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Regional variation in the
treatment of pancreatic
adenocarcinoma: Decreasing
disparities with multimodality
therapy
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Background. Survival in pancreatic cancer remains poor with curative potential dependent on operative
resection. We reviewed national adherence to practice guidelines to evaluate regional variation in the
treatment and survival of patients with pancreatic cancer.
Methods. Retrospective cohort review of adults with pancreatic adenocarcinoma using the National
Cancer Data Base from 2006 to 2013. Overall survival was compared by the Kaplan-Meier method and
Cox proportional hazards models. Sequential multivariate logistic regression models were generated for
odds of: a) diagnosis in stage I/II, b) resection, and c) receipt of multimodality therapy, defined as
operative resection plus chemotherapy with or without radiation. Five geographic regions of the United
States were used for analyses.
Results. A total of 115,952 patients were identified. At least 22% of patients in all stages received no
treatment, with only 38.4% and 32.3% of stage I and II patients receiving multimodality therapy. On
unadjusted analysis, the Northeast had the greatest survival for all stages of disease, most pronounced
for stage I where patients lived 2 to 3 more months (log-rank P < .0001). While adjusted odds of early
diagnosis and resection were comparable or greater across regions relative to the Northeast, patients who
underwent resection in the Northeast were significantly more likely to receive multimodality therapy.
Multivariate Cox modeling for patients receiving multimodality therapy accounted for differences in 3 of
4 remaining regions.
Conclusion. Regional variations exist in pancreatic cancer treatment and survival. While providing
multimodality cancer-directed therapy can help mitigate these differences, survival with pancreatic
cancer needs to be interpreted in the context of overall health, underlying risk factors, and life expectancy.
(Surgery 2017;162:275-84.)
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DESPITE ADVANCES IN OPERATIVE TECHNIQUE AND CHEMO-

THERAPY, survival in pancreatic cancer remains
poor. Due to the aggressiveness of this disease
and high recurrence rates, it is considered to be
systemic at the time of detection.1-3 As such, the
administration of chemotherapy in addition to
operative resection is both the standard of care
and the sole potentially curative option.4-6

Unfortunately, wide regional variations exist in
the treatment of operative diseases, which in part
result from a complex interplay between clinical
resources, patient preferences, and physician
beliefs.7 Simultaneously, the undertreatment of
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Fig 1. Exclusion and inclusion criteria flow chart for population selection. *May have one or more of the 8 exclusion
criteria listed.
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pancreatic cancer is a recognized phenomenon.8,9

Evidence, however, is lacking regarding current
regional variations of treatment modalities and
outcomes in pancreatic cancer.

In this study, we reviewed treatment practices
for patients with pancreatic adenocarcinoma
across the United States. We also examined the
probability of treatment and survival across
geographic regions for patients presenting with
early stage, potentially resectable disease. We
hypothesized that while geographic variations
may exist in treatments provided, there would be
no difference in survival for those subsets receiving
equivalent cancer-directed therapies.

METHODS

The present study aimed to assess adherence to
recommended management guidelines for pancre-
atic adenocarcinoma and compare survival
outcomes across the United States. Secondarily,
this study sought to determine the cause of any
underlying differences in treatment and outcomes
between regions.

Population and database. The National Cancer
Data Base (NCDB) participant user file was
queried for adult patients 18 to 90 or more years
old identified as having pancreatic adenocarci-
noma by International Classification of Disease
for Oncology third edition (ICD-O-3) histology
codes (8140 and 8500) between 2006 and 2013.
The NCDB was founded in 1989 as a joint project
between the American Cancer Society and the
Commission on Cancer of the American College of
Surgeons and is a nationwide oncologic database
incorporating approximately 70% of all newly
diagnosed malignancies in the United States annu-
ally.10-12 This database also is a comprehensive clin-
ical surveillance resource providing longitudinal
outcomes data, as well as information regarding
patient demographics, tumor characteristics, oper-
ative treatment, and adjuvant chemotherapy and
radiation treatments.10-12

A total of 171,805 patients were identified with
pancreatic adenocarcinoma between 2006 and
2013. Patients with missing/unknown variables
and those with incomplete records due to receipt
of all treatment at a facility other than the one
reporting the case were excluded. The final cohort
consisted of 115,952 patients. See Fig 1 for detailed
population selection.

