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Abstract

Background: For pancreatic adenocarcinoma (PDAC), no studies have established any
association between earlier treatment initiation and long-term outcomes. In addition, an optimal
type of initial treatment for the localized disease remains ill-defined.

Methods: Patients in the National Cancer Database (2004-2015) with clinical stage | (CS-1) and
I1 (CS-11) PDAC who underwent curative-intent resection were included. Optimal time from
diagnosis-to-treatment including neoadjuvant chemotherapy, neoadjuvant chemoradiation, or
upfront surgery was assessed. An optimal type of treatment was evaluated. The primary outcome
was overall survival (OS).

Results: Among 29 167 patients, starting any treatment within 0 to 6 weeks was associated with
improved median OS compared with 7 to 12 weeks (21.0 vs 20.1 months; £=.004). This persisted
when accounting for sex, race, and Charlson-Deyo score (hazard ratio [HR], 0.94; £=0.02) and

on subset analysis for CS-1 (23.5 vs 21.8 months; £=.04) and CS-11 (19.4 vs 18.3 months; P
=.03). Neoadjuvant chemotherapy was associated with improved OS compared with neoadjuvant
chemoradiation (25.6 vs 22.7 months; £<.0001) or US (25.6 vs 20.1 months; £<.0001) even
when accounting for sex, race, and Charlson-Deyo score (neoadjuvant chemoradiation: HR, 0.86;
P<.001; US: HR, 0.79; P<.001). This improvement persisted in subset analysis with NC
compared with neoadjuvant chemoradiation (CS-1: 28.6 vs 25.0 months; CS-11: 25.0 vs 22.9
months; both £<.0001) and to US (CS-I: 28.6 vs 22.9 months; CS-I1: 24.7 vs 18.4 months; both P
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<.0001). On multivariable analysis for each CS-1/CS-I1, NC remained associated with 20%
improved survival compared with neoadjuvant chemoradiation or upfront surgery.

Conclusions: For PDAC, initiation of therapy within 6 weeks from diagnosis is associated with
improved survival, with neoadjuvant chemotherapy associated with the best survival compared
with neoadjuvant chemoradiation or upfront surgery.
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1| INTRODUCTION

Pancreatic adenocarcinoma (PDAC) comprises 3% of all cancer diagnoses each year in the
United States and yet accounts for nearly 8% of all cancer-related deaths due to its
aggressive biology, late symptom presentation, and propensity for early metastasis.12 Over
the last two decades, though the 5-year survival rates for other gastrointestinal cancers have
steadily improved, the 5-year survival for PDAC has remained dismally low at 5% to 20%.
34 As such, strategies to standardize treatment guidelines and better define the optimal
treatment sequence are urgently needed for systematic improvement of long-term outcomes
in this disease.

Given this aggressive tumor biology, it is conceivable that timely treatment initiation may
result in an improvement in survival. Increasing the diagnosis-to-treatment interval beyond a
critical time point could allow for the progression of disease to either locally advanced
and/or metastatic and preclude surgical resection. Indeed, a 2017 retrospective study found
that even short delays in treatment by 1-week intervals were associated with increased
mortality by 0.5% to 3.2% for breast, prostate, colon, lung, and kidney cancer.®> Importantly,
based on these data and a series of other retrospective studies, three time-dependent
measures are currently endorsed by the National Quality Forum, Commission of Cancer,
American Society of Clinical Oncology, and the American College of Surgeons’ National
Accreditation Program for Breast Centers for the treatment of breast cancer.26-11 The effect
of the time interval between diagnosis and start of neoadjuvant therapy or upfront surgery on
the prognosis of patients with PDAC has not been well studied and presents an important
metric that can be integrated into clinical practice guidelines to improve long-term
outcomes.

