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pancreatic resection include patient insurance status and facility
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Background: Resection is the only potentially curative treatment for pancreatic cancer. While previous
studies have demonstrated outcome disparities at low volume facilities and in underinsured patients, few
have evaluated institutional variables in a large sample using recent data reflective of our rapidly changing
healthcare system. We investigated the impact of facility academic status, case volume, and insurance status
on length of stay, and 30- and 90-day mortality.

Methods: Data were retrieved from the National Cancer Database for 34,718 pancreatic cancer patients
who underwent pancreatectomy between 01/01/2010-12/31/2015. Facilities were classified as “Very Low
Volume” (<5 surgical cases/year), “Low Volume” (6-16 cases/year), or “High Volume” (>16 cases/year).
Multivariable logistic regression was used to investigate associations between facility or insurance factors and
30- and 90-day mortality.

Results: Insurance status was the strongest predictor of positive outcomes, with privately insured patients
demonstrating the shortest length of stay (9.6 days) and lower 30-day mortality [OR (95% CI) 0.61 (0.50,
0.74)] and 90-day mortality [OR (95% CI) 0.68 (0.60, 0.78)] than publicly insured patients (P<0.001). High-
volume facilities displayed lower 30-day mortality [OR (95% CI) 0.60 (0.49, 0.72)] and 90-day mortality
[OR (95% CI) 0.68 (0.60, 0.78)] than very low volume facilities (P<0.001). Compared to non-academic
programs, academic programs displayed lower 90-day mortality [OR (95% CI) 0.84 (0.75, 0.94), P=0.002],
but equivalent 30-day mortality.

Conclusions: These data illustrate the persistent outcome gap affecting underserved or underinsured

patients with pancreatic cancer despite efforts in quality improvement and healthcare reform.
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Introduction

Pancreatic cancer remains one of the most deadly cancers
despite ongoing research to improve prognosis (1). Five-
year survival rates remain below 10% in both males and
females worldwide (2). Although its incidence in the US is
relatively low (11th among all cancers), pancreatic cancer
is the third leading cause of cancer-related mortality (3).
Surgical resection is the only potentially curative treatment,
but unfortunately only 15-20% of US patients present
early enough to be surgical candidates (4). Thus, timely and
successful resection is of paramount importance for survival.

It is well established that not all healthcare is created equal,
thus an investigation of potential factors that can impact
patient outcomes (e.g., facility type, case volume, patient
insurance status) is warranted to maximize survival in this high-
risk patient population. Some previous studies have examined
the average length of stay (ALOS) following pancreatic
resection (5-7), and have identified varying associations
of surgical outcomes with facility type (academic vs. non-
academic) and case volume (8-13). Healthcare inequity is also a
challenge for pancreatic cancer patients due to lower resection
rates in government-subsidized vs. privately insured patients
(14,15). While previous studies have investigated the impact
of some institutional or payor factors on surgical outcomes,
few have comprehensively evaluated multiple facility and
payor variables in a large patient sample, and even fewer utilize
recent data which is representative of the significant changes
in the healthcare industry in the past decade. In this study,
we investigated the effect of facility type (academic vs. non-
academic), surgical case volume, and patient insurance status

on length of stay (LOS), and 30- and 90-day mortality rates.

Methods

Surgical outcome measures were retrieved from the
National Cancer Data Base (NCDB) for 172,370 pancreatic
cancer patients diagnosed between January 1, 2010 and
December 31, 2015.

The NCDB is a joint project of the Commission on
Cancer (CoC) of the American College of Surgeons and
the American Cancer Society. The CoC’s NCDB and the
hospitals participating in the CoC NCDB are the source
of the de-identified data used herein; they have not verified
and are not responsible for the statistical validity of the
data analysis or the conclusions derived by the authors.
The data queried for our study, which cover 2010-2015,
were the most recent available at the time of application for
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NCDB access and remain only 1 year behind the latest data
available as of the time of publication.