Variables. The NCDB defines 9 facility region
locations in the continental United States. Re-
gion was defined using the existing variables and
then consolidated into 5 regions (Northeast,
Southeast, Central East, Central West, and
West) of approximately equal patient popula-
tions (see Fig 2 for a map of the United States de-
picting the various regions). Clinical stage was
defined using variables available through the
NCDB. For those patients missing an American



Fig 2. Map of United States demonstrating geographic regions used for analysis.

Surgery
Volume 162, Number 2

Kasumova et al 277
Joint Committee on Cancer clinical stage, indi-
vidual clinical T, N, and M variables were used
to determine a stage according to the seventh
edition American Joint Committee on Cancer
guidelines for pancreas cancer.13 Treatment
groups were defined using existing variables for
operative resection, chemotherapy, and radia-
tion. Resection was defined as any operation
performed on the primary tumor site. Adjuvant,
neoadjuvant, and multimodality chemotherapy
with or without radiation were defined via the
existing NCDB variable for chemotherapy
sequence. Multimodality therapy was defined as
resection plus adjuvant or neoadjuvant chemo-
therapy with or without radiation. Chemotherapy
administered both before and after operation
was grouped as receipt of neoadjuvant therapy.
We excluded those patients treated with nonstan-
dard regimens such as intraoperative chemo-
therapy as well as patients with one or more
missing or unknown treatment variables.

Outcomes. The main outcome of interest was
overall survival.
Statistical analysis. Univariate analysis of cate-
gorical variables was performed using v2 tests. Age
and great circle distance traveled, calculated by the
haversine formula to determine the distance be-
tween 2 points on a sphere from their longitudes
and latitudes, were continuous variables that were
divided into categories based on clinical signifi-
cance. Survival analyses were performed only for
patients diagnosed through 2012 due to data avail-
ability using Kaplan-Meier survival curves and
compared by log-rank tests. Survival data were
tracked from the date of diagnosis to death or
censoring. Survival analyses were performed for
all patients by clinical stage and geographic region.
Clinical disease stages with the greatest survival dif-
ferences between regions (stages I and II) were
selected for further analysis.

We next performed sequential, multivariate
logistic regression models comparing regions to
evaluate: 1) the odds of diagnosis in early stage
I/II disease, 2) the odds of resection if
diagnosed in early stage I/II disease, and 3)
the odds of receiving multimodality therapy if
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resected. For model building, a univariate screen
was performed and significant predictors were
included. For the first multivariate logistic
regression model, the total patient cohort was
utilized for analysis. The model was adjusted for
age, sex, insurance type, comorbidities, race,
facility type, tumor location, great circle dis-
tance, urban versus rural location, and year of
diagnosis. For the second multivariate model, a
total of 41,341 patients with stage I/II disease
only were included for analysis, and was adjusted
for age, sex, insurance, comorbidities, race,
facility type, tumor location, great circle dis-
tance, median income quartile, year of diagnosis,
and clinical stage. A total of 19,571 patients
underwent resection and were included in the
third multivariate model adjusted for age, sex,
insurance status, comorbidities, facility type, tu-
mor location, great circle distance, urban versus
rural location, year of diagnosis, median income
quartile, and clinical stage. The region having
the greatest unadjusted median survival for stage
I and II disease, the Northeast, was used as the
reference region for all multivariate logistic
regression models.

