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Background: Pancreatic Cancer is the sixth deadliest cancer across the world, and its incidence has
more than doubled in recent decades. The literature lacks comprehensive evidence on rural-urban and
place-of-death mortality trends over the last two decades. This retrospective analysis summarizes the
mortality trends for deaths involving pancreatic cancer patients from 1999 to 2023, with urban and
rural stratification to better direct interventional strategies.

Methods: Data from death certificates were extracted using the CDC WONDER database’s multiple
cause-of-death model, using ICD-10 codes C25.0 to C25.4 and C25.7 to C25.9 for adults aged 25+
years from 1999 to 2023. The urbanization data were extracted from 1999 to 2020. Urbanization regions
were organized, and age-adjusted mortality rates (AAMRs) were calculated per 100,000 population.
Joinpoint software was used for evaluating trends.

Results: A total of 1,002,439 deaths from pancreatic cancer occurred from 1999 to 2023, with an
overall increase in AAMR from 17.254 in 1999 to 18.446 in 2023 (AAPC: 0.3293%). The death rate in
rural areas, though declining initially (APC: -0.2572%), has increased persistently since 2003 (APC:
0.773%), surpassing the urban death rate from 2010 onwards. The rise in urban fatality rates was less
steep (AAPC: 0.20%). Place of death was analyzed as a cross-period distribution, with the majority of
deaths occurring in the decedent’s home (48.3%), followed by medical facilities (25.19%) and nursing
homes (11.26%).

Conclusion: A consistent rise in pancreatic cancer-related mortality with an increasing trend for rural
areas emphasizes the discrepancy and the possible need for targeted interventions.
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double in recent decades [3]. Despite significant advancements in
genomic profiling and surgical precision, the five-year survival rate
is low at approximately 13% [4]. Between 1999 and 2023, the U.S.
recorded more than one million deaths from pancreatic cancer alone,
with the overall age-adjusted mortality rate (AAMR) rising from
17.25 to 18.45 per 100,000 population [5].

1. Introduction

Pancreatic cancer is a formidable challenge in global oncology,
currently ranking as the third leading cause of cancer-related
mortality in the United States and the sixth deadliest worldwide
[1, 2]. Characterized by an aggressive clinical course and a frequent
lack of early symptoms, it has seen its global incidence more than

While historical epidemiological data focused on urban lifestyle
factors, a significant geographic shift has emerged that warrants
investigation. Urban mortality rates have risen modestly (Average
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Annual Percentage Change: 0.20%), whereas rural mortality has
increased persistently since 2003 at a significantly steeper rate (APC:
0.773%), ultimately surpassing urban rates in 2010 [6, 7]. This trend
highlights a widening "geographic divide" in survival outcomes that
challenges existing public health frameworks [8].

The primary goal of this study is to determine deaths involving
pancreatic cancer in urban and rural America. While recent studies
have documented general shifts in pancreatic cancer outcomes,
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this research expands the longitudinal analysis through 2023. It
incorporates place-of-death summaries to provide a granular analysis
of end-of-care transitions.

2. Methods

2.1. Study Design

We conducted a retrospective analysis using death certificate data
retrieved from the Centers for Disease Control and Prevention Wide-
Ranging Online Data for Epidemiologic Research (CDC WONDER)
database between 1999 and 2023 to assess rural-urban disparities
in pancreatic cancer — related mortality among adults aged 25 and
older in the U.S. Individuals younger than 25 years were excluded.
The primary analysis was restricted to individuals aged >25 years
to focus on the population in which pancreatic cancer mortality is
most prevalent.

By focusing on this age group, we ensured the dataset’s statistical
completeness for our comprehensive analyses of pancreatic cancer —
related mortality trends. This age cutoff has been used to define adults
in similar studies [9]. The International Statistical Classification
of Diseases and Related Health Problems, 10th Revision (ICD-
10) was used: C25.0-C25.4 and C25.7-C25.9 for pancreatic cancer.
Deaths were included if pancreatic cancer was listed anywhere on
the death certificate, either as the underlying cause of death or
as one of the contributing causes of death. This comprehensive
approach ensures the capture of all deaths where pancreatic cancer
played a documented role, regardless of its position on the death
certificate. Institutional review board approval was not required
for this study, as it used de-identified public-use data provided by
the government and adhered to the STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology) guidelines for
reporting [10].