To date, there is also no consensus regarding the optimal initial treatment for patients with
early-stage PDAC. The treatment armamentarium currently includes combined modality
treatment approaches with neoadjuvant chemotherapy or neoadjuvant chemoradiation or
upfront surgery. As there are no randomized controlled trials to demonstrate the superiority
of one treatment strategy over another, clinical practices vary widely with some advocating
upfront surgery in those with resectable disease and others advocating the routine use of
neoadjuvant therapy. The latter approach has been shown to facilitate a margin negative
resection and allow improved patient selection by identifying those who would not benefit
from resection due to occult, micrometastatic disease that may become evident during
therapy.12-1°
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Given these important gaps in treatment standardization for PDAC, this study aimed to
evaluate if delay from diagnosis to initial treatment impacts survival and to better define the
optimal initial treatment. The results of this study will help establish time-to-treatment
benchmarks and to develop future quality improvement initiatives to address barriers to
achieving timely treatment.

2| METHODS

2.1| Datasource

The National Cancer Database (NCDB) is a hospital-based registry, a joint program of the
American College of Surgeons Committee on Cancer and the American Cancer Society,
with data sources from more than 1500 Commission on Cancer-accredited hospitals.1® The
NCDB was queried for patients with clinical stage 1 or Il PDAC according to the American
Joint Committee on Cancer (AJCC) sixth and seventh edition staging manual who
underwent curative-intent resection from 2004 to 2015. The diagnosis was elicited according
to ICD-3 codes (Table S1). The analysis excluded patients with locally advanced or
unresectable disease due to vascular involvement, patients who underwent palliative
resection, those with missing data regarding treatment sequence, and those with missing
vital status. Patient demographics included age, race, sex, Charlson-Deyo score, insurance
status (private, government, and uninsured), educational attainment as estimated by the
percentage of adults in the patient’s reported zip code that did not obtain a high school
diploma (<6.3%, 6.3%-10.8%, 10.9%-17.5%, and =17.6%), and survival time in months.
Clinicopathologic variables included tumor size, tumor grade, AJCC clinical and pathologic
T and N stage, and lymphovascular invasion. Treatment groups included neoadjuvant
chemotherapy, neoadjuvant chemoradiation, or upfront surgery as defined by treatment-
surgery sequence codes within the NCDB.

2.2 | Statistical analysis

Statistical analysis was conducted using SAS, version 9.4 (SAS Institute), and SAS macros
or software developed at the Biostatistics and Bioinformatics at Winship Cancer Institute.’
Time from diagnosis to first treatment including neoadjuvant chemotherapy, neoadjuvant
chemoradiation, or upfront surgery was elicited based on time intervals (in days) provided
by the NCDB. Optimal time from diagnosis to treatment was assessed by sequential survival
analysis at varying cut-points to create two groups with a statistically significant difference
in survival. Statistical significance was predefined as two-tailed £ < .05. Descriptive
statistics for each variable were reported. The ;(2 test was used for comparison of discrete
variables, and the analysis of variance test was used for comparison of continuous variables
between the two-time interval cohorts and between the three treatment groups. Overall
survival (OS) was calculated as the time from initial treatment after diagnosis to the date of
death or date of last available follow-up. The median follow-up time was calculated based on
the reversed Kaplan-Meier method. Univariate Cox regression was used to identify
clinicopathologic factors associated with OS. A multivariable Cox regression was produced
using variables statistically significant for OS on univariate regression. Univariate binary
logistic regression analysis was used to determine the association of demographic factors
with delayed time to treatment. Multivariable logistic regression was produced by backward
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elimination steps with an alpha level of 0.02 as removal criteria. Results were reported as
hazard ratios (HRs) with a 95% confidence interval (95% CI).

3| RESULTS

3.1| Demographic and clinicopathologic characteristics

Among 29 167 patients, the mean age was 67 (£10) years, 51% were male (n = 14 758) and
the median follow-up was 20.9 months. The clinical-stage of the presentation included 45%
stage | (n = 13 160) and 55% stage Il (n = 16 007). Patient and tumor characteristics of these
groups are listed in Table 1.