Cox proportional hazard models were gener-
ated only for patients diagnosed through 2012
(patients diagnosed in 2013 were excluded) due to
the availability of survival data. Cox proportional
hazard models were used to assess the impact of
region on overall survival for all patients with
stages I (N = 12,140) and II (N = 22,360) disease.
A univariate screen was performed, and significant
predictors were included in the multivariate Cox
model. Proportional hazards assumptions were
tested prior to inclusion. Stratification was used
for those variables that violated proportional
hazards assumptions but were deemed to be
important confounders. For stages I and II disease,
the Cox models were also adjusted for sex, race,
tumor location, urban versus rural location, and
year of diagnosis (stratified in stage I cohort),
and stratified by treatment, facility type, age, and
median income quartile. To evaluate a more ho-
mogeneous population, we next constructed Cox
models to assess the impact of region on overall
survival for only those patients who received multi-
modality therapy with stages I (N = 4,310) and II
(N = 6,552) disease after excluding patients who
died within 90 days of operation to account for
potential bias from postoperative morbidity
(N = 112). The Cox models for multimodality ther-
apy accounted for age, insurance status, comorbid-
ities (Charlson-Deyo comorbidity score), urban
versus rural location, median income quartile, fa-
cility type (academic versus community), resection
margins, lymph node status, and tumor grade; the
stage I model also accounted for tumor location
and the stage II model accounted for year of diag-
nosis and the number of chemotherapeutic agents
administered (single, multiple, or unknown/un-
specified). Variables that violated proportional
hazard assumptions were accounted for by stratifi-
cation. All P-values less that .05 were considered to
be statistically significant. All statistical analyses
were performed using SAS (version 9.4; SAS Insti-
tute, Cary, NC).

RESULTS

Patient characteristics. A total of 115,952
patients were identified with pancreatic adenocar-
cinoma during an 8-year period. Patients tended to
be male (51.0%), older than 65 years (59.6%),
white (83.0%), and insured under Medicare
(56.2%), and to have a Charlson-Deyo comorbidity
score of zero (65.9%). More than half of the
tumors arose in the pancreatic head (52.0%) and
were metastatic at the time of diagnosis (50.4%).
While most patients lived in metro areas (83.7%)
and traveled only between 0 to 10 miles (47.9%),
the majority of patients received treatment at
community centers (54.2%).

Compared with all other regions, patients in
the Northeast were more likely to be older than
65 years of age (P < .0001), treated at an aca-
demic center (P < .0001), have a median income
quartile of >$63,000 (P < .0001), travel between
0 to 10 miles (P < .0001), and live in a metro
area (P < .0001). Patients in the Northeast also
were the least likely to be uninsured (P < .0001;
Table I).

Treatment trends. At least 22% of patients in all
clinical stages received no treatment. Of those with
potentially resectable disease, only 54.5% of stage I
and 43.4% of stage II patients underwent resec-
tion. In addition, only 70.5% and 74.4% of stage I
and II patients who underwent resection received
multimodality therapy. For those with advanced
pancreatic cancer, only 68.4% and 56.9% of
patients with stage III and IV disease, respectively,
received chemotherapy and/or radiation (Fig 3,
A). During the study time period, an increasing
number of patients were diagnosed with early
stage, potentially resectable, clinical stage I/II
disease, with 27.5% of all cases diagnosed in 2006
presenting with stage I or II disease and increasing
to 39.0% in 2013 (Fig 3, B). In addition, more
patients diagnosed with stage I and II disease



Table I. Patient and tumor characteristics by geographic region

Northeast Southeast Central East Central West West Total

P valueN (%) N (%) N (%) N (%) N (%) %

25,755 (22.2) 24,088 (20.8) 29,011 (25.0) 18,789 (16.2) 18,309 (15.8) 115,952
Sex

Male 12,916 (50.2) 12,405 (51.5) 14,747 (50.8) 9,797 (52.1) 9,271 (50.6) 51.0 .0003
Female 12,839 (49.8) 11,683 (48.5) 14,264 (49.2) 8,992 (47.9) 9,038 (49.4) 49.0

Age
#65 9,762 (37.9) 9,921 (41.2) 12,192 (42.0) 7,910 (42.1) 7,162 (39.1) 40.5 <.0001
>65 15,993 (62.1) 14,167 (58.8) 16,819 (58.0) 10,879 (57.9) 11,147 (60.9) 59.5

Race
White 21,721 (84.3) 18,724 (77.7) 24,260 (83.6) 16,105 (85.7) 15,465 (84.5) 83.0 <.0001
Black 2,875 (11.2) 4,774 (19.8) 4,104 (14.2) 2,083 (11.1) 749 (4.1) 12.6
Other/Unknown 1,159 (4.5) 590 (2.5) 647 (2.2) 601 (3.2) 2,095 (11.4) 4.4