2.2. Data Abstraction

Data for population size and urbanization were extracted. Place of
death was categorized into medical facilities, hospice, home, and
nursing home/long-term care facilities. The National Center for
Health Statistics (NCHS) Urban-Rural Classification Scheme was
used to assess the population by urban counties per the 2013 U.S.
census classification [11]. The six NCHS categories (large central
metro, large fringe metro, medium metro, small metro, micropolitan,
and noncore) collapsed into two groups: metropolitan (large central
metro, large fringe metro, medium metro, and small metro) and
non-metropolitan (micropolitan and noncore). This classification
was applied consistently across all analyses. It is important to note
that urban-rural data were consistently available and analyzed only
for the period 1999 — 2020 due to historical limitations in CDC
WONDER stratifications.

2.3. Statistical Analysis

Age-adjusted mortality rates (AAMRs) per 100,000 population from
1999-2023, by year and urban-rural status from 1999-2020, with
95% Cls, were calculated using the 2000 U.S. population as the
standard [12]. For the place of death, data were available only as
aggregated counts and proportions over the selected study period,
and do not consistently support reliable year-by-year or time-trend
analyses. CMRs were determined by dividing the number of pancre-
atic cancer — related mortalities among adults by the corresponding
U.S. population for that year. They were used as an intermediate
step in calculating AAMRs via direct age standardization. The
Joinpoint Regression Program (Joinpoint V 5.4.0.0, National Cancer
Institute) was used to determine the average annual percent change
(AAPC) and the annual percent change (APC). Joinpoint regression,

a segmented regression technique, was used to identify points of
trend change (join points) by fitting log-linear models and using
permutation tests to select the optimal number of join points, with
a maximum of three join points allowed in our analysis to ensure
model fit [13]. Once the final model was selected, two-tailed t-tests
were conducted to assess whether the APC for each segment differed
significantly. APCs were considered increasing or decreasing if the
slope describing the change in mortality was significantly different
from zero. This method allows the identification of significant
changes in AAMR over time by fitting log-linear regression models
in which temporal variation differs from zero. The value of p< 0.05
was considered statistically significant.

3. Results

3.1. Overall Mortality Trends

Between 1999 and 2023, there were 1,002,439 deaths involving
pancreatic cancer in the United States. Over this period, the AAMR
increased significantly from 17.25 (95% CI: 17.06 — 17.45) in 1999
to 18.45 (95% CI: 18.29 — 18.61) in 2023, corresponding to an overall
AAPC of 0.33 (95% CT: 0.27 to 0.39; p < 0.01). Joinpoint analysis of
the overall national trend identified no significant inflection points
(Supplemental Tables 1 and 2) (Figure 1).

3.2. Distribution of Place of Death

Place-of-death information was available for all 1,002,439 decedents.
Nearly half of all deaths occurred at the individual’s residence
(48.3%), making it the most common location of death, followed
by medical facilities, including inpatient and outpatient settings
(25.19%), nursing homes or long-term care facilities (11.26%),
and hospice facilities (9.34%). Deaths occurring in other settings
accounted for 5.47% of cases, while 0.22% occurred in unspecified
locations and 0.12% were declared dead on arrival (Supplemental
Tables 1 and 3) (Figure 2).

3.3. Mortality Trends by Urbanization

Urbanization-stratified mortality data were available for deaths
occurring between 1999 and 2020, as CDC WONDER does not
provide urbanization classification for deaths from 2021 onward.
Within this restricted analytic subset, 698,805 deaths occurred
in metropolitan areas, compared with 148,558 deaths in non-
metropolitan areas.

