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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a formidable 
disease, and its outcome is one of the worst amongst all 
of the malignancies. Although it comprises only 3% of 

cancer diagnoses, it contributes to 7% of cancer deaths (1). 

PDAC is the fourth leading cause of cancer-related deaths 

in the United States (U.S.) and unfortunately, is expected to 

become the second-leading cause of cancer death by 2030 
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(2,3). It is estimated that in 2020, 57,600 people in the U.S. 
will be diagnosed with this malignancy, of which 47,050 
people will die of it (4). Surgery remains the only treatment 
for potential cure.

Outcomes following a pancreatectomy depend on a 
myriad of factors. If found at an early-stage patient, clinical, 
treatment, hospital, and socioeconomic factors all play a 
profound role in cancer outcomes. While there is ample 
data on how a number of these factors have affected cancer 
outcome, there is a dearth of data on the impact of rurality 
on outcomes, especially for those with resected pancreatic 
cancer. What is not clear is whether outcomes for rural 
patients who underwent a successful pancreatectomy are 
different from those from urban region, and if so, what 
factors are contributing to such a disparity? 

Up to 19% of the U.S. population or 59 million people 
reside in rural communities (5). Rural Americans suffer 
many inequities compared to urban Americans. People 
of rural communities face a myriad of socioeconomic and 
demographic challenges that negatively affect their health. 
Compared to urban communities, rural communities have 
higher poverty rates, higher proportion of the elderly 
population, and lower educational level. They also lack 
access to adequate health services, and their community 
lacks the resources to maintain adequate public health 
infrastructures (6).

A recent CDC report revealed that rural patients have 
worse cancer outcomes than their urban counterparts (5). 
Although cancer mortality rates have declined nationwide, 
such a decline has not been uniformed for all subgroup of 
patients. For rural communities, the rate of decline was 
actually slower than that for urban communities (1.0% vs. 
1.6% per year). Despite having lower cancer incidence rates 
(442 cases per 100,000 persons) than their urban counterparts 
(457 cases per 100,000 persons), rural death rates were 
higher (180 deaths per 100,000 persons vs. 158 deaths per  
100,000 persons) (5). Death per incidence rate for rural is 
40.7% vs. 34.6% for urban.

Emerging data strongly support a link between cancer 
outcomes and social determinants of health (SDoH) (7,8). 
The World Health Organization (WHO) defines SDoH 
as “the conditions in which people are born, grow, live, 
work and age” and that “these circumstances are shaped by 
the distribution of money, power, and resources at global, 
national and local levels” (9). Health inequities among 
different groups of individuals are due to differences in 
SDoH. While optimal treatment such as surgery and chemo 
and/or radiation therapy may provide the patient a chance 

for long-term survival, such medical care accounts only 
10% to 20% of the variation in years of life lost (10,11); 
the remaining 80–90% is dependent on SDoH (12,13). In 
essence, adverse SDoH that are associated with a particular 
group of individuals may partly account for why one patient 
has a poorer long-term survival than another patient, 
despite both having received optimal surgical care.

The association between pancreatic cancer outcomes 
and rurality as a driver of health inequity has not been 
fully investigated. Given such limitations, we sought to (I) 
understand the dynamics between urban-rural residency 
and compare survival of resected PDAC patients between 
rural and urban patients, (II) identify factors resulted from 
the difference. To our knowledge, this is the first nationwide 
U.S. hospital-based study to perform such an analysis. We 
believe that rural patients with resected pancreatic cancer 
possess unique characteristics that pose a challenge for them 
to reach parity in outcome with their urban counterparts. We 
also believe that there are adverse SDoH associated with 
rural residence and by recognizing these drivers; we would 
be able to better inform policymakers and stakeholders to 
address the rural/urban disparities. 

We present the study in accordance with the STROBE 
reporting checklist (available at https://dx.doi.org/10.21037/
jgo-20-583). 

Methods

The study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was exempted 
from Institutional Review Board (IRB) approval by the 
Louisiana State University Health Sciences Center-
Shreveport. 

Data source

The National Cancer Database (NCDB) is a joint project 
of the Commission on Cancer (CoC) of the American 
College of Surgeons and the American Cancer Society. 
Approximately 70% of newly diagnosed cancer cases in the 
U.S and 30 million historical records are captured in the 
database. The data sets in the participant user file (PUF) 
were de-identified and were in compliant with the privacy 
requirements of the Health Insurance Portability and 
Accountability Act (HIPAA). 