Insurance
Private 8,755 (34.0) 7,284 (30.2) 8,815 (30.4) 5,648 (30.1) 6,306 (34.4) 31.7 <.0001
Medicare 14,605 (56.7) 13,916 (57.8) 16,973 (58.5) 9,982 (53.1) 9,670 (52.8) 56.2
Medicaid 1,580 (6.1) 1,672 (6.9) 1,741 (6.0) 1,145 (6.1) 1,491 (8.1) 6.6
Uninsured/Unknown 815 (3.2) 1,216 (5.1) 1,482 (5.1) 2,014 (10.7) 842 (4.6) 5.5

Charlson-Deyo Score
0 16,639 (64.6) 15,812 (65.6) 18,417 (63.5) 12,316 (65.6) 13,219 (72.2) 65.9 <.0001
1 6,738 (26.2) 6,351 (26.4) 7,697 (26.5) 4,869 (25.9) 3,804 (20.8) 25.4
2+ 2,378 (9.2) 1,925 (8.0) 2,897 (10.0) 1,604 (8.5) 1,286 (7.0) 8.7

Tumor location
Head 13,410 (52.1) 12,652 (52.5) 14,654 (50.5) 9,958 (53.0) 9,628 (52.6) 52.0 <.0001
Body/Tail 6,623 (25.7) 6,052 (25.1) 7,502 (25.9) 4,681 (24.9) 4,575 (25.0) 25.4
Other 5,722 (22.2) 5,384 (22.4) 6,855 (23.6) 4,150 (22.1) 4,106 (22.4) 22.6

Clinical stage
I 2,929 (11.4) 3,146 (13.1) 3,783 (13.0) 2,562 (13.6) 2,276 (12.4) 12.7 <.0001
II 5,999 (23.3) 5,678 (23.6) 6,330 (21.8) 4,380 (23.3) 4,258 (23.3) 23.0
III 3,529 (13.7) 3,464 (14.4) 4,012 (13.8) 2,584 (13.8) 2,537 (13.9) 13.9
IV 13,298 (51.6) 11,800 (49.0) 14,886 (51.3) 9,263 (49.3) 9,238 (50.5) 50.4

Facility type
Academic 16,301 (63.3) 9,656 (40.1) 12,333 (42.5) 8,434 (44.9) 6,432 (35.1) 45.8 <.0001
Community 9,454 (36.7) 14,432 (59.9) 16,678 (57.5) 10,355 (55.1) 11,877 (64.9) 54.2

Median income Quartile
<$38,000 3,151 (12.2) 5,595 (23.2) 7,023 (24.2) 3,771 (20.1) 1,782 (9.7) 18.4 <.0001
$38,000–$47,999 4,180 (16.2) 6,490 (26.9) 7,744 (26.7) 5,613 (29.9) 3,676 (20.1) 23.9
$48,000–$62,999 6,350 (24.7) 6,012 (25.0) 7,521 (25.9) 5,265 (28.0) 5,678 (31.0) 26.6
$63,000+ 12,074 (46.9) 5,991 (24.9) 6,723 (23.2) 4,140 (22.0) 7,173 (39.2) 31.1

Urban versus rural Location
Metro area 23,489 (91.2) 20,671 (85.8) 22,657 (78.1) 13,791 (73.4) 16,406 (89.6) 83.7 <.0001
Urban area 2,184 (8.5) 2,986 (12.4) 5,631 (19.4) 4,198 (22.3) 1,721 (9.4) 14.4
Rural area 82 (0.3) 431 (1.8) 723 (2.5) 800 (4.3) 182 (1.0) 1.9