We utilized the International Classification of Diseases
for Oncology (ICD-0O-3) codes to select patients for
inclusion. Patients over the age of 18 with a primary
diagnosis of pancreatic neoplasm (ICD-0O-3 8000-8005),
pancreatic carcinoma [8010-8015, 8020-8022], pancreatic
adenocarcinoma [8140, 8141, 8143, 8147], mucinous
adenocarcinoma [8480, 8481], signet ring cell carcinoma
[8490], duct carcinoma [8500, 8501, 8503, 8504, 8507,
8508], and adenocarcinoma with metaplasia [8570-8576]
were queried. Neuroendocrine neoplasms were excluded. To
provide professional clinical guidance for the interpretation
of post-operative outcomes and other systemic treatments,
we secured the assistance of an oncologist specializing in
treatment of pancreatic cancer and research of multifaceted
novel therapeutics for this disease.

Of the total cohort of 172,370 patients, 34,718 patients
received surgery, of whom LOS was available for all
patients, 30-day mortality was available for 28,134 patients,
and 90-day mortality was available for 27,994 patients. We
queried age, race, pathologic stage, Charlson-Deyo score,
treatment (surgery type, radiation, and chemotherapy), time
elapsed to first surgery after diagnosis, LOS, insurance,
facility type, facility surgical volume, and year of diagnosis.
Staging information was available as classified by the
American Joint Committee on Cancer pathologic stage
group. Facilities were classified as Academic/Research
or Non-Academic Programs using the “Facility Type”
variable, and “Very Low Volume Facilities (VLVF)” (<5
surgical cases/year), “Low Volume Facilities (LVF)” (6-16
surgical cases/year), or “High Volume Facilities (HVF)”
(>16 surgical cases/year), based on previous definitions by
Birkmeyer ez al. (8). The categories designed by Birkmeyer
et al. were adjusted by combining the very low, low, and
medium volume categories into our VLVF category.
For generalized comparison, insurance was aggregated
as: Private (private insurance and managed care), Public
(Medicare, Medicaid, and other government insurance), and
Uninsured/Unknown.

Differences in ALOS were assessed using Wilcoxon Rank
Sum and Kruskal Wallis tests. Due to the skew of LOS
data, median LOS and interquartile range were calculated
for all comparison groups to account for this distribution.
Univariable logistic regression was used to investigate
associations between facility features or insurance status,
and 30- and 90-day mortality. A multivariable logistic model
of 30- and 90-day mortality was built using inclusion criteria