Study population

A cohort of 25,536 patients who were diagnosed with 
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resected stage I–III pancreatic adenocarcinoma (ICD-0-
3; C25.0–C25.9) between 2003 and 2011 were analyzed to 
determine significant factors associated with overall survival 
(OS) (14). According to the NCDB’s PUF dictionary, the 
treating pancreatic surgical facility type was classified as 
(I) community cancer program (CCP), (II) comprehensive 
community cancer program (CCCP), (III) academic research 
program (ARP), and (IV) others (15). Community cancer 
programs are those that treat between 100 and 500 newly 
diagnosed cancer patients each year, and patients may be 
referred to another facility for part of their diagnosis or 
treatment (15). Comprehensive community cancer programs 
are those that treat more than 500 newly diagnosed cancer 
patients each year (15). Academic and research institutions 
are those that treat more than 500 newly diagnosed cancer 
patients each year while offering postgraduate medical 
education programs (15). 

Race was limited to White and Black. Insurance status 
was classified as (I) uninsured, (II) private insurance/
managed care, (III) Medicaid, (IV) Medicare, and (V) 
other governmental insurance. Patients with both private 
insurance and Medicare were grouped in the private 
insurance category. Median household income level was 
classified as (I) <$38,000, (II) $38,000–$47,999, (III) 
$48,000–$62,999, and (IV) ≥$63,000. Education level was 
classified into percentage of adults (age ≥25 years) who did 
not graduate from high school in the area based on the 
2012 American Community Survey data: (I) ≥21%, (II) 
13–20.9%, (III) 7–12.9%, and (IV) <7%. Charlson/Deyo 
comorbidity score has been recorded since 2003 and was 
reported as zero, one or two (16,17).

We used the urban-rural 2013 continuum classification 
(United State Department of Agriculture Economic 
Research Service, http://www.ers.usda.gov/data-products/
rural-urban-continuum-codes) which distinguishes 
metropolitan counties by the population size of their 
metro area, and nonmetropolitan counties by degree of 
urbanization and adjacency to a metro area to define urban 
and rural area. The urban area included counties that 
were categorized as metropolitan and rural area contained 
counties other than metropolitan counties.

Great circle distance is measured along the surface of the 
sphere and defined as the shortest distance in miles (<50 vs. 
≥50 miles) between the patient’s residence at diagnosis and 
the hospital that reported the case.

Annual hospital volume (AHV) was defined as the 
average number of procedures per year reported to 
the NCDB. The mean AHV of pancreatectomies was 

calculated for currently accredited CoC hospitals during 
the study period (1998 to 2011), and grouped as four 
categories: <5 patients, 5–9 patients, 10–19 patients and 
≥20 patients.

Statistical analysis

Descriptive statistics for the different variable were 
reported. Univariate analysis of each categorical variable 
was performed using chi-square test. The Kaplan-Meier 
method was used for survival analysis. Cox proportional 
hazards regression was used to identify factors significantly 
associated with the risk of deaths for all causes and the 
hazard ratios (HR) and confidence intervals (CI) were 
calculated. A P value <0.05 was considered statistically 
significant. All statistical analyses were performed using 
SAS Version 9.4 statistical software, (SAS Institute Inc., 
Cary, NC, USA, 2013).

Results

Demographics and clinical characteristics of patients who 
underwent pancreatectomy

The median follow-up was 18.8 months. Summary statistics 
on patient characteristics and treatment outcomes are 
shown in Table 1. The median age of the entire cohort 
was 66 years (range, 18–90 years). There are 1,928 (7.6%) 
patients lost to follow-up. There were differences in 
baseline clinical characteristics between rural and urban 
patients. There was a preponderance of Caucasian living 
in rural regions compared to African-American. However, 
compared to urban communities, rural communities were 
more likely (P<0.01) to belong in the lower income bracket 
(76.2% had income <$48,000 in rural vs. 33.9% for urban), 
to attain low education level, to be uninsured, to be treated 
at community cancer program and low volume centers, 
to travel ≥50 miles for their treatment, and more likely to 
have a higher comorbidity score. There were no significant 
differences in distribution of stage of disease or receipt of 
radiation between urban and rural regions.