From 1999 to 2020, AAMR increased in both metropolitan and
non-metropolitan areas. In metropolitan areas, AAMR increased
from 17.30 to 18.01, corresponding to an AAPC of 0.20 (95% CI:
0.14 to 0.25; p = 0.000001). In non-metropolitan areas, AAMR
increased from 17.02 to 18.96, with a higher AAPC of 0.58 (95% CI:
0.32 to 0.83; p = 0.00001). While the overall AAMRs were similar
between non-metropolitan (17.59) and metropolitan (17.57) areas,
the rate of increase over time was greater in non-metropolitan areas.

Joinpoint analysis of urbanization-stratified trends identified one
inflection point in non-metropolitan areas around 2003, with an
initial non-significant decline in AAMR from 17.02 in 1999 to 16.53
in 2003 (APC: -0.26; 95% CI: -1.56 to 1.06; p = 0.68), followed by
a significant increase to 18.96 in 2020 (APC: 0.77; 95% CI: 0.64 to
0.91; p < 0.01). No joinpoints were identified for metropolitan areas.
(Supplemental Tables 1 and 4) (Figures 3 and 4).
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Figure 1: Overall AAMR per 100,000 involving pancreatic cancer in the United States, 1999-2023.
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Figure 2: Deaths involving pancreatic cancer stratified by place of death in the United States, 1999-2023.

4. Discussion

4.1. Summary of the Main Findings

This national analysis of deaths involving pancreatic cancer from
1999 to 2023 revealed a statistically significant increase in age-
adjusted mortality rates across the United States. In terms of place
of death, nearly half of all deaths occurred at the patient’s home,
followed by inpatient medical facilities, nursing homes or long-term
care settings, and hospice. Over one million deaths listed pancreatic
cancer on their death certificates during the study period, with a
discernible rise in mortality observed in both metropolitan and non-
metropolitan populations. Non-metropolitan regions experienced
a steeper upward trend in mortality, ultimately exhibiting slightly

21

higher overall mortality rates than metropolitan areas. These patterns
highlight persistent rural — urban differences and describe the
distribution of place of death among pancreatic cancer decedents in
the U.S.

4.2. Rising Pancreatic Cancer Mortality

Pancreatic cancer remains one of the most lethal malignancies in the
United States with persistently poor survival outcomes. SEER data
show that pancreatic cancer continues to have a five-year relative
survival of approximately 12% nationally, reflecting its insidious
nature and frequent late-stage diagnosis [4]. The low survival
underscores why pancreatic cancer contributes disproportionately

20
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Figure 3: AAMR per 100,000 involving pancreatic cancer stratified by rural-urban status in the United States, 1999-2020.
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Figure 4: Deaths involving pancreatic cancer stratified by rural-urban status in the United States, 1999-2020.

to cancer mortality despite representing a smaller share of incident
cancers. Pancreatic cancer involving mortality rates have slowly
but steadily risen in the U.S. over recent decades, increasing by
approximately 0.2%-0.3% per year, consistent with national cancer
statistics [5].

The increase in AAMR observed in this study aligns with published
data demonstrating steady pancreatic cancer involving mortality
trends that have not seen the significant declines seen in many other
solid tumors. Possible contributors to this trend include population
aging, the increasing prevalence of risk factors such as obesity and
diabetes, and the absence of effective early detection strategies;
however, these factors were not directly assessed in this dataset [5].

4.3. Place of Death and End-of-Life Patterns

Nearly half of deaths involving pancreatic cancer occurred at home,
followed by medical and long-term care facilities. This distribution
parallels other work documenting a rising proportion of cancer
deaths occurring outside of inpatient settings; however, the present
analysis does not assess temporal trends, patient preferences, or
hospice utilization, and therefore cannot determine the underlying
reasons for place-of-death patterns [14].

However, disparities exist in access to palliative care and hospice
across geographic and socioeconomic strata. Medicare data reveal
that rural and small-town patients are less likely to receive hospice
care compared with urban patients, despite similar needs [15]. Prior
studies have shown that low utilization of palliative care earlier in the
disease course is associated with increased aggressive end-of-life
interventions and diminished quality of life in pancreatic cancer
[16, 17].