Ann Pancreat Cancer 2020;3:12 | http://dx.doi.org/10.21037/apc-20-3



Annals of Pancreatic Cancer, 2020 Page 3 of 9
Table 1 Demographics of Patients with pancreatic cancer who Table 1 (continued)
underwent pancreatic resection between 01/01/2010-12/31/2015,
retrieved from NCDB Variable Total (n=34,718) %
Variable Total (n=34,718) % Medicaid 1,717 4.9
Age group Not insured 855 2.5
<56 years 5,334 15.4 Insurance status unknown 541 1.6
56-65 years 10,293 29.6 Other government 462 1.3
66-75 years 1,2096 34.8 Facility type
76-85 years 6,445 18.6 Academic/research program 18,791 54.1
>85 years 550 1.6 Non-academic 15,927 45.9
Race Facility surgical volume
White 29,682 85.5 Very low volume (<5 surgeries 8,725 25.1
Black 3,448 9.9 per year)
Other 1,588 46 Low volume (6-16 surgeries per 9,904 28.5
year)
Spanish origin High volume (>16 surgeries per 16,089 46.3
Non-Spanish; non-Hispanic 32,141 92.6 year)
Mexican—includes Chicano 234 0.7 Year of diagnosis
Other Spanish/Hispanic 1,396 4.0 2010 5,245 15.1
Unknown 947 2.7 2011 5,361 15.4
Histology 2012 5,685 16.4
Carcinoma' 867 2.5 2013 5,851 16.9
Adenocarcinoma? 33,716 97.1 2014 6,210 17.9
Signet ring cell carcinoma 135 0.4 2015 6,366 18.3
AJCC pathologic stage group ', includes “Neoplasm”, “Carcinoma”; ?, includes
“Adenocarcinoma”, “Mucinous adenocarcinoma”, “Duct
0 357 1.0 carcinoma”, “Adenocarcinoma with metaplasia”.
I, 1A, 1B 3,562 10.3
I, 1A, 1B 26,034 75.0
of P<0.1 in univariable analyses. Multivariable logistic
1l 962 2.8 . . . .
regression adjusted for age, race, histology, insurance status,
v 1,329 3.8 facility type, facility surgical volume, and year of diagnosis.
Missing 2,474 7.1 Though facility type and surgical volume variables were
Charlson-Deyo score correlated, they were not colinear, and thus both were included
0 05 711 65.4 in the multivariable regression model to clarify the relationship
' ' between facility type/surgical volume and mortality.
1 9,286 26.7
2 1,967 5.7
Results
3 754 2.2
Insurance type We investigated the impact of facility type, surgical case
volume, and insurance status on the pancreatic resection
Private insurance 12,576 36.2 . . .
outcomes of 34,718 patients with pancreatic cancer.
Medicare 18,567 53.5

Table 1 (continued)
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Demographics of the patient population are displayed in
Table 1, while specific treatment details including treatment
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Figure 1 Univariable and multivariable analysis of 30-day mortality of pancreatic cancer patients undergoing pancreatic resection by facility

type, facility surgical volume, and insurance status. Multivariable logistic regression adjusts for age, race, histology, year of diagnosis, facility

type, facility surgical volume, and insurance status.

type, surgery frequency, and time elapsed to surgery are
reported in Table S1.

LOS

The ALOS for all patients was 10.3 days (SD =9.0 days).
Comparing by case volume, the shortest ALOS was found
at HVF (9.9 days), followed by VLVF (10.5 days), and the
longest at LVF (10.9 days, P<0.001).

Compared to non-academic programs, academic
programs displayed shorter ALOS (10.2 vs. 10.5 days,
P<0.001). There was significant variation in ALOS between
insurance groups with a range of 1.6 days (P<0.001).
Privately insured patients experienced lower ALOS than

© Annals of Pancreatic Cancer. All rights reserved.

publicly insured patients (9.6 vs. 10.7 days, P<0.001) and
Medicaid patients (11.2 days).

Despite these significant differences in ALOS, median
LOS was 8 days for all groups, with no significant

differences in interquartile range.

30- and 90-day mortality

Findings for 30-day mortality are shown in Figure 1, while
90-day mortality is shown in Figure 2. On univariable
analysis, academic/research programs displayed lower 30-
day mortality than non-academic programs [2.7% vs. 3.7%,
OR (95% CI) 0.72 (0.63, 0.80), P<0.001]. Similar results
were observed for 90-day mortality [5.8% wvs. 8.1%, OR
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Figure 2 Univariable and multivariable analysis of 90-day mortality of pancreatic cancer patients undergoing pancreatic resection by facility

type, facility surgical volume, and insurance status. Multivariable logistic regression adjusts for age, race, histology, year of diagnosis, facility

type, facility surgical volume, and insurance status.

(95% CI) 0.70 (0.64, 0.80), P<0.001]. After multivariable
regression modeling, academic/research programs did not
demonstrate a significantly lower 30-day mortality [OR
(95% CI) 0.92 (0.78, 1.08), P=0.29], but did maintain lower
90-day mortality [OR (95% CI) 0.84 (0.75, 0.94), P=0.002].