Unadjusted factors associated with overall survival

Figure 1 shows the Kaplan-Meier OS curve for rural and 
urban patients who had pancreatectomy for stage I–III 
pancreatic cancer. The 5-year OS rate was 22.3% (95% CI: 
21.6–22.9%) for urban region and 18.8% (95% CI: 17.4–

https://nam01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.ers.usda.gov%2Fdata-products%2Frural-urban-continuum-codes&data=02%7C01%7CQChu%40lsuhsc.edu%7Cb2807c0347d04421524208d7f80bc135%7C3406368982d44e89a3281ab79cc58d9d%7C0%7C0%7C637250601741367130&sdata=gib9F80Hw1I%2F9Fy1Xej2%2BAvILJzf65DlB7nYcxXFY2Y%3D&reserved=0
https://nam01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.ers.usda.gov%2Fdata-products%2Frural-urban-continuum-codes&data=02%7C01%7CQChu%40lsuhsc.edu%7Cb2807c0347d04421524208d7f80bc135%7C3406368982d44e89a3281ab79cc58d9d%7C0%7C0%7C637250601741367130&sdata=gib9F80Hw1I%2F9Fy1Xej2%2BAvILJzf65DlB7nYcxXFY2Y%3D&reserved=0
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Table 1 Demographic and clinical characteristics of stage I–III resected pancreatic cancer patients by urban/rural status

Variable (total patients: 25,536) Urban (n=21,147), n (%) Rural (n=4,389), n (%) P value

Sex 0.0005

Male 10,617 (82.00) 2,330 (18.00)

Female 10,530 (83.64) 2,059 (16.36)

Race  <0.0001

White 18,715 (81.95) 4,121 (18.05)  

Black 2,432 (90.07) 268 (9.93)  

Age, years  0.0103

18–54 4,119 (83.79) 797 (16.21)  

55–64 6,016 (82.55) 1,272 (17.45)  

65–74 6,616 (81.89) 1,463 (18.11)  

75–90 4,396 (83.69) 857 (16.31)  

Income  <0.0001

<$38,000 2,983 (66.19) 1,524 (33.81)  

$38,000–47,999 4,186 (69.71) 1,819 (30.29)  

$48,000–62,999 5,946 (87.44) 854 (12.56)  

$63,000+ 8,032 (97.67) 192 (2.33)  

Education  <0.0001

≥21% 2,962 (73.87) 1,048 (26.13)  

13–20.9% 5,015 (75.24) 1,650 (24.76)  

7–12.9% 7,092 (84.32) 1,319 (15.68)  

<7% 6,078 (94.23) 372 (5.77)  

Primary payer  <0.0001

Uninsured 592 (79.46) 153 (20.54)  

Private insurance 9,314 (84.89) 1,658 (15.11)  

Medicaid 962 (81.11) 224 (18.89)  

Medicare 10,070 (81.46) 2,292 (18.54)  

Other government 209 (77.12) 62 (22.88)  

Facility type  <0.0001

Community cancer program 709 (65.11) 380 (34.89)  

Comprehensive community cancer center 8,225 (82.58) 1,735 (17.42)  

Academic research program 12,213 (84.3) 2,274 (15.7)  

Hospital volume  0.0001

<5 7,459 (81.43) 1,701 (18.57)  

5–9 3,599 (82.41) 768 (17.59)  

10–19 5,123 (86.25) 817 (13.75)  

≥20 4,966 (81.83) 1,103 (18.17)  

Table 1 (continued)
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20.2%) for rural region (P<0.0001). The median survival 
was 21.3 months (95% CI: 20.9–21.7 months) for urban 
region and 19.1 months (95% CI: 18.4–20.0 months) for 
rural region. 

The risk of all causes of death was 10.3% higher for 
rural patients than urban patients (HR 1.103; 95% CI: 
1.061–1.146; P<0.0001). Those with an annual income 
<$48,000 had a 16% to 23% higher risk of dying compared 
to those with an annual income ≥$63,000 (P<0.0001); those 
with limited education level had a 9% to 21% risk of dying 
compared to those with the highest level of education 
(P<0.0001); uninsured patients are at a 13% risk of dying 
compared to privately insured patients (P=0.013), Medicaid 
recipients are at a 17% risk of dying compared to privately 
insured patients (P<0.0001) and Medicare recipients are at 
a 40% risk of dying compared to privately insured patients 

(P<0.0001); compared to patients at academic research 
program, patients at a community cancer program and 
comprehensive community cancer program are at a 17% 
and 14% risk of dying, respectively (P<0.0001); compared to 
patients treated at a hospital with volume ≥20 patients per 
year, patients treated at a hospital with volume <5 per year  
and volume 5–9 per year were at 23% and 16% risk of 
dying, respectively (P<0.0001).