3.2 | Survival analysis: Time-to-treatment

For all patients treated during the study period, the mean interval to any treatment was 22
(x27) days. Sequential survival analysis at varying cut-points demonstrated improved
survival if patients started any treatment (neoadjuvant chemotherapy, neoadjuvant
chemoradiation, or upfront surgery) before 7 weeks and no significant difference in survival
was found with shorter time intervals. Treatment intervals were then divided into O to 6
weeks (n =26 310) and 7 to 12 weeks (n = 2250). Compared with patients who initiated
treatment 7 to 12 weeks after diagnosis, those who started treatment before 7 weeks were
younger, more likely to have private insurance, have a lower Charlson-Deyo score, and more
likely to undergo upfront surgery instead of neoadjuvant therapy, regardless of the clinical
stage. Importantly, the rate of upstaging from clinical stage | to pathologic stage Il was 73%
for patients in a 0- to 6-week time interval and 72% for patients in the 7- to 12-week time
interval (P=.36; Table 2).

For both clinical stage | and Il, starting any treatment (neoadjuvant chemotherapy,
neoadjuvant chemoradiation, or upfront surgery) within 0 to 6 weeks from diagnosis was
associated with improved median OS compared with 7 to 12 weeks (21.0 vs 20.1 months; P
=.004; Figure 1A). On subset analysis, this association of earlier time-to-treatment with
improved median OS was consistent for clinical stage | (0-6 weeks: 23.5 months vs 7-12
weeks: 21.8 months; 2= .04; Figure 1B) and clinical stage Il disease (0-6 weeks: 19.4
months vs 7-12 weeks: 18.3 months; £=.03; Figure 1C). This again persisted on univariate
Cox regression for OS for both clinical stage | (HR, 0.93; 95% CI, 0.86-1.00; £ =.049;
Table 3) and clinical stage Il (HR, 0.93; 95% ClI, 0.87-0.99; P=.025; Table 3). On
multivariable Cox regression when accounting for other prognostic factors including sex,
race, and Charlson-Deyo score, treatment between 0 and 6 weeks remained associated with
the improved OS for patients with clinical stage Il disease (HR, 0.93; 95% CI, 0.87-1.00; P
=.045; Table 3 multivariable Cox regression A). On binary logistic regression, factors
associated with delayed treatment included age older than 67 years (odds ratio [OR], 1.33;
95% Cl, 1.14-1.55; P< .001), Black race (OR, 1.48; 95% Cl, 1.21-1.80; £ < .001),
Charlson-Deyo score 1 (OR, 1.26; 95% Cl, 1.09-1.45; P=.002) or Charlson-Deyo score > 2
(OR, 1.56; 95% ClI, 1.27-1.91; P<.001), uninsured status (OR, 1.10; 95% ClI, 0.66-1.83; P
=.72), and lack of high school degree attainment (6.3%-10.8%: OR, 1.38; 95% ClI,
1.16-1.65; P<.001; 10.9%-17.5%: OR, 1.48; 95% ClI, 1.24-1.78; P< .001; >17.6%: OR,
1.26; 95% CI, 1.02-1.55; P=.033).
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3.3 | Survival analysis: Optimal treatment strategy

The majority of patients (86%) underwent upfront surgery (n = 24 884), with only 11%
undergoing neoadjuvant chemotherapy (n = 3293) and 3% undergoing neoadjuvant
chemoradiation (n = 973). Importantly, the rate of adjuvant therapy was only 57% for the
entire cohort and 61% (n = 15 112) among the patients who underwent upfront surgery. For
clinical stage I, 90% of patients underwent upfront surgery (n = 11 889) with only 7% (n =
942) and 3% (n = 322) undergoing noeadjuvant chemotherapy and neoadjuvant
chemoradiation, respectively. For clinical stage 1, 81% of patients underwent upfront
surgery (n = 12 995), 15% neoadjuvant chemotherapy (n = 2351), and 4% neoadjuvant
chemoradiation (n = 651).