Regarding surgical case volume, lower 30-day mortality
was observed at HVF vs. VLVF [2.4% vs. 4.2%, OR (95%
CI) 0.56 (0.47, 0.70)] but not at LVF vs. VLVF [3.6% uvs.
4.2%, OR (95% CI) 0.86 (0.73, 1.00)]. Thirty-day mortality
remained significantly lower at HVF vs. VLVF after
multivariable regression [OR (95% CI) 0.60 (0.49, 0.72)].
Opverall, 30-day mortality differed significantly by surgical
volume after multivariable regression (P<0.001).

Similarly, 90-day mortality was lower at HVF vs. VLVF
[5.3% vs. 8.5%, OR (95% CI) 0.60 (0.54, 0.70)], but no

© Annals of Pancreatic Cancer. All rights reserved.

difference was found between LVF vs. VLVF [7.9% uvs.
8.5%, OR (95% CI) 0.92 (0.82, 1.00)]. In the multivariable
regression model, HVF maintained significantly lower 90-
day mortality vs. VLVF [OR (95% CI) 0.68 (0.60, 0.78)].
Opverall, 90-day mortality differed significantly by surgical
volume after multivariable regression (P<0.001).

In overall insurance comparison of public vs. private
vs. uninsured/unknown, privately insured patients
demonstrated lower 30-day mortality than publicly insured
patients [1.8% vs. 4.0%, OR (95% CI) 0.45 (0.39, 0.50)] and
lower 90-day mortality [4.2% vs. 8.5%, OR (95% CI) 0.47
(0.42, 0.50)]. After multivariable regression, this difference
remained significant in both 30-day mortality [OR (95%
CI) 0.61 (0.50, 0.74)] and 90-day mortality [OR (95%
CI) 0.68 (0.60, 0.78)]. The difference between mortality
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of uninsured/unknown and publicly insured patients was
insignificant.

There were significant differences in 30-day mortality
by specific insurance status in both univariable and
multivariable analysis (P<0.001). The lowest 30-day
mortality was observed in privately insured patients (1.8%,
N=10,291). After multivariable regression, all insurance
groups maintained higher 30-day mortality than private
insurance. The highest 30-day mortality after adjustment
was found in patients with other government insurance [OR
(95% CI) 2.32 (1.38, 3.92)], followed by uninsured patients
[OR (95% CI) 2.13 (1.42, 3.19)].

Significant differences in 90-day mortality by insurance
status were observed in both univariable and multivariable
analyses (P<0.001). The lowest 90-day mortality was
observed in patients with private insurance (4.2%,
N=10,291). On univariable analysis, Medicare patients
displayed the highest 90-day mortality [8.7%, OR (95%
CI) 2.18 (1.95, 2.40)]. After multivariable regression, the
highest 90-day mortality was in uninsured patients [OR
(95% CI) 1.99 (1.49, 2.66)], followed by patients with other
government insurance [OR (95% CI) 1.71 (1.14, 2.57)].

Discussion

Pancreatic cancer continues to present significant
challenges in detection and treatment. Although previous
studies have identified variability among US hospitals
in pancreatic cancer outcomes (9), given the sweeping
changes in healthcare reimbursement over the last decade,
a comprehensive evaluation of factors that influence
postoperative outcomes in a large recent patient sample is
warranted. In this study, we demonstrate that pancreatic
resection at high-volume centers, and academic centers
to a lesser degree, is associated with lower short-term
postoperative mortality.

LOS

The ALOS of pancreatic cancer patients following
pancreatic resection was found to be 10.3 days, which is
higher than some previous studies, which may be due to our
inclusion of only surgical patients. Previous studies of the
SEER-Medicare database reported ALOS of 6.4 days (16)
and 9.1 days (6), but did not focus specifically on surgical
patients. A previous NCDB study investigated ALOS after
pancreatectomy and identified a median ALOS of 10 days,
similar to our cohort (7).