Adjusted factors associated with overall survival

After adjusting for patient’s demographics (i.e., gender, 
race, age), access to care factors (i.e., insurance, hospital 
type, hospital volume, great circle distance), clinical factors 
(i.e., grade, stage, comorbidity, treatment), and SDoH (i.e., 
income, education), the difference in the risk of overall deaths 

Table 1 (continued)

Variable (total patients: 25,536) Urban (n=21,147), n (%) Rural (n=4,389), n (%) P value

Great circle distance  <0.0001

<50 miles 17,968 (90.59) 1,866 (9.41)  

≥50 miles 3,179 (55.75) 2,523 (44.25)  

Stage  0.3114

I 4,086 (83.51) 807 (16.49)  

II 16,094 (82.61) 3,387 (17.39)  

III 967 (83.22) 195 (16.78)  

Grade  0.0001

Well differentiated 2,896 (85.35) 497 (14.65)  

Moderately differentiated 9,304 (82.15) 2,021 (17.85)  

Poorly/undifferentiated 6,703 (82.4) 1,432 (17.6)  

Unknown 2,244 (83.64) 439 (16.36)  

Radiation therapy  0.6133

No 12,580 (82.71) 2,629 (17.29)  

Yes 8,567 (82.96) 1,760 (17.04)  

Chemotherapy  0.0094

No 8,204 (82.05) 1,795 (17.95)  

Yes 12,943 (83.30) 2,594 (16.70)  

Comorbidity index (Charlson-Deyo score)  0.0014

0 14,469 (83.40) 2,880 (16.60)  

1 5,296 (81.60) 1,194 (18.40)  

2 1,382 (81.44) 315 (18.56)  
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between rural and urban was no longer statistically significant 
and the following were independent predictors of poor OS: 
low-income level, low education attainment level, male 
gender, older age group, Medicaid/Medicare, low-volume 
facilities, higher stage, poor histology, high comorbidity 
index, and lack of chemotherapy receipt (Table 2).

Those with an annual income <$63,000 had a 5% 
to 14% risk of dying compared to those with an annual 
income ≥$63,000. Patients with low education level have a 
6% to 11% increased risk of death compared to those with 
high education level; compared to patients with private 
insurance, Medicaid and Medicare recipients have a 11% 
and 15% risk of dying, respectively (P<0.001); patients 
treated at a hospital volume <20 cases per year are at a 6% 
to 26% risk of dying compared to those with ≥ 20 cases per 
year.

To understand the role of the different factors, have on 
the rural/urban disparities for resected stage I–III pancreatic 
cancer, we generated five models (Table 3). In the first 
model, we adjusted for patients’ demographics (i.e., gender, 
race, and age) and found that patients residing in rural 
area had a 10% risk of death (died of any cause) than those 
resided in urban areas (HR 1.099; 95% CI: 1.058–1.142; 
P<0.0001). However, when this model was adjusted to 
include SDoH (i.e., income and education; Model 2), the 
rural-urban disparities no longer exist (P=0.2907). When 
adjusting for access to care (Model 3) or clinical factors 
(Model 4) to patient demographics, we see persistence of 
the rural-urban mortality disparities (P<0.01). However, 

when adjusted to include all factors, including SDoH, the 
rural-urban mortality disparities cease to exist (Model 5; 
P=0.407). This demonstrates that SDoH factors play an 
important role in the urban-rural mortality disparities 
among stage I–III pancreatic cancer patients.

Discussion

Everything being equal, outcome for a patient who had a 
pancreatectomy should be dependent on the biology of his/
her disease (i.e., stage of disease), success of surgery, and 
proper receipt of neoadjuvant/adjuvant therapy. However, 
other determinants such as income, education, also known 
as SDoH, also have an impact on outcome. In fact, SDoH 
appears to have a greater influence on outcome than the 
medical care that the patient had received (10). 

