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Abstract 
 

Disparities in Pancreatic Adenocarcinoma Care Using the National Cancer Data Base 

By Benjamin J. Flink 
 

Introduction: Pancreatic adenocarcinoma is a highly lethal cancer that affects over 1% of the American 

population.  Prior literature provided evidence of care and treatment disparities among pancreatic 

adenocarcinoma patients with respect to race, gender, age, insurance and socioeconomic status (SES).  No 

national studies in the US have examined the effect of rural-urban residence on pancreatic 

adenocarcinoma care.  Our study examines whether there are social and demographic differences in the 

receipt of surgery, surgery at a high volume center, thirty-day postoperative readmission/mortality and 

overall survival. 

Methods: Using the National Cancer Data Base from 2003 to 2011, pancreatic adenocarcinoma patients 

were identified.  Further cohorts were identified for patients with potentially resectable (T1-3M0) disease 

as well as receiving resection.  Univariate analyses evaluated the overall cohort to look at rural-urban and 

racial differences.  In the potentially resectable and resected cohorts, univariate and multivariate logistic 

regression models were used to examine receipt of resection, whether it was performed at a high volume 

center, and who experienced readmission or died within thirty-days of surgery.  We examined overall 

survival in all three cohorts. 

Results:  Rural patients presented with earlier stage disease and received similar treatment while black 

patients presented younger and at later stages while receiving poorer treatment. Among those potentially 

resectable, older, black and uninsured patients had lower odds of receiving treatment. Among resected 

patients, Hispanic, rural, uninsured, low SES, and patients within 10 miles had lower odds of resection at 

a high volume hospital. There were no social or demographic differences leading to thirty-day 

readmissions.  Both older and government insured patients had higher odds of thirty-day mortality. 

Government insured patients, uninsured, older, low SES, and black patients had a survival disadvantage.  

High volume hospitals and ‘other’ race patients had a survival advantage. Black patients had similar 

survival when treated the same as whites. 

Conclusions:  With pancreatic adenocarcinoma, there are several opportunities for improvement to 

equalize treatment outcomes with respect to race, age, insurance status and SES.  While further research 

will be needed to elicit a causal relationship will require further research, but action can be taken now to 

improve access to and quality of care. 
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Literature Review 

Introduction 

While many consider pancreatic adenocarcinoma to be an infrequent occurrence, over 1% of the 

United States (US) population will be diagnosed with the disease during their lifetime.1 

Pancreatic cancer will be diagnosed in approximately 49,000 patients in the US this year along, 

of which approximately 85% will be pancreatic adenocarcinoma.1,2 The incidence of pancreatic 

cancer as a whole is not as high as lung, colorectal, breast, or prostate cancer but pancreatic 

cancer patients have the lowest 5 year survival at 7.2%, less than half that of the closest 

comparison of lung cancer and is the fourth most common cause of cancer-related death in both 

men and women.1,3 What this means is that approximately three million people in the US today 

will be diagnosed with pancreatic adenocarcinoma during their life—a disease that is almost 

uniformly lethal within five years.  When we view the issue using a population-level lens and 

consider the sheer number of people that are affected by this disease, it becomes clear that 

measures that are able to improve the survival and health of this population can have great 

impacts.  When there are disparities in the systematic delivery of health care to this population, 

there is a public health problem.  Social disparities in health care delivery are well known and 

this is another aspect of that systematic problem.  Examination of the problems with respect to 

this population may have lessons for the systems as a whole. 

Prior literature, which will be further discussed and cited later in this review, has shown 

that there are survival benefits with several therapies among pancreatic adenocarcinoma.  

However, the only available therapy that is potentially curative is complete surgical resection of 

all disease.4,5 Implicit in this review of the literature is the sense that patients should be treated 
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the same, provided that it is medically possible. Unfortunately, there is evidence of disparities 

throughout the US healthcare system, many of them related to social underpinnings of society 

and so called social determinants of health.6  

This literature review is designed to see what sorts of disparities in the burden, treatment 

and survival of pancreatic cancer—more specifically pancreatic adenocarcinoma—patients suffer 

as a result of social and demographic factors.  In order to discuss the differences in treatment, 

there must first be a discussion of the disease and typical treatment thereof.  Only after such 

understanding is reached can a discussion of the disparities truly be carried out.  In so doing, the 

differential treatment of various groups of patients will expose what systematic deficits exist 

inside of the National Cancer Data Base (NCDB): the largest clinical cancer database in the US.7   

Information in this review has been broken into four parts to guide a discussion of what is 

known and what is needed with respect to the care of pancreatic adenocarcinoma.  First, the 

incidence, diagnosis, and treatment of pancreatic adenocarcinoma are reviewed to lay a 

foundation of knowledge for identification and understanding of disparities.  Second, the 

literature for high volume of pancreatic surgery and its connection with improved outcomes is 

outlined, also as a foundation of disparities discussion.  For the purposes of hospital volume as 

well as the discussion of disparities, pancreatic cancer will be used as evidence for pancreatic 

adenocarcinoma, as this is the vast majority of diagnoses.2 Third, the discussion will continue 

with disparities of incidence, treatment, and mortality in six areas including race/ethnicity, age, 

socioeconomic status (SES), gender, rurality—the degree to which a location is or is not rural—

and insurance status.   

At the culmination of this review, readers with have a better sense of what areas contain 

failings in the equal treatment and right to health of various patient populations as well as the 
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areas that have been poorly studied.  With this, the public health of these populations and their 

access to treatment can be better understood as it is represented in the literature, giving rise to 

targets for policy, advocacy, and guiding principles in treatment to give citizens that should have 

equal civil liberties in the US the equal health and treatment of disease they deserve.  More 

specifically, the role of this thesis in expanding knowledge on pancreatic adenocarcinoma will 

become clear. 

Pancreatic Adenocarcinoma Overview 

Epidemiology 

Pancreatic adenocarcinoma is a highly lethal cancer estimated to be diagnosed in almost 49,000 

patients in the US in the 2015 calendar year.1  Worldwide, adenocarcinoma comprises 

approximately 85% of all pancreatic cancer diagnoses.2 Survival rates in the US during the three 

decades between 1981 and 2010 have improved.  However, they still are less than 10% at five 

years after a patient is diagnosed.8  While the incidence of pancreatic cancer in the US was 

currently only 12.94/100,000 persons per year in 2012, an estimated 1.5% of the population will 

be diagnosed with pancreatic cancer of some type in their lifetime.1,9 Assuming that 85% of these 

cases will be diagnosed as pancreatic adenocarcinoma, this equates to 1.28% of the population 

being diagnosed with pancreatic adenocarcinoma in their lifetime.   

Risk Factors  

Risk factors can be broken down into two pathways: environmental and genetic.  Environmental 

exposures have been long-studied with respect to pancreatic adenocarcinoma and both smoking 

and elevated body mass index/physical activity are well established risk factors.10,11 Industrial 

chemicals such as napthylamine and benzadine have also been linked to pancreatic cancer 
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development.  Two risk factors that may be interlinked and increase pancreatic cancer risk are 

heavy alcohol use and chronic pancreatitis.12-15 Long-standing diabetes mellitus has been shown 

to be a risk factor for developing pancreatic adenocarcinoma but recent evidence has shown that 

this may be in part due to the medications used in diabetic patients.16-18 In a population-based 

study of patients with newly-diagnosed diabetes mellitus, approximately 1% of patients 50 years 

or older were diagnosed with pancreatic cancer in the following  3 years.19 Lastly, there is some 

evidence that increased red meat and dairy intake as well as low serum vitamin D-25 levels can 

increase cancer risk, though these have not been established as confirmed risk factors.20-22 

Turning to genetic contributions, several syndromes involving many genes have been 

shown to have an increased risk of pancreatic cancer including Peutz-Jeghers syndrome, familial 

malignant melanoma syndrome, Lynch syndrome, hereditary breast-ovarian cancer syndrome, 

and hereditary pancreatitis.23-28  While approximately 10% of cancers have a familial component, 

it is not clear what genetic component is giving rise to this heritability and up to 80 % of patients 

with a family history of pancreatic cancer have no known genetic cause.27,29     

Precursors and cellular progression 

Much like colon, anal, and cervical lesions, there is a model for stepwise progression of 

pancreatic ductal cells to pancreatic adenocarcinoma lesions, starting from pancreatic 

intraepithelial neoplasia (PanIN) as a low grade, moving towards high grade and further to 

carcinoma.30 These are further broken into type 1 through 3 lesions, with PanIN-1 lesions being 

easily distinguished in non-diseased pancreatic tissue but higher grade (PanIN-2 & PanIN-3) 

lesions are usually found near lesions that have progressed to pancreatic adenocarcinoma.5  

Another way recognized for adenocarcinoma to develop is through intraductal papillary 
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mucinous neoplasms (IPMNs), conferring approximately a 25% risk of future carcinoma, more 

so if the lesion arises from the main pancreatic duct as opposed to a branch duct.5    

The exact prevalence and progression of PanINs and cystic lesions are debated, with one 

autopsy series in Japan finding cystic lesions of any type in 24.3% of patients, with 

approximately 16.4% of the cystic lesions found having some type of cellular atypia that may 

have represented a PanIN and 3.4% having carcinoma in situ.31    The recent CAPS3 screening 

study looking at high-risk individuals found at least one cyst in 42% of patients.32  

The genetic pathway of mutations leading to invasive pancreatic adenocarcinoma is also 

unclear, with several genetic mutations being found in even low-grade lesions.33 Most common 

for PanINs and adenocarcinomas is an activating mutation in Kirsten rat sarcoma viral oncogene 

homolog (KRAS), a mitogenic signaling protein, found in over 92% of PanIN-1s and increasing 

with increasing grade by examining with high-sensitivity assays and between 33 and 44% with 

conventional methods, rising to 87% with PanIN-2/3 lesions.33,34 The high prevalence over 90% 

is continued in invasive adenocarcinomas.33,35  Additional mutations in tumor suppressor genes 

that appear to be a part of the progression to invasive adenocarcinoma including ones that 

involve methylthioadenosine phosphorylase (MTAP), p53, cyclin-dependent kinase Inhibitor 2A 

(CDKN2A) in p16, and mothers against decapentaplegic homolog 4 (SMAD4).36  

While there is also a KRAS mutation in 40-65% of IPMNs, equally common is an 

activating mutation in Guanine Nucleotide Binding Protein-Alpha Stimulating (GNAS), a g-

protein subunit involved with adenylate cyclase, present in 40-80% of cases.37,38 Ring finger 

protein 43 (RNF43) has also recently been found in a high percentage of IPMN fluid and cells 

and is thought to be a tumor suppressor gene.37,39  Additional research is needed on all types of 

pancreatic cancer to better elucidate the stepwise progression and potential targets of therapy. 
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Clinical Presentation  

Pancreatic adenocarcinoma presents 60-70% of the time in the head of the pancreas, with 20-

25% in the body and tail (approximately 15% body and 5% tail) with the rest of the tumors 

involving multiple areas or the whole organ.36,40 The signs and symptoms of presentation are 

variable and depend on where the tumor is located.40,41 Patients with pancreatic adenocarcinoma 

most commonly present with pain (abdominal/epigastric/back) or jaundice, with approximately 

90% of patients presenting with either or both of those symptoms.40  Jaundice is most commonly 

due to head tumors interfering with the distal common bile duct and the flow of bile.  The other 

most common presenting symptoms are asthenia—weakness or a lack of energy—and anorexia, 

a lack of an appetite.40,41 Diabetes and glucose intolerance are also commonly present in patients 

with pancreatic adenocarcinoma though this may be difficult to assess if the patient’s diabetes is 

what put them at risk for adenocarcinoma.40,42  Given the non-specific nature of presenting 

symptoms, most patients are advanced by the time of diagnosis.5  

Screening and Workup 

Except for using EUS and other imaging modalities in high-risk individuals, there is no 

appreciable role for screening for pancreatic adenocarcinoma.4,32 While CA 19-9, a secreted 

protein that is linked to pancreatic adenocarcinoma, does have high sensitivity (79-81%) and 

specificity (82-90%) in symptomatic patients, it has a poor positive predictive value in 

asymptomatic patients, making it a poor choice for screening the general population.43 On the 

other hand, postoperative CA 19-9 has also been shown to correlate with prognosis and plays a 

role in guidelines for postoperative care.43-46  

The diagnostic algorithm for pancreatic adenocarcinoma relies largely on an imaging-

proven mass.  Once a mass is seen on other imaging or is suspected based on symptoms, a 
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computed tomography (CT) scan using intravenous contrast material in both a venous and 

arterial phase with negative or low-intensity gastrointestinal contrast, known as a pancreas 

protocol, is performed.4,47  Unless otherwise specified, the source of workup and treatment 

recommendations is from the National Comprehensive Cancer Network version 2.2015 for 

pancreatic adenocarcinoma. 

The first pass is to understand whether or not the tumor is potentially resectable, as this is 

the only means of cure for pancreatic adenocarcinoma.4  The essence of the distinction between 

resectable tumors and unresectable tumors usually centers on whether or not the tumors invade 

the celiac arterial axis, the superior mesenteric artery and/or the portal vein.4,47  The success of 

determining who is resectable is shown by 70-88% of patients being able to undergo surgery 

with CT alone.48-50  Another entity that may be ascertained from imaging is that of borderline 

resectable tumors.  These are tumors that have less than 180 degrees of direct contact with major 

arterial and venous structures.51  Resectability in these cases should be decided in 

multidisciplinary conferences.4 

Additional imaging should be performed in order to rule out metastatic disease in the 

chest. In cases of questionable tumor location and lack of tumor identification despite clear 

aberrations in the pancreatic and biliary ductal system then the use of endoscopic retrograde 

cholangiography (ERCP), magnetic resonance imaging (MRI) or its specialized application 

magnetic resonance retrograde cholangiography should be considered.  Finally, a serum CA 19-9 

and liver function panel should be drawn in all patients to complete the workup. 

  A tissue diagnosis via biopsy is not required for surgically amenable patients prior to 

going to surgery. However, a tissue diagnosis is required before starting neoadjuvant 

chemotherapy, to prove metastatic disease, or if the patient is not a surgical candidate and will be 
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receiving chemotherapy as a primary therapy with or without radiation.4 If a biopsy of the 

primary tumor is required, then endoscopic ultrasound (EUS) fine needle aspiration is preferred 

over CT-guided biopsies because they have a higher diagnostic yield and a lower risk of seeding 

the peritoneum.52-54 

Treatment 

With respect to all treatment guidelines provided by the NCCN, all are considered to be category 

2A evidence: “based on lower level evidence” but having uniform consensus among the NCCN 

committee.55  Some of the treatment reviewed below is of the higher category 1—backed by 

“high-level” evidence as well as uniform consensus—or category 2B—backed by “lower-level” 

evidence and consensus among some but not all NCCN committee members.55  Further, it is the 

NCCN’s belief that the best care for pancreatic cancer patients involves enrolling patients in 

clinical trials at high-volume facilities, defined as at least 15-20 cases per year, where possible. 

First, if patients are found to have symptomatic jaundice with fevers or cholangitis during 

workup or have evidence of biliary obstruction, then they should receive a short self-expanding 

metal stent with antibiotics if infection is suspected.  

Next, for patients with resectable disease, they should be taken to the operating room to 

attempt the resection of the tumor.  There is no single standard operation for pancreatic tumors 

and it depends on the location of the tumor.  For head tumors, the most common location, then 

the standard operation is a pancreaticoduodenectomy, also known as a Whipple procedure that 

involves removing the head and part of the body of the pancreas along with the adjacent 

duodenum, the distal part of the stomach, common bile duct, and gallbladder as one specimen.  

Following the removal of the tissue, the remaining pancreas is connected to a limb of small 

intestine that is then connected to another limb of small intestine that is connected to the stomach 
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and liver.  A variant of this procedure is called the pylorus-preserving or pylorus-sparing 

Whipple, that the proximal duodenum and the pylorus of the stomach are preserved to keep 

normal stomach emptying physiology intact.  There are also variations on the above operations 

that include a total pancreatectomy instead of just removing the head and body of the pancreas.  

Last, there is the distal pancreatectomy for tail tumors—a procedure that involves leaving the 

pancreatic head intact and no intestinal bypass—is often performed along with a splenectomy. A 

distal pancreatectomy can also be performed laparascopically and is believed in the surgical 

world to carry a lower morbidity and mortality. 

At the beginning of any operation, surgeons will examine for any signs of lesions in the 

liver or peritoneum that would indicate metastatic disease.  If metastatic disease is found during 

the laparotomy or diagnostic laparoscopy (if done via endoscopic surgery), then there are three 

options for therapy.  First, if the patient is not agreeable to non-curative surgical options then no 

treatment or non-surgical options are acceptable.  If a patient is amenable to surgical options then 

there are two options.  All patients can be considered for a gastrojejunostomy to avoid the 

obstructive complications that can happen in the duodenum.  Additionally, if pain is a significant 

symptom preoperatively, a celiac axis neurolysis can be performed.  Lastly, if a patient has 

jaundice then they should be considered for the two prior therapies as well as having ERCP 

performed while placing a self-expanding metal stent to reduce the symptoms associated with 

obstructive jaundice.   

In patients that have borderline resectable disease and neoadjuvant therapy is planned in 

order to bring them into the resectable realm, a biopsy is attempted in order to verify diagnosis. 

This is performed via the same methods discussed above with the addition of a staging 

laparoscopy as an additional option in selected patients.  Further, in patients with biliary 
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obstruction, a self-expanding metal stent to relieve obstruction is recommended. If no tissue 

diagnosis is obtained after two attempts to biopsy the primary lesion and the cancer diagnosis 

cannot be confirmed then the patient should be taken to the operating room.  In patients that do 

have a confirmed cancer diagnosis the patients undergo neoadjuvant therapy that includes 

FOLFIRINOX ([FOL]=leucovorin (folinic acid), [F]=fluorouracil, [IRIN]=irinotecan, 

[OX]=oxaloplatin) or gemcitabine and albumin-bound paclitaxel with or without 

chemoradiation.  Re-staging with the repeat imaging of the abdomen, pelvis, and chest follows 

this.  Any patient who is found to have progression of disease is treated like a patient with locally 

advanced or metastatic disease, depending on the progression.  Those who have responded and 

are potentially resectable are taken to the operating room with the same intraoperative decision 

making as in the resectable patients above.   

After surgery, patients should undergo appropriate adjuvant therapy following a baseline 

pretreatment CT scan and CA 19-1 level.  For those patients in which no metastatic disease has 

been identified the subsequent therapy depends on whether or not they received neoadjuvant 

therapy.  If they have not received neoadjuvant therapy, then the NCCN recommends one of the 

following regimens4: 

 Clinical trial (Preferred) 

 Gemcitabine or 5-FU/leucovorin or continuous infusion of 5-FU to be followed 

by or come after fluoropyrimidine/gemcitabine-based chemoradiation 

 Gemcitabine + albumin-bound paclitaxel or other gemcitabine-based combination 

therapy 

 Monotherapy 

o Gemcitabine  (category 1) 
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o 5-FU/leucovorin  (category 1) 

o Continuous infusion of 5-FU 

o Capecitabine  

After adjuvant therapy is completed, patients should be screened for recurrence every 3-6 months 

for two years, receiving a CT-scan, CA 19-9 level, and an assessment for symptoms of 

recurrence.  If a recurrence is detected, the guidelines suggest considering a biopsy for 

confirmation and then examining whether it is an example of local recurrence only or if it is 

metastatic disease.  For local disease, patients should be considered for one of the following: 

 Clinical trial (preferred) 

 Chemoradiation if not previously done 

 Alternative systemic chemotherapy 

 Palliative and best supportive care 

If the patient has been noted to have metastatic disease following resection, either with or 

without a local recurrence, then the therapy is determined by whether or not 6 months have 

passed since the completion of their primary therapy.  If 6 months or more have passes, then the 

options that should be offered are the same as above for local recurrence with the exception of 

repeating the systemic therapy previously administered substituted for using chemoradiation, 

given that radiation will not aid metastatic disease.  For patients in which less than 6 months 

have passed since the completion of their primary therapy, the option of using the prior systemic 

therapy again is removed but the other three options remain.  

In patients that are locally advanced and unresectable, a biopsy confirming the cancer 

diagnosis is required before further therapy can be offered.  Next, the distinction based on good 
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performance status—defined by the NCCN as an ECOG level of 0 or 1, good pain management, 

patent biliary stent and adequate nutrition— is required to ensure that a patient will benefit from 

systemic therapy.  If a patient has a poor performance by failing to meet one or more of the 

above criteria, status then they should be offered gemcitabine monotherapy, which is supported 

by category 1 evidence, or palliative and best supportive care.  If, on the other hand, the patient is 

of good performance status then the NCCN recommends one of the following chemotherapy 

regimens4: 

 Clinical trial (Preferred) 

 FOLFIRINOX 

 Gemcitabine (monotherapy) 

 Gemcitabine + albumin-bound paclitaxel or other gemcitabine-based combination 

therapy 

 Capecitabine or continuous infusion of 5-FU (category 2B) 

 Flouropyrimidine + oxaliplatin (category 2B) 

Chemoradiation is reserved for selected patients that are non-metastatic but this is preferred to be 

after an ‘adequate course’ of chemotherapy.  If a patient progresses then they are again assessed 

for performance status and poor performers are transitioned to palliative and best supportive 

care.  Those who still have maintained good performance status are preferably enrolled in a 

clinical trial.  If they continue conventional therapy, then they are switched from 

fluoropyrimidine to gemcitabine or vice versa depending on their first-line chemotherapy choice 

and chemoradiation is added if not utilized in the first course.   
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Last, patients with metastatic disease at time of diagnosis will require a biopsy 

confirmation of the primary or metastasis before proceeding with therapy.  All patients with 

jaundice should have a biliary stent placed.  If they are of a good performance status then they 

can undergo one of the following therapies: 

 Preferred 

o Clinical trial  

o FOLFIRINOX (category 1) 

o Gemcitabine + albumin-bound paclitaxel (category 1) 

 Other, non-preferred options 

o Gemcitabine + erlotinib (category 1) 

o Gemcitabine (category 1) 

o Gemcitabine-based combination therapy 

o Capecitabine or continuous infusion of 5-FU 

o Flouropyrimidine + oxaliplatin 

If a patient is of a poor performance status, then they can be offered gemcitabine monotherapy or 

palliative and best supportive care.  As a second line, again clinical trial is the preferred followed 

with switching therapy types just like with adjuvant therapy.  An additional treatment for pain 

refractory to narcotics is radiation therapy.   

While these treatment guidelines are designed for equal application to all patients, it is 

possible to see that when there is no applied uniformly or if different patient groups that are 

excluded from a given treatment there may be undue negative health outcomes.  For example, if 

a patient is not offered surgery based on their race, ethnicity, gender, income, or education and 

not because of the skill of the provider or extent of their disease, then we have a failure in the 
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system.  When the difference is large enough to be clear on a national scale, then there is a public 

health problem. 

Hospital Volume and Regionalization 

In the mid 1990’s the discussion about the volume of surgical cases and its effects on mortality 

following pancreatic resection began to surface.56-58 The overall hypothesis of the volume-

mortality relationship is that patients undergoing the relatively complicated and high-risk 

procedures related to the pancreas were best suited to being treated by surgeons who performed 

those procedures more often.  In a sense, this is a recapitulation of the idiom “practice makes 

perfect”, only saying a slight variation that would best equate to “practice makes better.”  As a 

result there has been a movement in many countries for centralization/regionalization of 

pancreatic resections as well as other high-risk surgeries to ensure patients are seen at high 

volume centers based on several of the papers below.59-63 

Mortality and Survival Benefits 

A large number of studies have been published regarding hospital volume and the 

survival/mortality outcomes of pancreatic resection.  Similar to the rationale used by Gookier et 

al. in their systematic review and meta-analysis, this review will look primarily at risk-adjusted 

studies on hospital and surgeon volume.64 Risk adjustment is important in order to better assess 

facility and treatment rather than patient-related factors in perioperative mortality.65  This review 

will also focus mainly on studies performed in the US. 

In 1999, Birkmeyer et al. came out with two studies using the Medicare Provider 

Analysis and Review (MEDPAR) file from the Medicare Claims Database on 7,229 patients seen 

across the US from 1992-1995.66,67 In these, they looked at in-hospital and post-discharge 
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survival/mortality of patients undergoing a pancreaticoduodenectomy (Whipple) procedure.  In 

these analyses, they found that 50% of patients were receiving therapy at what they deemed 

‘low’ and ‘very-low’ volume hospitals, defined as those performing less than 2 Whipples per 

year.  Where this proved to be a point for change was in the fact that there was also a 3-4 fold 

increase in in-hospital mortality in the patients seen at these ‘low’ and ‘very low’ volume centers 

compared to ‘high’ volume centers, defined as performing 5 or more Whipples per year.66  The 

difference still remained significant when comparing the top 10 hospitals in terms of operative 

volume and comparing them to the rest of the high-volume cohort, yielding a nearly 3-fold 

survival advantage among those patients operated on at the top ten hospitals (2.1 vs. 6.2%).   

When they expanded the analysis to look at 3-year overall survival, Birkmeyer et al. found a 

hazard of death 31% lower for patients who received their operations at high volume centers (HR 

0.69 [95% CI 0.62-0.76]).67  This was after adjustment for hospital case-mix and patient factors, 

including comorbidities.  Interestingly, the difference was significant regardless of whether the 

patient received their operation for cancer or a benign condition.  

In 2002, Birkmeyer et al. used an expanded sample from the MEDPAR file for patients 

undergoing one of 14 procedures between 1994 and 1999.68  10,530 pancreatic patients were 

included and hospital volume was divided into five categories with >16 (very high), 6-16 (high), 

3-5 (medium), 1-2 (low), and <1 (very low) pancreatic resections per year.   There was a 12.5% 

difference in adjusted thirty-day mortality between the very high volume hospitals at 3.8% and 

the very low volume hospitals at 16.3%. Not only is this a high number, but the mortality of the 

very low hospitals was more than 4 times as high as the high volume hospitals as well.   Very 

low volume hospitals were caring for 14.8% (1,563 patients) of the Medicare population during 

the study period.  There was an overall inverse relationship between volume and thirty-day 
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mortality, with low volume hospitals faring better with a thirty-day mortality rate of 7.2%, but 

this was still more than double the rate of very high volume hospitals and accounted for 26.2% 

(2,757 patients) of the patient population.   Although they acknowledged that information about 

the quality of care received was missing, Birkmeyer et al. concluded that Medicare patients could 

significantly reduce their thirty-day mortality by choosing a treatment facility that was of high 

volume. 

Utilizing the discharge claim files for 6,652 patients from California and Florida that 

underwent a Whipple procedure, Ho and Heslin examined the effect of hospital volume and 

surgeon experience on inpatient mortality.69 High volume was any hospital performing 10 or 

more Whipples in a year, medium volume 4-9 Whipples per year, low volume 2 or 3 Whipples 

per year, and lastly very low volume at 1 or fewer Whipples per year.  Compared to the lowest 

volume category, only the medium and high volume hospitals had significant survival 

advantages after adjustment for patient factors and surgeon experience.  Medium volume 

hospitals had 30% lower odds of in-hospital mortality (OR 0.7 [95% CI 0.53-0.93]) and high 

volume hospitals had 66% lower odds of in-hospital mortality (OR 0.34 [95% CI 0.2-0.56].  

Each additional year of surgeon experience also was association with lower odds or in-hospital 

mortality (OR 0.94 [95% CI 0.91-0.98]) 

The push forward on the volume debate was also fueled by an interesting source found in 

the Leapfrog Group.  This group, comprised of many large corporations like General Electric and 

General Motors as well as groups of smaller employers, employed 20 million employees at the 

time they entered the debate.70  Originally, they had guidelines about the minimum hospital 

volume needed in order to care for a Leapfrog Group employee in five ‘high risk’ procedures 

including abdominal aortic aneurysm repair, coronary artery bypass grafting, percutaneous 
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coronary intervention, carotid endarterectomy, and esophagectomy in 2000.71  The common link 

in this is in the research director: John Birkmeyer, the same surgeon who had been publishing on 

the subject in the literature.  In 2003, the Leapfrog Group edited the list of procedures by adding 

pancreatic resection and removing carotid endarterectomy, setting the recommended pancreatic 

volume for a high volume, and thus desirable hospital at 11 or more operations a year.72   

The Birkmeyer group continued to expand the literature over the next several years, 

publishing two more reports in 2006 and 2007.73,74 The first paper looked at the processes of care 

and how this affected the subsequent thirty-day mortality experienced by patients undergoing 

high-risk surgery for one of five cancers at high (top 20%) versus low (bottom 20%) volume 

hospitals using the Medicare Claims Database.73 Compared to low volume hospitals, high 

volume hospitals were more likely to undergo a cardiac stress test, see a medical or radiation 

oncologist, and undergo invasive monitoring during longer procedures.   While adding in the 

differences in the processes of care measured in the study did attenuate the adjusted odds ratio of 

thirty-day mortality, it failed to explain the volume differences in mortality and only lowered it 

from an OR of 4.24 (95% CI 2.93-6.27) to 3.98 (95% CI 2.63-6.03). 

In their second paper, Birkmeyer et al. used the National Cancer Institute’s Surveillance 

Epidemiology and End Results (SEER) database to look at five-year survival for six cancers with 

adjustment for adjuvant therapy.74  Hospital volume was defined by data-derived tertiles with 

low volume hospitals performing 2 or fewer resections per year and high volume hospitals 

performing 8.3 or more resections per year, on average.  Both chemotherapy and radiation were 

used significantly more in high volume hospitals than low volume or medium volume hospitals 

(Chemotherapy: 36.2% vs. 21 and 28.6%, respectively; Radiation: 51.8% vs. 25.5 and 39.4%, 

respectively; both p-values <0.005).  Even after accounting for the differences in adjuvant 
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therapy, there was a survival advantage in patients that received their pancreatic resection at a 

high volume hospital (HR 0.77 [95% CI 0.63-0.96]).  Moreover, a similar survival advantage 

was seen in high volume hospitals even in patients who did not receive surgery (HR 0.74 [95% 

CI 0.6-0.92]).   

In 2008 Bilimoria et al used 13,107 pancreatic cancer patients from the National Cancer 

Data Base (NCDB) to examine differences in sixty-day perioperative, five-year overall, and five 

year conditional (excludes first 60 days after surgery) survival by hospital volume.75 They 

divided hospital volume into quintiles and then compared the highest (>9) and lowest (<2) 

volume categories.  In comparing this, they found significant survival advantages in high volume 

patients, with hazard ratios for the three outcomes ranging from 1.13 to 2.26 (Sixty-day 

Mortality: 2.26 [95% CI 1.78-2.86]; Five-year Survival: 1.22 [95% CI 1.14-1.31]; Five-year 

Conditional Survival: 1.13 [95% CI 1.05-1.22]).  Although the HR was highest for the immediate 

perioperative mortality, the authors stressed that the greatest amount of lives saved could be 

achieved by improving long-term survival. 