Great circle distance (mi)
0–10 14,452 (56.1) 10,765 (44.7) 13,877 (47.8) 7,090 (37.7) 9,347 (51.1) 47.9 <.0001
10.1–25 6,419 (24.9) 6,099 (25.3) 6,874 (23.7) 4,063 (21.6) 4,442 (24.3) 24.1
25.1–50 2,836 (11.0) 3,416 (14.2) 4,132 (14.2) 2,767 (14.7) 1,869 (10.2) 13.0
50.1–100 1,355 (5.3) 1,990 (8.3) 2,551 (8.8) 2,514 (13.4) 1,183 (6.5) 8.3
100.1–500 487 (1.9) 1,481 (6.2) 1,281 (4.4) 1,971 (10.5) 1,207 (6.6) 5.5
>500 206 (0.8) 337 (1.4) 296 (1.0) 384 (2.0) 261 (1.4) 1.3
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received treatment over time, with a steady
increase in the administration of neoadjuvant ther-
apy from 3.7% in 2006 to 9.4% in 2013 (see Fig 3,
C for additional treatment trends).
Outcomes. For all stages of disease, patients in
the Northeast had the greatest unadjusted survival.
The greatest difference was for stage I disease,
where patients lived nearly 2 to 3 more months in



Fig 3. A, Treatments by clinical stage. B, Trends in stage
at diagnosis (clinical stages I/II and III/IV) over time by
year of diagnosis. C, Treatment trends for stages I and II
by year of diagnosis.
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the Northeast compared with all other geographic
regions (Table II). Taking the Northeast as a refer-
ence, the adjusted odds of diagnosis in early,
Table II. Unadjusted median overall survival in month

Northeast Southeast Central

Stage I 15.5 12.6 12.7
Stage II 12.0 11.5 10.6
Stage III 10.1 8.7 8.7
Stage IV 3.8 3.4 3.4
potentially resectable disease stages were greater
in all other regions (Fig 4, A). In addition, across
the country, there was a steady increase in the
odds of being diagnosed in early stage disease
with each successive year, with odds ratios of 1.11
(95% confidence interval [CI], 1.05–1.19) in
2007 vs 2006 and 1.74 (95% CI, 1.64–1.84) in
2013 vs 2006. Relative to the Northeast, regions
were either as likely or more likely (Southeast
and Central East) to resect patients (Fig 4, B); how-
ever, on adjusted analysis of those patients in whim
their tumors were resected, all regions were less
likely to receive multimodality therapy compared
with the Northeast (Fig 4, C).

After multivariate Cox proportional hazards
modeling, region remained a significant predictor
of survival for patients with stage I and II disease,
with 2 regions having comparable or lesser risk
(West and Central West) and 2 regions having
increased risk (Southeast and Central East)
relative to the Northeast (Fig 5, A). In a more
homogeneous population of patients with stage I
and II disease who received multimodality therapy,
multivariate adjustment resulted in decreased dif-
ferences between regions, with only stage II
patients in one region (Central East) remaining a
significant predictor of survival (Fig 5, B). Of
note, sensitivity analyses were performed for all
Cox models to assess the effect of distance traveled
on survival, and the results were unchanged.

DISCUSSION

More than half of the patients diagnosed with
pancreatic cancer in our study presented with
metastatic disease; however, of the third who pre-
sented with potentially resectable disease for curative
intent, >20% received no treatment, and only
approximately one-third received multimodality
therapy. In addition, we found that treatments and
outcomes varied based on geographic location.
Unadjusted overall survival was greatest for patients
at any stage of disease in the Northeast, with greater
survival advantages for earlier stages. While odds of
early diagnosis and resection were comparable or
greater in other regions compared with the
s by clinical stage and geographic region

East Central West West P value

13.5 13.1 <.0001
10.9 11.8 <.0001
9.3 9.0 <.0001
3.4 3.5 <.0001



Fig 4. A, Adjusted odds of diagnosis at clinical stage I/II disease. B, Adjusted odds of resection if diagnosed with poten-
tially resectable stage I/II disease. C, Adjusted odds of receiving multimodality therapy if resected. (Note: All models
were also adjusted for age group, sex, insurance status, comorbidities, tumor location, facility type, great circle distance,
and year of diagnosis. Model A is also adjusted for race and urban versus rural location. Model B is also adjusted for
race, median income quartile, and clinical stage. Model C is also adjusted for urban versus rural location, median in-
come quartile, and clinical stage.)
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Northeast, patients who underwent resection in the
Northeast were significantly more likely to receive
multimodality therapy. Appropriate, cancer-directed
therapy, however, did not account fully for the
observed differences in survival. While some of these
regional differences were mitigated after multivar-
iate Cox proportional hazards modeling among
patients who received multimodality therapy, one
region (Central East) remained a significant predic-
tor of worse survival in patients with stage II disease
with a HR of 1.59 (95% CI, 1.06–1.26).