In our study of a large cohort of patients who underwent 
a pancreatectomy for pancreatic cancer, we found that 
SDoH which had an adverse effect on outcome were low 
income, low education level, low insurance status, and 
treatment at a low-volume facility; all of these adverse 
SDoH were associated with rural population.

SDoH are the conditions which shape the health of 
individuals (9). The importance of addressing SDoH is 
underscored by the fact that despite the U.S. spending 
significantly more per capita and in total on health care 
compared to other high-income countries; it has lower-
than-average outcomes across a wide range of health 
indicators (18). Notwithstanding, the U.S. has the lowest 
life expectancy rate and highest infant mortality rate (18). 
In addition, because of suboptimal prevention efforts, many 
patients developed chronic health conditions and various 
complications, which also contribute to poor outcomes. 
Therefore, high health care spending does not necessarily 
indicate better quality health care.

Interestingly enough, the total social spending in the U.S. 
is below the average of other high-income countries (16.7% 
vs. 19.4%), meaning that although patients may have access 
to quality health care, they may not have easy access to food, 
transportation, or safe housing, situations that lead to poor 
health outcomes (18,19). Furthermore, rural patients may 
not be able to access the same quality of health care as urban 
patients. Rural hospitals and clinics lack multidisciplinary 
experts and good medical equipment. Table 1 shows that 
urban patients are more likely to be treated at Academic 
Research Programs and high-volume hospitals than rural 
patients do.

In an editorial, Steven Woolf commented that most of 
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Figure 1 Kaplan-Meier OS curve for rural and urban patients who 
underwent pancreatectomy for stage I–III pancreatic cancer. The 
5-year OS for urban and rural was 22.3% (95% CI: 21.6–22.9%) 
and 18.8% (95% CI: 17.4–20.2%; P<0.0001), respectively. The 
median survival time was 21.3 months (95% CI: 20.9–21.7 months) 
for urban and 19.1 months (95% CI: 18.4–20.0 months) for rural.
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Table 2 Factors associated with overall survival in stage I–III resected pancreatic cancer patients

Variables Unadjusted model, HR (95% CI) P value Adjusted model, HR (95% CI) P value

Metro status

Urban 1.000 1.000

Rural 1.103 (1.061–1.146) <0.0001 1.019 (0.975–1.065) 0.4069

Sex

Male 1.000 1.000

Female 0.929 (0.902–0.957) <0.0001 0.923 (0.896–0.950) <0.0001

Race

White 1.000 1.000

Black 0.952 (0.906–0.999) 0.0453 0.982 (0.933–1.035) 0.5000

Age, years

18–54 1.000 1.000

55–64 1.326 (1.267–1.388) <0.0001 1.237 (1.181–1.296) <0.0001

65–74 1.519 (1.453–1.588) <0.0001 1.242 (1.173–1.315) <0.0001

75–90 1.846 (1.760–1.937) <0.0001 1.475 (1.387–1.569) <0.0001

Income

$63,000+ 1.000 1.000

<$38,000 1.226 (1.174–1.280) <0.0001 1.144 (1.077–1.215) <0.0001

$38,000–47,999 1.163 (1.118–1.210) <0.0001 1.061 (1.009–1.116) 0.0206

$48,000–62,999 1.099 (1.058–1.143) <0.0001 1.049 (1.004–1.095) 0.0321

Education

<7% 1.000 1.000

7–12.9% 1.091 (1.050–1.135) <0.0001 1.064 (1.019–1.111) 0.0052

13–20.9% 1.152 (1.105–1.200) <0.0001 1.113 (1.057–1.171) <0.0001

≥21% 1.208 (1.153–1.266) <0.0001 1.081 (1.016–1.149) 0.0138

Primary payer

Private insurance 1.000 1.000

Uninsured 1.125 (1.025–1.234) 0.0129 1.081 (0.984–1.187) 0.1028

Medicaid 1.165 (1.082–1.254) <0.0001 1.106 (1.027–1.192) 0.008

Medicare 1.396 (1.354–1.440) <0.0001 1.152 (1.100–1.207) <0.0001

Other government 1.050 (0.906–1.218) 0.5147 0.961 (0.829–1.115) 0.602

Facility type

Academic research program 1.000 1.000

Community cancer program 1.166 (1.086–1.252) <0.0001 1.004 (0.927–1.087) 0.9305

Comprehensive community cancer center 1.139 (1.105–1.174) <0.0001 1.01 (0.972–1.048) 0.6186