When analyzing the optimal type of initial treatment regardless of stage, neoadjuvant
chemotherapy was associated with improved median OS compared with either neoadjuvant
chemoradiation (25.6 vs 22.7 months; £<.0001; Figure 2A) or upfront surgery (25.6 vs
20.1 months; P< .0001; Figure 2A). Neoadjuvant chemotherapy proved to be the optimal
treatment strategy compared with upfront surgery (HR, 0.79; 95% ClI, 0.75-0.92; P< .001;
Table 3 multivariable Cox regression B) and neoadjuvant chemoradiation (HR, 0.86; 95%
Cl, 0.79-0.94; P< .001; Table 3 multivariable Cox regression C), even when accounting for
sex, race, and Charlson-Deyo score.

Neoadjuvant chemotherapy was also associated with improved median OS on subset
analysis when compared to neoadjuvant chemoradiation (clinical stage I: 28.6 vs 25.0
months; Figure 2B; clinical stage 11: 25.0 vs 22.9 months; Figure 2C; both £<.0001) and
when compared with upfront surgery (clinical stage I: 28.6 vs 22.9 months; Figure 2B;
clinical stage 1l: 24.7 vs 18.4 months; Figure 2C; both £<.0001). On multivariable Cox
regression subset analysis for each clinical-stage, neoadjuvant chemotherapy was still
associated with improved OS when compared with upfront surgery (clinical stage I: HR,
0.81; 95% Cl, 0.74-0.89; P< .001; Table 3 multivariable Cox regression B; clinical stage II:
HR, 0.72; 95% ClI, 0.68-0.76; £<.001; Table 3 multivariable Cox regression B) or
neoadjuvant chemoradiation (clinical stage I: HR, 0.79; 95% CI, 0.68-0.92; A= .002; Table
3 multivariable Cox regression C; clinical stage 1I: HR, 89; 95% CI, 0.81-0.99; P=.029;
Table 3 multivariable Cox regression C). Similar results were obtained when these analyses
were performed excluding patients who died within 30 days of curative resection.

4| DISCUSSION

Pancreatic cancer is an aggressive malignancy with a high recurrence rate even after
pancreaticoduodenectomy. For those with resectable disease, surgery remains the mainstay
of treatment. However, resection alone is often not sufficient as studies of recurrence
patterns demonstrate that approximately 50% to 60% of patients will recur distantly, 20% to
25% locally, and 15% to 20% both locally and distantly.18-20 As such, multimodal therapies
including neoadjuvant chemotherapy or chemoradiation are often employed to improve
long-term outcomes, though no trial has been able to establish the superiority of either
neoadjuvant treatment approach in resectable disease. As some studies have evaluated the
impact of defining the optimal timing between completion of neocadjuvant therapy and the
start of curative surgery for pancreatic cancer, the National Comprehensive Cancer Network
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guidelines currently recommend that definitive surgery is performed within 4 to 8 weeks of
completion of radiation to balance optimal tumor downstaging and resultant radiation-
induced fibrosis which may make surgery more challenging.2122 However, no studies have
established the impact of earlier initiation of neoadjuvant therapy or upfront surgery on long-
term survival in a stage-stratified analysis.23-25 The results of the current analyses
demonstrate that initiating any treatment including upfront surgery, neoadjuvant
chemotherapy, or neoadjuvant chemoradiation within 6 weeks of diagnosis is associated
with improved median survival for both clinical stage I (0-6 weeks: 23.5 months vs 7-12
weeks: 21.8 months; = .04; Figure 1B) and clinical stage 11 (0-6 weeks: 19.4 months vs
7-12 weeks: 18.3 months; £=.03; Figure 1C). Although the absolute effect of 1 to 2 months
is not large, this difference is comparable with the addition of some standard cancer
therapies while not having the adverse effects or costs found with other interventions. When
evaluating the optimal initial treatment, our results show that neoadjuvant chemotherapy was
associated with improved median OS when compared with neoadjuvant chemoradiation
(clinical stage I: 28.6 vs 25.0 months; clinical stage I1: 25.0 vs 22.9 months; both £< .0001)
and when compared with upfront surgery (clinical stage I: 28.6 vs 22.9 months; clinical
stage I1: 24.7 vs 18.4 months; both £<.0001).