As a way to look at the effects of the volume-outcome literature on the practice of 

esophageal, pancreatic, and hepatic tumor operations, Gasper et al. used discharge data from 

California Office of Statewide Health Planning and Development database in 2009.76  The study 

included 5,294 pancreatic cancer patients treated between 1995 and 2004, breaking them into 

two 5-year study periods.  Their primary outcome was in-hospital mortality for hospitals in 6 

volume categories ranging from less than 6 resections in 5 years (<1.25/year) to greater than 50 

resections in 5 years (>10/year).  After adjusting for patient and treatment factors, they found 

that the three volume categories of <6, 6-10, and 11-20 resections in 5 years had significantly 

higher odds of in-hospital mortality compared to those hospitals that performed 50 or more 
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resections in each 5 year period.  The ORs ranged from 4.4 (95% CI 1.73-11.2; 11-20 resections) 

to 7.6 (95% CI 2.89-20; <6 resections) for 1995-1999 and from 2.5 (95% CI 2.5-4.25; 11-20 

resections) to 4.02 (95% CI 2.42-6.66; <6 resections) for 2000-2004.  This was associated with 

an increased proportion of patients treated at highest volume facilities as well as an overall drop 

in operative mortality, but this existed in all volume categories and the authors cautioned 

attributing this to a single factor like hospital volume.  

Teh et al. performed the largest hospital volume study for pancreatic resection to date in 

2009 on 103,222 patients during the years 1988-2002.59  These patients were identified from the 

Agency for Healthcare Research and Quality’s (AHRQ) Nationwide Inpatient Sample (NIS)—an 

all-payer database comprising 20% of hospital discharges nationwide.  In this study, the authors 

split volume into six different categories, with the lowest being less than three resections per year 

all the way to the top at 36 or more.  In the multivariate regression model without stratification 

by age and procedure, all volume categories other than the second highest had significantly 

higher odds of in-hospital mortality, increasing as hospital volume decreased (OR 1.7-4, all 

p<0.001). 

Another large study on volume by Swanson et al. contains 21,482 pancreatic resections 

from the NCDB from 2007-2010.77  In this study they looked at the volume effects on the 

traditional thirty-day mortality and a newer conditional ninety-day mortality that includes deaths 

from 30-90 days.  High volume was defined as 40 or more resections/year with three lower 

categories at 10-39, 5-9 and 1-4 resections a year.  Overall mortality rates at 90 days were double 

that of the mortality rates at thirty-days (7.4 vs. 3.7%).  In multivariate logistic regression 

accounting for perioperative, hospital, and patient factors the odds of both thirty-day and ninety-

day mortality were significantly higher for hospitals performing fewer than 10 resections a year 
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(30-day: OR 4.2[1-4], 2.6 [5-9]; 90-day: OR 1.9[1-4], 1.5[5-9]).  Only thirty-day mortality was 

significantly higher in hospitals performing 10-39 resections per year with an OR of 1.6. 

The most recent study in the literature is a study of 35,986 patients in the AHRQ’s NIS 

database by Amini et al, looking at trends in hospital volume, in-hospital mortality, and failure to 

rescue—the occurrence of mortality as a result of a complication.78  High, intermediate, and low 

volume was defined as tertiles over each of three four-year periods (2000-2003, 2004-2007, 

2008-2011).  High volume ranged from ≥ 29 resections (7.25/year) in 2000-2003 to ≥99.5 

resections (25/year) in 2008-2011.  Overall there was a decrease in the odds of in-hospital 

mortality from the beginning to the end of the study, though patients treated at intermediate and 

low volume hospitals had higher odds to those at high volume hospitals throughout the study 

period (Low: OR 2.57 to 2.14; Intermediate: OR 2.36 to 1.4).  With failure to rescue, the authors 

combined low and intermediate hospitals to compare them in a multivariate logistics regression 

model.  In all time periods the odds of failure to rescue a low-intermediate volume patient from a 

complication were significantly higher compared to high volume patients, though it decreased 

over time (OR 1.92 to 1.4).  The authors conclude that failure to rescue improvement in low and 

intermediate volume hospitals contributed to the decrease in their respective odds of in-hospital 

mortality over time. 

A Related Measure: Surgeon Volume 

Nested inside of the hospital volume literature is the topic of individual surgeon volume.  Only 

five studies are available that have studied surgeon volume and mortality that also performed 

some sort of risk adjustment.64 All three also accounted for hospital volume at the same time as 

surgeon volume.   
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The smallest of the risk-adjusted papers was also the earliest patient population.79  

Nordback et al. published a study in 2002 on hospital and surgeon volume and mortality is from 

Finland of 374 patients who received pancreatic resections between 1990 and 1994 in their 

national registry.   They examined the end points of in hospital mortality as well as long-term 

overall survival in 350 patients that had available data.  High volume hospitals were those 

performing 11 or more resections a year and low volume hospitals performed 4 or fewer 

resections per year.  For Surgeons, high volume was set at 4 resections a year and low was 1 or 

fewer resections per year.  Although the authors did discuss univariate differences between 

different volume cut-offs, they only reported the performance of the overall variables in the 

multivariable models.  After adjustment for other factors, they report a significant odds ratio of 

1.3 (p=0.04) for surgeon volume.  Unfortunately they also list a 95% confidence interval that 

includes 1 (0.94-1.8) and do so for the ORs for reoperations for both surgeon and hospital 

volume.  It is unclear whether this is a methodological issue or simply an error in reporting. 

Further, the lack of significance may be less meaningful when considering the power of a study 

with 350 participants and an event like in hospital mortality that occurs less than 20 percent of 

the time. 

In 1998, Sosa et al. used the discharge data for patients undergoing pancreatic surgery at 

nonfederal acute care hospitals in Maryland between 1990 and 1995.80 The primary outcome of 

this study was in-hospital mortality and the primary volume measure examined was hospital 

volume.  High volume hospitals were those that performed 20 or more pancreatic resections per 

year, medium volume 5-19 resections per year, and low volume performing fewer than five 

resections per year. The authors reported a relative risk of in-hospital mortality of 19.3 for low 

vs. high volume hospitals and a relative risk of 8 for medium vs. high volume hospitals. Surgeon 
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volume was only analyzed as a confounder for hospital volume.  Surgeon volume was defined 

for the 6 year period as greater than 50 cases in the study period for high volume (>8.33/year), 5-

50 cases for medium volume (0.833-8.3/year) and less than 5 cases for low volume 

(<0.833/year).  Although surgeon volume was analyzed, neither the models before or after 

addition of surgeon volume were provided in the manuscript, stating “the influence on outcomes 

was exerted mainly by hospital volume.”  This coupled with the use of relative risks to explain 

the outcomes of logistic regression as opposed to odds ratios makes interpretation of surgeon 

volume’s role in accounting for differences in mortality difficult. 

For their 2006 study, Ho et al. used discharge information on 8,253 patients who received 

a Whipple procedure in Florida, New Jersey, and New York between 1988 and 2000.81 Though 

hospital and surgeon volume were examined, both were used in log-transformed and continuous 

states. Both were associated with improvement in the odds of in-patient mortality, with each unit 

of the log-transformed hospital volume associated with an OR of 0.85 (95% CI 0.74-0.97) and 

each unit of the log-transformed surgeon volume associated with an OR of 0.8 (95% CI 0.69-

0.92).  While this does not confirm directly that ‘high’ surgeon or hospital volume is associated 

with improved in-hospital mortality, it is consistent with an improvement with increasing 

volume.  

A paper by Eppsteiner et al. in 2009 re-approached the idea of surgeon volume and its 

relationship to in-hospital mortality using 3,581 patients from the AHRQ’s NIS database.82  In 

this study, they defined a volume as a dichotomous variable for both surgeon and hospital.  A 

high volume surgeon was one performing five or more pancreatic resections per year and a low 

volume surgeon was one performing fewer than five pancreatic resections per year.  High 

hospital volume was defined in the same way as Birkmeyer et al.83, using the Leapfrog definition 
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of 11 or more resections per year.  In propensity-matched logistic regression models accounting 

for both surgeon and hospital volume, there was a 45% reduction in the odds of in-hospital 

mortality (OR 0.55 [95% CI 0.32-0.97] with high volume hospitals and 51% reductions in the 

odds of in-hospital mortality with high-volume surgeons (OR 0.49 [95% CI 0.28-0.83]). This 

supported the findings of improved mortality with high surgeon volume found six years earlier 

by Birkmeyer et al.  However, the measure was slightly different as they looked at in-hospital 

and not the expanded thirty-day mortality. Of note, in the original paper the measures reported 

are hazard ratios, which may call into question the statistical validity of these findings, as only 

odds ratios are produced in logistic regression.   

Of the five risk-adjusted studies, only one provides a clear determination free of serious 

methodological problems in the analysis or presentation of their.  In 2003, Birkmeyer et al. 

examined both hospital and surgeon volume in relation to thirty-day mortality in the Medicare 

Claims Database for eight cardiovascular and cancer operations, including pancreatic resection.83 

In this study, hospital volume was used as a log-transformed continuous variable but it was also 

broken into a dichotomous variable, with high volume pancreatic hospitals defined by the 

Leapfrog Group guidelines: 11 or more pancreatic resections per year.   Low volume pancreatic 

surgeons were those performing one or fewer pancreatic resections a year and high volume 

surgeons were those performing five or more in a year.  Of all eight operations examined with 

low versus high hospital volume, patients undergoing pancreatic resections at a low volume 

hospital had the highest odds of thirty-day mortality (OR 3.95 [95% CI 2.55-6.11]), matching the 

range seen in 1999 with the lower cutoffs.  When factoring in individual surgeon volume, 55 % 

of the difference in the odds of thirty-day mortality was accounted for, yet a significant reduction 
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(50%) of the odds of thirty-day mortality in high volume hospitals was seen regardless of 

accounting for this fact. 

Although there are several methodological issues with two of the studies above, there is 

additional evidence when expanding the evidence base outside of the risk-adjusted studies.  

There are many studies that have examined surgeon volume around the world.  Between two 

systematic reviews that looked at surgeon volume papers, multiple smaller studies and all but 

one study of more than 1,000 patients having either a reduced mortality/improved survival or 

both with increasing surgeon volume, also supporting a beneficial relationship.56,80,81,84 

Unfortunately no conclusions about a cutoff for a high volume surgeon can be drawn. 

Support for a High Volume Cutoff 

One thing that is obvious in the review of the hospital volume and mortality literature is that 

there is a consistent association between higher volume and improved mortality.  In fact, a paper 

looking at the trends in volume found that 67% of the decrease in mortality seen between 1998 

and 2008 in Medicare patients can be attributed to the overall increase in volume at all hospitals 

and changes in referral.85  Unfortunately, there is a lack of a consistent cutoff for what constitutes 

a high volume hospital.  A part of this may be that studies in the US have shown an increase in 

hospital volume and the odds of being referred to a high volume center as time goes on.76,78,81,85-

88 Furthermore, many studies choose cutoffs derived from their data rather than testing an 

established high volume cutoff.  What constitutes a high volume hospital in one study may not 

be a high volume hospital in the next study when the two are using the same population and only 

differ in study years.66,67,83 

Multiple systematic reviews have examined this topic but none have found a breakpoint 

at which we can say a hospital is high versus low volume.61,64,84 Gruen et al. was primarily aimed 
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at studies that examined both surgeon and hospital volume and van Heek et al. included both 

risk-adjusted and non-risk-adjusted studies and neither performed an overall analysis.  In fact, 

van Heek et al. did not perform a meta-analysis with their from their systematic review because 

the heterogeneity was too great.61  Gookier et al. did do an analysis, however, their conclusion 

was only that the studies supported an overall decrease in mortality with increasing hospital 

volume.64  One study attempted to find the best high volume cutoff amongst 7,558 patients from 

1998 and 2003 in the NIS database by using maximizing the ‘goodness of fit’ via the pseudo-r2 

of logistic models looking at in-hospital mortality.89 In examining models including volume 

cutoffs at 2-158 resections/year), they found that there was little explanatory power of high 

volume on its own (less than 2%) but that 19 or greater cases per year was the cutoff with the 

highest ability to explain the variability in in-hospital mortality. 

What then can be said about choosing a volume cutoff to ensure that patients going to a 

high volume hospital are receiving a benefit?  One can use the Leapfrog’s 11 or more resections 

per year, as there is data to support a survival benefit.68,79,82,83 Both the American Cancer Society  

(ACS) as well as the NCCN support patients seeking high volume hospitals performing at least 

15-20 pancreatic resections per year.4,90  The ACS does not provide the evidence used for their 

recommendation but the NCCN does approach the topic while not listing specific trials that give 

rise to the upper and lower limits with respect to mortality or survival.  In fact, the increased rate 

of negative margins with higher volume hospitals as found in a recent meta-analysis and the 

increased use of multimodality therapy from a 2007 paper of treatment and outcomes of 301,033 

patients are cited as additional evidence for their recommendations for volume.91,92  

Regardless of what cutoff is used to distinguish a high volume hospital from a low 

volume hospital, it is important that the access to these facilities is equal to patients from varying 
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backgrounds.  It appears, as a result of a large body of evidence cited above, that increasing the 

volume of the hospitals caring for patients with pancreatic cancer can be of use to improving 

mortality and increasing survival.  Unfortunately, these improvements are only able to benefit 

those to whom the high volume hospitals are available and it will be shown in the discussion 

below that such access may not be uniform across differing population sections. 

 

Pancreatic Cancer Disparities 

Racial/Ethnic 

Incidence 

Racial differences in incidence have been noted in several population-based registries, with black 

patients having a higher incidence of pancreatic cancer or, more specifically, pancreatic 

adenocarcinoma compared to their white counterparts.9,93 In the SEER database, there has been a 

consistently elevated incidence among black Americans for all years available.  A combined 

incidence over 39 years, overall age-adjusted SEER incidence rate of 16.74/100,000 for black 

Americans compared to only 11.52/100,000 for white patients and 11.85/100,000 for all races 

combined.9  The most recent estimate had an age-adjusted incidence rate of 16.97/100,000 for 

black patients, 12.79/100,000 for whites and 12.94 100,000 for all races combined in the year 

2012.9  This equates to an excess incidence among black patients equal to a 31.1% difference in 

the incidence between the average and black Americans and a 32.7% difference between white 

and black Americans.   

In comparison, the age-adjusted death rates for the US population for pancreatic cancer 

using US mortality files are lower but have a similar difference.  For the years of 1975-2012 the 

rates (in /100,000 people) for black, white, and overall were 14.07, 10.49 and 10.72, 



 40 

respectively.9  For the most recent year of 2012, the same rates for black, white, and all patients 

are 13.41, 10.93 and 11.01, respectively.9  While there is an increase that is consistent with the 

pattern of black Americans always having the highest age-adjusted death rate, the difference is 

considerably smaller at 22.7% for black vs. white Americans and 21.8% for black vs. all 

Americans. 

Among 16,679 patients in the California Cancer Registry from 1988 to 1998, Chang et al. 

found that the age-adjusted incidence rate of pancreatic cancer was 8.8/100,000 for black 

patients, which was 2.9/100,000 higher than their white counterparts or any other racial/ethnic 

group.93 Similar differences were seen among black patients compared to other ethnicities even 

after splitting by gender, with the age adjusted incidence rates being 9.9/100,000 for men and 

7.9/100,000 for women.  

Several theories to explain this difference in incidence have been offered, revolving 

around risk factor exposure differences between black and white patients. 

In a case control study by Silverman et al. including 526 cases of pancreatic cancer and 

2153 controls from population based-registries in Detroit, Atlanta, and New Jersey in 1986-1989, 

the authors sought to examine the role of risk factor exposure to explain racial incidence 

differences.94  In this study, they examined what they called ‘established risk factors’—smoking, 

diabetes, and a family history of pancreatic adenocarcinoma—as well as ‘less accepted risk 

factors’ including moderate to heavy alcohol consumption and elevated BMI.  In models 

accounting for just the three ‘established’ factors, the authors found that the majority (94%) of 

excess risk of pancreatic cancer was accounted for.  On the other hand, black women’s excess 

risk was not explained adequately by only accounting for the same three factors and it was only 

after adding in the speculative risk factors of moderate to heavy alcohol use and elevated BMI 
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that the majority (88%) of excess risk of pancreatic cancer between white and black patients was 

accounted for.   

Using the ACS’s Cancer Prevention Study II, Arnold et al examined the role of smoking, 

family history, diabetes, cholecystectomy, and elevated BMI/obesity in over a million black and 

white patients who diet from pancreatic cancer between 1984 and 2004.95  While black patients 

had a 42% increased risk of pancreatic cancer mortality compared to their white counterparts, the 

risk factors examined accounted for a lower attributable risk (21.5%) compared to white patients 

(24.3%).  Further, the increase in risk from smoking was the same, even though black patients 

tended to smoke less per day than their white counterparts.  There was also a gender difference 

like Silverman et al, with only obesity being significantly associated with pancreatic cancer 

mortality in black men but not black women.  Due to the poor explanatory power of the currently 

known risk factors, the authors conclude that we need further study into the gender-race 

relationship as well as the identification of additional risk factors that can explain the currently 

unexplained differences in pancreatic cancer mortality. 

Further evidence of why smoking could provide a differential in pancreatic cancer could 

be found in the lower detoxification abilities of tobacco products in black patient’s metabolism 

that has been potentially linked to lung cancer differentials.96  If the differential carcinogen 

handling holds true for pancreatic cancer, this may help to explain additional excess risk.  

Furthermore, a heavy alcohol use hypothesis as a risk factor in pancreatic cancer like that in 

Silverman et al. has recently been confirmed in a pooled analysis of the International Pancreatic 

Cancer Case-Control Consortium after several studies failing to show a difference.14 

Differences in vitamin D is one of the newer theories to describe geographic and racial 

differences in pancreatic cancer and has been established as a contributing factor in other 
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cancers.22,97-99 Proponents state that the lower levels of vitamin D that result from skin 

pigmentation differences leads to increased mortality in black patients.100,101 An issue with this 

theory is that while existing data for vitamin D and pancreatic cancer has shown to be 

inconsistent, with two large pooled-analyses studies showing an increased risk of pancreatic 

cancer with higher levels of vitamin D98,99 while one has shown a decreased risk with higher 

levels of vitamin D.22  Further research will be required to examine what, if any, role that vitamin 

D plays in the risk of pancreatic cancer. 

Whatever the cause of the increase in incidence, it is clear that black Americans have a 

higher burden of pancreatic cancer than their white counterparts.  While this in and of itself does 

not point to a disparity without further evidence in an unequal exposure or risk factor due to race, 

it has the potential to give rise a greater disparity if patients of different races are not treated the 

same. 

Receipt of Therapy 

Many studies have examined the difference in treatment amongst different racial groups.  

Although not all were specifically designed to examine race, the number and variety of studies 

does provide evidence. 

As discussed earlier in this literature review, the receipt of therapy at a high volume 

center, regardless of how that is defined, has repeatedly been shown to be associated with a 

better outcome.  When looking at 3,189 pancreatic resections from the Texas Hospital Inpatient 

Discharge Public Use Data File, Riall et al. found that Hispanic patients, among other groups 

were less likely to be resected at a high volume center (defined as >10 cases/year).86 
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Among patients aged 65 and older in the SEER-Medicare database, black patients had 

significantly lower odds of undergoing surgery (OR 0.53 [95% CI 0.41-0.7], even after adjusting 

for patient, tumor and facility characteristics.102  A lower proportion of black patients were also 

treated at high volume hospitals, though the OR from the multivariate analysis was not reported.  

Nonetheless, black patients received resection with significantly lower frequency at all volume 

levels, with only high and low volume proportions reported (Low: 35 vs. 49%, p<0.001; High: 

56 vs. 69%, p<0.001).   

Chang et al. also found a racial difference in the referral to a high volume hospital using 

the NIS database from 2000 to 2005.87  While there was an overall increase in referral to high 

volume centers over the study period, this was only significant in white patients and not in black 

and Hispanic patients.  In multivariate analysis adjusting for undisclosed factors, black, Hispanic, 

and Asian patients all had significantly reduced odds of resection compared to their white 

counterparts (Black: OR 0.59 [95% CI 0.48-0.72]; Hispanic: OR 0.57 [95% CI 0.45-0.72]; 

Asian: OR 0.61 [95% CI 0,43-0.86]). 

Epstein et al. found that in patients discharged from New York City hospitals from 2001 

to 2004 that black patients were 17.9% more likely to use nether a high volume hospital or a high 

volume surgeon.103 

In order to reach a point at which a patient can receive therapy, communication between 

the provider and patient must occur to allow for an informed decision amongst the various 

treatments available.  In a study looking at survey data from Illinois, Manfredi et al found 

difference in the communication and informational needs of black patients.104  On univariate 

analysis, black patients had higher barriers to interpersonal communication, had higher 

information needs unmet by the provider, and were less likely to be given the name of a cancer 
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specialist.  After multivariable adjustment for what authors called ‘background’, ‘enabling’, and 

‘reinforcing’ factors that included patient disease factors, past experiences with healthcare, and 

their desire for ‘informed participation’, only the difference in unmet information needs and 

receipt of cancer specialist name remained significant.   

It appears that there may be a link with the poor communication when we examine 

whether patients refuse therapy even after a provider recommends a specific therapy.  In a 

studying looking at the Alabama Statewide Cancer Registry from 1996 to 2000, Eloubeidi et al. 

found that black patients were significantly more likely to refuse chemotherapy, radiation, or 

surgery.105  This was also linked to a significantly lower proportion of black patients receiving 

either chemotherapy or surgery. 

Bilimoria et al. also examined receipt of surgery and refusal of surgery but limited it to 

9,559 potentially resectable stage 1 patients from 1995-2004.106  In this study, black patients 

were at lower odds of receiving surgery than white patients because of not being offered surgery 

(OR 0.71 [95% CI 0.57-0.88]) or refusing surgery (OR 0.33 [95% CI 0.2-0.55]). The authors cite 

the importance of this because overall, patients who were not offered surgery had worse survival 

than those who did receive surgery (HR 2.24 [95 % CI 2.01-2.43]) and they did not have any 

identifiable reason for not being offered surgery. 

Looking at 35,944 patients over 22 years (1988-2009) of the SEER database, a longer 

interval than other SEER studies, Shah et al. examined rates of recommendation, refusal, and 

trends in refusal of surgery in black versus white patients without metastatic disease.107  After 

multivariate adjustment, black patients had lower odds of a recommendation for surgery (OR 

0.88 [95% CI 0.82-0.95]), receiving surgery after a recommendation for surgery (OR 0.73 [95% 

CI 0.64-0.85), or overall receipt of surgery (OR 0.83 [95% CI 0.76-0.91]). Black patients were 
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also at much higher odds of refusing resection when offered (OR 4.75 [95% CI 2.51-9.01]) but 

this disparity decreased over the study period.   

Interestingly, a study using fewer years of analysis (1988-2008) but looking at 16,282 

locoregional pancreatic adenocarcinoma found no difference in resection rates by race.108  In this 

study, Singal et al. only found a significantly lower proportion of black and Hispanic patients 

receiving radiation compared to a combination of white and Asian patients (Black: 19 vs. 22%; 

Hispanic: 14 vs. 22%; both p-values <0.001). This difference was not explored further than the 

initial univariate analysis. 

Another important piece in the receipt of therapy is whether or not a specialist sees a 

patient.   Murphy et al used the SEER-Medicare database from 1991-2002 to look at rates of 

specialist consultation, where they found that black patients had a lower rate of specialist 

consultation than white patients.109  This difference remained statistically significant after 

multivariable adjustment for other covariates (Medical Oncologist: OR 0.73 [95% CI 0.61-0.88]; 

Radiation Oncologist: OR 0.72 [95% CI 0.58-0.88]; Surgeon: OR 0.73 [95% CI 0.59-0.89]).  

Black race was also a negative predictor of receipt of chemotherapy and surgical resection after 

consultation was obtained (Chemotherapy: OR 0.55 [95% CI 0.42-0.7]; Resection: OR 0.74 

[95% CI 0.59-0.93]), with no significant difference in receipt of radiotherapy.   

Riall et al. also examined the issue of disparities in surgical resection and consultation 

between black and white patients using the SEER-Medicare database from 1992-2002, the same 

period as Murphy et al. above.110  Looking at 3,777 potentially resectable patients, black patients 

had significantly lower odds of being evaluated by a surgeon (OR 0.57 [95% CI 0.42-0.77]).  

Even after a surgeon saw them, black patients still had significantly lower odds of resection (OR 

0.6 [95% CI 0.49-0.84]).   
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A second study using the same time period of 1992-2002 for SEER-Medicare database 

was that of Davila et al, examining determinants of adjuvant therapy in adults aged 65 years or 

older.111  After adjusting for patient, tumor, facility, and treatment factors the odds of receiving 

adjuvant therapy for black patients was significantly lower in both black patients and ‘other’ 

patients than were nonwhite, non-black and non-Hispanic patients races (Black: OR 0.61 [95% 

CI 0.38-0.99]; ‘Other’: 0.47 [95% CI 0.25-0.86]).   

On the other hand, a second study using only the SEER database without Medicare 

linkage from 1992-2002, Murphy et al. found no difference in the recommendation of surgery 

between white and black patients.  However, they did find that black patients were significantly 

less likely to undergo surgery compared to their white counterparts even after adjusting for 

patient factors (OR 0.69 [95% CI 0.57-0.84]).  

A lack of difference in the recommendation of surgery or other therapies was also seen in 

the National Cancer Institute’s Patterns of Care/Quality of Care but there was a significant 

difference in receipt of chemotherapy.112  Black patients had lower odds of receipt of 

chemotherapy than their non-Hispanic white counterparts, while Hispanic patients had lower 

odds of receipt of radiotherapy than non-Hispanic white patients.  Both of these differences were 

significant in multivariate modes that took in age, stage, tumor size, and the insurance status of 

individuals in the study. 

Abraham et al. studied 20,312 patients with pancreatic cancer from 1994-2008 to 

examine the effects of race, sex, and insurance status on the resectability at presentation, 

resection amongst those who were resectable, and receipt of chemotherapy with or without 

radiation.113  Black patients presented with resectable disease at the same rate as their white 

counterparts.  In multivariate analyses adjusting for patient, tumor, and treatment factors (where 
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appropriate), black patients has significantly lower odds of resection (OR 0.66 [95% CI 0.54-

0.8), adjuvant chemotherapy (OR 0.75 [95% CI 0.58-0.98]), and primary chemotherapy for 

unresectable patients (OR 0.69 [95% CI 0.6-0.8]).  This racial disparity also held true for 

chemoradiotherapy in all patient groups. 

On the smallest scale, looking at a tumor registry of two hospitals in Texas, there was a 

significant racial difference in therapy receipt.114 While no significant differences in receipt of 

resection or radiotherapy were seen in this study of 1,039 patients, there was a significant 

difference in the receipt of chemotherapy.  In order to further understand the factors that led to 

the disparity, the authors used a multivariate logistic regression model, in which both Asian and 

black patients had lower odds of receiving chemotherapy compared to white patients after 

adjusting for patient and tumor factors (Asian: OR 0.44 [95% CI 0.2-0.96]; Black 0.62 [95% CI 

0.44-0.87]). 

Another measure of quality of care at the level of receipt of therapy is that of wait times 

for surgery.  In a study of 7,724 pancreatic resection patients from 1995-2005 in the NCDB, 

Bilimoria et al. examined factors associated with increased wait time, defined as a dichotomous 

less than and greater than 30 days from diagnosis.115  In addition to the median wait time 

increasing significantly over the study period, black patients had higher wait times greater than 

30 days for surgery compared to their white counterparts (OR 1.22 [95% CI 1.02-1.46]).   

A final possible explanation of racial difference in the literature is that the setup of the healthcare 

system is contributing to the disparity in receipt of therapy.  In a study from the Department of 

Defense tumor registry, white and blacks did not differ significantly in receipt of therapy of any 

type.116  The authors concluded that the access barriers were lower in the Department of Defense 

system and that this may account of the lack of difference in therapy.  
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From the standpoint of a population-level view, black patients are not being provided the 

same level of treatment as their white counterparts.  Much of the research done thus far does not 

shed light on what the cause of the difference in treatment may be.  Nonetheless, this is a clear 

disparity in many cases because multivariable models accounting for the extent of disease and 

other confounding factors have failed to erase the racial differences in treatment.  With poorer 

treatment, we will likely see poorer outcomes. 

Mortality/Survival 

In a highly lethal cancer, differences in mortality are going to mirror differences in incidence.  

Using the NHANES database, Jinjuvadia et al. looked at racial disparities in gastrointestinal 

cancer mortality.117  As this was a non-treatment related, ecologic study, they examined several 

demographic variables.  Non-Hispanic black patients had a hazard of death from pancreatic 

cancer180% higher than non-Hispanic white patients (HR 2.8 [95% CI 1.23-6.37].  Interestingly, 

after stratifying on gender, the racial difference remained significant in females (HR 4.67 [95% 

1.01-21.57]) but not in males. 

Applying the fundamental cause theory—that basic social factors like race and 

socioeconomic status (SES) are involved on the basic level in forming disease disparities—

Rubin et al. also did an ecologic study looking at disparities in pancreatic cancer mortality.118  

Using the county-level Compressed Mortality Files from the National Center for Health Statistics 

for 1968-2009, they performed negative binomial regression comparing mortality rate ratios.  In 

these analyses, black patients over the age of 45 had a mortality rate ratio that was 43% higher 

than white patients. 

Moving to treatment-related outcomes of patients that make it to evaluation, it is simple 

to look at the multitude of analyses looking at patient mortality and survival in pancreatic cancer 
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and see that there is often a racial difference identified.  The challenge of understanding what 

leads to the mortality and survival differences still remains. 

One theory is a genetic difference in the biology of white and black patients that gives 

rise to increased black patient mortality.  Advances in genetic sequencing have made it possible 

to examine small differences in genetic codes and to look at differential expression of various 

genes related to pancreatic adenocarcinoma. A study by Pernick et al. examined whether or not 

KRAS mutational differences could be responsible for differences in mortality between black 

and white patients by doing a clinical and pathological analysis of tumors from 410 patients.119  

There were no overall differences in KRAS expression as a whole, though black patients did a 

significantly higher percentage of mutations at the valine-specific site than their Caucasian 

counterparts. The survival of the patients was the same between white and black patients despite 

lower rates of chemotherapy and radiation in the black patient population.  

Another theory that is seen in several papers and rises to the surface reviewing the 

literature on race-related pancreatic cancer mortality and survival is in treatment differences.  As 

established in the overview of pancreatic cancer, surgery is the single known potentially curable 

therapy and therefore should affect survival.  Furthermore, the goal of chemotherapy and 

radiation is to increase survival duration, whether cure is possible or not.   

Of ten papers discussing racial survival differences, nine include models that adjust for at 

least one type of treatment factor.102,105,108-110,114,116,120-122  In the unadjusted paper, race (black vs. 

white) was found to be a significant predictor of increased hazards of death (HR 1.2 [95% CI 1-

1.43]).114 In the adjusted papers, three papers adjusted only for receipt of resection102,110,120 while 

the other six adjusted for chemotherapy, radiation and resection.105,108,109,116,121,122  Of the 

resection-adjusted papers, only one paper found a significant survival disadvantage with black 
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vs. white patients (HR 1.11  [95 % CI 0.57-0.84])120, while the difference in survival lost 

significance after adjustment in the other two.102,110    

Three of six papers that included all three treatment modalities—chemotherapy, radiation 

and resection—had a significant association of black race with survival.105,108,122 These three 

papers showed conflicting results on the effect of black race on survival.  Singal et al. only 

included locoregional cases from the SEER database and found that black patients had a 15% 

increase hazard of death after accounting for treatment factors (HR 1.15 [95% CI 1.09-1.22]).108   

Cheung et al. also found an increased hazard of death in black patients (HR 1.06 [95% CI 1.057-

1.058]).122  On the other hand, Eloubeidi et al. stratified by local, regional and distant cases, 

finding a 29% decrease in the hazards of death for local disease (HR 0.71 [95% CI 0.48-1]).105 

Of note, the paper by Singal et al. includes 16,282 cases over 21 years covering the entire US 

and both Cheung et al. and Eloubeidi et al. only studied 5 years in a single state with 16,104 and 

2,230 patients, respectively.  What holds true for the population in Alabama included in 

Eloubeidi et al. may not be representative of the population as a whole.  Furthermore, the CI 

borders 1, raising questions about the applicability of this contradictory result as it is on the edge 

of significance. 