© Annals of Pancreatic Cancer. All rights reserved.
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Though significant differences were observed between
ALOS in our comparison groups, our data were not
normally distributed and, in many groups, included outlier
patients with very high LOS. Thus, median LOS is likely
a more appropriate method to compare LOS between
our cohorts. The median LOS for all groups, including
by facility type, volume, and insurance status, was 8 days,
indicating that none of these three variables likely have
a meaningful impact on the postoperative LOS after
pancreatic resection. When viewed in the context of our
other findings regarding differences in mortality, the
equivalent median LOS between our comparison groups
indirectly suggests that the frequency of events which
commonly lead to extended postoperative LOS, such as
infectious, nutritional, or thromboembolic postoperative
complications, may be similar between our cohorts.
However, as data regarding the specific occurrence of
such events were unavailable in our database, we cannot
definitively confirm this inference.

30- and 90-day mortality

We observed that academic/research programs exhibited
significantly lower 90-day mortality, but not 30-day
mortality, after pancreatic resection, even after adjusting for
confounding variables. Decreased 30- and 90-day mortality
were also observed at HVF compared to VLVE.

Our definitions of case volume were inspired by
Birkmeyer et al., who previously described an absolute
difference in operative mortality of 12% between
HVF and facilities with under 1 pancreatic resection
annually (8). Other studies have demonstrated a volume-
outcome relationship between pancreatectomy and
postoperative mortality (10-12,17-20). Comparatively few
studies have investigated the impact of hospital teaching
status. A study of 3,337 patients in 1996-1997 from the
National Inpatient Sample identified lower operative
mortality at teaching hospitals, but this was thought to be
secondary to higher case volume (21). Additionally, nearly
three decades have passed since many of the studies in this
field were carried out, during which time significant changes
in healthcare practices and techniques have occurred.

We demonstrate, using a larger and more recent sample,
that the discrepancy in short-term postoperative mortality
after pancreatic resection persists, with patients treated
at non-academic programs and VLVF facing significantly
greater mortality risk. Notably, 90-day mortality at non-
academic facilities remained higher even after adjusting for
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surgical case volume, supporting the hypothesis that factors
aside from volume are responsible. These differences
in mortality do not appear to be explained by differing
frequencies in treatment modality, surgery type, nor the
time to surgery. Improved outcomes at academic facilities
may be explained by greater access to modern surgical
equipment and techniques, more experienced physicians,
and greater team-based care due to increased staffing
and presence of trainees. Interestingly, since only 90-day
mortality, but not 30-day mortality, was lower at academic
centers, it is possible that improved follow-up and post-
discharge management may contribute to increased survival
after 90 days.

Notably, one fourth of patients underwent resection
at a VLVE. Despite strong evidence to support a volume-
outcome relationship in pancreatectomy, there are clearly
facilities throughout the US that continue to perform such
therapy despite having a low volume. Since surgery is the
only potentially curative treatment, our findings strongly
suggest that referral to an academic, high-volume institution
may improve postoperative mortality.

Insurance status exhibited the strongest association with
postoperative mortality after pancreatectomy. Healthcare
inequity has been linked to lower resection rates and
receiving treatment at low volume institutions (14,22). We
observed that privately insured patients demonstrated lower
mortality than publicly insured patients and all individual
insurance groups. Our study is one of the first to evaluate,
by specific insurance category, the short-term postoperative
mortality of patients undergoing pancreatic resection. We
demonstrated a significant association between 30- and
90-day mortality and non-private insurance, though the
magnitude of the risk varies by insurance type.

Predictably, the greatest mortality risk after adjusting
for age was in patients without insurance or with insurance
other than Medicare and Medicaid (e.g., Veterans Health
Administration, Indian Health Service). Such patients
with limited healthcare access may face barriers in seeking
care for postoperative complications, which may account
for their highest mortality. However, increased mortality
was also observed in Medicare patients, the largest group
of patients in our study, even after adjusting for age and
stage. While few other studies exist in this field, our
findings are congruent with a previous NCDB study
which also demonstrated lower postoperative mortality in
privately insured patients (7). Our data provide evidence
of the tangible effect of insurance status on the short-term
mortality after pancreatectomy. Further investigation is
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necessary to determine why private insurance appears to be
a protective factor against short term mortality and identify
opportunities for improvement of postoperative follow-up
of patients without private insurance, especially those with
Medicare.