The concept of time to treatment has been most robustly studied for breast cancer, and these
findings have led to the establishment of three time-dependent measures including time
between diagnosis and start of chemotherapy less than 120 days for women under 70 with
AJCC Tlc, stage II/111 hormone receptor-negative breast cancer; an interval between
diagnosis and start of radiation less than 365 days for women under 70 having breast
conservation surgery; and time between diagnosis and start of endocrine therapy less than
365 days for women with AJCC T1c, stage Il or 111, hormone receptor-positive breast
cancer.26-11 Despite major strides to answer this important question in breast cancer, there
is a knowledge gap regarding this time-to-treatment metric for pancreatic cancer.

Defining a stage-specific time interval from diagnosis to initial treatment can subsequently
lead to the development of quality improvement efforts in the medical community to address
barriers to timely care to ensure that this metric is consistently met. In addition, the
establishment of an optimal time interval on the basis of weeks from an initial cancer
diagnosis can allay both clinician and patient concerns that initiating cancer treatment is an
urgency. Indeed, on sequential survival analysis, our study failed to identify any time interval
shorter than 6 weeks that would result in improved survival. Although there is little doubt
that prompt treatment initiation just days after diagnosis may reduce patient anxiety, a 6-
week time interval allows adequate preoperative diagnostic and multidisciplinary evaluation
and ensures that patients and their families have sufficient time to incorporate anticipated
treatment plans into their lifestyles. Given that the majority of patients (92%) underwent
treatment before 7 weeks in our study, this metric seems attainable nationwide at all cancer
centers. Our results also demonstrate that factors associated with delayed treatment include
older age, Black race, Charlson-Deyo score = 2, government insurance, and less educational
attainment. Intuitively, it is likely that older patients and those with more comorbidities
require a more extensive preoperative workup that may delay cancer treatment. However,
clinicians should be aware of these factors to ensure that the evaluation of these patients is
expedited when possible.
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The initial treatment approach for early-stage pancreatic cancer remains highly varied with
some clinicians opting for neoadjuvant therapy regardless of clinical stage and some
preferring upfront surgery in those with resectable disease. Proponents of neoadjuvant
therapy prefer this approach as it ensures delivery of therapy, may result in downstaging,
facilitates a margin negative resection, decreases the risk of positive lymph nodes, and most
importantly, allows for improved identification of patients that would not benefit from
resection due to occult, micrometastatic disease that may become evident during therapy.
12-15 However, there is still no clear consensus regarding the optimal treatment strategy.
Data to support the use of neoadjuvant chemotherapy are based on findings from a
randomized phase 1l trial that demonstrated that more patients receiving gemcitabine-based
preoperative chemotherapy were able to undergo resection.28 In terms of chemoradiation,
the Dutch PREOPANC-1 phase 111 trial randomized 246 patients with resectable or
borderline resectable PDAC to either neoadjuvant chemoradiotherapy followed by surgery
and adjuvant gemcitabine or upfront surgery followed by adjuvant gemcitabine.2” Results
demonstrated that neoadjuvant chemoradiotherapy achieved a median OS of 16.0 months
compared with 14.3 months with upfront surgery and adjuvant chemotherapy in the
intention-to-treat analysis (HR, 78; £=.096). On subgroup analysis of patients who were
able to undergo resection, the median OS in the neoadjuvant therapy arm was 35.2 months
compared with 19.8 months for those who had upfront surgery, likely due to improved
selection of surgical candidates. In addition, 89% of patients were able to complete
neoadjuvant treatment and achieve a complete resection rate of 72% compared with only
40% in those who underwent upfront surgery.28 There is currently no level | evidence to
guide the use of neoadjuvant chemotherapy vs chemoradiation. The Alliance for Clinical
Trials in Oncology Trial A02150 sought to answer this question by comparing the efficacy
of neoadjuvant mFOLFIRINOX alone and neoadjuvant mFOLFIRINOX combined with
hypofractionated SBRT in patients with borderline resectable PDAC, but unfortunately,
accrual was suspended in 2018 secondary to reaching the futility boundary of margin
positive resections.?9