Both the paper by Zell et al and one paper by Murphy et al. provided sequential models 

that had changes in the significant range of racial categories.  Zell et al. used modes with race 

only, then added in stage, followed by surgery, a model that included all three therapies, and a 

final model with all three therapies and SES.  In the models with less than all three therapies, 

both black and non-Chinese Asian race were significantly associated with survival: black race 

was hazardous (HR 1.06-1.08) and non-Chinese Asian race was protective when compared to 

white race (HR 0.88-0.91).  Black race failed to have a significant association with survival after 
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all three therapies were added but non-Chinese Asian patients had a protective effect in all 

models.  In fact, as more factors were added, the lower the point estimate of the HR.   

Murphy et al. that had each of the treatment modalities added separately and a final 

model that included resection and adjuvant therapy.109   In the models that only had one therapy, 

race retained significance after adjusting for patient and tumor characteristics but once the three 

therapies were combined, race failed to remain significant.   

The remaining paper by Lee et al. provided only models that had all three treatment 

modalities contained and race failed to be significantly associated with survival.116 This was in 

line with their lack of finding treatment variability by race. 

Narrowing the discussion to patients that have received a pancreatic resection, there are 

six papers that include information about race in their multivariate adjustments for perioperative 

mortality or overall survival.56,59,67,123,124  Of these, all but one by Birkmeyer et al. examined 

perioperative mortality (either in-hospital or thirty-day postoperative mortality), which failed to 

find an association between race and long-term survival.67 Of the papers examining perioperative 

mortality, two found significantly increased odds of mortality for black patients59,123 and one 

study found increased odds in non-white patients.  The two studies that looked at non-white/non-

black patients compared to white patients had conflicting results, with Riall et all finding ‘other’ 

race patients had a lower odds of mortality124 while Teh et al found that ‘other’ race patients had 

a higher odds of mortality.59 No papers reported odds for Hispanic ethnicity and mortality. 

In summary, there appears to be a role for treatment in the modulation of mortality and 

long-term survival that is affecting the racial differences seen in univariate analysis.  Evidence of 

this is provided from the fact that models including variables accounting for different treatment 
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modalities did not find a racial difference in survival among pancreatic cancer patients.  

Therefore, if you treat black patients the same as white patients, they have the same survival.  As 

we saw earlier in this review, we do not treat black patients the same and perhaps this is the 

reason for the poorer survival in the black population.  Further studies to develop a clear 

consensus will be needed and to determine if there is a way in which black patients can be better 

served by the health system other than fulfilling the ideal of equal treatment.  

Age Disparities 

Incidence 

Pancreatic adenocarcinoma on average is a disease of the elderly.  The median age is 71 

worldwide.  In studies examining the overall mortality, and thus risk of pancreatic cancer, age is 

usually shown to be associated with increased risk/mortality.  Both the SEER incidence and the 

US mortality rates show an increasing age specific rate with each sequential increase in rate and 

a large difference between groups under 65 years old and those over 65 from 2008-2012 (SEER 

Incidence: 4.1/1000 vs. 69.8/100,000; Mortality: 3.2/100,000 vs. 64.6/100,000).9    While not all 

patients die from pancreatic cancer, the similarity between the incidence and mortality rates do 

mirror incidence.  In the literature, it is often taken as fact that age is involved in the 

development of pancreatic cancer.  This does not mean there is a disparity in disease incidence; 

only that age is a contributing factor. 

Receipt of Therapy 

Although the incidence of pancreatic cancer by age may not point to a disparity, the receipt of 

treatment may provide some evidence.  In a paper looking at 3,736 patients in the Texas Hospital 

Inpatient Discharge Public Data Use File, Riall et al. found that elderly patients were 

significantly less likely to be resected at high volume hospitals performing greater than ten 
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resections, with the frequency of high volume resections decreasing with age (<60:62.3%; ≥80: 

53.7%; overall p-value=0.01). 124 At the same time, these high volume hospitals had a 

significantly lower in-hospital mortality (OR 0.5 [95% CI 0.37-0.73]).  Furthermore, patients 

with increasing age had a higher risk of being discharged to a facility other than home including 

a nursing home, acute rehab, and other inpatient acute hospitals. 

Using the SEER database from 1983 to 2007, Amin et al. identified 45,509 pancreatic 

cancer patients to examine treatment disparities amongst different age groups (<50, 50-70, 

>70).125  Univariate analyses showed that the proportion of patients receiving both radiation and 

resection were lower as age increased but authors did not report proportions for chemotherapy.  

Multivariate analyses were stratified by decade or part thereof (1983-990, 1991-200, 2001-2007). 

Both the >70 and 50-70 age categories had significantly lower odds of resection and radiation 

compared to patients >50 years old for all time and therapy combinations other than for age>70 

in 1983-1990.  Neither age group showed a clear trend with utilization over time but it was clear 

that patients had decreased odds of resection or radiation as age increased. 

Davila et al. also used the SEER database but limited their study to patients older than 65, 

finding that only half (49%) of older patients received adjuvant therapy after surgery.111 Patients 

75 years or older had 57% lower odds of adjuvant therapy compared to patients in their first 

decade following age 65 (OR 0.43 [95% CI 0.34-0.53]).  This is important in the face of survival 

advantages conferred in the same population with both chemoradiation and radiation alone, 

though no age specific survival estimates were reported for specific discussion. 

In other studies that included age in the published multivariate tables, the effect of 

increasing age on the odds of surgery, chemotherapy, radiation, and any combination thereof can 

be determined.  Virtually all papers that looked at treatment factors in this review adjusted for 
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age, however, many did not have estimates published in the text.  Nine of ten papers showed 

multivariable models where age was found (either continuous or categorical) to be associated 

with significantly decreased odds of therapy.86,106,107,110,112-116,120  Only Riall et al. found no 

significant association of age, broken into a categorical variable, and the odds of therapy 

(resection at a high volume hospital) in their 2007 paper.86 

Abraham et al. looked at the role of multiple disparities and found that in the California 

Cancer Registry from 1994-2008 that increasing age was associated with decreased odds of 

resection (OR 0.66-0.71) despite increased odds of resectable tumors at presentation among all 

age groups (OR 1.2-1.7).113 In fact, even though the odds of a resectable tumor were highest in 

80-95 year olds (OR 1.7 [95% CI 1.5-1.8]), the odds of resection were also the lowest (OR 0.071 

[95% CI 0.059-0.087]).  This fits with a study by Chirumbole et al. that found younger age was 

associated with later stage of presentation.126 Age was also associated with significantly lowered 

odds of receiving adjuvant chemotherapy/chemoradiotherapy, and primary 

chemotherapy/chemoradiotherapy in the study by Abraham et al.  

Murphy et al. also found decreased odds of resection in older patients in their study of the 

SEER database, equaling a 2% lower odds of resection with each additional year in age (OR 0.98 

[95% CI 0.57-0.84]).120  This is despite patients that differed in age by one year having the same 

odds of having surgery recommended.   

Shah et al examined the same two questions with the addition of looking at overall 

receipt of surgery and refusing surgery once recommended over a longer period in the SEER 

database.107  Unlike Murphy et al., patients that were a year older in age had significantly lower 

odds of receiving a recommendation for surgery (OR 0.974 [95% CI 0.972-0.976]).  On the other 

hand, their data agreed with respect to the lower odds of resection amongst all non-metastatic 
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patients as well as among those who received a recommendation (Overall: OR 0.959 [95% CI 

0.957-.962]; Patients with Recommendation: OR 0.955 [95% CI 0.951-0.959]).  In addition to 

having lower odds of resection, patients one year older had 7% higher odds of refusing surgery 

when it was recommended (OR 1.07 [95% CI 1.06-1.08]). 

Using the more detailed National Cancer Institute’s Patterns of Care/Quality of Care, 

Shavers et al. also looked at recommendation of resection as well as the receipt of resection, 

chemotherapy, and radiation.  In this cohort, each year increase in age had significantly lower 

odds of receiving recommendation or any therapy (Recommendation for Resection: OR 0.98 

[95% CI 0.95-1]; Resection: OR 0.96 [95% CI 0.93-0.98]; Chemotherapy: 0.94 [95% CI 0.92-

0.96]; Radiation: OR 0.97 [95% CI 0.95-0.99]). 

Another receipt of surgery study using the SEER-Medicare linked database was 

performed by Riall et al. in 2010, looking at the odds of evaluation by a surgeon and odds of 

resection after evaluation.110  The authors found an 8% decrease in the odds of both events with 

each year of increased age (OR 0.92 [95% CI 0.9-0.93]]). 

Going a step further, Bilimoria et al. examined the receipt of surgery and refusal of 

surgery in NCDB stage 1 patients.  Older patients had decreasing odds of receiving surgery 

compared to patients less than 55 years old because of not being offered surgery (55-65: OR 0.71 

[95% CI 0.57-0.88]; 66-75: OR 0.47 [95% CI 0.37-0.6]; >75: 0.19 [95% CI 0.15-0.25]) or 

because they refused surgery (55-65: OR 0.98 [95% CI 0.47-2.08]; 66-75: OR 0.44 [95% CI 

0.21-0.89]; >75: 0.08 [95% CI 0.04-0.16]).   As discussed above with race, this is important 

because patients not offered surgery had worse survival than those who underwent surgery. 
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Inside of the Department of Defense tumor registry, there is evidence of each year of age having 

significantly reduced odds of receiving chemotherapy, radiation, adjuvant therapy and primary 

chemotherapy for metastatic disease but not with surgery.116  The decrease in odds was between 

3 and 6% for therapies other than surgery.   

Wray et al. performed a similar-sized study of patients cared for in one Texas county and 

were interested in looking at the effects of race on treatment.114  As only chemotherapy showed 

significance on univariate analysis with race, this was the only therapy examined in a 

multivariate model, where they found that patients who were 1 year older had odds of receiving 

chemotherapy 3% lower than their younger comparison (OR 0.97 [95% CI 0.96-0.98]). 

Even amongst patients receiving the correct therapy, there is evidence of age differences 

in the timeliness of that therapy. In another study looking at the odds of receiving surgery more 

than 30 days after diagnosis among patients in the NCDB, Bilimoria et al failed to find a 

consistent age differential.115  There were significantly increased odds of waiting more than 30 

days among patients aged 76-85 compared to patients <55 years old (OR 1.4 [95% CI 1.15-

1.71]).  The rest of the age categories had elevated point estimates that failed to reach 

significance.  

As an explanation for treatment differences, it may be that increasing age is, in and of 

itself, discouraging providers from offering surgery to older patients, as evidenced by Bilimoria 

et al excluding any patient 85 and older as being of too advanced age to be considered for 

surgery.106 Multiple papers discuss the ability to perform resections in the elderly (>70 or >80 

years of age) safely, though there is a general call for careful selection of patients because of the 

concern for serious morbidity.127-137  Similar to incidence, the age difference in treatment may be 

justified rather than being an indicator of a true disparity.  On the other hand, patients who differ 
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by age and have all other factors accounted for in a multivariable model are receiving treatment 

like resection at a different rate than their younger counterparts.  More research is needed in 

order to understand if therapy has changed after discussion about the safety of resection 

following these reports of safety in select elderly patients. 

Mortality/Survival 

Two studies looked at the overall mortality of pancreatic cancer with age in the overall 

population.  Rubin et al found that in patients older than 45, in comparison of the reference  ages 

45-54, all other groupings had significantly increased mortality rate ratios ranging from 3.13 for 

55-64 to 15.45 for 85+.118  This means that a patient that is 85+ is over 15 times more likely to 

develop and then die from pancreatic cancer.  Similarly, Jinjuvadia et al. found that each increase 

in age of one year increases the hazard of death in the overall population by 11% (HR 1.11 [95% 

CI 1.09-1.13]).117 

Seven studies examined the relationship between increasing age and in-hospital mortality 

or perioperative mortality in multivariate logistic regression models.56,59,69,76-78,124 All seven used 

varying breakdowns of age into a categorical variable. The six studies looking at in-hospital 

mortality found a significant increase in the odds of mortality with increasing age.56,59,69,76,78,124 

The last study also found an increase in the odds of mortality but looked at thirty- and ninety-day 

mortality.77  This was examined for every age group compared to the reference group of 49 and 

younger, with patients 80 or older having odds of mortality 360-620% higher (30-day: OR 4.6 

[95% CI 2.9-7.1]; 90-day: OR 7.2 [95% CI 4.5-12]).  

Eleven studies examined age and long-term survival, of which all but 3 had significant 

increases in the hazard of death when compared to younger patients.88,105,108-110,114,116,120-122,125 

Zell et al. and Cheung found no significance in any of the age subgroups in relation to overall 
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survival but this was in models that included smoking, SES and treatment factors in addition to 

patient and facility factors.121,122  On the other hand, Lee et al. did find a small per-year increase 

in the hazards of death for locoregional cancer that was significant (HR 1.02 [95 % CI 1.01-

1.03]) but failed to find a difference among patients with metastatic cancer.116 Three papers 

provided age as a continuous variable and all had an estimate of 2% increase hazard of death 

with each additional year of age.108,114,120 Another three studies used age as a categorical variable 

with varying definitions105,109,125  One study did not provide information about whether age was 

categorical or continuous but listed it as significant.110 

As with treatment, it is unclear how much of the difference in outcomes is justified by 

increased age. Older patients are considered frailer and have poorer outcomes after surgery as 

well as a decreased likelihood of saving those patients from mortality as a result of a 

complication following surgery.78,138,139 The mortality differences found in the study by Amini et 

al. may be partially related to the significantly higher rate of postoperative complications as well 

as the failure to rescue those patients from mortality as a result of a complication.78  Therefore, 

further distinction about the failure to rescue and the appropriateness of surgical selection outside 

of age alone is needed in future literature.  This will help to point out whether we are 

systematically treating our older patients more poorly than their younger counterparts or if the 

differences we see in mortality and survival are merely extensions of the effects of aging as a 

whole. 
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Socioeconomic Disparities 

Incidence 

One study by Chirumbole et al. found that education level was a significant predictor of 

pancreatic cancer but no other papers were found regarding a linkage of SES and the 

development of pancreatic cancer other than the two population mortality studies that will be 

discussed in the corresponding section.  More information about the role of exposures and 

pressures as a result of SES will help deepen the understanding of the cancer. 

Receipt of Therapy 

Davila et al found that the highest income quartile compared to the lowest had 64% higher odds 

of receiving adjuvant therapy (OR 1.64 [95% CI 1.1-2.47]) but no differences between the other 

income quartiles.111 

Shah et al. found significant associations between low education—defined as having vs. 

not having a high school education—and poverty—defined as family living below the poverty 

line—in the recommendation, receipt and/or refusal of surgery in the SEER database.  A lack of 

a high school education was not associated with recommendation of surgery but was associated 

with increased odds of resection overall (OR 1.1 [95% CI 1.005-1.018]) and resection after 

recommendation (1.04 [95% CI 1.03-1.05]) yet was still associated with a 3% higher odds of 

refusing therapy once recommended (OR 1.03 [95% CI 1.01-1.05]).  Living below the poverty 

line was associated with lower odds of having surgery recommended (OR 0.986 [95% CI 0.977-

0.994]), receiving resection among non-metastatic patients (OR 0.97 [95% CI 0.96-0.98]) and 

receiving resection after surgery was recommended (OR 0.96 [95% CI 0.95-0.98]) but was not 

associated with refusing therapy. 
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Bilimoria et al examined patients’ receipt of surgery with respect to both income and 

education.106  Although both were significant on univariate analysis, only the odds of receiving 

surgery because it not being offered were significantly lower when comparing the lowest to the 

highest income quartile (OR 0.56 [95% CI 0.33-0.94]) and no difference based on refusal of 

therapy.   In looking at patients education—represented by % in their area with a college 

degree—there was a significantly lower odds of receiving surgery because of not being offered 

the option in all three quartiles compared to those with the highest education (20-74th Percentile: 

0.82 [95% CI 0.69-0.97]; 25-49th Percentile: 0.73 [95% CI 0.6-0.89];0-25th Percentile: 0.7 [95% 

CI 0.55-0.88]).  No difference was seen in receipt of surgery based on refusal and education. 

It does not seem likely that patients who are poorer and less educated have biologically 

and clinically different tumors than their richer, educated counterparts.  Rather, this appears to be 

a health disparity due to a lack of means amongst patients and while these studies do not 

guarantee that such a relationship is born out in all circumstances, the treatment differences must 

be addressed to improve the public health of those with SES disadvantages.  It may be that there 

are communication issues as identified in some of the studies looking at race.   However, further 

research into the causes for this difference will be needed to assess such a proposition. 

Mortality/Survival 

In the fundamental causes analysis by Rubin et al.  In this study, patients with one step lower in a 

five-level SES variable had a higher mortality rate ratio (1.01-1.03).118  The levels in the variable 

equate to a one standard deviation difference in SES, with the middle category centered on the 

mean. The authors state that the SES variable index they created from education, employment, 

poverty, and access to a telephone measure has a high fidelity (Cronbach’s alpha=0.93) and that 

this shows an inverse relationship between mortality and SES.   Jinjuvadia et al and their study 



 61 

using the NHANES database found that the overall HR of pancreatic cancer among the total 

population was significantly associated with education, but not income.117  Unexpectedly, 

patients without a high school education were found to have a nearly 60% lower hazard of death 

than their more educated partners (HR 0.42 [95% CI 0.19-0.88]). 

One study by Amini et al. found a significantly higher in-hospital mortality in patients 

who lived in areas with low and medium income households compared to those with the highest 

income households between 2000 and 2003 (Low: OR 1.73 [95% CI 1.19-2.52]; Medium: OR 

1.39 [95% CI 1-1.94]).78  No difference was seen with high vs. highest income households or in 

any level of income in the other two time periods of 2004-2007 and 2008-2011. 

Seven studies were available that discussed the overall survival of patients wither respect 

to SES, with five finding a significant association, one failing to show significance on univariate 

analysis, and the other failing to report significance.109,110,121,122,140-142  the only negative study 

was by Kuhn et al. conducted a study of 117 patients at one German institution and found that 

there was no significant difference in univariate survival analysis after pancreatic resection.  

Given that this paper was published on a very small German, single-center population, caution 

must be taken on the amount it influences any conclusion on SES and survival in the US. Riall et 

al. reported a cox regression model that included SES but did not report significance, making 

interpretation difficult.110 

The first positive study to examine SES and survival was a study of 398 patients in the 

SEER-Medicare linked database performed by Lim et al. in 2003.141 In this study, patients with 

low SES—defined as below median on a combined measure calculated from median household 

income, median household wealth, and median per capita income by census tract—had a 33% 

higher hazard of death compared to those above the median (HR 1.33 [95% CI 1.04-1.88]).   Zell 
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et al. also found that there was a survival advantage among patients in the highest three SES 

quintiles and that the protective effect increased as you went from middle to highest quintile. 121 

This effect did lose significance after performing a smaller model that also included smoking.   

Murphy et al. found that there was an increased hazards of death for low SES patients compared 

to high SES patients—defined as those belonging to the highest two quintiles.109 Cheung et al. 

only used area poverty in their models that included patients from the Florida Cancer Registry 

from 1998-2002.122  In a multivariate analysis patients that lived in areas with 10-15% and 

>15%area poverty have similarly significant and increased hazards of death (10-15%: HR 1.09 

[95% CI 1.03-1.15]; >15% HR 1.09 [95% CI 1.04-1.13]) compared to those living in areas with 

less than 5% area poverty.   

Most recently, Markossian et al. reported the survival of patients treated a “safety-net” 

hospital that treats many rural patients.142  The ZIP codes for each patient were used to define an 

area level poverty measure based on the % of households living below the federal poverty line 

(Low: ≤9.9%, Medium: 10-19.9%, High ≥ 20%).  The authors found that patients in high poverty 

areas had higher hazards of death (HR 1.8 [95% CI 1.05-3.09]) compared to low poverty areas 

but no difference between low and medium poverty areas. 

There does appear to be some relationship between SES and survival, though the varying 

measures used in several studies make it difficult to see whether they would all agree using a 

standardized measure.  More and better research using a standardized SES variable would assist 

in building a case for a clear disparity based on SES differences. 
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Gender Disparities 

Incidence 

In the SEER database as well as the US mortality files, there is a clear difference in the incidence 

of pancreatic cancer between men and women.  Men have had an overall incidence of 

13.74/100,000 compared to an incidence of 10.37 for females over the years 1975-2012.  The 

same is true for the death rate for men (12.62/100,000) and women (9.25/100,000).  Isolating the 

discussion to 2012, the most recent year for which data is available, the incidence for men is 

14.47/100,000 while it is still much lower for women at 11.66/100,000.  The difference has also 

been preserved for the death rate, as expected with a highly lethal cancer (Men: 12.65/100,000 

vs. Women: 9.64/100,000).   

Receipt of Therapy 

Using the California Cancer Registry, Abraham et al. found that men had lower odds of being 

resectable at time of diagnosis (OR 0.91 [95% CI 0.85-0.96]) but they had higher odds of 

receiving chemotherapy (OR 1.1 [95% CI 1-1.2]).  No other gender-based treatment disparities 

were seen.   

Shah et al. used the SEER database to look at the recommendation, receipt and refusal of 

surgery.107  Women had higher odds of recommendation of surgery (OR 1.08 [95% CI 1.08-

1.13]) and the receipt of surgery among non-metastatic cases (OR 1.08 [95% CI 1.02-1.15]) but 

there was no significant gender difference in the odds of receiving surgery once it was 

recommended or in the odds of refusing therapy once offered. 

Four studies examined receipt of therapy of various forms and did not find any 

differences in receipt of therapy or reason for not receiving therapy based on gender.86,106,111,116 

Bilimoria et al. examined not being offered or refusing surgery, Riall et al. looked at receipt of 
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surgery at a high volume hospital, Davila et al. looked at adjuvant therapy, and Lee et al 

examined all three therapies as well as adjuvant therapy.  

Mortality/Survival 

The two studies looking at the crude population-level mortality and gender were the same as 

mentioned in other disparity discussions above.  In both, males had a higher level of mortality or 

hazard of death compared to their female counterparts.  Rubin et al. found a mortality rate ratio 

of 1.49, corresponding to a nearly 50% increase in the mortality rate with men.118  Jinjuvadia et 

al. found a difference that was even more substantial, with men having a hazard of death nearly 

150% higher than females (HR 2.47 [95% OR 1.17-5.22]).117 

Five studies examined the effect of gender on in-hospital mortality in multivariate logistic 

regression models. 56,59,69,78,124 Three of the five studies found a significant association with 

gender and in-hospital mortality.  Ho and Heslin as well as Riall et al failed to find a significant 

association between gender and in-hospital mortality.69,124 On the other side, Amini et al., 

Lieberman et al., and Teh et al. found significantly increased odds of in-hospital mortality with 

male patients.56,59,78 

An additional seven studies looked at the overall survival of pancreatic cancer patients 

and provided an estimate of the HR associated with gender.108,109,114,116,120-122 Five of the seven 

studies had a significant association of gender with overall survival with all finding male gender 

as a hazardous factor with increased hazard of death.108,109,114,120  Lee et al found a significantly 

decreased hazard of death for females with distant disease but did not find a significant 

difference in locoregional disease. 116 Cheung et al and Zell et al. did not find a significant 

association between sex and the hazard of death in a model that included smoking, treatment, 

and SES factors.121,122 
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Male gender does appear to be associated with increased mortality and decreased survival 

but what is not revealed in these studies is whether this is due to a biological or social difference.  

Perhaps women are diagnosed earlier because of established health visits for female reproductive 

health while men have no such convention.  Additional studies looking at the biology of 

pancreatic adenocarcinoma will be needed to determine what role it might play in addition to 

whether or not social factors might be at play. 

Rural/Urban Disparities 

One problem when looking at rurality and health outcomes is that there are many definitions of 

what is rural and what is urban.  Areas with the same population densities may not be the same 

with respect to what transportation, environmental, and social barriers they face.143  A list of the 

various definitions that have been used to define rural and urban areas in the US and their 

corresponding agency includes the following:144 

 Rural-Urban Continuum Codes (RUCCs)—United States Department of Agriculture 

(USDA) 

 Rural-Urban Commuting Area Codes (RUCAs)—USDA 

 Metropolitan/Nonmetropolitan —Office of Management and Budget 

 Urban Influence Codes —USDA 

 County Topology Codes — USDA 

 Rural/Urban —United States Census Bureau 

Even inside of one agency such as the USDA, there are multiple ways of defining rural and 

urban, depending on whether access, population density, or county characteristics are examined.  
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The RUCCs, RUCAs, Census Rural/Urban codes, and metropolitan/nonmetropolitan 

designations are those used most commonly used in health studies.143 

Looking outside of the issue posed by defining what is and what is not rural, there is no 

comprehensive assessment of incidence of cancer in rural areas, leaving incidence and any 

potential disparities as a mystery.  While there are some reports showing potential difference in 

incidences in other cancers by rurality, there is no report on pancreatic cancer. 

Receipt of Therapy 

Similar to incidence, there is a paucity of published data on pancreatic cancer treatment 

differences based on a rural/urban categorization.  Davila et al found no differences in adjuvant 

therapy between patients treated at facilities in rural and urban areas.  In this study, rural was not 

clearly defined.  Similarly, Shah et al found no differences in recommendation, receipt, or refusal 

of surgery.107  They defined rural counties as those containing fewer than 250,000 people, which 

is a very high population density for a rural definition in many cases.  Given the lack of 

published data with which to piece together a complete picture of the effect of rural vs. urban 

residence on therapy, there is no clear relationship. 

Mortality/Survival 

Rubin et al found that an increase in urbanicity—defined as the proportion of patients living in 

urban areas—was associated with an increase in the mortality rate ratio of 6%.  No clear 

description of what an increase in urbanicity entailed. This trend is also found in Chinese cancer 

registries since 1990, though the reporting methods and representative nature of these registries 

are unknown.145-147  
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Two studies examined the rural-urban status of patient’s residence and the long-term 

survival of pancreatic cancer patients.  The first is a study from 11 German population-based 

cancer registries for all cancer patients from 1997-2006.148  In this study, they broke rurality 

down into four categories defined by the German Federal Institute for Research on Building, 

Urban Affairs and Spatial Development\: City Core, Densely Populated Outer Conurbation, 

Rural outer Conurbation, and Rural.   No significant contribution to five-year relative survival 

was found in women.  However, men did have a difference, with rural conurbation patients 

having the highest survival (9.5%) but no discernable trend based on rurality was seen.  The 

second study was a small 245 patient single-center study out of Savannah, Georgia.142  In this 

study, they found that patients in ‘Large Rural’ areas, as defined by the RUCAs, had a 

significantly increased hazard of death compared to urban patients (HR 2.63 [95% CI 1.45-7.46]) 

while patient in small and isolated rural areas failed to show significance. While the two studies 

do provide some evidence for a survival difference, further evidence will be needed, as no 

known large database study in the US has looked at pancreatic cancer therapy outcomes. 

 

Insurance Disparities 

As expected, there are no published studies that discuss whether different insurance statuses are 

related to the incidence of pancreatic cancer.  As it is a direct component of how patient receive 

and are able to seek care, it makes sense that the differences published in the literature are those 

discussed below in the receipt and results of therapy. 

Receipt of Therapy 

In their review of pancreatic cancer care disparities in the California Cancer Registry, Abraham 

et al. examined insurance status, using Medicaid patients as the referent in the multivariate 
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models examining receipt of various therapies and resectability.  They found that Non-

Medicare/Medicaid (private insurance) and Medicare patients had significantly higher odds of 

resection among patients with resectable tumors (Private: OR 1.7 (95% CI 1.4-2.2); Medicare 

(OR 1.8 [95% CI 1.4-2.4]). Private insurance patients also had higher odds of being resectable at 

diagnosis (OR 1.1 [95% CI 1-1.3]).  With respect to adjuvant therapy, uninsured patients had 

lower odds of chemotherapy or chemoradiotherapy but no difference was seen among insured 

patients (Chemotherapy: OR 0.58 [95% CI 0.34-0.99]; Chemoradiotherapy: OR 0.54 [95% CI 

0.3-0.98]).  In primary therapy, Medicare and private insurance patients had higher odds of 

chemotherapy (Private: OR 2.1 [95% CI 1.8-2.5]; Medicare: OR 2.3 [95% CI 1.9-2.7]) but only 

private insurance had significantly higher odds of chemoradiotherapy (OR 1.3 [95% CI 1-1.7-

2.5]).  Uninsured patients had significantly lower odds compared to Medicaid patients for both 

therapies (Chemotherapy: OR 0.7 [95% CI 0.53-0.93]; Chemoradiotherapy: OR 0.31 [95% CI 

0.17-0.58]).  

Operating inside of the National Cancer Institute’s Patterns of Care/Quality of Care 

study, Shavers et al. found that patients without insurance had lower odds of receiving a 

recommendation for surgery (OR 0.09 [95% CI 0.01-0.62]) or surgery itself (OR 0.07 [95% CI 

0.01-0.49]) but no significant difference in the odds of chemotherapy or radiation.112 

In stage 1 patients in the NCDB, Bilimoria et al. found that the type of insurance was 

associated with significant differences in not receiving therapy because of refusal or not being 

offered surgery.106  Compared to private insurance patients, Medicaid patients were less likely to 

receive surgery as a result of not being offered therapy (OR 0.63 [95% CI 0.44-0.9]) or refusing 

it once offered (OR 0.37 [95%CI 0.15-0.94]) while Medicare patients were only less likely to 

receive surgery because of not being offered (OR 0.78 [95% CI 0.64-.95]).  Patients with non-
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Medicaid/Medicare insurance were actually at increased odds of receiving surgery when 

comparing patients who received and were not offered surgery (OR 1.6 [95% CI 1.03-2.46]) but 

had lower odds of receiving surgery as a result of refusing therapy (OR 0.59 [95% CI 0.37-

0.94]). 

In patients that received surgery, Riall et al. did not find a difference in receipt of being 

resected at a high vs. low volume hospital in the Texas Hospital Inpatient Discharge Public Use 

Data File.86  Bilimoria et al. also did not find a difference in the odds of waiting more than 30 

days for surgery amongst insurance types including uninsured patients in the NCDB.115 

Mortality/Survival 

Although there were several studies that included insurance status in their mortality analyses, 

only four papers reported whether or not insurance status was significantly associated with 

mortality.56,76,78,142 Lieberman et al. and Markossian et al. did not find a significant 

relationship.56,142 Amini et al found that privately insured patients had significantly lower odds of 

in-hospital mortality compared with Medicare patients in all three time periods examined (OR 

0.52-0.67) but found no other insurance-based mortality differences.78 Last, Gasper et al found 

that a government payer was significantly associated with in-hospital mortality but no estimate 

or confidence interval was given.76 Thus, no conclusion can be made about the direction of the 

relationship of insurance and mortality and no conclusions were available to look at overall 

survival.  

Conclusions 

Pancreatic adenocarcinoma is a highly lethal cancer that will affect 1% of the population during 

their lifetime, comprising 85% of all pancreatic cancer diagnoses.  A large body of research has 

explored the treatment of pancreatic cancer. However, several areas that can lead to differences 
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in treatment and survival lack sufficient study.  Therefore we cannot say for certainty whether 

the some of the potential disparities that appear in the literature are real or due to yet unmeasured 

factors and most of the studies have not used the NCDB. 