Table 2 (continued)
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the influences on an individual’s health lie outside of the 
clinic. Medical/surgical care accounts for only 5% to 20% of 
variation in premature death, while the remaining 80–95% 
are dependent on SDoH (10). This means that despite our 
ability to select patients for surgery, as well as our technical 
abilities and clinical expertise, 80–95% of premature death 
are dependent on factors outside of our operating room and 
hospital. Thus, to have a major impact on improving the 
nation’s health, we will need to recognize and address SDoH 

and not rely entirely on having more bench science, more 
drugs, or more spending on health care (10).

Among the different disparities that are associated with 
SDoH such as race/ethnicity, age, socioeconomic status, 
the rurality disparity is one of the least studied. However, 
emerging data found that rural communities across America 
possess a unique set of socioeconomic/demographic 
challenges that predispose them to having a worse health 
outcome. In general, these rural communities tend to have 

Table 2 (continued)

Variables Unadjusted model, HR (95% CI) P value Adjusted model, HR (95% CI) P value

Hospital volume

≥20 1.000 1.000

10–19 1.031 (0.987–1.077) 0.1695 1.057 (1.011–1.104) 0.0147

5–9 1.161 (1.108–1.217) <0.0001 1.159 (1.102–1.219) <0.0001

<5 1.232 (1.185–1.281) <0.0001 1.261 (1.200–1.325) <0.0001

Great circle distance    

<50 miles 1.000 1.000  

≥50 miles 0.988 (0.954–1.024) 0.5209 0.966 (0.926–1.007) 0.1041

Stage    

I 1.000 1.000  

II 2.260 (2.163–2.362) <0.0001 2.053 (1.961–2.149) <0.0001

III 3.329 (3.090–3.586) <0.0001 3.200 (2.968–3.451) <0.0001

Grade    

Well differentiated 1.000 1.000  

Moderately differentiated 2.212 (2.093–2.337) <0.0001 2.019 (1.909–2.136) <0.0001

Poorly/undifferentiated 2.900 (2.740–3.068) <0.0001 2.650 (2.501–2.808) <0.0001

Unknown 1.280 (1.191–1.375) <0.0001 1.335 (1.242–1.435) <0.0001

Radiation therapy    

Yes 1.000 1.000

No 1.040 (1.010–1.071) 0.0092 1.026 (0.989–1.065) 0.1711

Chemotherapy    

Yes 1.000 1.000

No 1.057 (1.025–1.090) 0.0004 1.347 (1.296–1.400) <0.0001

Comorbidity index (Charlson-Deyo score)    

0 1.000 1.000  

1 1.151 (1.112–1.190) <0.0001 1.105 (1.068–1.143) <0.0001

2 1.390 (1.312–1.472) <0.0001 1.289 (1.217–1.366) <0.0001
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higher poverty rates, lower educational attainment, and 
lack of access to health services. They also tend to lack 
adequate insurance coverage, have limited transportation, 
lack access to preventive and screening services, and have 
attributes or are engaged in behaviors that are associated 
with cancer such as tobacco use, alcohol consumption, 
obesity, less physical activity, lower HPV vaccination 
rates, and less-frequent adoption of sun safety measures. 
Consequently, not only do they have higher average death 
rates than those living in urban communities, they also have 
higher incidence and death rates for cancers associated with 
smoking (i.e., lung and laryngeal) and those that can be 
prevented by screening (i.e., colorectal and cervical cancers). 

Although multiple studies on health disparities in 
pancreatic cancer exist across a spectrum of socioeconomic 
typologies such as race/ethnicity, socioeconomic status, 
marital status, and insurance, very few have looked at the 
impact of rurality on pancreatic cancer outcome (20,21). In 
fact, to our knowledge, only two studies reported the urban-
rural disparities for pancreatic cancer, both of which were 
based on populations outside of the U.S. and even then, 
their results were very different from each other. Canale 
et al. evaluated a population of 659 patients from British 
Columbia with advanced pancreatic cancer and found that 
the risk of death was similar between urban and rural groups, 
even after adjusting for other covariates (20). However, 
Kirkegård et al. conducted a cohort study of 10,594 patients 
with pancreatic cancer from Denmark and reported that 
urban patients had better survivals than rural patients 
did, even after adjusting for potential confounders (21).  
The studied populations were also different. Canale’s 

population were mainly those with metastatic disease, while 
Kirkegård’s included patients with all stages of disease. In 
comparison, our study has a sizeable number of patients 
and we limited our study only to those who had undergone 
a resection. To our knowledge, our study is the first 
nationwide, U.S. hospital-based cohort. We restricted our 
study to this population to mitigate the impact of lack of 
access for surgical resection on outcome. 