It is important to recognize that though upfront surgery may be considered a viable and
reasonable treatment strategy for clinical stage | disease, only 58% of these patients (Table
1) were able to undergo adjuvant therapy in our study, a clinical reality that is also evident in
randomized control trials of adjuvant therapy for pancreatic cancer.3:30 This is largely due to
delayed recovery from surgery secondary to postoperative complications or inability to
tolerate the chemotherapeutic regimen. In addition, nearly 75% of patients with clinical
stage | disease (lymph node-negative) were upstaged to pathologic stage Il disease (lymph
node-positive) postoperatively thus highlighting that clinical staging frequently
underestimates disease burden. The inability to preoperatively predict patient tolerance of
adjuvant therapy combined with the fact that a majority of patients already have lymph
node-positive disease at diagnosis further highlights the fact that most patients will benefit
from neoadjuvant systemic therapy without risk for “overtreatment.” In the absence of a
clinical trial to guide the optimal approach to multimodal therapy, our results suggest that
preoperative chemotherapy may be superior to preoperative chemoradiation or upfront
surgery for clinical stage | or 11 disease.
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The results of this study should be interpreted with several limitations predominantly arising
from its retrospective design. In addition, there is some selection bias in the treatment
cohorts as the neoadjuvant therapy groups only include the select group of patients who fail
to demonstrate the progression of disease while on therapy. There are also several limitations
inherent to the NCDB including lack of recurrence data or disease-specific survival, and lack
of chemotherapy agents and dosage. For pancreatic cancer, however, OS is an optimal
surrogate endpoint given the aggressive natural history of this disease.

5| CONCLUSION

For pancreatic adenocarcinoma, initiation of therapy within 6 weeks from diagnosis is
associated with improved survival, with neoadjuvant chemotherapy being associated with
the best survival compared with neoadjuvant chemoradiation or upfront surgery. Future
clinical trials that assess different treatment strategies for pancreas cancer should stratify for
the time interval between diagnosis and treatment.

Supplementary Material
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FIGURE 1.
Kaplan-Meier curves comparing overall survival between patients who initiated any

treatment at 0 to 6 weeks from diagnosis or 7 to 12 weeks from diagnosis among (A) all
patients, (B) patients with clinical stage | disease, and (C) patients with clinical stage Il
disease [Color figure can be viewed at wileyonlinelibrary.com]
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Kaplan-Meier curves comparing overall survival between patients treated with neoadjuvant
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patients with clinical stage | disease, and (C) patients with clinical stage 11 disease [Color

figure can be viewed at wileyonlinelibrary.com]
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Comparison of demographic and clinicopathologic characteristics between time intervals for clinical stage |

and clinical stage Il

0-6 wk 7-12 wk P value
Clinical stage | n=11846 n=1041
Age at diagnosis (mean) 67 +10 70+10 <.001
Sex
Male 5787 (50) 496 (48) .46
Female 5958 (50) 545 (52)
Race
White 10211 (86) 870(84) <.001
Black 1088 (9) 139 (13)
Other 547 (5) 32(3)
Insurance status
Not insured 213 (2) 17 (2) <.001
Government insurance 7285 (62) 730 (71)
Private insurance 4254 (36) 285 (28)
Educational attainment?
217.6% 2023 (17) 183(18) <.001
10.9%-17.5% 2950 (25) 307 (30)
6.3%-10.8% 3332 (28) 312 (30)
<6.3% 3398 (29) 227 (22)
Facility location
Northeast 2497 (21) 235(23) .21
South 4216 (36) 358 (35)
Midwest 3452 (29) 285 (27)
West 1601 (14) 159 (15)
Charlson-Deyo score
0 7517 (64)  572(55) <.001
1 3277 (28) 332(32)
22 1052 (9) 137 (13)
Tumor differentiation
Well 1195 (11) 107 (12) .49
Moderate 5811 (54) 500 (55)
Poor/undifferentiated 3739 (35) 298 (33)
Tumor size, cm
<1 283 (2) 32(3) 54
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0-6 wk 7-12 wk P value