 One area that is both well-studied is that of the benefit of high volume resection with 

respect to thirty-day mortality and overall survival. Unfortunately, there is no consensus on what 

number of pancreatic surgeries in a given year constitutes a high volume hospital and no papers 

have assessed the impact of using the ACS and NCCN definition of high volume.  Therefore, the 

literature would be aided by a testing of these definitions and an attempt to move towards having 

a volume cutoff that spans many studies. 

Another area that has been demonstrated throughout the literature is that black patients 

have poorer and less thorough treatment than their white counterparts.  Furthermore, if treatment 

is equalized, there is no difference in survival.  This provides relatively clear evidence of a racial 

disparity in outcomes because of treatment received.  Less has been published on the effect of 

Hispanic ethnicity on treatment and outcomes, but there is some evidence of such a disparity.  

However, the vast majority of published studies are based off of state, multi-institution, or the 

SEER database.  While these do provide useful information, the NCDB provides a larger 

coverage of pancreatic cancer cases in the US, more than doubling the cases that are covered in 

the US (approximately 70% in the NCDB vs. 28% in SEER).149-151  Furthermore, only one of the 

published studies looking at overall survival in pancreatic cancer patients was performed with 

the NCDB and it was for years of diagnosis of 1995-1999.75  Similarly, it is unclear whether the 

most recent NCDB-based perioperative mortality paper assessed race or ethnicity as a risk factor 

for high-volume or mortality.77 This is a clear area for further exploration of this topic within the 

NCDB. 
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With respect to age and gender, the existing literature has a similar distribution as race 

with most coming from smaller state and SEER-based populations.  There is strong evidence for 

the existence of a disparity in treatment as well as the outcomes in both populations.  While there 

may be a biological difference to explain part of the gender difference as well as a justifiable 

selection bias leading to age differences in treatment, it does appear that this difference is greater 

than should be seen while accounting for extent of disease.    Furthermore there are no studies 

from the NCDB covering the years from 2004-2007 and only age and gender-related mortality 

being examined in the pancreatectomy patients from 2007-2010.  Therefore, a more 

comprehensive analysis of how age affects the treatment as well as an expanded set of outcomes 

will serve to better analyze these populations. 

  As revealed above, rural/urban, SES and income differences are poorly studied in the 

literature and no consensus exists in available data regarding what role each plays in therapy or 

mortality disparities.  Therefore, a lack of conclusion for or against a disparity existing in this 

area is not reached and further study in larger databases such as the NCDB is greatly needed.  

A limitation of the existing literature that is true for all areas of demographics discussed 

above is that there has been a paucity of utilization of the larger NCDB for therapy choice and 

postoperative mortality/survival.  There are many areas that can be further understood with the 

large and clinically based NCDB variables.   

It is the goal of this thesis to help identify targets of improvement relating to disparities in 

the healthcare provided to pancreatic adenocarcinoma patients.  This thesis will add to the 

literature for several of the variables above utilizing the NCDB and in so doing, help to build 

towards a consensus in different areas of disparities.   From such a consensus, the intervention on 

the health and disparities of all sub-populations can be undertaken with clearer targets.  Whether 
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it leads to new policies, a restructuring of the access of various groups of patients, or forming 

new guidelines on the treatment of patients, targeted action will help to improve the overall 

public health of the pancreatic adenocarcinoma patients.  
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Methods 

Data Source 

Our patient population was derived from the National Cancer Data Base (NCDB) Pancreatic 

Participant Use Data File (PUF). The NCDB, a joint program of the Commission on Cancer 

(CoC) of the American College of Surgeons (ACoS) and the American Cancer Society (ACS), is 

a nationwide oncology outcomes database for more than 1,500 Commission-accredited cancer 

programs in the United States and Puerto Rico. The NCDB is one of the world’s largest cancer 

registries, comprising approximately 29 million records from hospital cancer registries and is 

approximately 2.5 times bigger than the National Cancer Institute’s Surveillance, Epidemiology 

and End Results (SEER) database.7  The NCDB is also unique as being the largest clinical cancer 

database, representing nearly 70% of pancreatic cancer diagnoses.  Rather than being population-

based, it is prospectively built by trained clinical data abstractors that provide patient-linked data 

that is unavailable in the SEER database without linkage in the SEER-Medicare linked data.   

The data available from the NCDB includes extensive patient demographics including 

insurance status, census-level education/income, ethnicity, race, gender, age, and population 

density in their county of residence.  In addition to demographic variables, the database also 

contains tumor characteristics (both pathological and clinical), survival, treatment center 

information, as well as detailed treatment information including the sequence and number of 

therapies received, treatment intent, reasons for failure to receive therapy, dosage, and several 

other variables.  Overall survival (OS) is defined in the NCDB as the number of months between 

the date of diagnosis and the date upon the patient was last contacted or died. 
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NCDB PUFs contain de-identified data distributed to individual CoC-approved cancer 

programs for analysis on a case-by-case basis.  Emory University was granted user access to the 

Pancreatic PUF containing incident cases for the nine-year period from 2003-2011.  The overall 

study period was chosen because 2003 was the first year co-morbidities via the Charlson/Deyo 

Comorbidity Score were added to the NCDB.  Co-morbidity status is considered a key variable 

in analyzing patients for OS and decisions for surgery.  The use and publication of these data are 

subject to review by the NCDB. 

Study Design 

When designing our study, seven sub-analyses were planned inside of the overall auspices of our 

study’s aim of examining disparities in pancreatic adenocarcinoma with seven hypotheses: 

 Hypothesis 1: There are a rurality-based differences in presentation and treatment of pancreatic 

adenocarcinoma patients 

 Hypothesis 2: There are racially-based differences in presentation and treatment of pancreatic 

adenocarcinoma patients 

 Hypothesis 3: There are social and demographic disparities in the patients that receive a curative 

resection attempt among those that are potentially resectable 

 Hypothesis 4: There are social and demographic disparities in patients that receive resection at a 

high volume center among those who received a curative resection attempt 

 Hypothesis 5: There are social and demographic disparities in patients that suffer a readmission 

within thirty days of a curative resection attempt 

 Hypothesis 6: There are social and demographic disparities in patients that die within thirty days 

of a curative resection attempt 

 Hypothesis 7: There are social and demographic survival disparities in pancreatic 

adenocarcinoma patients 
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In order to examine these seven hypotheses, we needed to look at outcomes in seven different patient 

groupings. 

First, for an overall descriptive analysis of the pancreatic adenocarcinoma cohort 

diagnosed between 2003 and 2011, we examined differences in presentation of disease.  This 

was accomplished in two different stratifications: racial definitions, and rural/urban definitions.  

We were specifically interested in whether or not any significant univariate differences in the 

presentation and demographics of patients were found based on racial differences or rural vs. 

urban patients.  

Second, we examined OS of all patients, limited by the patients for which five-year 

survival data are available (2003-2006).  We examined the effects of demographic and treatment 

factors on the OS of the pancreatic adenocarcinoma population as a whole using multivariable 

Cox regression models. 

Third, we examined the cohort of patients that were eligible for surgery and examined 

who received a curative surgical attempt.  Patient preoperative and demographic variables 

associated with resection were used to develop an epidemiological multivariable logistic 

regression model to assess what factors were associated with receipt of a curative surgical 

attempt while adjusting for other covariates.  OS was then compared amongst the patients who 

were eligible for surgery during the years of diagnosis 2003-2006.   Multivariable Cox regression 

models were used to adjust for covariates and see if demographic and treatment factors including 

the receipt of surgery, chemotherapy, and radiation conveyed significant survival differences 

when adjusting for the other preoperative and treatment factors. 
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Fourth, we examined the cohort of patients that received a curative resection attempt and 

examined who received surgery at a high-volume center.  A high volume center was defined 

according to the ACS recommendations of 15-20 pancreatic resections per year, per facility.  

Patient preoperative and demographic variables associated with resection and high-volume 

center were used to develop an epidemiological logistic regression model to assess what factors 

were associated with receipt of surgery at a high volume center.  In addition to the receipt of 

surgery, chemotherapy, and radiotherapy examined in the prior analysis, we also sought to see 

what factors affect the hospital volume in any given year of diagnosis affected survival.  We 

tested whether the high-volume definitions bounded by the upper and lower limits of the ACS 

recommendations conveyed a survival analysis.    

Fifth, we examined the cohort of patients who received a curative resection attempt to 

examine the rate of thirty-day readmissions following surgery and to see if demographic and 

treatment factors were associated with a patient readmission.  Patient preoperative and 

demographic variables associated with readmission were used to develop an epidemiological 

multivariable logistic regression model to assess what factors were associated with thirty-day 

postoperative readmission while adjusting for other covariates. 

Sixth, we examined the cohort of patients who received a curative resection attempt to 

examine the rate of thirty-day mortality following surgery and to see if demographic and 

treatment factors were associated with a patient readmission.  Patient preoperative and 

demographic variables associated with mortality were used to develop an epidemiological 

multivariable logistic regression model to assess what factors were associated with thirty-day 

postoperative mortality while adjusting for other covariates. 
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Last, we examined OS amongst resected patients from 2003-2006, including some 

variables relevant to the fourth through sixth analyses.  This was accomplished using 

multivariable Cox regression models adjusted for covariates to assess if demographic and 

treatment factors affected the OS of patients.   

Patient Selection 

Selection for Non-Survival Analyses 

 

Figure 1. Diagram of Patient Selection for Non-Survival Analyses 

 

Our first inclusion criterion was cases with year of diagnosis between 2003 and 2011, giving us 

240,268 patients (Figure 1). Next, we excluded patients whose tumors were primary islet cell 

tumors, as these could not by definition, be adenocarcinoma.  Second, we included only patients 

who had histology within the ICD-O codes of 8140,8141,8143,8147, and 8500, as these were the 

histologies that could be directly assigned as pancreatic adenocarcinoma.  Third, we excluded 

patients that had in-situ tumors and were not invasive tumors.  Fourth, we excluded patients that 
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did not have a microscopic verification of their diagnosis.  This left us with 171,070 pancreatic 

adenocarcinoma patients in our first cohort for our examination of presentation details for 

hypotheses one and two.   

For our third hypothesis, we excluded patients that were not receiving treatment at the 

same center where they received their diagnosis, as the data is not required to be completed in 

these cases in the NCDB.  We also excluded patients for whom this was not their first 

malignancy, as we could not verify that there was not a component of recurrence in their 

outcomes or in receipt of therapy.  Lastly, we excluded patients that were unresectable. Using the 

AJCC 6th/7th edition staging criteria for pancreatic adenocarcinoma, patients with T1-T3 and M0 

tumors were considered resectable.  In the case of missing T or M information, clinical stages 

1A, 1B, 2A, or 2B as assigned in the database were used to identify resectable disease. Patients 

with coding discrepancies such as having a T4, N2, or M1 tumor were excluded on the basis that 

it was not possible to determine whether or not the disease was in fact resectable or if it included 

one of the above factors that precludes a curative resection attempt. This left us with 33,255 

patients for analysis for hypothesis three. 

Lastly, for hypotheses four through six, we excluded patients that did not undergo 

resection, leaving us with 14,824 patients that underwent a curative resection attempt. 
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Selection for Survival Analyses 

 

Figure 2. Diagram of Patient Selection for Survival Analyses 

 

Five-year survival data was only available for the years of diagnosis 2003-2006 in the NCDB 

PUFs, leaving a potential 95,943 patients for analysis (Figure 2).  Just as with our non-survival 

analyses, we excluded patients if were an islet cell primary tumor, did not have a histology 

consistent with adenocarcinoma, were in-situ, and if the diagnosis was not confirmed 

microscopically.  Additionally, following the guidelines set by the NCDB, only patients who 

were treated at least in part at their diagnostic center and for whom pancreatic adenocarcinoma 

was their first malignancy were considered for analysis.  This left 51,836 patients available to 

look at overall survival in our overall adenocarcinoma cohort.   

In order to examine survival in potentially respectable patients, an additional 41,858 

patients were excluded from analysis due to the presence or inability to exclude advanced and 
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unrespectable disease.  A total of 9,976 patients had survival data available for analysis in this 

cohort.   

Lastly, we excluded patients who had not received a curative resection attempt, leaving 

3,453 patients with complete survival or censor data for analysis. 

Variables 

Variables used for our study can be broken down into five general categories: demographic, 

patient disease, facility level, treatment factors, and patient outcomes.  

Demographic variables considered included the following: patient age, gender (male vs. 

female), distance from treatment facility, education, income, rurality, race (white, black, other), 

Hispanic ethnicity (yes vs. no), and insurance type (private, government, uninsured). 

Distance to treatment facility in the NCDB is based on the midpoint of ZIP code of a 

patient’s residence and the treating facility, calculating a direct distance by air and not including 

any deference to roads.  This definition is referred to as the great circle distance and this was 

broken up into quartiles, similarly to the other area-based measures of income and education.  

Once the 25th, 50th, and 75th percentile were determined for the data, distances were rounded by 

less than 1 mile to the nearest 5 mile increment, corresponding to 5, 10, and 30 miles, 

respectively.   

Both income and education are census-track level data based on the 2000 census, broken 

into quartiles.  Income is the median household income level for the patient’s ZIP code.  

Education is based on the % of residents in a patient’s ZIP code without a high school degree. 

Rurality, the degree to which a given local is rural or urban, was derived from the rural, 

urban and metro categories in the original PUF data file.  The NCDB utilizes an adaptation of the 
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United States Department of Agriculture Economic Research Service’s 2003 Rural-Urban 

Continuum Codes, a classification providing nine categories/codes of rural/urban status, being 

broken into two larger categories of metro and non-metro.  Within the NCDB, the three metro 

categories were left unchanged but the six non-metro codes were broken further into four urban 

codes and two rural codes.  The levels assigned to each grouping did not change, simply the 

packaging of the codes into a three-tiered system (metro/urban/rural) from the original two tiered 

system.   Rather than keeping the original nine codes, we collapsed into the three metro, urban, 

and rural categories for analysis. 

Race is originally recorded in the NCDB within 30 different racial and 

nationalities/ethnicities.  Black and white patients make up more than 95% of the pancreatic 

adenocarcinoma patients between 2003 and 2001, with no or race/nationality comprising more 

than 0.5% other than the ‘Other’ and ‘Unknown’ categories.  With this in mind, we collapsed the 

race variable into white, black, and ‘other’. 

Insurance was derived from the 5 levels of the NCDB ‘Primary Payor’ variable including 

uninsured, private insurance/managed care, Medicaid, Medicare, and other Government 

insurance.  These were collapsed into the three variables of private, government, and uninsured.  

Any patients who had an unknown insurance status were set to missing. 

Patient disease factors were those related to the pancreatic cancer as well as the patient’s 

comorbidity status.  These included comorbidity status via the database coded Charlson 

comorbidity score, histology, primary site, tumor size, tumor behavior, and clinical/pathological 

tumor (T), nodal (N), and metastatic (M) status with a corresponding stage. 
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In order to identify patients who had been diagnosed with pancreatic adenocarcinoma, we 

used the World Health Organization’s International Classification of Diseases for Oncology 

(ICD-O) histology codes.  While the prior literature on the subject have included a long list of 

ICD-O codes from the second and third editions, we restricted our investigations to the clearly 

defined pancreatic adenocarcinoma (8140,8141,8143,8147, 8500)  while excluding the various 

subtypes of pancreatic cancer with specific origins or metaplasia that have been included in 

multiple prior analyses (8210,8211,8260-8263,8440,8503,8560,8570-8576).  Patients without a 

listed histology code were excluded from analysis. 

The primary site of a patient’s tumor was verified using the ICD-O site specific codes 

C25.0-25.3 and C25.7-25.9.  Patients with tumors in C25.4, or tumors originating in the Islets of 

Langerhans, were excluded from analysis, as these are non-adenocarcinoma tumors by 

definition.  The ‘behavior’ variable in the NCDB was used to verify that tumors were invasive 

and that no in situ tumors were utilized in the analyses.   

Clinical staging criteria varied within the study period, including cases staged with 

American Joint Committee on Cancer (AJCC) 6th and 7th editions, the current editions during the 

study period, and several earlier editions.  Only one patient in the study period was staged 

according to AJCC 5th edition staging criteria; however, a small number of cases each year were 

marked as being staged according to criteria set forth in editions earlier than the 5th edition or 

were not staged at all, amounting to 4.6% of the population.   

For staging of pancreatic cases, we re-calculated the clinical stage based on available 

information on the components used to define staging in the AJCC framework: Tumor (T), 

Nodal (N), and Metastatic (M) characteristics.  For cases that did not have sufficient TNM data 

to calculate a clinical stage, the original clinical stage as entered in the NCDB was used.  As it 
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was impossible to ascertain what staging criteria edition was used in those marked as being 

staged with an edition earlier than the 5th edition and determine what, if any, differences in TNM 

classification we would need to use in adjusting staging, information for these patients was re-

coded as missing.  For example, a patient listed as Stage 1 could be a stage 1A, 1B, or even 2A 

depending on which edition was used. While changes were made to other diseases between the 

6th and 7th editions of the AJCC staging criteria, no changes were made with respect to pancreatic 

adenocarcinoma.  This allowed for the use of a cohesive staging schema for the 95.4% of 

patients in the study period staged with AJCC 6th/7th edition criteria. 

Facility level factors included from the NCDB were facility location, type of facility, and 

the derived variable for facility volume. 

Facility location within the NCDB is coded as nine separate US areas, based upon the US 

Census Divisions.  In addition to the nine area inside of the US, there is an ‘Out of US’ to cover 

Puerto Rico and other facilities that may not be in a state but this was not present in any of the 

patients that met out inclusion and exclusion criteria. 

Facility type is coded as a four level variables with Academic, Comprehensive 

Community, Community, and Other cancer programs.  Given that the ‘Other’ facilities 

comprised less than 1% of the study population, the facility type variable was collapsed into the 

other three types and the ‘Other’ facilities were set to missing due to the heterogeneous nature of 

their membership.  A further academic vs. community cancer center variable was created and the 

‘Other’ facilities were again designated as missing, in large part because the Veterans Affairs 

Cancer Program is included in that grouping.  As a result of Veterans Affairs facilities close 

interactions with academic medical facilities and frequent staff-sharing, we cannot be sure which 

patients were treated in a similar way to an academic facility or community cancer program.  For 
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one analysis—that of high vs. low volume hospitals—it was necessary to collapse the variable 

further to academic and comprehensive community/community cancer programs, for there were 

no community cancer programs that met criteria of a high volume hospital. 

Facility volume was calculated as the number of pancreatic resections performed in a 

given year of diagnosis.  While there is no variable for facility volume in the pancreatic PUF, 

individual facilities are given unique identifiers that can be used to examine how many 

pancreatic resections were being performed.  We further defined a high-volume facility 

according to the higher and lower thresholds put forth by the ACS. These volumes constitute 

recommendations for patients to seek facilities that performed at least 15-20 pancreatic 

resections a year.  We felt it important to test and verify that the cutoffs for high-volume set by 

the ACS rather than use data-driven quartiles, tertiles, or some other cutoff for volume set points 

that will not match other datasets or guidelines.  All analyses using a high vs. low volume 

stratification or analysis was conducted with both greater than or equal to 15 as well as greater 

than or equal to 20 as cutoffs.  Because of the nature by which we assigned facility volume by 

calculating within the year of diagnosis, a facility that was considered high-volume at any 

particular time point could become low-volume in the next if they performed fewer resections in 

that year. 

The largest set of variables under consideration was the treatment factors.  These 

included receipt and type of surgery, receipt of chemotherapy, receipt of radiotherapy, time to 

treatment for any treatment modality, the order of treatment modalities, and the reasons that 

patients did not receive a given treatment, including refusal. 

For the purposes of this study, we defined surgery as a pancreatic resection intended for 

curative purposes, regardless of the future outcome.  The PUF primary surgery site variable was 
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used to identify patients for available data on surgery were available.  Amongst patients with 

data indicating a surgical procedure, the patients without clear surgical procedures ('Local 

excision of tumor, NOS' or 'Surgery, NOS') were excluded from our definition of having 

undergone a curative resection.  While this may have removed some patients that did undergo a 

surgery with the intent of providing a cure, we felt that it would be more important to include 

only patients for which we could verify that they received definitive surgical therapy for 

pancreatic adenocarcinoma.  Aside from unknown surgical procedures, all other types of 

pancreatic resection were ascertained from the primary surgery site. 

Both receipt of chemotherapy and radiotherapy were coded as dichotomous variables.  To 

distinguish adjuvant from neoadjuvant therapy, we defined variables for both treatment 

modalities to designate whether the patient received chemotherapy or radiotherapy before or 

after surgery, using the appropriate database variable for sequence of systemic and radiation 

therapy compared to surgery.  While all study years had a variable for timing of radiation with 

respect to surgery, a similar variable was missing for chemotherapy until 2006.  In order to fill in 

missing data, time to chemotherapy for these years, the number of days from diagnosis to 

surgery and chemotherapy were used, achieving less than 10% missing values for these three 

years.   

Failure to receive recommended therapy for any treatment modality was recorded as a 

corresponding variable listing multiple reasons for receiving or not receiving the specified 

therapy.  New variables for each modality were created where patients were recommended to 

receive a particular modality but failed to receive it.  Patients who died before being able to 

receive therapy were excluded from these variables. In addition to failure to receive treatment 

variables, we created a further subset of patients for whom therapy had been recommended but it 
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had been refused by either the patient or the family member.  A prior study using this variable 

from the NCDB in different time periods found a significant difference between racial groups.106 

Our last set of variables were the outcome variables of date of last contact, vital status, 

thirty-day mortality, and thirty-day readmissions.   

Overall survival was calculated using the date of last contact and corresponding vital 

status, creating the appropriate censoring variable at the same time for patients that were alive at 

last point of contact. Date of last contact in the NCDB is recorded as time from date of diagnosis 

in months.  In order to have an OS variable for postsurgical patients, we created a second OS 

variable with the starting point at time of a curative surgery attempt.   

Thirty-day postoperative mortality and thirty-day readmission are by definition only 

recorded for postsurgical patients.  Thirty-day mortality was recorded as a three level variable, 

the third level being an unknown status due to lack of a 30 day follow up, missing surgery date, 

or no date of last contact.  For the purposes of our study, we coded as unknown those cases with 

missing data.  The thirty-day readmission variable in the NCDB contains five levels that detail 

whether a readmission occurred as well as whether it was planned or not.  We broke this into two 

variables: a dichotomous readmission vs. no readmission and a readmission type variable 

including planned, unplanned, and patients who had both a planned and unplanned readmission.  

Statistical Analysis 

All statistical analyses were performed with using SAS version 9.4 (Cary, N.C).  Descriptive 

statistics were performed for the overall population, the overall population with complete OS 

data, the patients eligible for surgery, and those who received a curative surgical attempt.  

Descriptive differences were assessed with Chi-squared tests for categorical variables, t-tests for 
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comparisons of continuous variables with two strata, and ANOVA for continuous variables with 

three or more strata.   

For all multivariable models, the variables of age, sex, race, and comorbidity status were 

kept in the model regardless of the significance based on factors identified in the literature, 

though only race was frequently placed in models despite not reaching the significance level. 

In the overall population, racial and rurality were used to examine presentation 

differences. Univariate descriptive differences were assessed with Chi-square tests for 

categorical variables, t-tests for comparisons of continuous variables with two strata and 

ANOVA for continuous variables with three or more strata.  Univariate survival analyses were 

carried out in order to see what factors were associated with overall survival in those patients 

with complete survival data from 2003-2006.  Variables significant at an α less than or equal to 

0.2 were considered for further analysis.  The first filter for variables associated with overall 

survival was whether or not they were factors that could be used in the whole population and did 

not depend on the existence of another variable.  For example, postsurgical outcomes of 

readmissions, positive margins, and pathological stage were not included, as they were only 

available for patients that underwent surgery.  Next, an examination of whether or not variables 

made clinical sense was used to compile a final list for a multivariable Cox regression model. 

For the eligible for surgery population, univariate descriptive differences in variables 

based on whether they received a curative resection attempt were assessed with Chi-square tests 

for categorical variables, t-tests for comparisons of continuous variables with two strata and 

ANOVA for continuous variables with three or more strata.  Univariate survival analyses were 

carried out in order to see what factors were associated with overall survival in those patients 

with complete survival data from 2003-2006.    For both the descriptive and survival analyses, 
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variables significant at an α less than or equal to 0.2 were considered for further analysis.  The 

first filter for variables associated with overall survival was whether or not they were factors that 

could be used in the eligible for surgery population.  In the same fashion as for the overall 

population, surgical-dependent variables were not considered.  Next, an examination of whether 

or not variables made clinical sense was used to compile a final list for a multivariable logistic or 

Cox regression model. 

Lastly, for the population of patients who received a curative resection attempt, univariate 

descriptive differences in variables based on three different outcomes were assessed with Chi-

square tests for categorical variables, t-tests for comparisons of continuous variables with two 

strata and ANOVA for continuous variables with three or more strata.  The outcomes examined 

in this population were whether or not they received an operation at a high-volume center (using 

both 15 and 20 operation cutoffs), whether patients experienced a 30 day postoperative 

readmission, and whether patients experienced 30 day postoperative mortality. Although many 

variables like adjuvant therapy were examined in this population at the univariate level to see 

differences, only neoadjuvant therapy, where appropriate, was considered for the logistic 

regression models.  The reasoning for this is that only 1 patient received adjuvant therapy within 

the 30 days following surgery and typical wait times after surgery for adjuvant therapy generally 

exceed 30 days so would also not make sense to include adjuvant therapy.   

Univariate survival analyses were carried out in order to see what factors were associated 

with overall survival in those patients with complete survival data from 2003-2006.    For both 

the descriptive and survival analyses, variables significant at an α less than or equal to 0.2 were 

considered for further analysis.  The first filter for variables associated with overall survival was 

whether or not they were factors that could be used in the eligible for surgery population.  In the 
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same fashion as the overall population, surgical-dependent variables were not considered.  

Finally, an examination of whether or not variables made clinical sense was used to compile the 

list of variables for the multivariable logistic and Cox regression models.    
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Results 

Part 1: All Pancreatic Adenocarcinoma Patients 

Introduction 

In the first part of our analyses, we were interested in examining all pancreatic adenocarcinoma 

patients.  171,070 patients were included and described with descriptive analyses below.  

Following this analysis, two univariate analysis sets were performed with race and rurality.  The 

aims of these analyses were to see what, if any, factors differed among the presenting factors of 

pancreatic adenocarcinoma patients of different races and places of residences.  To culminate 

this section, we examined univariate overall survival of the population for which survival data 

were available and built a multivariable Cox regression model with the factors that met 

thresholds for significance. 

Descriptive Statistics 

Over the course of the study period, the number of patients with pancreatic adenocarcinoma 

increased with each additional year (Table 1.1). Patients had a mean age of 68 years, tended to be 

male, white, and of non-Hispanic ethnicity.  The vast majority of the population lived in 

metropolitan counties (81.6%) with almost half (47.9%) living within 10 miles of the facility at 

which they were treated.  For both education and income, the proportion at the lowest quartile 

was the smallest group and the number in each successive quartile increased, meaning that the 

largest portion of the population in both variables was those in the highest quartile.   In keeping 

with the mean age, the most common insurance type was government insurance, comprising 

62.8% of the overall population.   Patients also tended to be healthy, with 68.8% having a 

Charlson/Deyo comorbidity score of 0, indicating no major comorbidities.  Only 7.4 of patients 

had 2 or more comorbidities. 
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Table 1.1: Patient Demographics 

Table 1.1: Patient Demographics (N = 171070) 

Variable Level n (%) Variable Level n (%) 

Patient Age 
Mean ± SD 67.98 ± 11.52 

Income 

< $30,000 22898 (14.2) 

n 171,070 $30,000 - $34,999 29906 (18.6) 

Sex 
Male 87032 (50.9) $35,000 - $45,999 44977 (27.9) 

Female 84038 (49.1) $46,000 + 63412 (39.3) 

Race 

White 143225 (85) 

Percent without high 
school degree 

>=29% 27712 (17.2) 

Black 20019 (11.9) 20-28.9% 37387 (23.2) 

Other 5323 (3.2) 14-19.9% 38735 (24) 

Hispanic Ethnicity 
No 148914 (87) < 14% 57342 (35.6) 

Yes 22156 (13) 

Year of Diagnosis 

2003 15299 (8.9) 

Rurality Category 

Rural 3635 (2.3) 2004 16156 (9.4) 

Urban 25892 (16.1) 2005 16985 (9.9) 

Metro 130887 (81.6) 2006 18027 (10.5) 

Great Circle Distance 
Mean ± SD  46.02 ± 249 2007 19090 (11.2) 

n 163261 2008 20575 (12) 

Distance From Treatment Facility 
(Quartiles) 

<5 miles 45474 (27.9) 2009 20926 (12.2) 

5 to 9.9 miles 32655 (20) 2010 21539 (12.6) 

10 to 29.9 miles 43623 (26.7) 2011 22473 (13.1) 

30 miles or greater 41509 (25.4) 

Charlson/Deyo Score 

0 117757 (68.8) 

Insurance 

Not Insured 5310 (3.2) 1 40571 (23.7) 

Private Insurance 56532 (34) 2+ 12742 (7.4) 

Govt. Insurance 104609 (62.8)   

 

Most tumors were in the head of the pancreas (52.8%) and were categorized as adenocarcinoma 

without further specification (89.7%, Table 1.2), presenting with advanced, unresectable stage 3 

and 4 tumors (53.8%).  The mean size of tumors was 4.16 cm, placing them at T2 or greater, 

depending on what structures they involved.  Although the vast majority of patients (95.4%) 

were staged with the American Joint Commission on Cancer 6th/7th editions of the Cancer 

Staging Manual, 20.8% of patients could not be accurately staged with available information in 

the NCDB. 

Table 1.2: Tumor Characteristics 

Table 1.2: Tumor Characteristics (N = 171070) 

Variable Level n (%) Variable Level n (%) 

Site of Primary Tumor 

Head 90404 (52.8) 

AJCC Clinical T 

0 651 (0.4) 

Body 19536 (11.4) 1 6869 (4.1) 

Tail 19886 (11.6) 2 29769 (17.6) 

Other 41244 (24.1) 3 38445 (22.7) 

Histology 
Adenocarcinoma 153443 (89.7) 4 35578 (21) 

Ductal Adenocarcinoma 17607 (10.3) IS 23 (0) 

Size of Tumor (cm) 
 

Mean ± SD 4.18 ± 4.45 X 57940 (34.2) 

n 128986 

AJCC Clinical N 

0 65153 (38.5) 

0 152 (0.1) 1 40162 (23.7) 

1A 3974 (2.3) X 63897 (37.8) 
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Recalculated Clinical 
Stage Group with 
AJCC 6th/7th Edition 

1B 10930 (6.4) 
AJCC Clinical M 

0 98819 (59.1) 

2A 14611 (8.6) 1 68287 (40.9) 

2B 13513 (8) 
TNM Edition 
Number 

Not staged/Unknown 7793 (4.6) 

3 20853 (12.3) Sixth Edition 119363 (69.8) 

4 70433 (41.5) Seventh Edition 43914 (25.7) 

Unable to determine stage 35292 (20.8)  

 

Facilities that cared for patients with pancreatic cancer tended to be east of the Mississippi river, 

with the largest areas comprising the South Atlantic (Delaware, Florida, Georgia, Maryland, 

North Carolina, South Carolina, Virginia, and West Virginia) and the East North Central ( 

Illinois, Indiana, Michigan, Ohio, and Wisconsin) (Table 1.3).  The most common facility type 

was comprehensive community cancer programs (48.4 %), followed closely by academic and 

research programs (43.7%).  The mean number of pancreatic resections performed at a particular 

hospital in any given year was 19.42 cases.  The corresponding median cases was 8 with an 

interquartile range of 3 to 22 with a max of 170 cases/year.  