4.4. Rural - Urban Disparities in Mortality

The finding of slightly higher increases in AAMRs in non-metropolitan
regions than in their metropolitan counterparts corroborates emerg-
ing evidence of rural — urban cancer disparities. Pancreatic cancer
mortality has been shown to rise more steeply in rural populations.
Potential explanations proposed in prior literature include delayed
diagnosis and limited access to specialized care, although these
factors were not evaluated in the present analysis [5]. Rural residence
has been linked with decreased likelihood of undergoing definitive
surgical treatment and lower receipt of multimodal therapy, even
after adjusting for clinical factors. These disparities may be related
to structural barriers such as longer travel distances to high-volume
centers and shortages of oncology specialists in rural settings, as

suggested by prior studies. Still, these mechanisms could not be
examined in the current dataset [5, 18].

Prior studies have reported that rural populations often have higher
burdens of socioeconomic disadvantages and comorbidity, which
may contribute to poorer outcomes; however, these variables were
not available for analysis in this study. Racial and ethnic mortality
disparities also intersect with geography, with studies showing ele-
vated mortality among Black individuals irrespective of metropolitan
status [5, 19].

4.5. Mechanisms Underlying Geographic Disparities

The following mechanisms are hypothesized based on prior literature
and were not directly measured in the present study. Multiple
pathways may contribute to the rural — urban disparities in pancreatic
cancer involving mortality. Patients in rural areas may be more
likely to be present with advanced disease and have lower rates of
early-stage diagnosis, independent of sociodemographic factors [20].
Limited access to high-volume facilities, which are associated with
improved postoperative outcomes in pancreatic cancer surgery, may
exacerbate this gap [18].

Healthcare infrastructure deficits, socioeconomic deprivation, and
reduced insurance coverage also disproportionately affect rural
populations, which may contribute to delayed treatment initiation
and decreased treatment intensity. These structural determinants of
health reinforce geographic and socioeconomic inequities in cancer
outcomes [18-20].

5. Strengths

This study’s principal strengths include its large, nationally represen-
tative mortality dataset spanning 25 years, which enables robust age-
adjusted temporal trend analyses. The inclusion of detailed place-of-
death metrics adds a unique perspective on end-of-life care patterns,
while rural — urban stratification elucidates geographic inequities
seldom explored in pancreatic cancer mortality research. The use
of standardized metrics over a prolonged period enhances trend
reliability and facilitates comparisons with national surveillance
data.

6. Limitations

Several limitations should be acknowledged. First, reliance on death
certificate data may introduce misclassification or coding errors.
Second, the observational design limits causal inference regarding
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the drivers of mortality trends. Individual-level clinical factors
such as stage at diagnosis, treatment received, and comorbidity
burden were unavailable, constraining the ability to adjust for
case mix. Third, socio-economic, healthcare access, and system-
level variables were not directly measured, limiting the ability to
evaluate mechanisms underlying observed disparities. Finally, rural
— urban stratified analyses were only available through 2020. A
static 2013 NCHS rural-urban classification was utilized, which
presents a further limitation as county metropolitan status may
change over time. Thus, the use of a single fixed classification scheme
may introduce temporal misclassification. Additionally, this study
utilized multiple-cause-of-death data rather than underlying-cause
mortality alone, which may overestimate the burden of pancreatic
cancer-related deaths and introduce potential heterogeneity in cause
attribution.

7. Conclusion

Pancreatic cancer mortality in the United States demonstrated
a modest but consistent increase between 1999 and 2023. Non-
metropolitan populations experienced a steeper rise in mortality rates
than metropolitan populations over the period for which stratified
data were available. A substantial proportion of deaths occurred at
home, reflecting evolving patterns in end-of-life care.

These findings describe temporal trends and geographic differences
in mortality and care settings; however, they do not establish causal
mechanisms underlying the observed disparities. Rural — urban
analyses were limited to 1999 — 2020 due to data availability.
In contrast, place-of-death patterns were assessed as aggregate
distributions over the full study period, without linkage to geographic
stratification or temporal trends.

Further research incorporating patient-level clinical, socioeconomic,
and healthcare access data is needed to better understand the
drivers of these disparities and to inform appropriately targeted
interventions.
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