1-2 1455 (12) 127 (12)
2-4 6862 (59) 602 (59)
>4 3092 (26) 262 (26)

AJCC pathologic stage (sixth or seventh edition)
Stage | 2972 (25) 266 (26) .36
Stage Il 8618 (73) 747 (72)
Stage 111 167 (1) 15 (1)

Treatment approach
Upfront surgery 10768 (91) 882(85) <.001
Neoadjuvant chemotherapy 817 (7) 106 (10)
Neoadjuvant chemoradiation 254 (2) 53 (5)

Surgery type
Local excision 25(0.2) 0(0) 14
Partial pancreatectomy 2149 (18) 210 (20)
Pacreatoduodenectomy 7383 (62) 655 (63)
Total pancreatectomy 1483 (13) 118 (11)
Extended pancreatoduodenectomy 612 (5) 41 (4)
Not otherwise specified 194 (2) 17 (2)

Surgical approach
Open 6135 (84) 562 (84) .75
Minimally invasive 1187 (16) 105 (16)

Margin status
RO 9481 (81) 826 (80) .66
R1 1415 (12) 132 (13)
R2 69 (1) 6(1)
Indeterminate 756 (6) 63 (6)

Clinical stage Il n=14464 n=1209

Age at diagnosis (mean) 66 + 10 68+10 <.001

Sex
Male 7522 (52) 643 (53) .43
Female 6942 (48) 566 (47)

Race
White 12538 (87) 1033(85) .157
Black 1322 (9) 130 (11)
Other 604 (4) 46 (4)

Insurance status
Not insured 341 (2) 27 (2) <.001
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0-6 wk 7-12 wk P value
Government insurance 8261 (58) 798 (67)
Private insurance 5666 (40) 369 (31)
Educational attainment?
>17.6% 2581 (18) 224 (19) .003
10.9%-17.5% 3622 (25) 334 (28)
6.3%-10.8% 4150 (29) 363 (30)
<6.3% 3957 (28)  271(23)
Facility location
Northeast 3193(22) 283 (24) 635
South 5498 (38) 449 (37)
Midwest 3760 (26) 319 (27)
West
Charlson-Deyo score
0 9545 (66) 748 (62) .001
1 3833(27)  339(28)
>2 1086 (7) 122 (10)
Tumor differentiation
Well 1069 (8) 106 (10) .04
Moderate 6864 (53) 548 (53)
Poor/undifferentiated 5069 (39) 376 (37)
Tumor size, cm
<1 109 (1) 10(1) .87
1-2 1069 (8) 86 (7)
2-4 8149 (58) 669 (57)
>4 4797 (34) 413 (35)
AJCC pathologic stage (sixth or seventh edition)
Stage | 628 (4) 69(6) .17
Stage 11 13548 (94) 1114 (92)
Stage 111 244 (2) 22(2)
Treatment approach
Upfront surgery 11860(82) 879(73) <.001
Neoadjuvant chemotherapy 2083 (14) 228 (19)
Neoadjuvant chemoradiation 515 (4) 99 (8)
Surgery type
Local excision 39 (0.3) 4(0.3) 42
Partial pancreatectomy 1748 (12) 169 (14)
Pacreatoduodenectomy 9484 (66) 761 (63)
Total pancreatectomy 1911 (13) 162 (13)
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0-6 wk 7-12 wk P value
Extended pancreatoduodenectomy 950 (7) 85 (7)
Not otherwise specified 332 (2) 28 (2)
Surgical approach
Open 6937 (85) 573(86) .58
Minimally invasive 1226 (15) 95 (14)
Margin status
RO 10810 (76) 915(77) .57
R1 1978 (14) 155 (13)
R2 127 (1) 6(1)
Indeterminate 1329 (9) 106 (9)

Note: Percentages in parentheses exclude missing data. Bold indicates statistical significance at < .05.

Abbreviation: AJCC, American Joint Committee on Cancer.

a% in zip code without a high-school diploma.
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