Table 1.3: Facility Characteristics 

Table 1.3: Facility Characteristics (N = 171070) 

Variable Level n (%) 

Facility Location 

New England 9672 (5.7) 

Middle Atlantic 27656 (16.2) 

South Atlantic 35444 (20.7) 

East North Central 30255 (17.7) 

East South Central 11107 (6.5) 

West North Central 14362 (8.4) 

West South Central 14801 (8.7) 

Mountain 7504 (4.4) 

Pacific 20269 (11.8) 

Facility Type (Restricted) 

Community Cancer Program 13425 (7.9) 

Comprehensive Community Cancer Program 82058 (48.4) 

Academic/Research Program 74142 (43.7) 

Facility volume of cases/Year at time of surgery 

Mean ± SD 19.42  ± 28.79 

n 152207 

≥15 pancreatic resections/year 54718 (35.9) 

≥20 pancreatic resections/year 43387 (28.5) 

 

With respect to therapy, 65.2 % of patients received some combination of a curative resection 

attempt, chemotherapy, and radiotherapy (Table 1.4).  Looking at specific therapies, 55.6% of 

patients received chemotherapy with a mean of 44.5 days from diagnosis to beginning treatment.  

The next most common therapy was radiotherapy, with 21.6% of patients receiving therapy with 
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a mean of 73 days and median of 57 days between diagnosis and treatment.  Least common was 

the only recognized potentially curable therapy for pancreatic adenocarcinoma—resection.  Only 

20.8% of patients had a curative resection attempted, occurring at a mean of 27.6 days after 

diagnosis.  Overall, treatment of any type (including hormonal, endocrine, and ‘Other’ 

treatments) was started at a mean of 27.3 days after diagnosis.  Palliative care was offered to 

13% of patients including any combination of pain control, palliative surgery, chemotherapy, or 

radiotherapy. 

Table 1.4: Treatment Characteristics 

Table 1.4: Treatment Characteristics (N = 171070) 

Variable Level n (%) Variable Level n (%) 

Chemotherapy 
No 73248 (44.4) 

Curative Resection Attempted 
No 135048 (79.2) 

Yes 91562 (55.6) Yes 35550 (20.8) 

Chemotherapy, Days from Dx 
Mean ± SD 44.46 ± 39.8 

Surgery, Days from Dx 
Mean ± SD 27.61 ± 47.22 

n 83285 n 34296 

Chemo Refused 
No 157784 (95.7) 

Resection Refused 
No 163346 (99) 

Yes 7026 (4.3) Yes 1714 (1) 

Chemo recommended but not 
performed  

No 156534 (95) Surgery recommended but not 
performed  

No 161914 (98.1) 

Yes 8276 (5) Yes 3146 (1.9) 

Radiotherapy 
No 133649 (78.4) 

Palliative Care Offered 
No 147667 (87) 

Yes 36844 (21.6) Yes 22050 (13) 

Radiation, Days from Dx 
Mean ± SD 72.99  ± 58.9 At Least 1 Standard Treatment 

Performed (Chemo, Radiation, or 
Resection) 

No 57899 (34.8) 

n 35857 Yes 108462 (65.2) 

Radiation Refused 
No 163574 (98.2) 

Treatment Started, Days from Dx 
Mean ± SD 27.3 ± 30.74 

Yes 2916 (1.8) n 107560 

Radiation recommended but 
not performed  

No 161938 (97.3) 

  Yes 4552 (2.7) 

 

Univariate Associations with Rurality 

Similar to the overall population, the number of pancreatic adenocarcinomas diagnosed increased 

over the course the study in each rurality category.  Both metro and urban categories increased 

stepwise by year but the rural category had an interruption with this trend in 2008 to 2010 (Table 

1.5).  Metro patients were older than urban patients (68.08 vs. 67.6, p<0.001) but no significant 

difference was noted between rural and urban or metro patients (Table 1.5).  Metro patients were 

more likely to be non-white (p<0.001) or Hispanic (p=0.02) compared to either urban or rural 
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patients.   Rural patients lived further away from the treating facility on average than metro 

patients (93.7 vs. 37.19 miles, p<0.001) as was true of urban and metro (83.95 vs. 37.19 miles, 

p<0.001) but this difference was not significant between rural and urban patients.  A higher 

percentage of rural patients (70.43%) received government insurance than urban (67.2%) or 

metro patients (62.02%). Among metro patients, the highest percentage lived in census tracts 

with <14%  not having a high school diploma (40.88%) and had the highest percentage of people 

with a median income of $46,000 or greater (46.7%) compared with either rural or urban patients 

(Table 1.5).  A small but significant difference was found in the comorbidity status of rural vs. 

urban and metro patients, with a higher proportion being in the 1 (24.73% vs. 24.14 and 23.8%) 

and 2+ comorbidity classifications (8.25% vs. 7.74 and 7.46%).  

Table 1.5: Univariate Differences in Patient Demographics by Rurality Category 
Table 1.5: Univariate Differences in Patient Demographics by Rurality Category (N=160,414) 

Variable 
n (%)   

Rural N=3635 Urban N=25892 Metro N=130887  P-value 

Patient Age 
n 3635 25892 130887 

<.001 
Mean (SD) 67.84 (11.05) 67.6 (11.25) 68.08 (11.59) 

Sex 
Male 1947 (53.56) 13596 (52.51) 66040 (50.46) 

<.001 
Female 1688 (46.44) 12296 (47.49) 64847 (49.54) 

Race 

White 3338 (92.98) 23247 (91.25) 107540 (83.37) 

<.001 Black 206 (5.74) 1847 (7.25) 16923 (13.12) 

Other 46 (1.28) 382 (1.5) 4529 (3.51) 

Hispanic Ethnicity 
No 3193 (87.84) 22584 (87.22) 113523 (86.73) 

0.02 
Yes 442 (12.16) 3308 (12.78) 17364 (13.27) 

Great Circle Distance 
n 3623 25840 130789 

<.001 
Mean (SD) 93.97 (141.77) 83.95 (277.34) 37.19 (246.79) 

Distance From Treatment Facility (Quartiles) 

<5 miles 4 (0.11) 1826 (7.07) 42792 (32.72) 

<.001 
5 to 9.9 miles 15 (0.41) 1038 (4.02) 30985 (23.69) 

10 to 29.9 miles 609 (16.81) 5474 (21.18) 36745 (28.09) 

30 miles or greater 2995 (82.67) 17502 (67.73) 20267 (15.5) 

Insurance 

Not Insured 136 (3.88) 840 (3.36) 4033 (3.16) 

<.001 Private Insurance 900 (25.68) 7365 (29.45) 44408 (34.82) 

Govt. Insurance 2468 (70.43) 16807 (67.2) 79108 (62.02) 

Income 

< $30,000 1648 (45.68) 6724 (26.39) 14313 (11.07) 

<.001 
$30,000 - $34,999 1267 (35.12) 9525 (37.38) 18657 (14.43) 

$35,000 - $45,999 613 (16.99) 7683 (30.15) 35925 (27.79) 

$46,000 + 80 (2.22) 1551 (6.09) 60372 (46.7) 

Percent without high school diploma 

>=29% 1310 (36.31) 6469 (25.39) 19659 (15.21) 

<.001 
20-28.9% 1122 (31.1) 8743 (34.32) 26840 (20.76) 

14-19.9% 811 (22.48) 7214 (28.32) 29916 (23.14) 

< 14% 365 (10.12) 3048 (11.97) 52844 (40.88) 

Year of Diagnosis 
2003 307 (8.45) 2298 (8.88) 11749 (8.98) 

0.029 
2004 347 (9.55) 2492 (9.62) 12413 (9.48) 
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2005 373 (10.26) 2462 (9.51) 13165 (10.06) 

2006 400 (11) 2746 (10.61) 13747 (10.5) 

2007 421 (11.58) 2862 (11.05) 14672 (11.21) 

2008 477 (13.12) 3134 (12.1) 15665 (11.97) 

2009 375 (10.32) 3172 (12.25) 16023 (12.24) 

2010 469 (12.9) 3255 (12.57) 16379 (12.51) 

2011 466 (12.82) 3471 (13.41) 17074 (13.04) 

Charlson/Deyo Score 

0 2436 (67.02) 17638 (68.12) 89981 (68.75) 

0.044 1 899 (24.73) 6250 (24.14) 31148 (23.8) 

2+ 300 (8.25) 2004 (7.74) 9758 (7.46) 

 

The location of primary tumors was significantly different, with metro patients having a lower 

percentage of pancreatic head tumors compared to rural and urban patients (52.27% vs. 55.74 

and 55.53%) and urban patients having a lower percentage of pancreatic tail tumors than 

metropolitan and rural patients( 10.81% vs. 11.72 and 11.8%; overall p<0.001).  There was also 

a significantly lower proportion of ductal adenocarcinomas in rural patients compared to urban 

and metropolitan patients (8.78% vs. 10.24 and 10.36%, p=0.007) There was no significant 

difference in the size of tumors between rurality categories and only small differences in AJCC T 

and N status were seen (Table 1.6).  Conversely, the percentage of metro patients who were 

metastatic at presentation was significantly higher compared to rural and urban patients (44.8% 

vs. 41 and 41.9%, p<0.001).  Corresponding to this, a higher proportion of urban patients were 

stage 4 compared to rural and urban patients (42.06% vs. 38.99 and 39.37%). 

Table 1.6: Univariate Differences in Tumor Characteristics by Rurality Category 
Table 1.6: Univariate Differences in Tumor Characteristics by Rurality Category (N=160,414) 

Variable 
n (%)   

Rural 
N=3635 

Urban 
N=25892 

Metro 
N=130887 

 P-
value 

Site of Primary Tumor (restricted) 

Head 2026 (55.74) 14378 (55.53) 68411 (52.27) 

<.001 
Body 374 (10.29) 2842 (10.98) 15109 (11.54) 

Tail 426 (11.72) 2798 (10.81) 15441 (11.8) 

Other 809 (22.26) 5874 (22.69) 31926 (24.39) 

Histology 
Adenocarcinoma 3316 (91.22) 23240 (89.76) 117321 (89.64) 

0.007 
Ductal Adenocarcinoma 319 (8.78) 2652 (10.24) 13566 (10.36) 

Size of Tumor (cm) 
n 2729 19647 98611 

0.188 
Mean (SD) 4.26 (4.15) 4.14 (4.42) 4.19 (4.48) 

AJCC Clinical T 

0 16 (0.45) 106 (0.41) 484 (0.37) 

<.001 

1 143 (4) 1127 (4.39) 5164 (3.99) 

2 646 (18.07) 4580 (17.86) 22710 (17.54) 

3 797 (22.29) 5964 (23.26) 29236 (22.57) 

4 770 (21.54) 5338 (20.81) 27261 (21.05) 
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IS 3 (0.08) 1 (0) 18 (0.01) 

X 1200 (33.57) 8529 (33.26) 44633 (34.46) 

AJCC Clinical N 

0 1435 (40.14) 10038 (39.15) 49532 (38.26) 

0.005 1 809 (22.63) 6165 (24.05) 30628 (23.66) 

X 1331 (37.23) 9432 (36.79) 49293 (38.08) 

AJCC Clinical M 
0 2198 (61.86) 15592 (61.52) 74790 (58.52) 

<.001 
1 1355 (38.14) 9754 (38.48) 53006 (41.48) 

Reassigned Clinical Stage Group with 
AJCC 6th/7th Edition 

0 7 (0.2) 21 (0.08) 108 (0.08) 

<.001 

1A 84 (2.34) 632 (2.46) 2996 (2.31) 

1B 261 (7.27) 1715 (6.67) 8256 (6.36) 

2A 312 (8.7) 2397 (9.33) 10968 (8.44) 

2B 274 (7.64) 2192 (8.53) 10143 (7.81) 

3 483 (13.46) 3228 (12.56) 15852 (12.2) 

4 1399 (38.99) 10119 (39.37) 54633 (42.06) 

Unable to determine stage 768 (21.4) 5398 (21) 26932 (20.73) 

TNM Edition Number 

Not staged/Unknown Staging Criteria 181 (4.98) 1234 (4.77) 5930 (4.53) 

<.001 Sixth Edition 2521 (69.35) 17948 (69.32) 91578 (69.97) 

Seventh Edition 933 (25.67) 6710 (25.92) 33379 (25.5) 

 

A much higher percentage of rural patients compared to urban and metro patient was treated at 

facilities in the divisions corresponding to the large farming economies of the Midwest: East 

North Central (Illinois, Indiana, Michigan, Ohio, and Wisconsin) and West North Central (Iowa, 

Kansas, Minnesota, Missouri, Nebraska, North Dakota, and South Dakota) (50.56% vs. 27.88 

and 15.09%; Table 1.7).  Rural area or residence also had the lowest proportion of patients seen 

at an academic program compared to urban and metro areas of residence (33.22% vs. 40.27 and 

44.52%, p<0.001) or to be cared for at a high volume facility, regardless if the volume definition 

was set as greater than 15 or greater than 20 cases. Urban patients had the highest proportion of 

patients cared for at high volume facilities with both definitions— ≥15 resections/year and ≥20 

resections/year (p<0.001). 

Table 1.7: Univariate Differences in Facility Characteristics by Rurality Category 
Table 1.7: Univariate Differences in Facility Characteristics by Rurality Category (N=160,414) 

Variable 
n (%)   

Rural N=3635 Urban N=25892 Metro N=130887  P-value 

Facility Location 

New England 97 (2.67) 1039 (4.01) 7248 (5.54) 

<.001 

Middle Atlantic 50 (1.38) 2373 (9.16) 23937 (18.29) 

South Atlantic 644 (17.72) 4789 (18.5) 26288 (20.08) 

East North Central 420 (11.55) 4802 (18.55) 23890 (18.25) 

East South Central 694 (19.09) 3141 (12.13) 6840 (5.23) 

West North Central 1144 (31.47) 4077 (15.75) 8913 (6.81) 

West South Central 270 (7.43) 2886 (11.15) 11096 (8.48) 

Mountain 196 (5.39) 1271 (4.91) 5367 (4.1) 
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Pacific 120 (3.3) 1514 (5.85) 17308 (13.22) 

Facility Type (Restricted) 

Community Cancer Program 370 (10.26) 3343 (13.05) 8662 (6.67) 

<.001 Comprehensive Community Cancer Program 2038 (56.52) 11964 (46.69) 63370 (48.81) 

Academic/Research Program 1198 (33.22) 10319 (40.27) 57792 (44.52) 

Facility volume of cases/Year at 
time of surgery 

n 3168 22521 117103 
<.001 

Mean (SD) 17.18 (27.49) 20.13 (29.72) 19.19 (28.34) 

≥15 pancreatic resections/year 966 (30.49) 8227 (36.53) 42003 (35.87) <.001 

≥20 pancreatic resections/year 788 (24.87) 6807 (30.23) 32838 (28.04) <.001 

 

Each therapy modality was received by the highest proportion of a different population of 

patients: a higher proportion of metro patients received chemotherapy than their rural and urban 

counterparts (55.8% vs. 53.75 and 53.93%, p<0.001) while a higher proportion of rural patients 

received radiotherapy compared to their urban and metro counterparts (23.13% vs.22.47 and 

21.31%, p<0.001) and a higher proportion of urban patients received a curative resection, though 

this was not significant.  Examining whether patients received one of three standard treatments—

chemotherapy, radiation, or surgery—there was a significant difference found between rurality 

categories, with rural patients receiving therapy 62.91% of the time compared to 64.42% for 

urban and 65.29% for metro patients, with p<0.001.  A higher percentage of rural patients 

refused any of the three therapies, though the difference was only significant for radiation and 

chemotherapy (p<0.001).   

Chemotherapy was started the soonest in rural patients, with a mean of 41.4 days post 

diagnosis, which was significantly sooner than either metro (44.49 days, p=0.003) or urban 

populations (44.29 days, p=0.01). Both rural and urban populations received radiotherapy sooner 

than their metro counterparts (65.21 vs. 74.2 days and 67.09 vs. 74.2 days, respectively) with a 

p< 0.001, but they did not differ significantly from each other.  There was no significant 

difference in time to surgery.  At least one treatment modality was used with decreasing 

frequency as population density decreased (p=<0.001) and rural populations had the lowest mean 

days to treatment at 25.32.  Mean days to rural treatment of any kind was significantly lower 
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than either urban (24.95 vs. 26.74 days, p=0.004) or metro populations (24.95 vs. 27.45 days, 

p=0.03) and urban patients also received treatment sooner than metro patients (p=0.02).  There 

was no significant difference in the time to one of the three standard therapies.  Lastly, palliative 

care was offered with increasing frequency as population density decreased (p<0.001), reaching 

the highest proportion in rural patients at 15.57%.  

Table 1.8: Univariate Differences in Treatment Characteristics by Rurality Category 
Table 1.8: Univariate Differences in Treatment Characteristics by Rurality Category (N=160,414) 

Variable 
n (%)   

Rural N=3635 Urban N=25892 Metro N=130887  P-value 

Chemotherapy 
No 1624 (46.25) 11470 (46.07) 55768 (44.2) 

<.001 
Yes 1887 (53.75) 13428 (53.93) 70400 (55.8) 

Chemotherapy, Days from Dx 
N 1774 12492 63578 

0.005 
Mean (SD) 41.4 (33.65) 44.29 (43.32) 44.49 (39.27) 

Chemo Refused 
No 3322 (94.62) 23750 (95.39) 120886 (95.81) 

<.001 
Yes 189 (5.38) 1148 (4.61) 5282 (4.19) 

Chemo recommended but not performed  
No 3300 (93.99) 23624 (94.88) 119871 (95.01) 

0.02 
Yes 211 (6.01) 1274 (5.12) 6297 (4.99) 

Radiotherapy 
No 2775 (76.87) 19992 (77.53) 102663 (78.69) 

<.001 
Yes 835 (23.13) 5794 (22.47) 27805 (21.31) 

Radiation, Days from Dx 
n 816 5653 27050 

<.001 
Mean (SD) 65.21 (50.71) 67.09 (51.81) 74.2 (60.09) 

Radiation Refused 
No 3454 (97.79) 24612 (97.99) 125310 (98.28) 

<.001 
Yes 78 (2.21) 504 (2.01) 2189 (1.72) 

Radiation recommended but not performed  
No 3417 (96.74) 24401 (97.15) 124021 (97.27) 

0.109 
Yes 115 (3.26) 715 (2.85) 3478 (2.73) 

Curative Resection Attempted 
No 2917 (80.36) 20410 (79.05) 103469 (79.28) 

0.187 
Yes 713 (19.64) 5408 (20.95) 27044 (20.72) 

Surgery, Days from Dx 
n 720 5524 27288 

0.123 
Mean (SD) 25.86 (38.62) 26.99 (43.92) 27.8 (48.21) 

Resection Refused 
No 3474 (98.86) 24586 (98.88) 125044 (98.96) 

0.427 
Yes 40 (1.14) 279 (1.12) 1310 (1.04) 

Surgery recommended but not performed  
No 3449 (98.15) 24370 (98.01) 123942 (98.09) 

0.659 
Yes 65 (1.85) 495 (1.99) 2412 (1.91) 

Palliative Care Offered 
No 3041 (84.43) 21806 (84.96) 113494 (87.39) 

<.001 
Yes 561 (15.57) 3860 (15.04) 16371 (12.61) 

At Least 1 Standard Treatment Performed 
(Chemo, Radiation, or Resection) 

No 1316 (37.09) 8946 (35.58) 44188 (34.71) 
<.001 

Yes 2232 (62.91) 16197 (64.42) 83104 (65.29) 

Treatment Started, Days from Dx 
n 2240 16297 82142 

<.001 
Mean (SD) 24.95 (24.62) 26.74 (34.02) 27.45 (30.2) 

 

Univariate Associations with Race 

As seen in overall and rurality split patient populations, the number of pancreatic 

adenocarcinoma diagnoses increased with each successive year in all categories, with the 

exception of a small decrease in the ‘Other’ category for 2005 (Table 1.9).  Whites were 
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significantly older (68.4) than either blacks (65.4) or ‘other’ patients (66.68) and ‘other’ patients 

were also significantly older than black patients.  All differences were significant at an α <0.001.  

Black patients, compared to their white and ‘Other’ counterparts, had the highest proportion of 

female patients (54.16% vs. 48.39 and 49.93%), were least likely to be of Hispanic ethnicity 

(7.42% vs. 12.68 and 12.46%), had the highest proportion of patients living in census tracks 

belonging to the bottom two quartiles of income (57.35% vs. 29.74 and 23.48%) and the bottom 

two quartiles of education (61.42% vs. 36.26 and 40.9%).  Black patients were also living closest 

to their treatment centers, with 66.1% of them living within 10 miles  with a mean distance of 

22.57 miles compared to white patients (48.4 miles, p<0.001) or ‘Other’ patients (46.2 miles, 

p<0.001).  Lastly, black patients’ comorbidity status was worse, a higher proportion with a 

Charlson/Deyo score of 1 (28.14% vs. 23.19 and 23.71%) or 2+ (8.88% vs. 7.38 and 4.98%; 

Table 1.9). 

Table 1.9: Univariate Differences in Patient Demographics by Race 
Table 1.9: Univariate Differences in Patient Demographics by Race (N=168,567) 

Variable 
n (%)   

White N=143225 Black N=20019 Other N=5323  P-value 

Patient Age 
n 143225 20019 5323 

<.001 
Mean (SD) 68.4 (11.44) 65.4 (11.55) 66.68 (12.04) 

Sex 
Male 73919 (51.61) 9177 (45.84) 2665 (50.07) 

<.001 
Female 69306 (48.39) 10842 (54.16) 2658 (49.93) 

Hispanic Ethnicity 
No 125065 (87.32) 18533 (92.58) 4660 (87.54) 

<.001 
Yes 18160 (12.68) 1486 (7.42) 663 (12.46) 

Rurality Category 

Rural 3338 (2.49) 206 (1.09) 46 (0.93) 

<.001 Urban 23247 (17.33) 1847 (9.73) 382 (7.71) 

Metro 107540 (80.18) 16923 (89.18) 4529 (91.37) 

Great Circle Distance 
n 136659 19176 5031 

<.001 
Mean (SD) 48.4 (260.54) 22.57 (79.06) 46.2 (292.72) 

Distance From Treatment Facility (Quartiles) 

<5 miles 35199 (25.76) 8009 (41.77) 1813 (36.04) 

<.001 
5 to 9.9 miles 26499 (19.39) 4665 (24.33) 1156 (22.98) 

10 to 29.9 miles 38230 (27.97) 3583 (18.68) 1249 (24.83) 

30 miles or greater 36731 (26.88) 2919 (15.22) 813 (16.16) 

Insurance 

Not Insured 3825 (2.74) 1098 (5.64) 304 (5.91) 

<.001 Private Insurance 47705 (34.19) 6070 (31.17) 1856 (36.07) 

Govt. Insurance 87986 (63.07) 12307 (63.19) 2986 (58.03) 

Income 

< $30,000 15150 (11.23) 6921 (36.58) 579 (11.6) 

<.001 
$30,000 - $34,999 24971 (18.51) 3929 (20.77) 605 (12.12) 

$35,000 - $45,999 38704 (28.68) 4458 (23.56) 1144 (22.91) 

$46,000 + 56111 (41.58) 3610 (19.08) 2665 (53.37) 

Percent without high school diploma >=29% 18869 (13.99) 7553 (39.93) 979 (19.61) <.001 
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20-28.9% 30048 (22.27) 5768 (30.49) 1063 (21.29) 

14-19.9% 34365 (25.47) 2881 (15.23) 916 (18.35) 

< 14% 51638 (38.27) 2715 (14.35) 2035 (40.76) 

Year of Diagnosis 

2003 13047 (9.11) 1652 (8.25) 397 (7.46) 

<.001 

2004 13585 (9.49) 1830 (9.14) 501 (9.41) 

2005 14246 (9.95) 1992 (9.95) 490 (9.21) 

2006 15045 (10.5) 2124 (10.61) 538 (10.11) 

2007 15974 (11.15) 2233 (11.15) 570 (10.71) 

2008 17233 (12.03) 2345 (11.71) 670 (12.59) 

2009 17506 (12.22) 2418 (12.08) 677 (12.72) 

2010 17912 (12.51) 2614 (13.06) 735 (13.81) 

2011 18677 (13.04) 2811 (14.04) 745 (14) 

Charlson/Deyo Score 

0 99440 (69.43) 12609 (62.99) 3796 (71.31) 

<.001 1 33214 (23.19) 5633 (28.14) 1262 (23.71) 

2+ 10571 (7.38) 1777 (8.88) 265 (4.98) 

 

A small but statistically significant difference in the location and size of tumors was seen 

between races, though the clinical relevance of this difference is unclear.  Similar to the rural 

categories, small differences in T status were seen but no significant differences in N status were 

seen.  When compared to their white and ‘Other’ counterparts, there was a significantly higher 

proportion of black patients diagnosed with metastatic disease (43.69% vs. 40.63 and 39.98%) 

and stage 4 disease (44.11% vs. 41.26 and 40.29%). 

Table 1.10: Univariate Differences in Tumor Characteristics by Race  
Table 1.10: Univariate Differences in Tumor Characteristics by Race (N=168,567) 

Variable 
n (%)   

White N=143225 Black N=20019 Other N=5323  P-value 

Site of Primary Tum 

Head 76098 (53.13) 10162 (50.76) 2763 (51.91) 

<.001 
Body 16422 (11.47) 2189 (10.93) 600 (11.27) 

Tail 16300 (11.38) 2706 (13.52) 646 (12.14) 

Other 34405 (24.02) 4962 (24.79) 1314 (24.69) 

Histology 
Adenocarcinoma 128167 (89.49) 18271 (91.27) 4736 (88.99) 

<.001 
Ductal Adenocarcinoma 15058 (10.51) 1748 (8.73) 586 (11.01) 

Size of Tumor (cm) 
n 108371 14588 4085 

<.001 
Mean (SD) 4.16 (4.4) 4.35 (4.74) 4.37 (5.12) 

AJCC Clinical T 

0 540 (0.38) 65 (0.33) 33 (0.63) 

<.001 

1 5908 (4.17) 675 (3.41) 198 (3.78) 

2 25181 (17.77) 3419 (17.26) 830 (15.86) 

3 32205 (22.72) 4420 (22.31) 1236 (23.62) 

4 29277 (20.65) 4551 (22.97) 1250 (23.89) 

IS 18 (0.01) 5 (0.03) 0 (0) 

X 48616 (34.3) 6677 (33.7) 1685 (32.2) 

AJCC Clinical N 

0 54548 (38.49) 7738 (39.09) 2060 (39.38) 

0.223 1 33649 (23.74) 4665 (23.57) 1260 (24.09) 

X 53503 (37.76) 7392 (37.34) 1910 (36.51) 

AJCC Clinical M 
0 83140 (59.37) 10992 (56.31) 3067 (60) 

<.001 
1 56908 (40.63) 8528 (43.69) 2044 (39.98) 

0 119 (0.08) 21 (0.11) 9 (0.17) <.001 
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Reassigned Clinical Stage Group 
with AJCC 6th/7th Edition 

1A 3406 (2.4) 389 (1.96) 122 (2.32) 

1B 9294 (6.54) 1171 (5.89) 325 (6.19) 

2A 12290 (8.65) 1584 (7.97) 490 (9.33) 

2B 11380 (8.01) 1454 (7.32) 408 (7.77) 

3 17197 (12.1) 2610 (13.13) 731 (13.91) 

4 58650 (41.26) 8765 (44.11) 2117 (40.29) 

Unable to determine stage  29804 (20.97) 3878 (19.51) 1052 (20.02) 

TNM Edition Number 

Not staged 6431 (4.49) 983 (4.91) 211 (4.15) 

<.001 Sixth Edition 100288 (70.02) 13621 (68.04) 3627 (68.14) 

Seventh Edition 36506 (25.49) 5415 (27.05) 1475 (27.71) 

 

In looking at the regions in which patients lived, the highest proportion of ‘other’ patients 

(42.89%) lived in the Pacific census division (California, Oregon, and Washington), while both 

black and white patients clustered in the Middle Atlantic, South Atlantic, and East North Central 

divisions, with whites not having a dominant division and blacks representing 34.14% of patients 

living in the South Atlantic division.  There was a significant difference in the proportion of 

patients seen at an academic facility, with black patients having the highest proportion (50.34%) 

compared to whites (42.25%) and ‘other’ patients (47.51%).  Despite having the lowest 

proportion of patients that were seen at academic facilities, white patients were seen at hospitals 

with the highest average  annual volume (19.49 cases) compared to black (17.81 cases, p<0.001) 

and ‘other’ patients (18.15, p=0.004). White patients also had the highest proportion of patients 

seen at a high volume hospital for both cutoff values (15 or 20 cases) (Table 1.11). 

Table 1.11: Univariate Differences in Facility Characteristics by Race  
Table 1.11: Univariate Differences in Facility Characteristics by Race (N=168,567) 

Variable 
n (%)   

White N=143225 Black N=20019 Other N=5323  P-value 

Facility Location 

New England 8953 (6.25) 450 (2.25) 157 (2.95) 

<.001 

Middle Atlantic 23260 (16.24) 3058 (15.28) 840 (15.78) 

South Atlantic 27703 (19.34) 6835 (34.14) 647 (12.15) 

East North Central 25742 (17.97) 3667 (18.32) 424 (7.97) 

East South Central 9093 (6.35) 1923 (9.61) 67 (1.26) 

West North Central 12951 (9.04) 870 (4.35) 243 (4.57) 

West South Central 12249 (8.55) 2038 (10.18) 400 (7.51) 

Mountain 6900 (4.82) 205 (1.02) 262 (4.92) 

Pacific 16374 (11.43) 973 (4.86) 2283 (42.89) 

Facility Type (Restricted) 

Community Cancer Program 11399 (8.02) 1458 (7.36) 477 (9.1) 

<.001 Comprehensive Community Cancer Program 70652 (49.73) 8380 (42.3) 2275 (43.39) 

Academic/Research Program 60026 (42.25) 9973 (50.34) 2491 (47.51) 

Facility volume of cases/Year 
at time of surgery 

n 127061 17923 4840 
<.001 

Mean (SD) 19.49 (29.1) 17.81 (25.81) 18.15 (26.99) 
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≥15 pancreatic resections/year 45317 (35.67) 6309 (35.2) 1633 (33.74) 0.013 

≥20 pancreatic resections/year 36018 (28.35) 4853 (27.08) 1318 (27.23) <.001 

 

White patients had the highest proportion of patients who received any of the three treatment 

modalities and the proportion of patients that received any combination of the three modalities or 

any recognized type of treatment (Table 1.12).  The overall differences in receipt of therapy 

amongst the racial groups all had p-values <0.001.   In all categories, black patients had the 

lowest proportion of patients receiving therapy, though differences tended to be quite small with 

the exception of receipt of a curative surgical attempt.   With curative resection attempts, black 

patients received a resection attempt 16.61% of the time, fewer than 20.59% for ‘other’ patients 

and 21.49% for white patients. No significant difference in the proportion of patients who were 

offered palliative care or refused any one of the three therapies was seen across racial categories.   

Chemotherapy was started the soonest in white and ‘other’ patients with significant 

differences between either black and white (44.12 vs. 47.07 days, p<0.001) or black and ‘other’ 

patients (44.31 days, p=0.008). ‘Other’ patients received surgery the soonest at 25.77 days from 

diagnosis but this was only significantly different from black patients, who received surgery 

28.92 days from diagnosis (p=0.04) There was no significant difference in time to radiation.  