Unlike previous studies that report disparities along 
racial/ethnic fault lines, our study found that the rural/urban 
outcome disparities for resected pancreatic cancer affected 
mainly Caucasian patients as over 93% (4,121/4,389) of 
pancreatic cancer patients in rural areas were Caucasians 
(12,22,23). This may reflect the nature of NCDB, since 
data show that 90% of the cases are Caucasians; Caucasian 
patients are more likely than African-American patients 
to receive care at CoC hospitals since racial and ethnic 
minorities, in general, make up 19% of non-metro 
residents. Additionally, most of the rural patients belonged 
to the socioeconomically disadvantaged strata. This study, 
therefore, sheds lights on the subject of disparity, mainly 
that rural population has a unique set of challenges that 
should be recognized and understood if we are to reach 
outcome parity for everyone affected by this deadly cancer.

We found that rural patients possess particular set of 
social determinants that drive adverse health outcomes. 
Compared to urban patients, rural patients who underwent 
a pancreatectomy were more impoverished, had lower 
education level, were less likely to have private insurance, 
and were more likely to be uninsured. It is well established 
that high-volume centers have better outcomes than low-

Table 3 Model demonstrating impact of social determinants of health on rural regions

Adjusted model HR (95% CI) P value

Model 1 1.099 (1.058–1.142) <0.0001

Model 2 1.022 (0.981–1.065) 0.2907

Model 3 1.069 (1.024–1.115) 0.0022

Model 4 1.084 (1.043–1.126) <0.0001

Model 5 1.019 (0.975–1.065) 0.4069

Note that when adverse SDoH were excluded (Model 1, 3, 4); rurality becomes a significant predictor of outcome. However, when SDoH 
were added into the model (Model 2 and 5), rurality no longer plays a role in predicting outcome for patients with stage I–IIII pancreatic 
cancer. This suggests that SDoH was a confounder for the association between rurality and poor outcome. HR compared rural to urban 
(urban as reference). Model 1: adjusted for patient’s demographics (sex, race, age); Model 2: adjusted for patient’s demographics and 
SDoH (income and education); Model 3: adjusted for patient’s demographics and access to care factors (insurance, hospital type, 
hospital volume, great circle distance); Model 4: adjusted for patient’s demographics and clinical factors (stage, grade, treatment, and 
comorbidity); Model 5: adjusted for all factors.
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volume centers for pancreatectomy (24-26). Because most of 
the rural patients (61%) were treated at low-volume centers 
and low-volume was found to be an independent predictor 
of poor outcome in this study, lack of access to high-volume 
centers contribute to the rural/urban disparities. 

Long travel distance limits access to care for rural patients 
with cancer, especially given that rural patients have limited 
financial means. In a large cohort of 35,000 patients, Lin et al.  
reported that patients with node positive colon cancer who 
had to travel ≥250 miles for their oncology care were only 
one-third as likely to receive adjuvant chemotherapy (27).  
We found that the overwhelming majority of rural patients 
(71%) in our study had to seek care at a facility located 
at a great circle distance of ≥50 miles from their homes, 
compared to only 20% for urban patients (P<0.0001), 
great circle distance was not an independent predictor 
of outcome. This observation was also noted in a large 
population-based analysis from the British Columbia (20).  
The reasons why travel distance did not have an impact 
on outcome following pancreatectomy remain elusive. 
This may be related to the limitation of the travel distance 
variable; it is uncertain whether the reporting hospital is 
where the patient receives non-surgical cancer care such as 
chemotherapy. Perhaps those who had to travel far had their 
treatment at low-volume centers while those who had their 
treatment nearby had it at a high-volume center. Although 
the relationship between great circle distance and hospital 
volume is not known, it will be the focus of our subsequent 
study.