Limitations

This study is limited by its solely retrospective design
and dependence on ICD-O-3 codes. Mortality data for
6,584 patients were missing from NCDB. NCDB omits
data on the causes of short-term mortality, which limits
the interpretation of how facility or payor variables may
influence surgical outcomes. While we used the prominent
Birkmeyer ez al. study to inform our volume cutoff criteria,
values used in other studies vary significantly which
complicates comparison (8).

Conclusions

Short-term postoperative mortality rates of patients who
undergo pancreatic resection for pancreatic cancer are
significantly higher at VLVE, supporting the existence of
a volume-outcome relationship as with other procedures.
Despite this fact, a quarter of the patients analyzed were
treated at VLVE. Lower 90-day mortality was observed
at academic vs. non-academic programs. All insurance
types including Medicare displayed higher odds of 30-day
postoperative mortality than private insurance even after
multivariable regression adjusting for age. Notably, these
differences in mortality were present despite an equivalent
median LOS between all cohorts. Despite continuing
efforts towards healthcare equity in the last decade,
privately insured patients at high-volume surgical centers
continue to experience better outcomes after pancreatic
resection.
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Supplementary

Table S1 Treatment and surgery details for facility type, volume, and insurance status comparison groups

Facility type Facility volume Overall insurance status
Treatment and surgical details ) . Academic/ ;
Non-academic —  earch Y, Lv HV Public  Private Uninsured/
program unknown
program
Treatment type (%)
Surgery only 29.0 291 27.2 30.7 291 33.7 211 32.2
Surgery + radiation 0.9 0.7 1.2 0.9 0.5 0.8 0.6 1.6
Surgery + chemotherapy 35.9 40.3 34.4 38.1 40.5 37.8 9.7 32.8
Surgery + chemoradiation 34.1 29.9 37.2 30.3 29.8 27.6 38.6 33.4
Surgery type (%)
Local excision of tumor, NOS 0.8 0.6 1.0 0.8 0.4 0.6 0.8 0.9
Partial pancreatectomy, NOS; e.g., distal 15.0 15.2 16.0 15.2 14.6 15.7 14.7 11.2
Local or partial pancreatectomy and 7.8 9.3 7.5 7.2 10.0 8.6 8.6 9.2
duodenectomy
Local or partial pancreatectomy and 8.2 104 6.5 7.9 11.9 9.4 9.5 7.7
duodenectomy w/o partial gastrectomy
Local or partial pancreatectomy and 43.8 43.9 42.5 43.7 44.7 44.0 44.5 36.0
duodenectomy partial gastrectomy
(Whipple)
Total pancreatectomy 3.8 3.4 4.4 3.5 3.3 3.6 3.5 3.9
Total pancreatectomy and subtotal 9.7 8.7 9.5 10.7 8.1 9.1 9.2 10.5
gastrectomy/duodenectomy
Extended pancreatoduodenectomy 6.5 5.3 7.2 6.9 4.5 5.7 6.1 6.7
Pancreatectomy, NOS 1.8 1.6 2.4 1.7 1.4 1.5 1.3 8.7
Surgery, NOS 2.4 14 3.1 2.3 1.0 1.8 1.7 5.2

Median days elapsed from diagnosis to first 22 [5, 54] 191[1,40] 18]0,40] 19[1,40] 23[7,61] 21[3,43] 21[4,56] 15]0, 41]
surgery [IQR]

VLV, very low volume; LV, low volume; HV, high volume; NOS, not otherwise specified; IQR, interquartile range.