Table 1.12: Univariate Differences in Treatment Characteristics by Race  
Table 1.12: Univariate Differences in Treatment Characteristics by Race (N=168,567) 

Variable 
n (%)   

White N=143225 Black N=20019 Other N=5323  P-value 

Chemotherapy 
No 60716 (43.93) 8941 (46.42) 2345 (46.04) 

<.001 
Yes 77482 (56.07) 10319 (53.58) 2748 (53.96) 

Chemotherapy, Days from Dx 
n 70469 9662 2272 

<.001 
Mean (SD) 44.12 (39.46) 47.07 (42.65) 44.31 (37.28) 

Chemo Refused 
No 132260 (95.7) 18492 (96.01) 4861 (95.44) 

0.081 
Yes 5938 (4.3) 768 (3.99) 232 (4.56) 

Chemo recommended but not performed  
No 131312 (95.02) 18264 (94.83) 4818 (94.6) 

0.238 
Yes 6886 (4.98) 996 (5.17) 275 (5.4) 

Radiotherapy 
No 111669 (78.21) 15730 (78.85) 4159 (78.44) 

0.122 
Yes 31106 (21.79) 4220 (21.15) 1143 (21.56) 

Radiation, Days from Dx 
n 30295 4130 1081 

0.009 
Mean (SD) 73.05 (58.42) 70.76 (56.81) 76.35 (69.57) 

Radiation Refused 
No 137000 (98.22) 19133 (98.43) 5094 (98.19) 

0.097 
Yes 2489 (1.78) 305 (1.57) 94 (1.81) 
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Radiation recommended but not performed  
No 135735 (97.31) 18889 (97.18) 5056 (97.46) 

0.436 
Yes 3754 (2.69) 549 (2.82) 132 (2.54) 

Curative Resection Attempted 
No 112139 (78.51) 16644 (83.39) 4218 (79.41) 

<.001 
Yes 30699 (21.49) 3316 (16.61) 1094 (20.59) 

Surgery, Days from Dx 
n 30959 3446 1079 

0.027 
Mean (SD) 27.64 (46.59) 28.92 (52.16) 24.77 (49.97) 

Resection Refused 
No 136759 (98.95) 19177 (99.01) 5111 (99.05) 

0.599 
Yes 1453 (1.05) 192 (0.99) 49 (0.95) 

Surgery recommended but not performed  
No 135637 (98.14) 18980 (97.99) 5072 (98.29) 

0.248 
Yes 2575 (1.86) 389 (2.01) 88 (1.71) 

Palliative Care Offered 
No 123394 (86.89) 17378 (87.23) 4629 (87.7) 

0.104 
Yes 18623 (13.11) 2544 (12.77) 649 (12.3) 

At Least 1 Standard Treatment Performed 
(Chemo, Radiation, or Resection) 

No 47675 (34.18) 7313 (37.67) 1863 (36.13) 
<.001 

Yes 91822 (65.82) 12099 (62.33) 3294 (63.87) 

Time to Standard Treatment, Days from Dx 
n 10540 1214 342 

<.001 
Mean (SD) 18.61 (22.68) 19.3 (21.59) 13.49 (17.47) 

Treatment Started, Days from Dx 
n 91104 12155 3072 

<.001 
Mean (SD) 26.84 (30.34) 31.06 (33.61) 26.6 (30.05) 

 

Univariate Survival Differences in All Pancreatic Adenocarcinoma Patients 

All demographic characteristics were significantly associated with survival other than Hispanic 

ethnicity and rural category of residence (Table 2.1).  Each additional year of age conferred a 2% 

increase of the hazard of death (HR 1.02 [95% CI 1.02-1.02], p<0.001), amounting to a 21.9% 

difference among patients 10 years apart in age.  Compared to males, females had a 3% lower 

hazard of death as compared to their male counterparts (HR 0.98 [95% CI 0.96-0.99], p=0.003).  

With racial differences, black patients had a 10% higher hazard of death (HR 1.1 [95% CI 1.07-

1.13], p<0.001) compared with whites while patients belonging to the ‘other’ category had a 7 % 

advantage in the hazard of death (HR 0.93 [95% CI 0.88-0.98], p<0.001) compared to white 

patients.  This also was demonstrated by a shorted median survival time for black patients 

compared to white patients (5.29 months [95% CI 5.06-5.49] vs. 6.21 months [95% CI 6.11-

6.31], p<0.001; Figure 2.1) longer median survival time for other patients compared to white 

patients (5.54 months [95% CI 6.24-7.2] vs. 6.21 months [95% CI 6.11-6.31], p=0.009; Figure 

2.2).    
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A patient’s distance from their treatment center was significant with respect to each 

additional mile, providing an incrementally increasing hazard reduction of 10-27% with 

increasing distances, all p-values <0.001 (Table 2.1).  Patients with government insurance had 

the highest hazard of death when compared to private insurance (HR 1.34 [95% CI 1.32-1.37], 

p<0.001) with uninsured patients also having a significantly higher hazard of death at 1.24 (95% 

CI 1.18-1.31, p<0.001).  Both the median survival times for government insured (5.06 months 

[95% CI 4.96-5.13]) and uninsured patients (5.36 months [95% CI 4.96-5.85]) were significantly 

lower than that of their privately insured counterparts (7.95 months [95% CI 7.79-8.11], p<0.001 

Figure 2.3).  

Compared to the highest quartiles in both education and income, there was a stepwise 

higher HR.  The increase in HR associated with income were from a 9% to 16% higher hazard of 

death compared to those patients belonging to census tracks with a median income of $46,000 or 

greater with all p-values <0.001.  Lower levels of education were also associated with increases 

of a very similar magnitude, with an increase of 8% to 15% in the hazard of death compared with 

those patients belonging to census tracks with less than 14% of the population lacking a high-

school degree, also with all p-values significant at <0.001 

Table 2.1: Univariate Association of OS with Patient Demographics  
Table 2.1: Univariate Association of OS with Patient Demographics (N=51,834) 

Covariate Level n Hazard Ratio (95% CI) HR P-value Log-rank P-value 

Patient Age   51834 1.02 (1.02-1.02) <.001 - 

Sex 
Female 25535 0.97 (0.96-0.99) 0.003 

0.003 
Male 26299 - - 

Race 

Black 6224 1.10 (1.07-1.13) <.001 

<.001 Other 1613 0.93 (0.88-0.98) 0.009 

White 43280 - - 

Hispanic Ethnicity 
Yes 7345 1.00 (0.97-1.02) 0.913 

0.913 
No 44489 - - 

Rurality Category 

Rural 1044 1.06 (0.99-1.12) 0.086 

0.181 Urban 7653 1.01 (0.99-1.04) 0.378 

Metro 39992 - - 

Distance From Treatment Facility (Quartiles) 

5 to 9.9 miles 9974 0.90 (0.88-0.93) <.001 

<.001 10 to 29.9 miles 12983 0.83 (0.81-0.85) <.001 

30 miles or greater 12012 0.73 (0.71-0.75) <.001 
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<5 miles 14574 - - 

Insurance 

Not Insured 1704 1.24 (1.18-1.31) <.001 

<.001 Govt. Insurance 29996 1.34 (1.32-1.37) <.001 

Private Insurance 18340 - - 

Income 

< $30,000 7258 1.16 (1.13-1.19) <.001 

<.001 
$30,000 - $34,999 9165 1.13 (1.10-1.16) <.001 

$35,000 - $45,999 13558 1.09 (1.07-1.11) <.001 

$46,000 + 18960 - - 

Education 

>=29% 8694 1.15 (1.12-1.18) <.001 

<.001 
20-28.9% 11536 1.12 (1.09-1.15) <.001 

14-19.9% 11643 1.08 (1.06-1.11) <.001 

< 14% 17066 - - 

Year of Diagnosis 

2004 12728 0.95 (0.93-0.98) <.001 

<.001 
2005 13245 0.95 (0.93-0.97) <.001 

2006 13777 0.92 (0.90-0.95) <.001 

2003 12084 - - 

Charlson/Deyo Score 

1 11677 1.14 (1.12-1.17) <.001 

<.001 2+ 3332 1.44 (1.39-1.49) <.001 

0 36825 - - 

 

Figure 2.1: Kaplan-Meier Survival Curves for Black vs. White Patients in Overall Cohort 
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Figure 2.2: Kaplan-Meier Survival Curves for Other vs. White Patients in Overall Cohort 

 

Figure 2.3: Kaplan-Meier Survival by Insurance Status in Overall Cohort 
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All tumor factors were significantly associated with overall survival.  All tumor anatomic 

locations had a higher hazard of death compared to tumors in the head of the pancreas, varying 

from a 30 to a 49% higher hazard of death (p<0.001, Table 2.2).  Each centimeter increase in 

tumor size was association with a very small 1% higher hazard of death, a value of questionable 

clinical significance.  On the other hand, the patients with a histology corresponding to ductal 

adenocarcinoma had a 44% lower hazard of death compared to those with traditional 

adenocarcinoma (p<0.001).  In all T, N, and M classifications, the highest hazard was associated 

with the highest level in each categorization.  On the other hand, the increase in hazard was not 

stepwise, even when looking at the combined clinical stage (Table 2.2). The single highest 

hazard was with stage 4 disease, corresponding to a hazard ratio of 3.04 (p<0.001). 

Table 2.2: Univariate Association of OS with Tumor Characteristics  
Table 2.2: Univariate Association of OS with Tumor Characteristics (N=51,834) 

Covariate Level n Hazard Ratio (95% CI) HR P-value Log-rank P-value 

Site of Primary Tumor (restricted) 

Body 5298 1.30 (1.26-1.34) <.001 

<.001 
Tail 5699 1.49 (1.45-1.54) <.001 

Other 12886 1.46 (1.43-1.50) <.001 

Head 27951 - - 

Size of Tumor (cm)   35939 1.01 (1.01-1.01) <.001 - 

Histology 
Ductal Adenocarcinoma 5028 0.56 (0.54-0.58) <.001 

<.001 
Adenocarcinoma 46798 - - 

AJCC Clinical T 

0 139 1.70 (1.42-2.04) <.001 

<.001 

2 7197 1.40 (1.32-1.49) <.001 

3 8874 1.23 (1.16-1.31) <.001 

4 11447 1.44 (1.36-1.52) <.001 

IS 7 1.78 (0.85-3.75) 0.126 

X 22663 1.23 (1.17-1.30) <.001 

1 1507 - - 

AJCC Clinical N 

1 10212 1.16 (1.13-1.19) <.001 

<.001 X 26646 1.07 (1.05-1.09) <.001 

0 14968 - - 

AJCC Clinical M 
1 20162 2.19 (2.15-2.23) <.001 

<.001 
0 31672 - - 

Recalculated Clinical Stage Group with 
AJCC 6th/7th Edition 

0 30 1.30 (0.88-1.93) 0.187 

<.001 

1B 2240 1.26 (1.16-1.38) <.001 

2A 3141 1.37 (1.26-1.49) <.001 

2B 3126 1.29 (1.18-1.40) <.001 

3 6689 1.66 (1.53-1.80) <.001 

4 20946 3.04 (2.81-3.28) <.001 

Unable to determine stage  14894 1.33 (1.23-1.44) <.001 

1A 768 - - 
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Both community cancer programs and comprehensive community cancer programs had a higher 

hazard of death when compared to academic/research facilities (Table 2.3).  The difference 

ranged from 1.30 for comprehensive community centers to 1.48 for community cancer programs 

(p<0.001).  Both facilities that had less than 15 resections/year at time of surgery and less than 

20 resections/year at time of surgery had similarly higher hazard ratios compared to their relative 

high volume counterparts (<15 cases/year: HR 1.35 [95% CI 1.33-1.38], p<0.001; <20 

cases/year: 1.37 [95% CI 1.34-1.41],p<0.001) 

Table 2.3: Univariate Association of OS with Facility Characteristics  
Table 2.3: Univariate Association of OS with Facility Characteristics (N=51,834) 

Covariate Level n 
Hazard Ratio (95% 

CI) 
HR P-
value 

Log-rank P-
value 

Facility Location 

Middle Atlantic 8219 0.91 (0.88-0.95) <.001 

<.001 

South Atlantic 10676 1.03 (0.99-1.07) 0.141 

East North Central 9344 1.06 (1.02-1.10) 0.007 

East South Central 3344 1.06 (1.01-1.11) 0.023 

West North Central 4043 1.01 (0.96-1.06) 0.627 

West South Central 4538 0.96 (0.92-1.01) 0.101 

Mountain 2230 1.01 (0.96-1.07) 0.692 

Pacific 6404 0.99 (0.95-1.03) 0.635 

New England 3036 - - 

Facility Type 

Community Cancer Program 4291 1.48 (1.43-1.53) <.001 

<.001 
Comprehensive Community Cancer 
Program 

24733 1.30 (1.28-1.32) <.001 

Academic/Research Program 22108 - - 

Facility volume of cases/Year at time of 
surgery 

 Continuous 46093 1.00 (0.99-1.00) <.001 - 

Low Volume ( < 15 cases/Year) vs. High 32710 1.35 (1.33-1.38) <.001 <.001 

Low Volume ( < 20 cases/Year) vs. High 13383 1.37 (1.34-1.41) <.001 <.001 

 

All three standard therapies conferred large survival advantages when utilized, with the hazard of 

death with chemotherapy lower by 46% (HR 0.54 [95% CI 0.53-0.55]), radiation lower by 49% 

(HR 0.51 [95% CI 0.50-0.52]), and with surgery, a hazard that was 32% lower (HR 0.68 [95% 

CI 0.56-0.83]).  The benefit appeared to be additive to a certain to degree, with any combination 

of the three having a hazard 63% lower than patients who did not receive any of the three 

standard therapies (HR 0.37 [95% CI 0.36-0.37]; Table 2.8).  All three treatment modalities were 

associated with an increased median survival time with the highest increase associated with 

curative resection at 11.96 months (16.59 months [95% CI 16.2-16.95] vs. 4.63 months [95% CI 
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4.57-4.7], p<0.001; Figure 2.4).  Radiation was associated with a smaller 7.72 month increase 

(12.22 months [95% CI 12-12.45] vs. 4.5 months [95% CI 4.44-4.57], p<0.001; Figure 2.5) and 

chemotherapy with the smallest difference at 6.04 months (9 months [95% CI 8.9-9.13] vs. 2.86 

months [95% CI 2.79-2.96], p<0.001; Figure 2.6).  Accordingly, refusing any of the therapies 

was associated with a higher HR.  Refusal of chemotherapy resulted in the highest difference in 

hazard of death at 52%, refusal of surgery the next most at 35%, and lastly refusal of 

radiotherapy was associated in the lowest at 12% higher (all p-values <0.001).  All four measures 

of time to therapy showed an extremely modest difference in the hazard of death, yet both 

radiotherapy and chemotherapy appeared to provide a survival advantage with waiting each 

additional day (Table 2.8). 

Table 2.4: Univariate Association of OS with Treatment Characteristics  
Table 2.4: Univariate Association of OS with Treatment Characteristics (N=51,834) 

Covariate Level n 
Hazard Ratio (95% 

CI) 
HR P-
value 

Log-rank P-
value 

Chemotherapy 
Yes 27089 0.54 (0.53-0.55) <.001 

<.001 
No 23147 - - 

Chemotherapy, Days from Dx   24677 0.99 (0.99-0.99) <.001 - 

Chemotherapy refused 
Yes 2001 1.52 (1.46-1.60) <.001 

<.001 
No 48235 - - 

Radiotherapy 
Yes 12621 0.51 (0.50-0.52) <.001 

<.001 
No 39109 - - 

Radiation, Days from Dx   12312 0.99 (0.99-1.00) <.001 - 

Radiation refused 
Yes 941 1.12 (1.04-1.19) 0.001 

0.001 
No 49643 - - 

Curative Resection Attempted 
Yes 11074 0.68 (0.56-0.83) <.001 

<.001 
No 40601 - - 

Definitive Surgical Procedure, Days from Dx   11440 1.00 (1.00-1.00) <.001 - 

Resection Refused 
Yes 511 1.35 (1.23-1.47) <.001 

<.001 
No 49457 - - 

Palliative Care Offered 
Yes 6077 1.36 (1.33-1.40) <.001 

<.001 
No 45216 - - 

At Least 1 Standard Treatment Performed (Chemo, Radiation, or 
Resection) 

Yes 32920 0.37 (0.36-0.37) <.001 
<.001 

No 17786 - - 

Treatment Started, Days from Dx   32899 1.00 (1.00-1.00) 0.007 - 
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Figure 2.4: Kaplan-Meier Survival by Curative Resection Attempt Status in Overall Cohort 

 

Figure 2.5: Kaplan-Meier Survival by Radiation in Overall Cohort 
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Figure 2.6: Kaplan-Meier Survival by Chemotherapy in Overall Cohort 

 

 

Multivariable Cox Regression Models for Overall Survival 

Without Treatment Variables 

All variables included were associated with at least one level significantly different from the 

referent other than Hispanic ethnicity and year of diagnosis, which were overall not associated 

with a significant difference in the hazard of death when accounting for other factors.  Both of 

the continuous variables for age and tumor size had hazard ratios that were marginally higher 

(1.02 and 1.01) when considering a one year or one centimeter increase, respectively.  However, 

this can become much larger for age when one considers differences in age by 10, 20, or even 

30s, corresponding to a 21.9, 48.6 and 81.1% higher hazard of death, respectively.  In our 

population, females had a survival advantage over men, with a HR of 0.93 (p<0.001).   
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Compared to whites, black patients had a significantly higher hazard of death with a HR 

of 1.05 (p=0.01) while ‘other’ patients demonstrated no significant survival difference compared 

with whites.  Distance to treatment center had a lower hazard ratio as distance from the center 

increased, though this was only significant for the two furthest quartiles (Table 2.9). All levels of 

income were associated with a significantly higher hazard of death when compared to the highest 

income quartile; however, this did not follow a stepwise trend (Table 2.9).   On the other hand, 

education and the Charlson/Deyo comorbidity score both followed a stepwise fashion with 

increasing levels of patients without a high school degree or increasing comorbidity score 

conferring a higher hazard of death (Table 2.9).  

In examining tumor factors, the anatomic sites of the primary tumor were all associated 

with a significantly higher hazard of death compared to tumors in the head of the pancreas, with 

tumors located in the tail having the highest HR at 1.42 (p<0.001).  Outside of the ‘X’, or 

undetermined/unverified classification, all levels of T were associated with a poorer survival 

compared to T1 tumors, with T4 tumors having the worst survival and a HR of 1.63 (p<0.001).   

While community cancer centers were associated with a significantly higher hazard of 

death (1.07, p<0.001), comprehensive community cancer centers showed no significant 

difference compared with academic/research programs (Table 2.9).  Lastly, hospitals performing 

fewer than 20 cases had a 23% higher hazard of death when compared to those performing 20 or 

more pancreatic resections a year.  Using a continuous hospital volume variable and one with the 

high/low breakpoint at 15 cases as a sensitivity analysis, the models containing these variables 

yielded significant results as well. 

Table 2.5: Multivariable Cox Regression Model of Overall Survival Among all Adenocarcinoma Patients 

[w/o Treatment Variables]  
Table 2.5: Multivariable Cox Regression Model of Overall Survival Among all Adenocarcinoma Patients [w/o treatment variables] (N=27,985) 
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Covariate HR (95% CI) P-Value Covariate HR (95% CI) P-Value 

      Year of Diagnosis     

Age 1.02 (1.01-1.02) <.0001 2003 Ref   

Sex     2004 1.01 (0.97-1.05) 0.5828 

Male Ref   2005 1.02 (0.98-1.05) 0.3944 

Female 0.94 (0.91-0.96) <.0001 2006 1 (0.96-1.03) 0.888 

Race     Charlson/Deyo Comorbidity Score     

White Ref   0 Ref   

Black 1.05 (1.01-1.1) 0.0131 1 1.09 (1.06-1.13) <.0001 

Other 0.96 (0.89-1.03) 0.2374 2+ 1.27 (1.2-1.33) <.0001 

Hispanic Ethnicity     Anatomic Site     

Non-Hispanic Ref   Head Ref   

Hispanic 0.98 (0.94-1.02) 0.2742 Body 1.27 (1.22-1.32) <.0001 

Distance to Treatment Center     Tail 1.42 (1.37-1.48) <.0001 

<5 miles Ref   Other 1.26 (1.22-1.31) <.0001 

 5 to 9.9 miles 0.97 (0.94-1.01) 0.1581 Tumor Size (cm) 1.01 (1.01-1.02) <.0001 

10 to 29.9 miles 0.96 (0.92-0.99) 0.0102 AJCC Clinical T     

30 miles or greater 0.89 (0.86-0.92) <.0001 1 Ref   

Insurance     2 1.45 (1.35-1.57) <.0001 

Private Insurance Ref   3 1.33 (1.24-1.44) <.0001 

Government Insurance 1.08 (1.04-1.11) <.0001 4 1.63 (1.51-1.75) <.0001 

Uninsured 1.28 (1.19-1.38) <.0001 X 1.07 (0.99-1.15) 0.0787 

Income      Facility Type     

$46,000 + Ref   Academic/Research Ref   

$30,000 - $34,999 1.07 (1.02-1.12) 0.0023 Community Cancer Program 1.07 (1.04-1.1) <.0001 

 $35,000 - $45,999  1.05 (1.02-1.09) 0.0048 Comprehensive Community Cancer Program  1.04 (0.98-1.1) 0.2165 

 < $30,000 1.06 (1-1.11) 0.0421 Hospital Volume     

% without HS education      High Volume (≥20 resections/year) Ref   

<14% Ref   Low Volume (<20 resections/year) 1.23 (1.19-1.27) <.0001 

14-19.9%  1.04 (1-1.08) 0.0354 

  

 20-28.9% 1.08 (1.04-1.13) <.0001 

 >=29%  1.11 (1.06-1.17) <.0001 

 

With Treatment Variables 

In the complete model including treatment factors, all three treatments showed significant 

improvements in survival (Table 2.6).  Curative resection provided the largest survival 

advantage, reducing the hazard of death by 65% (HR 0.35 [95%CI 0.34-0.37], p<0.001), 

followed by chemotherapy at 37% (HR 0.63 [95%CI 0.61-0.67], p<0.001), and radiation at 22% 

(HR 0.78 [95%CI 0.76-0.81], p<0.001).  On the opposite end, palliative care was associated with 

a higher HR of 1.19 (95% CI 1.14-1.23, p<0.001).  

While most of the original covariates did not change with respect to a significance, 

several key covariates changed when adding treatment variables to the multivariable model in 

Table 2.5.  Compared to the univariate model, blacks were no longer significantly different from 
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whites and ‘other’ patients now had a significantly lower hazard of death (HR 0.87 [95% CI 

0.81-0.93], p<0.001).  With education, only one of the three quartiles remained significant when 

compared to the highest quartile, with patients in census tracks with 20-29% of the population 

without a high school degree having a HR of 1.04 (95% CI 1-1.08, p=0.05).  After adjustment of 

other patient factors, two years of diagnosis (2004 and 2006) were associated with a significant 

HR of 0.96 (Table 2.10) The degree of survival advantage provided by either the anatomic site or 

the T status of a patient’s tumor was lessened in both respects and the ‘X’ 

undetermined/unverified level now had significant difference from a T1 tumor as well as the 

highest hazard of death (HR 1.3 [95% CI 1.21-1.39], p <0.001).  Lastly, after accounting for 

treatment factors, comprehensive community cancer programs’ hazard of death became 

significantly higher at 1.08 (95% CI 1.05-1.11, p<0.001) compared to academic/research 

programs. 

Table 2.6: Multivariable Cox Regression Model of Overall Survival Among all Adenocarcinoma Patients 

[w/ Treatment Variables]  
Table 2.6: Multivariable Cox Regression Model of Overall Survival Among all Adenocarcinoma Patients [w/ treatment variables] (N=27,985) 

Covariate HR (95% CI) P-Value Covariate HR (95% CI) P-Value 

Age 1.01 (1.01-1.01) <.0001 Charlson/Deyo Comorbidity Score     

Sex     0 Ref   

Male Ref   1 1.14 (1.1-1.17) <.0001 

Female 0.93 (0.91-0.96) <.0001 2+ 1.34 (1.27-1.41) <.0001 

Race     Anatomic Site     

White Ref   Head Ref   

Black 0.98 (0.94-1.02) 0.3712 Body 1.09 (1.05-1.14) <.0001 

Other 0.87 (0.81-0.93) <.0001 Tail 1.3 (1.25-1.35) <.0001 

Hispanic Ethnicity     Other 1.1 (1.06-1.14) <.0001 

Non-Hispanic Ref   Tumor Size (cm) 1.01 (1.01-1.02) <.0001 

Hispanic 0.97 (0.93-1.01) 0.0955 AJCC Clinical T     

Distance to Treatment Center     1 Ref   

<5 miles Ref   2 1.26 (1.17-1.36) <.0001 

 5 to 9.9 miles 0.97 (0.93-1) 0.0814 3 1.21 (1.12-1.3) <.0001 

10 to 29.9 miles 0.96 (0.93-0.99) 0.0108 4 1.2 (1.11-1.29) <.0001 

30 miles or greater 0.86 (0.83-0.89) <.0001 X 1.3 (1.21-1.39) <.0001 

Insurance     Facility Type     

Private Insurance Ref   Academic/Research Ref   

Government Insurance 1.1 (1.07-1.13) <.0001 Community Cancer Program 1.18 (1.11-1.26) <.0001 

Uninsured 1.13 (1.05-1.21) 0.0008 Comprehensive Community Cancer Program  1.08 (1.05-1.11) <.0001 

Income      Hospital Volume     

$46,000 + Ref   High Volume (≥20 resections/year) Ref   

$30,000 - $34,999 1.08 (1.03-1.13) 0.0006 Low Volume (<20 resections/year) 1.1 (1.06-1.14) <.0001 
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 $35,000 - $45,999  1.06 (1.03-1.1) 0.0005 Chemotherapy     

 < $30,000 1.05 (1-1.11) 0.0477 No Ref   

% without HS education      Yes 0.63 (0.61-0.64) <.0001 

<14% Ref   Radiation     

14-19.9%  1.03 (0.99-1.07) 0.1112 No Ref   

 20-28.9% 1.04 (1-1.08) 0.0485 Yes 0.78 (0.76-0.81) <.0001 

 >=29%  1.02 (0.97-1.07) 0.3972 Curative Resection     

Year of Diagnosis     No Ref   

2003 Ref   Yes 0.35 (0.34-0.37) <.0001 

2004 0.96 (0.93-1) 0.0359 Palliative Care     

2005 0.99 (0.95-1.03) 0.5429 No Ref   

2006 0.96 (0.92-0.99) 0.0178 Yes 1.19 (1.14-1.23) <.0001 

 

Part 2: Patients Eligible for Surgery 

Introduction 

Of the overall population, 33,255 patients were eligible for surgery.  As outlined in the methods, 

potentially resectable was defined as having a tumor that was T1-3 and M0 if patients had TNM 

data, substituting a coded stage of 1A, 1B, 2A, or 2B as surrogates in cases of missing data. 

Inside of this group of patients, we first described the population.  Next, we examined what 

factors were associated with resection.  Following such identification, a multivariable logistic 

regression model was built for who received surgery among eligible patients.  This was followed 

with univariate survival analyses and using them to build a multivariable cox regression model.   

Descriptive Statistics 

The number of pancreatic adenocarcinoma patients increased with each successive year, with 

there being more than double the number of patients in the years 2008-2011 compared to the first 

study year (2003). Of 33,255 patients with tumors eligible for curative resection (T1-T3, M0), 

they had a mean age of 68.32 years and tended to be white, female, non-Hispanic and residing in 

metropolitan areas (Table 3.1).  Despite the high number in metropolitan areas (80.5%), 59% of 

patients lived 10 miles or further from treatment centers and had a mean distance to treatment 

center of 54.05 miles.  Government insurance was the most common form of payment (63.2%) 

and the highest quartiles for education and income were the most prevalent, both comprising 
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more than a third of the population (Table 3.1).  Comorbidity status most commonly 

corresponded to a score of 0 (67.7%), with only 7.4% of patients having a score of 2 or more.   

Table 3.1: Patient Demographics of Patients Eligible for Resection  

Table 3.1: Patient Demographics of Patients Eligible for Resection (N = 33,255) 

Variable Level n (%) Variable Level n (%) 

Patient Age 
Mean ± SD 68.32 ± 11.55 

Income 

< $30,000 4559 (14.6) 

n 33255 $30,000 - $34,999 5924 (19) 

Sex 
Male 16243 (48.8) $35,000 - $45,999 8614 (27.6) 

Female 17012 (51.2) $46,000 + 12111 (38.8) 

Race 

White 27908 (85.2) 

Education 

>=29% 5524 (17.7) 

Black 3727 (11.4) 20-28.9% 7363 (23.6) 

Other 1117 (3.4) 14-19.9% 7357 (23.6) 

Hispanic Ethnicity 
No 29058 (87.4) < 14% 10961 (35.1) 

Yes 4197 (12.6) 

Year of Diagnosis 

2003 2146 (6.5) 

Rurality Category 

Rural 671 (2.2) 2004 2360 (7.1) 

Urban 5377 (17.3) 2005 2724 (8.2) 

Metro 25020 (80.5) 2006 2748 (8.3) 

Great Circle Distance 
Mean ± SD 54.05 ± 251 2007 3099 (9.3) 

n 31609 2008 4488 (13.5) 

Distance From Treatment 
Facility (Quartiles) 

<5 miles 7253 (22.9) 2009 4939 (14.9) 

5 to 9.9 miles 5722 (18.1) 2010 5228 (15.7) 

10 to 29.9 miles 8656 (27.4) 2011 5523 (16.6) 

30 miles or greater 9978 (31.6) 

Charlson/Deyo Score 

0 22528 (67.7) 

Insurance 

Not Insured 917 (2.8) 1 8254 (24.8) 

Private Insurance 10983 (33.9) 2+ 2473 (7.4) 

Govt. Insurance 20455 (63.2)   

 

Tumors eligible for resection were overwhelmingly located in the head of the pancreas (73.9%), 

with a mean size of 3.77cm, with the highest proportion being T3, N0, and had corresponding 

stages of 2A and 2B as the most common at just over 31% of all patients in each of these stages 

(Table 3.2).  Approximately 4 out of 5 tumors were adenocarcinoma without further 

specification and three quarters of the patients were diagnosed directly with histology. 

Table 3.2: Tumor Characteristics of Patients Eligible for Resection  

Table 3.2: Tumor Characteristics of Patients Eligible for Resection (N = 33,255) 

Variable Level n (%) Variable Level n (%) 

Site of Primary 
Tumor 

Head 24561 (73.9) 
Histology 

Ductal Adenocarcinoma 26793 (80.6) 

Body 2416 (7.3) Adenocarcinoma 6461 (19.4) 

Tail 1953 (5.9) 

Diagnostic Confirmation 

Positive histology 25125 (75.6) 

Other 4325 (13) Positive cytology 8114 (24.4) 

Size of Tumor 
(cm) 

Mean ± SD 3.77 ± 3.89 Positive microscopic confirmation NOS 16 (0) 

n 29929   

AJCC Clinical T 
  
  
  

1 3502 (10.5) 

Recalculated Clinical Stage 
Group with AJCC 6th/7th Edition 

1A 2888 (8.7) 

2 10857 (32.7) 1B 7878 (23.7) 

3 18342 (55.2) 2A 10566 (31.8) 

X 505 (1.5) 2B 10432 (31.4) 
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AJCC Clinical N 

0 20242 (61) 3 49 (0.1) 

1 10110 (30.5) 4 53 (0.2) 

1A 2 (0) Unable to determine stage  1353 (4.1) 

1B 4 (0) 

  X 2827 (8.5) 

 

The majority of patients lived in the Middle Atlanta, South Atlantic, and East North Central 

Census Divisions (Table 3.3).  The most common type of cancer program was academic/research 

programs, corresponding to 53.1% of patients and followed by comprehensive community 

cancer centers relating to 41.2% of the population.  The mean number of pancreatic resections at 

the facilities treating these patients was 24.87/year with 46.9% of patients receiving therapy at 

institutions with 15 or more cases/year, falling to 39% of patients when the threshold was raised 

to 20 or more cases/year. 