Regional variation in surgical and cancer care
has been reported before both in the United States
and abroad.7,14-21 The Dartmouth Atlas evaluates
unwarranted variation when patients’ needs or
preferences cannot account for differences in
care in various surgical diseases and specialties
across geographic regions.18 Physicians may have
differing views about the risks or the utility of
particular operations, patients may have limited
comprehension, and the types of procedures
offered and performed may vary across regions.18

An international comparison found that cultural
preferences and physician consensus of necessity
of procedure may affect operative interventions,
with hip replacement rates 50% greater in France



Fig 5. A, Adjusted hazard ratios of death by region for all patients with stage I (top) and II (bottom) disease. B, Adjusted
hazard ratios by region for subset of patients who received multimodality therapy for stage I (top) and II (bottom) disease.
(Note: Model A is also adjusted for sex, race, tumor location, urban versus rural location, year of diagnosis, treatment,
facility type, age, and median income quartile. Models B stage I and II are also adjusted for age group, insurance status,
comorbidities, urban versus rural location, median income quartile, facility type, resection margins, lymph node status,
and tumor grade. Model B stage I (top) is also adjusted for tumor location. Model B stage II (bottom) is also adjusted for
year of diagnosis and number of chemotherapy agents administered. Note: Variables that violated proportional hazard
assumptions were stratified.)
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and, conversely, knee replacement rates 50% less
relative to the United States.20 A study from
Norway evaluating regional disparities in care
demonstrated that differences may be cancer-
specific, with adjustments for tumor stage,
socioeconomic status, comorbidity, and type of
treatment able to account for the majority of vari-
ation in survival from prostate cancer but not
from breast cancer.15 A report utilizing Surveil-
lance Epidemiology, and End Results (SEER)
data demonstrated significant regional variations
in the type of resections performed for tumors of
the pancreatic head.22 Another recent SEER study
found that geographic location was independently
associated with survival in patients undergoing
resection for pancreatic cancer.21 Reviews of older
data from the NCDB found a striking underutiliza-
tion of surgical resection for early stage pancreatic
cancer as well as underutilization of multimodality
therapy.9,23 Despite our similar findings of under-
utilization, rates of resection, however, have
continued to increase over time. While a study
evaluating NCDB data from 1995 to 2004 found
that only 28.6% of stage I patients underwent
resection, our more recent data from 2006 to
2013 noted that 54.5% of patients with stage I
disease had their tumors resected. Although
Canada has a single-payer, universal health care
system, a study found that sociodemographic
factors influenced resection rates in patients with
pancreatic cancer.24 The investigators found that
patients living in rural or in low-income urban
areas were less likely to undergo operative resec-
tion compared with those in the highest-income
urban areas. Interestingly, for those patients with
pancreatic cancer whose tumors were resected,
no association was found between sociodemo-
graphic status and receipt of adjuvant therapy or
overall survival, suggesting that early diagnosis
and access to surgical care play a key role.24

A recent, large national study by Chetty et al25

found that life expectancy increased continuously
with income. Comparing the top 1% with the
bottom 1% of income distribution, life expectancy
differed by 10 and 15 years for women and men,
respectively.25 They also noted that variation in
life expectancy was present among different
commuting zones for those in the bottom income
quartile, with Nevada, Indiana, and Oklahoma
having the least life expectancies even after adjust-
ment for race and ethnicity.25 Furthermore, the
study found that major socioeconomic factors
including access to medical care could not account
for the differences in life expectancies; however,
the variation could in part be attributed to differ-
ences in health behaviors such as smoking, obesity,
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and exercise.25 Another recent report also noted
that county-level variation in cause-specific mortal-
ity exists, including variations in mortality rates
after adjustment for age and type of neoplasm.26

Although the authors did not present a potential
explanation, the differences they observed are
noteworthy and relevant to the interpretation of
our findings.