Investigators are seeking ways to achieve outcome parity 
for rural patients with cancer. In a recent retrospective 
analysis of 36,995 patients enrolled in SWOG (Southwest 
Oncology Group) treatment trials, Unger et al. reported 
that uniform treatment strategies for 17 diverse types of 
cancer from across 50 states eliminated cancer outcome 
disparity between rural and urban patients (28). Although 
this seminal study does shed some insights on the rural/
urban disparity question, it does have limitations. Patients 
who are enrolled in clinical trials such as those for SWOG 
generally have socioeconomic attributes that allowed 
them to receive the intended treatments and appropriate 
follow-up. The study did not account for barriers such 
as limited access to screening, higher prevalence of poor 
prognostic factors and comorbid condition, limited access 
to specialized care, educational barriers, and transportation 
challenges (29-31). In essence, the compared populations 
were homogeneous for the various aforementioned factors, 
and therefore, the results are difficult to apply to the overall 

general population (29).
Distortion from confounders may strengthen the effect of 

rurality on outcomes. For example, when we compared the 
hazard ratio between rural and urban regions after adjusting 
our crude model to include only patient’s demographics (i.e., 
gender, race, age), we found that rurality independently 
predicted a 10% increase risk of death (Model 1). 
However, when this model included SDoH (i.e., income, 
education) as possible confounders, the independent 
nature of rurality disappears (Model 2). When we adjusted 
the crude model to include only patient’s demographics 
and access to care factors (i.e., insurance, hospital 
type, hospital volume, great circle distance) (Model 3)  
or patient’s demographics and clinical factors (i.e., stage, 
grade, treatment, and comorbidity) (Model 4), rurality 
persists as being an independent predictor of outcome. 

However, when we included SDoH along with all 
other potential confounders (Model 5), we found that 
rural residency no longer is an independent predictor of 
survival. Thus, our modeling suggests that the observed 
association between rurality and poor pancreatic cancer 
outcome in univariate analysis does not represent a true 
causal relationship, but is rather the result of the association 
of adverse SDoH. In other words, rurality is not the cause 
of the poor outcome observed for, but rather due to adverse 
SDoH and other related factors.

Our data demonstrated that poor outcome following 
a pancreatectomy for rural patients was not due to some 
intrinsic property of geography. In other words, when 
potential confounders are controlled, outcomes were not 
significantly different between rural and urban patients. 
However, disparities in OS do exist and these were mainly 
due to adverse SDoH that led to poor outcomes. These 
findings have important implications. By addressing these 
adverse SDoH, it is possible to mitigate the rural/urban gap. 

Our study does have several limitations. Patients may 
have received cancer treatment in more than one facility 
and therefore it is difficult to delineate the true impact of 
facility type. Another limitation is that the NCDB data 
are hospital-based, not population-based. Patients who 
received cancer care at hospitals accredited by ACoS may be 
different from those receiving care at non-ACoS facilities. 
The quality of cancer care may also be different between 
ACoS and non-ACoS facilities. Because ACoS hospitals 
provide cancer care to more than 70% of cancer patients in 
the United States, the findings using NCDB data are still 
meaningful. Referral patterns and how patients select their 
treatment center are not captured in the database. Another 
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limitation is that the study does not account for possible 
migration of surgeons moving from one facility type to 
another. Factors such as tumor biology, chemotherapy 
dosage, compliance with chemotherapy and radiation 
therapy, and clinical trial participation were not captured 
in our study, which further limit our results. There are 
1,928 (7.6%) patients lost to follow-up (survival follow up 
after completion of surgery, chemo, RT, and so on). It is 
conceivable that patients with adverse SDoH may have 
contributed to the missing numbers lost for follow up. 
Finally, our analysis lacks cause-specific survival information 
since the cause of death was not captured in NCDB.

Conclusions

We report a disparity in outcome between rural and urban 
patients who underwent a pancreatectomy for resectable 
pancreatic adenocarcinoma. Such disparity, however, was 
associated with the adverse SDoH. Compared to urban 
patients, rural patients tend to be poorer, less likely to attain 
higher level of education, more underinsured, more likely to 
be treated at a community cancer program, and more likely 
to travel a long distance for their care. These identifiable 
adverse SDoH can be of value for policymakers, health care 
providers, and stakeholders as they address them to reach 
parity in outcomes for rural patients. 
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