Table 3.3: Facility Characteristics of Patients Eligible for Resection  

Table 3.3: Facility Characteristics of Patients Eligible for Resection (N = 33,255) 

Variable Level n (%) 

Facility Location 

New England 1792 (5.4) 

Middle Atlantic 5392 (16.2) 

South Atlantic 6930 (20.8) 

East North Central 5576 (16.8) 

East South Central 2299 (6.9) 

West North Central 2792 (8.4) 

West South Central 3032 (9.1) 

Mountain 1268 (3.8) 

Pacific 4174 (12.6) 

Facility Type (Restricted) 

Community Cancer Program 1860 (5.6) 

Comprehensive Community Cancer Program 13635 (41.2) 

Academic/Research Program 17566 (53.1) 

Facility volume of cases/Year at time of surgery 

Mean ± SD 24.87 ± 32.37 

n 31250 

≥15 pancreatic resections/year 14644 (46.9) 

≥20 pancreatic resections/year 12179 (39) 

 

Just over 75% of patients that were eligible for surgery received one or more of the three primary 

therapies of chemotherapy, radiation, and resection with a mean time to treatment from date of 

diagnosis of 20.4 days (Table 3.4).  59.4% of patients received chemotherapy as part of their 

treatment, with a mean of 57.23 days after diagnosis.  Radiotherapy was received by 36.4% of 

patients at a mean of 79.74 days after diagnosis.  Curative resection was received by 44.6% of 
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patients and a mean 32.4 days from diagnosis.  The most commonly refused treatment when 

offered by a provider was chemotherapy (4.2%), followed by radiation (2.6%) and resection 

(2.1%).  Palliative care was offered to 10.7% of patients. 

Table 3.4: Treatment Characteristics of Patients Eligible for Resection  

Table 3.4: Treatment Characteristics of Patients Eligible for Resection (N = 33,255) 

Variable Level n (%) Variable Level n (%) 

Chemotherapy 
No 12915 (40.6) 

Curative Resection Attempted 
No 18382 (55.4) 

Yes 18890 (59.4) Yes 14824 (44.6) 

Chemotherapy, Days 
from Dx 

Mean ± SD 57.23 ± 42.38 
Surgery, Days from Dx 

Mean ± SD 32.4 ± 49.94 

n 17350 n 14356 

Chemo Refused 
No 30477 (95.8) 

Resection Refused 
No 31609 (97.9) 

Yes 1328 (4.2) Yes 675 (2.1) 

Radiotherapy 
No 21085 (63.6) 

Palliative Care Offered 
No 29428 (89.3) 

Yes 12052 (36.4) Yes 3510 (10.7) 

Radiation, Days from 
Dx 

Mean ± SD 79.74 ± 60.49 At Least 1 Standard Treatment Performed 
(Chemo, Radiation, or Resection) 

No 7889 (24.2) 

n 11723 Yes 24698 (75.8) 

Radiation Refused 
No 31147 (97.4) 

Time to Standard Treatment, Days from Dx 
Mean ± SD 20.4 ± 21.77 

Yes 816 (2.6) n 5349 

 

Univariate Differences by Curative Resection Attempt  

Significant differences were seen with respect to all demographic variables other than the rurality 

of the patient’s residence (Table 3.5) in terms of whether a patient underwent a curative 

resection.  Patients who received resection attempts were more than 5 years younger than those 

who were not (65.39 vs. 70.69 years, p<0.001).  Only 42.85% of females receiving a resection 

attempt compared to 46.52% of males (p<0.001).  There was also a significant difference in the 

racial composition of the cohort that received surgery, with an almost 4% increase in the 

proportion of whites and a similar decrease in black patients and a small decrease in the 

proportion of ‘other’ patients (p<0.001).  Hispanic patients also received surgery less than non-

Hispanics (39.9 vs. 45.33%, p<0.001). 

A higher proportion of resected patients lived 10 or more miles away (65.15 vs. 53.98%, 

p<0.001) and had a longer mean distance from treatment center (66.06 vs. 46.09 miles, p<0.001).   

Privately insured patients were resected more often than their uninsured and government insured 



 119 

counterparts (55.26% vs. 42.03 and 39.94%, p<0.001).  There was also an increasing likelihood 

of receiving resection as income and education increased (Table 3.5). The group that received 

resection most often were those with a comorbidity score of 1 at 47.53% while both their 

healthier counterparts with a score of 0 and those with as score 2 or more received resection less 

often (44.03 and 40.61%,  p<0.001). 

The proportion of patients in each year of diagnosis was lower for resection patients for the first 

5 years of the study with a change to having a higher proportion for the remaining 4 years.  To 

put this another way, the number of resections increased with each year and there were 3.8 times 

as many resections in 2011 compared to 2003.  Aligning with this, each year of diagnosis had a 

higher percentage of patients resected (Table 3.5). 

Table 3.5: Univariate Differences in Patient Demographics by Curative Resection Attempt  
Table 3.5: Univariate Differences in Patient Demographics by Curative Resection Attempt (N=33,206) 

  n (%)     n (%)   

Covariate Level No N=18382 Yes N=14824 
 P-

value 
Covariate Level No N=18383 

Yes 
N=14825 

 P-
value 

Patient 
Age 

n 18382 14824 

<.001 

Income 

< $30,000 2761 (60.68) 1789 (39.32) 

<.001 

Mean (SD) 70.69 (11.74) 65.39 (10.58) 
$30,000 - 
$34,999 

3424 (57.86) 2494 (42.14) 

Sex 
Male 8674 (53.48) 7545 (46.52) 

<.001 

$35,000 - 
$45,999 

4814 (56) 3782 (44) 

Female 9708 (57.15) 7279 (42.85) $46,000 + 6317 (52.22) 5779 (47.78) 

Race 

White 15106 (54.21) 12758 (45.79) 

<.001 
Education 

>=29% 3368 (61.09) 2145 (38.91) 

<.001 
Black 2349 (63.08) 1375 (36.92) 20-28.9% 4151 (56.46) 3201 (43.54) 

Other 634 (56.81) 482 (43.19) 14-19.9% 4067 (55.39) 3276 (44.61) 

Hispanic 
Ethnicity 

No 15863 (54.67) 13152 (45.33) 
<.001 

< 14% 5727 (52.31) 5222 (47.69) 

Yes 2519 (60.1) 1672 (39.9) 

Year of 
Diagnosis 

2003 1397 (65.16) 747 (34.84) 

<.001 

Rurality 
Category 

Rural 387 (57.68) 284 (42.32) 

0.461 

2004 1609 (68.26) 748 (31.74) 

Urban 3002 (55.99) 2360 (44.01) 2005 1767 (65.08) 948 (34.92) 

Metro 13871 (55.51) 11116 (44.49) 2006 1729 (63.13) 1010 (36.87) 

Great 
Circle 
Distance 

n 17532 14030 
<.001 

2007 1879 (60.75) 1214 (39.25) 

Mean (SD) 46.09 (237.84) 64.06 (266.15) 2008 2385 (53.19) 2099 (46.81) 

Distance 
From 
Treatment 
Facility 
(Quartiles) 

<5 miles 4654 (64.27) 2587 (35.73) 

<.001 

2009 2447 (49.63) 2483 (50.37) 

5 to 9.9 miles 3414 (59.73) 2302 (40.27) 2010 2489 (47.64) 2736 (52.36) 

10 to 29.9 
miles 

4539 (52.52) 4103 (47.48) 2011 2680 (48.56) 2839 (51.44) 

≥ 30 miles 4925 (49.43) 5038 (50.57) 

Charlson/Deyo 
Score 

0 12591 (55.97) 9904 (44.03) 

<.001 

Insurance 

Not Insured 531 (57.97) 385 (42.03) 

<.001 

1 4324 (52.47) 3917 (47.53) 

Private 
Insurance 

4906 (44.74) 6059 (55.26) 2+ 1467 (59.39) 1003 (40.61) 

Govt. 
Insurance 

12268 (60.06) 8157 (39.94)   
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Tumors in the tail of the pancreas were resected most often at 63.01%, followed by pancreatic 

head tumors at 45.54% and tumors of the body and overlapping areas of the pancreas at 35.12% 

and 36.56% of potentially resectable patients (Table 3.6).  Ductal adenocarcinoma patients were 

much more likely to be resected than their adenocarcinoma NOS counterparts (85.43 vs. 34.8%, 

p<0.001. Tumors were also about 0.58cm smaller, on average (3.45 vs. 4.07cm, p<0.001) in 

patients considered for curative resection.  Patients had decreasing likelihood of resection with 

increasing T status (Table 3.6) while the opposite was true and a significantly larger proportion 

of patients with a N1 tumor received resection when compared to N0 tumors (47.38 vs. 44.6%).  

This conflicting trend could also be seen in the proportion of patients with clinical stage 2A 

being lower than 2B patients (Table 3.6). 

Table 3.6: Univariate Differences in Tumor Characteristics by Curative Resection Attempt  
Table 3.6: Univariate Differences in Tumor Characteristics by Curative Resection Attempt (N=33,206) 

  n (%)   

Covariate Level No N=18382 Yes N=14824  P-value 

Site of Primary Tumor  

Head 13355 (54.46) 11168 (45.54) 

<.001 
Body 1565 (64.88) 847 (35.12) 

Tail 722 (36.99) 1230 (63.01) 

Other 2740 (63.44) 1579 (36.56) 

Histology 
Adenocarcinoma 17440 (65.2) 9307 (34.8) 

<.001 
Ductal Adenocarcinoma 941 (14.57) 5517 (85.43) 

Size of Tumor (cm) 
n 15433 14453 

<.001 
Mean (SD) 4.07 (4.8) 3.45 (2.55) 

AJCC Clinical T 

1 1415 (40.47) 2081 (59.53) 

<.001 
2 5659 (52.2) 5182 (47.8) 

3 11021 (60.17) 7294 (39.83) 

X 259 (51.29) 246 (48.71) 

AJCC Clinical N 

0 11196 (55.4) 9014 (44.6) 

<.001 1 5315 (52.62) 4785 (47.38) 

X 1829 (64.86) 991 (35.14) 

Recalculated Clinical Stage Group with AJCC 6th/7th Edition 

1A 1146 (39.75) 1737 (60.25) 

<.001 

1B 3956 (50.31) 3908 (49.69) 

2A 6861 (65.03) 3689 (34.97) 

2B 5444 (52.24) 4978 (47.76) 

3 38 (80.85) 9 (19.15) 

4 51 (96.23) 2 (3.77) 

Unable to determine stage  858 (63.51) 493 (36.49) 

 

There was not a clear trend with location and proportion of patients with potentially resectable 

tumors that did receive resection, though patients in the New England and Pacific divisions 
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resected less than 40% while Middle and South Atlantic centers resected more than 47% of 

potentially resectable patients (Table 3.7).  While location did not show a clear difference, the 

type of cancer program showed a clear demarcation with academic/research programs resecting 

50.45% of potentially resectable patients while community cancer centers and comprehensive 

community cancer centers resected only 31.43 and 39.15% of potentially resectable patients, 

respectively.  Facility volume did appear to relate to resection, with 56.54% of potentially 

resectable patients presenting to facility that was doing 15 or more resections per year were 

resected compared to only 39.53% for patients presenting to facilities performing fewer than 15 

resections/year.  The proportion of potentially resectable patients receiving resection when 

presenting to facilities performing more than 20 resections/year rose 58.75% (Table 3.7). 

Table 3.7: Univariate Differences in Facility Characteristics by Curative Resection Attempt  
Table 3.7: Univariate Differences in Facility Characteristics by Curative Resection Attempt (N=33,206) 

  n (%)   

Covariate Level No N=18382 Yes N=14824  P-value 

Facility Location 

New England 1084 (60.66) 703 (39.34) 

<.001 

Middle Atlantic 2796 (51.96) 2585 (48.04) 

South Atlantic 3639 (52.55) 3286 (47.45) 

East North Central 2993 (53.73) 2577 (46.27) 

East South Central 1352 (59.17) 933 (40.83) 

West North Central 1551 (55.55) 1241 (44.45) 

West South Central 1775 (58.66) 1251 (41.34) 

Mountain 683 (53.86) 585 (46.14) 

Pacific 2509 (60.14) 1663 (39.86) 

Facility Type (Restricted) 

Community Cancer Program 1274 (68.57) 584 (31.43) 

<.001 Comprehensive Community Cancer Program 8281 (60.85) 5328 (39.15) 

Academic/Research Program 8694 (49.55) 8851 (50.45) 

High Volume (≥15 resections/year) 
Low Volume 10020 (60.47) 6549 (39.53) 

<.001 
High Volume 6360 (43.46) 8275 (56.54) 

High Volume (≥20 resections/year) 
Low Volume 11359 (59.68) 7674 (40.32) 

<.001 
High Volume 5021 (41.25) 7150 (58.75) 

 

All treatment variables were significantly associated with resection (Table 3.8).  Potentially 

resectable patients that received chemotherapy were more likely to receive resection than those 

who did not (51.26 vs. 33.91%, p<0.001) as were patients receiving radiotherapy (50.07 vs. 

41.5%, p<0.001) while those who were offered palliative care were almost three times less likely 
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to receive resection (16.79 vs. 48.4%, p<0.001). Similarly, potentially resectable patients that 

refused either chemotherapy or radiation were much less likely to receive resection 

(Chemotherapy: 21.79 vs. 45.2%; Radiation: 29.94 vs. 44.51%; both p<0.001).  Resected 

patients had a significantly delayed initiation of chemotherapy (70.17 vs. 43.61 days from 

diagnosis, p<0.001) and radiation (99.16 vs. 60.47 days from diagnosis, p<0.001), highlighting 

the fact that most resected patients were receiving adjuvant and not neoadjuvant therapy. 

Table 3.8: Univariate Differences in Treatment Characteristics by Curative Resection Attempt  
Table 3.8: Univariate Differences in Treatment Characteristics by Curative Resection Attempt (N=33,206) 

  n (%)   

Covariate Level No N=18382 Yes N=14824  P-value 

Chemotherapy 
No 8520 (66.09) 4372 (33.91) 

<.001 
Yes 9201 (48.74) 9678 (51.26) 

Chemotherapy, Days from Dx 
n 8454 8885 

<.001 
Mean (SD) 43.61 (37.84) 70.17 (42.36) 

Chemotherapy Refused 
No 16684 (54.8) 13761 (45.2) 

<.001 
Yes 1037 (78.21) 289 (21.79) 

Radiotherapy 
No 12316 (58.5) 8737 (41.5) 

<.001 
Yes 6013 (49.93) 6031 (50.07) 

Radiation, Days from Dx 
n 5873 5842 

<.001 
Mean (SD) 60.47 (53.27) 99.16 (61.12) 

Radiation Refused 
No 17261 (55.49) 13847 (44.51) 

<.001 
Yes 571 (70.06) 244 (29.94) 

Palliative Care Offered 
No 15164 (51.6) 14224 (48.4) 

<.001 
Yes 2914 (83.21) 588 (16.79) 

 

Multivariable Logistic Model for Receipt of Curative Resection 

Most univariate predictors retained significance for at least one level and both continuous 

variables retained significance (Table 3.9) in the multivariable model. Each additional year in 

age was associated with a 4% lower odds of receiving resection (OR 0.96 [95% CI 0.96-0.96], 

p<0.001) and each additional centimeter of tumor size was associated with a 2% lower odds of 

resection (OR 0.98 [95% CI 0.97-0.99], p<0.001). Both black and ‘other’ race categories had 

reduced odds of receiving resection, with blacks having an OR of 0.64 (95% CI 0.58-0.71, 

p<0.001) and ‘other’ patients having an OR of 0.8 (95% CI 0.67-0.94, p=0.008) when compared 

to white patients.  Similarly, Hispanic ethnicity was associated with odds of resection 13% lower 
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than non-Hispanics (OR 0.87 [95% CI 0.79-0.95], p=0.003).  There was no difference in the 

odds of resection comparing private to government insurance; however, uninsured patients had 

significantly lower odds of resection (OR 0.67 [95% CI 0.56-0.8], p<0.001).   

Decreasing median income was associated with lower odds of resection, yet this did not 

hold true with the lowest compared to the highest quartile (Table 3.9).  A similar trend was seen 

with education, where the lowest (>= 29%, OR 0.86 [95% CI 0.76-0.97], p=0.02) and second 

highest (14-19.9%, OR 0.91 [95% CI 0.83-1), p=0.04) quartiles both had a significantly lower 

odds of resection but the second to lowest (20-28.9%) failed to reach significance when 

compared to the highest quartile.  In line with the frequency of Charlson/Deyo scores seen in the 

univariate analyses, a score of 1 conferred higher odds of resection (OR 1.26 [95% CI 1.17-

1.35], p<0.001).  On the other hand, a higher score of 2+ did not have a significant difference in 

the odds of resection when compared to a score of 0.  Lastly, year of diagnosis showed an 

interesting trend, with the odds of resection in the 4 years following 2003 significantly lower and 

the final 4 years failing to be significantly different from 2003 when adjusting for the other 

covariates. 

The highest odds of resection seen in our model was that conferred by the histology 

corresponding to ductal adenocarcinoma compared to adenocarcinoma, with the odds being over 

11 times higher for those with ductal adenocarcinoma (OR 11.56 [95% CI 10.48-12.74], 

p<0.001).  In looking at the anatomic site of tumors, both body (OR 0.53 [95% CI 0.47-0.59], 

p<0.001) and ‘other’ tumors (OR 0.8 [95% CI 0.73-0.88], p<0.001) reduced the odds of 

resection while tumors in the tail of the pancreas had odds 1.96 times higher than referent head 

tumors (95% CI 1.71-2.23, p<0.001).  All T levels were at significantly lower odds of resection 

when compared to patients with T1 tumors, though there was a decreasing odds of resection with 
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more advanced tumors within the defined T levels of T2 (OR 0.53 [95% CI 0.47-0.59],p<0.001) 

and T3 (OR 0.36 [95% CI 0.32-0.4], p<0.001). 

Where a patient was treated was significantly associated with their odds of resection 

(Table 3.9).  Community cancer programs were associated with a 72% higher odds of resection 

compared with academic/research programs (HR 1.72 [95% CI 1.46-2.03], p<0.001), but no 

difference was seen when examining comprehensive community and academic/research 

programs.   The annual volume of pancreatic resections being less than 20 cases had a 41% lower 

odds of reduction when compared to those with 20 or greater cases/year (OR 0.59 [95% CI 0.55-

0.64], p<0.001).   

Just as the location of treatment mattered, what components were involved in the 

treatment of patients also significantly affected the odds of resection.  All three therapies could 

have been offered at any point during a patient’s treatment course and may represent adjuvant or 

neoadjuvant therapy for patients that had resection.  Having chemotherapy at any time after 

diagnosis was associated with higher odds of resection (OR 1.45 [95% CI 1.34-1.56], p<0.001), 

while palliative care had the expected opposite effect with patients having odds over 5 times 

lower than those who were not offered palliative care (OR 0.17 [95% CI 0.15-0.19], p<0.001).  

Radiation was not associated with a significance difference in odds of receipt of resection. 

Table 3.9: Multivariable Logistic Regression Model for Resection Among Potentially Resectable Patients  
Table 3.9: Multivariable Logistic Regression Model for Resection Among Potentially Resectable Patients (N=25,382) 

Covariate OR (95% CI) P-Value Covariate OR (95% CI) P-Value 

Age 0.96 (0.96-0.96) <.0001 Year of Diagnosis     

Sex     2003 Ref   

Male Ref   2004 0.64 (0.53-0.76) <.0001 

Female 1.01 (0.95-1.07) 0.7278 2005 0.66 (0.56-0.78) <.0001 

Race     2006 0.68 (0.58-0.8) <.0001 

White Ref   2007 0.68 (0.58-0.8) <.0001 

Black 0.64 (0.58-0.71) <.0001 2008 0.98 (0.85-1.14) 0.8368 

Other 0.8 (0.67-0.94) 0.0076 2009 1.08 (0.93-1.25) 0.3128 

Hispanic Ethnicity     2010 1.13 (0.97-1.3) 0.116 

Non-Hispanic Ref   2011 1.05 (0.91-1.21) 0.5272 
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Hispanic 0.87 (0.79-0.95) 0.0031 Anatomic Site     

Distance to Treatment Center     Head Ref   

<5 miles Ref   Body 0.53 (0.47-0.59) <.0001 

 5 to 9.9 miles 1.03 (0.94-1.13) 0.552 Other 0.8 (0.73-0.88) <.0001 

10 to 29.9 miles 1.19 (1.09-1.3) <.0001 Tail 1.96 (1.71-2.23) <.0001 

30 miles or greater 1.24 (1.13-1.36) <.0001 Tumor Size (cm) 0.98 (0.97-0.99) 0.0001 

Insurance     AJCC Clinical T     

Private Insurance Ref   1 Ref   

Government Insurance 0.97 (0.9-1.05) 0.496 2 0.53 (0.47-0.59) <.0001 

Uninsured 0.67 (0.56-0.8) <.0001 3 0.36 (0.32-0.4) <.0001 

Income      X 0.67 (0.49-0.92) 0.0138 

$46,000 + Ref   Facility Type     

$30,000 - $34,999 0.89 (0.8-0.99) 0.03 Academic/Research Ref   

 $35,000 - $45,999  0.91 (0.84-0.99) 0.0361 Community Cancer Program 1.72 (1.46-2.03) <.0001 

 < $30,000 0.9 (0.79-1.02) 0.0921 Comprehensive Community Cancer Program  1.01 (0.94-1.08) 0.8873 

% without HS education      Hospital Volume     

<14% Ref   High Volume (≥ 20 resections/year) Ref   

14-19.9%  0.91 (0.83-1) 0.0404 Low Volume (< 20 resections/year) 0.59 (0.55-0.64) <.0001 

 20-28.9% 0.93 (0.84-1.02) 0.1273 Chemotherapy     

 >=29%  0.86 (0.76-0.97) 0.0161 No Ref   

Charlson/Deyo Comorbidity 
Score   

  Yes 
1.45 (1.34-1.56) <.0001 

0 Ref   Radiation     

1 1.26 (1.17-1.35) <.0001 No Ref   

2+ 1 (0.89-1.13) 0.9589 Yes 1.05 (0.98-1.13) 0.1984 

Histology     Palliative Care     

Adenocarcinoma Ref   No Ref   

Ductal Adenocarcinoma 11.56 (10.48-
12.74) 

<.0001 Yes 0.17 (0.15-0.19) <.0001 

 

Univariate Survival Differences in Potentially Resectable Population 

Unlike the overall population, sex and year of diagnosis were not significant predictors of overall 

survival in the patients eligible for surgery, though 2006 did have a significantly reduced hazard 

of death (0.92 [95% CI 0.87-0.92], p=0.008).  In the same fashion as the overall population, 

Hispanic ethnicity and rurality of patients’ place of residence were not associated with overall 

survival. 

Each additional year of age conferred a 2% higher hazard of death in patients eligible for 

resection (HR 1.02 [95% CI 1.02-1.03], p<0.001).  While race was an overall predictor, the 

difference between white and black patients was the only comparison that yielded a significant 

difference, with blacks having a 10% higher hazard of death compared with their white 

counterparts (HR 1.10 [95% CI 1.02-1.17, p=0.007).  Black patients also had a median survival 
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difference of, though it was about two-thirds of a month (9 months [95% CI 8.25-9.69] vs. 9.66 

months [95% CI 9.43-9.86], p=0.007; Figure 3.1), a smaller difference than in the overall cohort.  

No difference was seen between ‘Other’ race patients and white patients (Figure 3.2). The hazard 

of death related to distance from treatment was lower with each successive increase in distance, 

ranging from a 10 to 25% reduction (Table 3.10).   

Both government insured and uninsured patients had significantly higher hazards of death 

compared with those who were privately insured (Government: HR 1.47 [95% CI 1.41-1.54]; 

Uninsured: HR 1.2 [95% CI 1.14-1.5].  There was a corresponding 3-4 month difference in 

median survival time (Government: 8.18 months [95% CI 7.85-8.44]; Uninsured: 9.23 months 

[95% CI 8.21-10.61]; Private: 12.52 months [95% CI 11.93-13.04]; Figure 3.3). Decreasing 

education also followed a stepwise progression, with each decreasing level of education being 

associated with hazards of death from 12% to 19% higher than the most educated group (Table 

3.10).  Although not stepwise, all levels of income were associated with higher hazards of death 

than the highest income quartile, having HRs 10% to 16% higher (Table 3.10).  Lastly, each 

additional level of Charlson/Deyo score was associated with higher hazards of death, with a 

score of 1 associated with an HR of 1.12 (95% CI 1.07-1.17, p<0.001) and a score of 2+ 

associated with an HR of 1.39 (95% CI 1.28-1.51, p<0.001). 

Table 3.10: Univariate Association of OS with Patient Demographics 
Table 3.10: Univariate Association of OS with Patient Demographics (N=9,976) 

Covariate Level N Hazard Ratio (95% CI) HR P-value Log-rank P-value 

Patient Age   9976 1.02 (1.02-1.03) <.001 - 

Sex 
Female 5172 1.04 (1.00-1.08) 0.069 

0.068 
Male 4804 - - 

Race 

Black 1057 1.10 (1.02-1.17) 0.007 

0.022 Other 292 0.97 (0.86-1.10) 0.621 

White 8446 - - 

Hispanic Ethnicity 
Yes 1485 0.98 (0.92-1.03) 0.393 

0.388 
No 8491 - - 

Rurality Category 

Rural 197 1.09 (0.95-1.26) 0.221 

0.399 Urban 1541 1.02 (0.96-1.08) 0.509 

Metro 7614 - - 
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Great Circle Distance   9512 1.00 (1.00-1.00) <.001 - 

Distance From Treatment Facility (Quartiles) 

5 to 9.9 miles 1705 0.90 (0.85-0.96) 0.002 

<.001 
10 to 29.9 miles 2503 0.84 (0.80-0.89) <.001 

30 miles or greater 2951 0.75 (0.71-0.79) <.001 

<5 miles 2353 - - 

Insurance 

Not Insured 255 1.31 (1.14-1.50) <.001 

<.001 Govt. Insurance 6135 1.47 (1.41-1.54) <.001 

Private Insurance 3219 - - 

Income 

< $30,000 1405 1.10 (1.03-1.17) 0.005 

<.001 
$30,000 - $34,999 1775 1.16 (1.09-1.23) <.001 

$35,000 - $45,999 2582 1.12 (1.06-1.18) <.001 

$46,000 + 3628 - - 

Education 

>=29% 1673 1.19 (1.12-1.26) <.001 

<.001 
20-28.9% 2191 1.16 (1.10-1.23) <.001 

14-19.9% 2186 1.12 (1.06-1.19) <.001 

< 14% 3340 - - 

Year of Diagnosis 

2004 2360 0.96 (0.90-1.02) 0.167 

0.059 
2005 2724 0.97 (0.92-1.03) 0.353 

2006 2748 0.92 (0.87-0.98) 0.008 

2003 2144 - - 

Charlson/Deyo Score 

1 2358 1.12 (1.07-1.17) <.001 

<.001 2+ 642 1.39 (1.28-1.51) <.001 

0 6976 - - 

 

Figure 3.1: Kaplan-Meier Survival Curves for Black vs. White Patients in Potentially Resectable Cohort 

 



 128 

Figure 3.2: Kaplan-Meier Survival Curves for Other vs. White Patients in Potentially Resectable Cohort 

 

Figure 3.3: Kaplan-Meier Survival by Insurance Status in Potentially Resectable Cohort 

 

All tumor variables were significant predictors of overall survival, with only a combined 3 levels 

of the 5 categorical variables not reaching significance.  Unlike what has been reported for the 
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overall population, tail tumors provided a hazard of death lower than head tumors (HR 0.9 [95% 

CI 0.82-0.99], p=0.04) and tumors in ‘other’ locations were only associated a 7% higher hazard 

of death (HR 1.07 [95% CI 1.01-1.14], p=0.02).  Just like the overall population, ductal 

adenocarcinoma patients had a better overall survival (HR =0.66 [95% CI 0.63-0.70], p<0.001].  

Although significance of tumor size was a p<0.001, only a 1% higher hazard of death was seen 

with each additional cm (HR 1.01 [95% CI 1-1.01]).  As expected, increasing T levels increased 

hazards of death compared to T1 tumors (T2 HR 1.31 [95% CI 1.21-1.41]; T3 HR 1.37 [95% CI 

1.27-1.47], both p<0.001).  For nodal status, only patient with NX, or undetermined patients, had 

a significantly higher HR of 1.25 (95% CI 1.18-1.33, p<0.001).  While all stages higher than 1A 

had HR significantly higher than 1, there was not a clean stepwise progression from one stage to 

another and corresponding increases in hazards, with the highest HRs corresponding to patients 

that were staged as 3 or 4 (Table 3.11). 

Table 3.11: Univariate Association of OS with Tumor Characteristics  
Table 3.11: Univariate Association of OS with Tumor Characteristics (N=9,976) 

Covariate Level N 
Hazard Ratio (95% 

CI) 
HR P-
value 

Log-rank P-
value 

Site of Primary Tumor (restricted) 

Body 709 1.03 (0.95-1.12) 0.465 

0.011 
Tail 485 0.90 (0.82-0.99) 0.037 

Other 1413 1.07 (1.01-1.14) 0.022 

Head 7369 - - 

Histology 
Ductal Adenocarcinoma 1411 0.66 (0.63-0.70) <.001 

<.001 
Adenocarcinoma 8564 - - 

Size of Tumor (cm)   8323 1.01 (1.00-1.01) 0.024 - 

AJCC Clinical T 

2 3268 1.31 (1.21-1.41) <.001 

<.001 
3 5532 1.37 (1.27-1.47) <.001 

X 200 0.99 (0.84-1.16) 0.915 

1 976 - - 

AJCC Clinical N 

1 2970 1.04 (1.00-1.09) 0.078 

<.001 X 1330 1.25 (1.18-1.33) <.001 

0 5670 - - 

Recalculated Clinical Stage Group with AJCC 
6th/7th Edition 

1B 2240 1.28 (1.18-1.40) <.001 

<.001 

2A 3129 1.40 (1.29-1.53) <.001 

2B 3123 1.31 (1.20-1.43) <.001 

3 25 2.34 (1.54-3.54) <.001 

4 32 2.28 (1.60-3.26) <.001 

Unable to determine stage  659 1.68 (1.51-1.88) <.001 

1A 768 - - 
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Both community and comprehensive community cancer programs were associated with higher 

hazards of death compared to academic programs with nearly identical HRs of 1.34 (community) 

and 1.33 (comprehensive community) (Table 3.12).  Patients cared for at ‘Low volume’ 

programs performing less than 15 resections/year had a 34% higher hazard of death (HR 1.34 

[95% CI 1.28-1.4], p<0.001) while those care for at ‘Low-Volume’ programs performing less 

than 20 resections a year had a 36% higher hazard of death (HR 1.36 [95% CI 1.3-1.42], 

p<0.001). 