Our results confirm that regional variations
exist, both in the treatment of and survival from
pancreatic cancer. The findings highlight that
recommended cancer care remains substantially
underutilized, particularly for those individuals
who present with potentially resectable disease, of
which only 47.3% undergo resection of their
tumor, while nearly 40% of patients are not offered
operative resection as part of their planned first
course of treatment. Furthermore, current treat-
ment guidelines support the administration of
adjuvant chemotherapy to prolong survival, but
of the patients who undergo resection, only 72.9%
received additional chemotherapy either before or
after their operation. Despite the disparities in
survival observed across regions, our results
demonstrate that providing cancer-directed
therapy may help mitigate these differences.
Previous studies have not directly compared the
outcomes of individuals receiving equivalent and
multimodality therapy in different regions across
the United States. A single study that used the
SEER database looked at the effect of geographic
location on outcomes in resected pancreatic
cancer and also noted differences, particularly
decreased survival in the region they defined as
the Southeast21; however, this SEER study was
limited by the few regions included in the SEER
database, lack of information regarding receipt of
chemotherapy, and the inability to account for
insurance type, facility type (academic versus
community), income level, and urban versus rural
location. The findings of the current study further
expand on previous investigations and indicate
that while existing confounders may explain
some of the variation observed, additional factors
remain, possibly related to overall environmental
or health habits. Data on age-adjusted mortality
released by the US Department of Health and
Human Services demonstrated a similar increased
mortality in states encompassed by the region we
defined as the “Central East.”27 Furthermore, the
study by Dwyer-Lindgren et al,26 also noted that
mortality after adjustment for age and type of
neoplasm was greatest in this same region.

Our study has several limitations inherent to the
retrospective nature of the analysis. As with all
large database work, the current study is limited by
the number of confounders that can be included
in our multivariate modeling based on the avail-
able variables. The predefined variables limit the
granularity of confounders such as comorbidities,
which may account for some of the remaining
differences left between groups. Importantly, we
lacked information on the performance status of
patients at diagnosis and behavioral factors such as
smoking, which can affect the treatment offered, a
patient’s tolerance of treatment, and overall life
expectancy. In addition, certain variables that are
provided, such as median income, have a large
impact on outcomes, but these data are not
precise, because they are based on the patient’s
zip code via census information. Further evalua-
tion may reveal a larger impact for those patients
who may have incomes that vary greatly from
others in their census tract, as suggested by previ-
ous work.25 Finally, we are unable to distinguish
accurately the intention-to-treat versus actual treat-
ment course, and thus we may have underesti-
mated the number of patients who may have
otherwise been treated.

This is the first study to our knowledge to
highlight regional variation in the treatment and
outcomes of pancreatic cancer across the entirety
of the United States. It is also the most compre-
hensive study to date, and the first to demonstrate
that, for the majority of patients who receive
cancer directed care, differences in survival disap-
pear after adjustment for confounders. The
novelty and strength of our results are that we
were able to account for both socio-demographic
factors as well as tumor biology and treatment
outcomes (eg, resection margins). These results
suggest that improved patient and provider edu-
cation regarding treatment options, in the pres-
ence of a multidisciplinary team approach, may
help decrease regional disparities. These results
also suggest that overall health may be an impor-
tant prognostic factor even for patients with
aggressive cancer types, and public health efforts
should be directed to combat these discrepancies.

In summary, regional variation is common
across all specialties and diseases, including
pancreatic cancer and underutilization of poten-
tially curative operative treatment and multimo-
dality therapy persist. Nevertheless, although
disparities in treatments exist, the majority of
patients undergoing similar cancer-directed thera-
pies will have comparable outcomes after adjust-
ment for confounders. The differences that
remain may be attributable to overall behavioral
and environmental factors that influence baseline
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life expectancy in the United States. As such, it may
be important to interpret the survival from pancre-
atic cancer in the context of overall health.

The pervasive undertreatment and underutili-
zation of operative intervention in patients with
potentially resectable pancreatic cancer merits
further investigation and assessment of disparities
in care. We believe that all patients diagnosed with
pancreatic cancer should be evaluated by a
multidisciplinary team of providers, including
surgical, medical, and radiation oncologists. While
ongoing efforts address disparities in overall pa-
tient survival, patient-specific comorbidities and
risk factors should be factored into decision-
making around the treatment of pancreatic cancer.
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