nebraskans-concerned-about-alcohol-drug-abuse/

50.J. A. Thompson, L. Chollet-Hinton, J. Keighley, et al., “The Need to
Study Rural Cancer Outcome Disparities at the Local Level: A Retro-
spective Cohort Study in Kansas and Missouri,” BMC Public Health 21,
no. 1 (2021): 2154.

51.A.S. Long, A. L. Hanlon, and K. L. Pellegrin, “Socioeconomic Vari-
ables Explain Rural Disparities in US Mortality Rates: Implications for
Rural Health Research and Policy,” SSM Population Health 6 (2018):
72-74.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

12 of 12

Cancer Medicine, 2025



	Disparities Between Rural and Urban Patients With Prostate Cancer in Nebraska
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Study Population
	2.2   |   Variable Definition
	2.3   |   Biostatistical Analyses

	3   |   Results
	3.1   |   Demographic Characteristics of Nebraskans With Prostate Cancer
	3.2   |   Age of Diagnosis, Age of Death, and Overall Survival
	3.3   |   Grade and Stage

	4   |   Discussion
	5   |   Conclusions
	Author Contributions
	Acknowledgments
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References