Table 3.12: Univariate Association of OS with Facility Characteristics  
Table 3.12: Univariate Association of OS with Facility Characteristics (N=9,976) 

Covariate Level N 
Hazard Ratio (95% 

CI) 
HR P-
value 

Log-rank P-
value 

Facility Location 

Middle Atlantic 1561 0.85 (0.77-0.94) 0.001 

<.001 

South Atlantic 1952 0.94 (0.86-1.04) 0.217 

East North Central 1623 1.04 (0.94-1.14) 0.428 

East South Central 638 1.12 (1.00-1.25) 0.06 

West North Central 873 1.01 (0.91-1.13) 0.818 

West South Central 966 0.99 (0.89-1.10) 0.791 

Mountain 374 1.05 (0.92-1.20) 0.482 

Pacific 1391 0.99 (0.89-1.09) 0.773 

New England 598 - - 

Facility Type (Restricted) 

Community Cancer Program 622 1.34 (1.23-1.46) <.001 

<.001 
Comprehensive Community Cancer 
Program 

4056 1.33 (1.28-1.39) <.001 

Academic/Research Program 5191 - - 

Facility volume of cases/Year at time of 
surgery 

 Continuous 9206 1.00 (0.99-1.00) <.001 - 

Low Volume ( < 15 cases/Year) vs. High 5695 1.34 (1.28-1.40) <.001 <.001 

Low Volume ( < 20 cases/Year) vs. High 6537 1.36 (1.30-1.42) <.001 <.001 

 

As reported for the overall population, all three standard therapies conferred large survival 

advantages when utilized.  Chemotherapy was found to have a hazard of death 43% lower than 

those who didn’t receive therapy (HR 0.57 [95% CI 0.55-0.60]); radiation was 36% lower (HR 

0.64 [95% CI 0.61-0.67]), and resected patients’ hazard was 61% lower (HR 0.39 [95% CI 

0.0.37-0.41]).  The difference in median survival time did not directly mirror the HRs with 

resection once again provided the greatest survival advantage at 11.17 months (18.17 [95% CI 

17.35-18.79] vs. 7 months [95% CI 6.74-7.2]; Figure 2.4).  Chemotherapy was associated with a 
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smaller increase of 6.96 months (12.78 months [95% CI 12.45-13.17] vs. 5.82 months [95% CI 

5.52-6.05]; Figure 2.5) and radiation with the smallest difference at 6.05 months (13.31 months 

[95% CI 12.81-13.67] vs. 7.26 months [95% CI 6.97-7.56]; Figure 2.6).  Any combination of the 

three had a hazard of death 62% lower than patients who received none of the standard therapies 

(HR 0.38 [95% CI 0.37-0.40]; Table 3.13).  Also similar to the overall population, refusing any 

of the therapies was associated with a higher HR.  Refusing chemotherapy had the highest hazard 

of death at 62% higher, refusal of surgery the next most at 55%, and lastly refusal of 

radiotherapy at 45% higher (all p-values <0.001).  Three of four measures of time to therapy 

showed an extremely modest but significant difference in the hazard of death, though the 

differences were less than one percent/day (Table 3.13). 

Table 3.13: Univariate Association of OS with Facility Characteristics  
Table 3.13: Univariate Association of OS with Facility Characteristics (N=9,976) 

Covariate Level N Hazard Ratio (95% CI) 
HR P-
value 

Log-rank 
P-value 

Chemotherapy 
Yes 5014 0.57 (0.55-0.60) <.001 

<.001 
No 4563 - - 

Chemotherapy, Days from Dx   4540 1.00 (0.99-1.00) <.001 - 

Chemotherapy Refused 
Yes 391 1.62 (1.46-1.80) <.001 

<.001 
No 9186 - - 

Radiotherapy 
Yes 3720 0.64 (0.61-0.67) <.001 

<.001 
No 6231 - - 

Radiation, Days from Dx   3628 1.00 (0.99-1.00) <.001 - 

Radiation Refused 
Yes 239 1.35 (1.18-1.54) <.001 

<.001 
No 9377 - - 

Curative Resection Attempted 
Yes 3453 0.39 (0.37-0.41) <.001 

<.001 
No 6500 - - 

Time to Resection, Days from Dx   3350 1.00 (1.00-1.00) <.001 - 

Resection Refused 
Yes 217 1.55 (1.35-1.78) <.001 

<.001 
No 9334 - - 

Palliative Care Offered 
Yes 948 1.45 (1.35-1.55) <.001 

<.001 
No 8895 - - 

At Least 1 Standard Treatment Performed (Chemo, Radiation, or 
Resection) 

Yes 6714 0.38 (0.37-0.4) <.001 

<.001 
No 3049 - - 
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Figure 3.4: Kaplan-Meier Survival by Curative Resection Attempt Status in Potentially Resectable Cohort 

 

Figure 3.5: Kaplan-Meier Survival by Chemotherapy in Potentially Resectable Cohort 
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Figure 3.6: Kaplan-Meier Survival by Radiation in Potentially Resectable Cohort 

 

 

Multivariable Cox Regression Models for Overall Survival 

Without Treatment Variables 

Though significant on univariate survival analyses, distance to treatment, income, year of 

diagnosis, and facility type failed to be significant when adjusting for other covariates (Table 

3.14).  Black race continued to be significant predictor of overall survival and was associated 

with the same 10% higher hazard of death as in the univariate analysis (HR 1.1 [95% CI 1.01-

1.21), p=0.03).  Both government insurance and uninsured patients continued to have 

significantly higher HR compared to privately insured patients, though patients with government 

insurance had a lower HR than uninsured patients after adjusting for other covariates (1.09 [95% 

CI 1.02-1.16] vs. 1.3 [95% CI 1.1-1.53], Table 3.14).  Income remained a significant predictor of 

overall survival with the second-highest quartile being associated with a 9% higher hazard of 

death (HR 1.09 [95% CI 1.01-1.18]) and both of the two lowest quartiles having a 16% higher 
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hazard of death (Table 3.14).  Comorbidity status remained a significant predictor at both levels 

compared to a Charlson/Deyo score of 0, with a score of 1 associated with an HR of 1.09 (95% 

CI 1.03-1.16, p=0.004) and 2+ with an HR of 1.35 (95% CI 1.21-1.49, p<0.001). 

Anatomically, tail tumors were the only ones with a significant survival difference (HR 

0.83 [95% CI 0.74-0.93].  Histologically, ductal adenocarcinomas continued to be associated 

with a survival benefit (HR 0.72 [95% CI 0.68-0.78], p<0.001).  Further, each 1cm increase in 

tumor size had a 2% higher hazard of death (HR 1.02 [95% CI 1.01-1.02], p<0.001) and 

increasing T levels had increasing hazards of death (HR 1.36-1.47) and TX tumors falling near 

T2 tumors with a HR of 1.34 (Table 3.14).   

The only facility characteristic that remained significant was that of hospital volume of 

pancreatic resections/year.  Patients care for at facilities performing fewer than 20 resections in a 

year had a 24% higher hazard of death, even after adjusting for other covariates (HR 1.24 [95% 

CI 1.16-1.32], p<0.001). 

Table 3.14: Multivariable Cox Regression Model for Overall Survival Among Potentially Resectable 

Patients [w/o Treatment Variables]  
Table 3.14: Multivariable Cox Regression Model for Overall Survival Among Potentially Resectable Patients [w/o treatment variables] (N=6,538) 

Covariate HR (95% CI) P-Value Covariate HR (95% CI) P-Value 

Age 1.02 (1.02-1.02) <.0001 Year of Diagnosis     

Sex     2003 Ref   

Male Ref   2004 1.01 (0.94-1.09) 0.7894 

Female 0.98 (0.93-1.03) 0.4142 2005 1.08 (1-1.16) 0.0507 

Race     2006 1.05 (0.98-1.14) 0.1694 

White Ref   Charlson/Deyo Comorbidity Score     

Black 1.1 (1.01-1.21) 0.0299 0 Ref   

Other 0.94 (0.81-1.11) 0.4729 1 1.09 (1.03-1.16) 0.0037 

Distance to Treatment Center     2+ 1.35 (1.21-1.49) <.0001 

<5 miles Ref   Anatomic Site     

10 to 29.9 miles 0.99 (0.92-1.07) 0.8609 Head Ref   

30 miles or greater 0.94 (0.87-1.01) 0.081 Body 1.04 (0.94-1.14) 0.4734 

 5 to 9.9 miles 0.99 (0.91-1.07) 0.7942 Other 1.01 (0.93-1.09) 0.8217 

Insurance     Tail 0.83 (0.74-0.93) 0.0015 

Private Insurance Ref   Histology     

Government Insurance 1.09 (1.02-1.16) 0.0159 8140 Ref   

Uninsured 1.3 (1.1-1.53) 0.0019 8500 0.72 (0.68-0.78) <.0001 

Income      Tumor Size (cm) 1.02 (1.01-1.02) <.0001 

$46,000 + Ref   AJCC Clinical T     
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$30,000 - $34,999 1.02 (0.94-1.12) 0.6002 1 Ref   

 $35,000 - $45,999  1.01 (0.94-1.09) 0.786 2 1.36 (1.23-1.5) <.0001 

 < $30,000 0.92 (0.83-1.03) 0.1413 3 1.47 (1.34-1.61) <.0001 

% without HS education      X 1.34 (1.06-1.7) 0.0159 

<14% Ref   Facility Type     

14-19.9%  1.09 (1.01-1.18) 0.0215 Academic/Research Ref   

 20-28.9% 1.16 (1.07-1.26) 0.0004 Community Cancer Program 0.92 (0.8-1.06) 0.2553 

 >=29%  1.16 (1.05-1.29) 0.0048 Comprehensive Community Cancer Program  1.06 (0.99-1.12) 0.0789 

  

Hospital Volume     

High Volume (≥ 20 resections/year) Ref   

Low Volume (< 20 resections/year) 1.24 (1.16-1.32) <.0001 

 

With Treatment Variables 

In a model that included the treatment factors including whether resection was performed, half of the 

categorical variables that were included in the previous models had at least one level change with regard 

to whether it was statistically significant or not (Table 3.15). ‘Other’ race patients now had significantly 

lower hazard of death (HR o.82 [95% CI 0.7-0.76], p=0.01) while black patient no longer had a 

significant difference after accounting for receipt of therapy. Patients who lived 30 miles or more away 

from the treatment facility now had a significant survival advantage compared to those living less than 5 

miles away (HR 0.9 [95% CI 0.84-0.98], p=0.009).  The lowest education quartile (>=29% without a high 

school diploma) no longer had a significant difference from the highest quartile (<14% without a high 

school diploma), tumors of the tail had no difference with tumors of the head, and ductal adenocarcinoma 

did not have a difference with adenocarcinoma.  The remainder of covariates changed with respect to 

their point estimates, but remained significantly associated with overall survival. 

Examining the three standard treatment factors added into the model, all were significantly 

associated with survival at a p<0.001. The largest survival advantage among patients eligible for resection 

was provided by curative resection: reducing the hazard of death by 59% (HR 0.41 [95% CI 0.38-0.43]). 

Chemotherapy also provided a survival advantage, reducing the hazard of death by 29% (HR 0.71 [95% 

CI 0.67-0.76]) and radiation with about half of the improvement at 15% (HR 0.85 [95% CI 0.79-0.9]). On 

the other end, patients who were offered palliative care of any type and at any point in their treatment had 

a 17% higher hazard of death (HR 1.17 [95% CI 1.08-1.28], p=0.0003). 
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Table 3.15: Multivariable Cox Regression Model for Overall Survival Among Potentially Resectable 

Patients [w/ Treatment Variables] 
Table 3.15: Multivariable Cox Regression Model for Overall Survival Among Potentially Resectable Patients [w/ treatment variables] (N=6,539) 

Covariate HR (95% CI) P-Value Covariate HR (95% CI) P-Value 

Age 1.01 (1.01-1.01) <.0001 Anatomic Site     

Sex     Head Ref   

Male Ref   Body 0.96 (0.87-1.05) 0.3622 

Female 0.96 (0.91-1.01) 0.1044 Other 0.96 (0.88-1.04) 0.2999 

Race     Tail 0.96 (0.85-1.08) 0.4718 

White Ref   Histology     

Black 1.01 (0.92-1.1) 0.855 Adenocarcinoma Ref   

Other 0.82 (0.7-0.96) 0.0123 Ductal Adenocarcinoma 1.06 (0.98-1.14) 0.1385 

Distance to Treatment Center     Tumor Size (cm) 1.02 (1.01-1.02) <.0001 

<5 miles Ref   AJCC Clinical T     

10 to 29.9 miles 1.01 (0.93-1.08) 0.8855 1 Ref   

30 miles or greater 0.9 (0.84-0.98) 0.009 2 1.23 (1.12-1.36) <.0001 

 5 to 9.9 miles 1 (0.92-1.08) 0.8967 3 1.34 (1.22-1.47) <.0001 

Insurance     X 1.37 (1.08-1.74) 0.0092 

Private Insurance Ref   Facility Type     

Government Insurance 1.14 (1.07-1.22) 0.0001 Academic/Research Ref   

Uninsured 1.19 (1.01-1.4) 0.0357 Community Cancer Program 1.06 (0.92-1.22) 0.4002 

Income      Comprehensive Community Cancer Program  1.06 (1-1.13) 0.0583 

$46,000 + Ref   Hospital Volume     

$30,000 - $34,999 1.04 (0.95-1.14) 0.4045 High Volume (≥ 20 resections/year) Ref   

 $35,000 - $45,999  1.02 (0.94-1.09) 0.6695 Low Volume (< 20 resections/year) 1.08 (1.01-1.15) 0.0228 

 < $30,000 0.9 (0.81-1.01) 0.0645 Chemotherapy     

% without HS education      No Ref   

<14% Ref   Yes 0.71 (0.67-0.76) <.0001 

14-19.9%  1.09 (1.02-1.18) 0.0183 Radiation     

 20-28.9% 1.11 (1.02-1.21) 0.0115 No Ref   

 >=29%  1.08 (0.97-1.2) 0.1517 Yes 0.85 (0.79-0.9) <.0001 

Year of Diagnosis     Curative Resection     

2003 Ref   No Ref   

2004 0.93 (0.86-1.01) 0.0851 Yes 0.41 (0.38-0.43) <.0001 

2005 1 (0.93-1.08) 0.995 Palliative Care     

2006 0.98 (0.91-1.06) 0.6719 No Ref   

Charlson/Deyo Comorbidity Score     Yes 1.17 (1.08-1.28) 0.0003 

0 Ref   

  

1 1.17 (1.1-1.24) <.0001 

2+ 1.44 (1.3-1.6) <.0001 

 

Part 3: Patients Who Received a Curative Resection Attempt 

Introduction 

Of the overall population, 14,824 patients underwent a curative resection attempt and were used 

to investigate who received surgery at a high volume hospital as well as looking at the outcomes 

of thirty-day postoperative readmissions and mortality, finishing with an examination of overall 

survival of surgery patients. As the population is the same for all four multivariable analyses that 
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will follow, the demographic tables below will refer to the fourth, fifth, and sixth analyses as 

well as the overall survival groups.  As this population was discussed in the univariate analyses 

of the prior population, the discussion of the population will be brief. 

Descriptive Statistics 

The number of patients in each year increased, with there being nearly four times the number of 

patients receiving operations in 2011 compared to 2003 (Table 4.0.1).  Resected patients were 

younger than the previous two populations, was close to split with respect to gender, and 

continued the prior trends of predominantly white, non-Hispanic patients (Table 4.0.1). Patients 

were mostly living in metropolitan counties, lived more than 10 miles away, and lived in census 

tracks that made more than $46,000/year and had less than 14% of the population without a 

HSD.  Most patients were healthy with no major comorbidities. 

Table 4.0.1: Patient Demographics of Resected Patients  

Table 4.0.1: Patient Demographics of Resected Patients (N = 14,824) 

Variable Level n (%) Variable Level n (%) 

Patient Age 
Mean ± SD 65.39 ± 10.58 

Income 

< $30,000 1789 (12.9) 

n 14824 $30,000 - $34,999 2494 (18) 

Sex 
Male 7545 (50.9) $35,000 - $45,999 3782 (27.3) 

Female 7279 (49.1) $46,000 + 5779 (41.7) 

Race 

White 12758 (87.3) 

Education 

>=29% 2145 (15.5) 

Black 1375 (9.4) 20-28.9% 3201 (23.1) 

Other 482 (3.3) 14-19.9% 3276 (23.7) 

Hispanic Ethnicity 
No 13152 (88.7) < 14% 5222 (37.7) 

Yes 1672 (11.3) 

Year of Diagnosis 

2003 747 (5) 

Rurality Category 

Rural 284 (2.1) 2004 748 (5) 

Urban 2360 (17.2) 2005 948 (6.4) 

Metro 11116 (80.8) 2006 1010 (6.8) 

Great Circle Distance 
Mean ± SD 64.06 ± 266 2007 1214 (8.2) 

n 14030 2008 2099 (14.2) 

Distance From Treatment Facility (Quartiles) 

<5 miles 2587 (18.4) 2009 2483 (16.7) 

5 to 9.9 miles 2302 (16.4) 2010 2736 (18.5) 

10 to 29.9 miles 4103 (29.2) 2011 2839 (19.2) 

30 miles or greater 5038 (35.9) 

Charlson/Deyo Score 

0 9904 (66.8) 

Insurance 

Not Insured 385 (2.6) 1 3917 (26.4) 

Private Insurance 6059 (41.5) 2+ 1003 (6.8) 

Govt. Insurance 8157 (55.9)   
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The most common site of the primary tumor was the head of pancreas and over 60% were listed 

as adenocarcinoma without further specification (Table 4.0.2).  Tumors were 3.45 cm on average 

and were T3N0 tumors split between stages 1B and 2A.  In looking at the pathologic staging, a 

large number of tumors were upstaged with approximately 70% being T3, over 60 % being node 

positive and 2% being found to be metastatic, though the vast majority of patients had unknown 

M status in the database.  Examining the pathology of the surgical specimens, 23.6% of patients 

had positive surgical margins. 

Table 4.0.2: Tumor Characteristics of Resected Patients  

Table 4.0.2: Tumor Characteristics of Resected Patients (N = 14,824) 

Variable Level n (%) Variable Level n (%) 

Site of Primary Tumor 

Head 11168 (75.3) 

AJCC Pathologic T 

0 44 (0.3) 

Body 847 (5.7) 1 992 (6.8) 

Tail 1230 (8.3) 2 2465 (16.9) 

Other 1579 (10.7) 3 10243 (70.2) 

Histology 
Adenocarcinoma 9307 (62.8) 4 223 (1.5) 

Ductal Adenocarcinoma 5517 (37.2) IS 8 (0.1) 

Diagnostic Confirmation 

Positive histology 14476 (97.7) X 623 (4.3) 

Positive cytology 343 (2.3) 

AJCC Pathologic N 

0 4842 (33.2) 
Positive microscopic 
confirmation NOS 5 (0) 

1 
9004 (61.7) 

Size of Tumor (cm) 
Mean ± SD 3.45 ± 2.55 X 737 (5.1) 

n 14453 
AJCC Pathologic M 

1 210 (2.2) 

AJCC Clinical T 

1 2081 (14.1) X 9124 (97.8) 

2 5182 (35) 

Recalculated Pathologic Stage 
Group with AJCC 6th/7th Edition 

0 14 (0.1) 

3 7294 (49.3) 1A 602 (4.1) 

X 246 (1.7) 1B 1104 (7.6) 

AJCC Clinical N 

0 9014 (60.9) 2A 2760 (18.9) 

1 4785 (32.3) 2B 8251 (56.5) 

X 991 (6.7) 3 294 (2) 

Recalculated Clinical Stage 
Group with AJCC 6th/7th 
Edition 

1A 1737 (11.7) 4 228 (1.6) 

1B 
3908 (26.4) 

Unable to 
determine stage  1360 (9.3) 

2A 3689 (24.9) 
Surgical Margins 

No 11078 (76.4) 

2B 4978 (33.6) Yes 3418 (23.6) 

3 9 (0.1) 
Regional Lymph Nodes Positive 

No 5328 (36.1) 

4 2 (0) Yes 9441 (63.9) 

Unable to determine 
stage  493 (3.3)   

 

The largest area caring for pancreatic adenocarcinoma patients and academic/research programs 

took care of 60% of the population of resection recipients (Table 4.0.3).  Over 50% of patients 

received surgery at a center performing 15 or more resections in a year, dropping to just under 
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50% when looking at patients that received resections at facilities performing 20 or more 

resections. 

Table 4.0.3: Facility Characteristics of Resected Patients  

Table 4.0.3: Facility Characteristics of Resected Patients (N = 14,824) 

Variable Level n (%) 

Facility Location 

New England 703 (4.7) 

Middle Atlantic 2585 (17.4) 

South Atlantic 3286 (22.2) 

East North Central 2577 (17.4) 

East South Central 933 (6.3) 

West North Central 1241 (8.4) 

West South Central 1251 (8.4) 

Mountain 585 (3.9) 

Pacific 1663 (11.2) 

Facility Type (Restricted) 

Community Cancer Program 584 (4) 

Comprehensive Community Cancer Program 5328 (36.1) 

Academic/Research Program 8851 (60) 

Facility volume of cases/Year at time of surgery 

Mean ± SD 31.58 ± 37.43 

n 14824 

≥15 pancreatic resections/year 8275 (55.8) 

≥20 pancreatic resections/year 7150 (48.2) 

 

Most patients received either chemotherapy or radiotherapy (70.3%) and 39.4% received both 

(Table 4.0.4).  For patients with time course data available, 52.6% received adjuvant 

chemotherapy, 11.7% neoadjuvant chemotherapy, 33.3% adjuvant radiotherapy and 7.8% 

radiotherapy.  When looking at combination chemoradiotherapy, 27.1% received adjuvant 

therapy and 6.7% received neoadjuvant therapy.  Looking at resection, over half of patients 

received a pancreaticoduodenectomy (Whipple procedure) or some variant thereof and received 

surgery a mean of 32.4 days from diagnosis. 

Table 4.0.4: Treatment Characteristics of Resected Patients 

Table 4.0.4: Treatment Characteristics of Resected Patients (N = 14,824) 

Variable Level n (%) Variable Level n (%) 

Chemotherapy 
No 4372 (31.1) 

Radiation Refused 
No 13847 (98.3) 

Yes 9678 (68.9) Yes 244 (1.7) 

Adjuvant Chemotherapy 
No 5225 (43.4) 

Chemoradiotherapy 
No 8937 (60.6) 

Yes 6826 (56.6) Yes 5819 (39.4) 

Neoadjuvant Chemotherapy 
No 10641 (88.3) 

Adjuvant Chemoradiotherapy 
No 9344 (72.9) 

Yes 1410 (11.7) Yes 3479 (27.1) 

Chemotherapy, Days from Dx 
Mean ± SD 70.17 ± 42.36 

Neoadjuvant Chemoradiotherapy 
No 12909 (93.3) 

n 8885 Yes 923 (6.7) 

Chemo Refused No 13761 (97.9) Type of Curative Resection Attempt Partial pancreatectomy 1685 (11.4) 
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Yes 
289 (2.1) 

Local or partial 
pancreatectomy and 
duodenectomy 1024 (6.9) 

Radiotherapy 
No 

8737 (59.2) 
WITHOUT distal/partial 
gastrectomy 1380 (9.3) 

Yes 
6031 (40.8) 

WITH partial gastrectomy 
(Whipple) 7397 (49.9) 

Adjuvant Radiotherapy 

No 9781 (66.7) Total pancreatectomy 556 (3.8) 

Yes 
4893 (33.3) 

Total pancreatectomy and 
subtotal gastrectomy or 
duodenectomy 1472 (9.9) 

Neoadjuvant Radiotherapy 
No 

13531 (92.2) 
Extended 
pancreaticoduodenectomy 1060 (7.2) 

Yes 1143 (7.8) Pancreatectomy, NOS 250 (1.7) 

Radiation, Days from Dx 
Mean ± SD 99.16 ± 61.12 

Time to Resection, Days from Dx 
Mean ± SD 32.4 ± 49.94 

n 5842 n 14356 

 

Outcomes amenable to descriptive statistics centered on thirty-day readmissions and mortality.  

Readmissions occurred in some fashion among 10.6% of patients, with the majority of them 

(8.1% of patients) being unplanned (Table 4.0.5).  Mortality was in keeping with national figures 

at 3.3%. 

Table 4.0.5: Treatment Outcomes of Resected Patients  

Table 4.0.5: Treatment Outcomes of Resected Patients (N = 14,824) 

Variable Level n (%) 

30 Day Postoperative Readmission 
No Readmission 12859 (89.4) 

Planned/Unplanned Readmission 1518 (10.6) 

Type of 30 Day Postoperative Readmission 

No Readmission 12859 (89.4) 

Unplanned readmission within 30 days of discharge 1170 (8.1) 

Planned readmission within 30 days of discharge 310 (2.2) 

Planned and unplanned readmission within 30 days of discharge 38 (0.3) 

30 Day Postoperative Mortality 
No 14323 (96.7) 

Yes 491 (3.3) 

 

Who Gets Surgery at High Volume Centers 

Univariate Differences by Hospital Volume 

All variables that were significant for one volume cutoff were significant for the other volume 

cutoff, though the percentages could be different (Tables 4.1-4.4).  

Racial or ethnic minorities were less likely to be resected at a high volume center and this 

trend increased when moving from a 15 to 20 cases/year minimum volume (Table 4.1).  Patients 

from metro areas and those living at increasing distances from the treating facility were more 
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likely to be resected at a high volume center and this increased with moving from 15 to 20 

cases/year.  A higher proportion of patients with private insurance, higher income, and higher 

education received resection than their counterparts with a lower proportion receiving resection 

at centers performing ≥ 20 resections/year compared to those performing ≥15 resections/year 

(Table 4.1). 

In both volume cutoffs, the proportion resected in each year at a high volume center 

increase during the study period.  For hospitals performing at least 15 resections a year, 2005 

was the year in which they were performing more resections than those doing less than 15 

resections a year (Table 4.1).  For hospitals performing 20 or more resections a year, the same 

turning point was not reached until 2010.  No significant differences in age, sex, or comorbidity 

score was seen for either volume cutoff. 

Table 4.1: Univariate Differences in Patient Demographics by Annual Facility Volume  
Table 4.1: Univariate Differences in Patient Demographics by Annual Facility Volume (N=14,824) 

  
Annual Volume >=15 Annual Volume >=20 

n (%)   n(%)   

Covariate Level 
Low Volume 

N=6549 
High Volume 

N=8275 
P-value 

Low Volume 
N=7674 

High Volume 
N=7150 

P-value 

Patient Age 
n 6549 8275 

0.86 
7674 7150 

0.66 
Mean (SD) 65.38 (10.47) 65.41 (10.67) 65.36 (10.48) 65.43 (10.69) 

Sex 
Male 3363 (44.57) 4182 (55.43) 

0.325 
3921 (51.97) 3624 (48.03) 

0.618 
Female 3186 (43.77) 4093 (56.23) 3753 (51.56) 3526 (48.44) 

Race 

White 5594 (43.85) 7164 (56.15) 

<.001 

6550 (51.34) 6208 (48.66) 

<.001 Black 668 (48.58) 707 (51.42) 787 (57.24) 588 (42.76) 

Other 238 (49.38) 244 (50.62) 263 (54.56) 219 (45.44) 

Hispanic Ethnicity 
No 5697 (43.32) 7455 (56.68) 

<.001 
6657 (50.62) 6495 (49.38) 

<.001 
Yes 852 (50.96) 820 (49.04) 1017 (60.83) 655 (39.17) 

Rurality Category 

Rural 149 (52.46) 135 (47.54) 

0.004 

169 (59.51) 115 (40.49) 

0.039 Urban 1089 (46.14) 1271 (53.86) 1235 (52.33) 1125 (47.67) 

Metro 4894 (44.03) 6222 (55.97) 5769 (51.9) 5347 (48.1) 

Great Circle 
Distance 

n 6245 7785 
<.001 

7325 6705 
<.001 

Mean (SD) 37.15 (283.45) 85.64 (249.33) 38.39  (266.36) 92.1 (263.08) 

Distance From 
Treatment Facility 
(Quartiles) 

<5 miles 1785 (69) 802 (31) 

<.001 

1954 (75.53) 633 (24.47) 

<.001 
5 to 9.9 miles 1360 (59.08) 942 (40.92) 1554 (67.51) 748 (32.49) 

10 to 29.9 miles 1855 (45.21) 2248 (54.79) 2203 (53.69) 1900 (46.31) 

30 miles or greater 1245 (24.71) 3793 (75.29) 1614 (32.04) 3424 (67.96) 

Insurance 

Not Insured 230 (59.74) 155 (40.26) 

<.001 

256 (66.49) 129 (33.51) 

<.001 Private Insurance 2570 (42.42) 3489 (57.58) 3057 (50.45) 3002 (49.55) 

Govt. Insurance 3628 (44.48) 4529 (55.52) 4220 (51.73) 3937 (48.27) 

Income 

< $30,000 859 (48.02) 930 (51.98) 

<.001 

986 (55.11) 803 (44.89) 

<.001 
$30,000 - $34,999 1164 (46.67) 1330 (53.33) 1352 (54.21) 1142 (45.79) 

$35,000 - $45,999 1817 (48.04) 1965 (51.96) 2067 (54.65) 1715 (45.35) 

$46,000 + 2330 (40.32) 3449 (59.68) 2828 (48.94) 2951 (51.06) 
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Education 

>=29% 1024 (47.74) 1121 (52.26) 

<.001 

1180 (55.01) 965 (44.99) 

<.001 
20-28.9% 1476 (46.11) 1725 (53.89) 1712 (53.48) 1489 (46.52) 

14-19.9% 1519 (46.37) 1757 (53.63) 1796 (54.82) 1480 (45.18) 

< 14% 2151 (41.19) 3071 (58.81) 2545 (48.74) 2677 (51.26) 

Year of Diagnosis 

2003 408 (54.62) 339 (45.38) 

<.001 

522 (69.88) 225 (30.12) 

<.001 

2004 329 (43.98) 419 (56.02) 416 (55.61) 332 (44.39) 

2005 461 (48.63) 487 (51.37) 521 (54.96) 427 (45.04) 

2006 447 (44.26) 563 (55.74) 545 (53.96) 465 (46.04) 

2007 583 (48.02) 631 (51.98) 649 (53.46) 565 (46.54) 

2008 988 (47.07) 1111 (52.93) 1146 (54.6) 953 (45.4) 

2009 1105 (44.5) 1378 (55.5) 1246 (50.18) 1237 (49.82) 

2010 1082 (39.55) 1654 (60.45) 1310 (47.88) 1426 (52.12) 

2011 1146 (40.37) 1693 (59.63) 1319 (46.46) 1520 (53.54) 

Charlson/Deyo 
Score 

0 4415 (44.58) 5489 (55.42) 

0.183 

5121 (51.71) 4783 (48.29) 

0.305 1 1682 (42.94) 2235 (57.06) 2011 (51.34) 1906 (48.66) 

2+ 452 (45.06) 551 (54.94) 542 (54.04) 461 (45.96) 

 

For all tumor characteristics, only small differences in the breakdown between 15 and 20 

cases/year were noted.  A higher proportion of tumors in the head and body of the pancreas were 

resected at high volume centers compared to tumors in the tail and ‘other’ areas of the pancreas 

(Table 4.2).  Ductal adenocarcinomas were more likely to be resected at a high volume center 

(Table 4.2).  With respect to disease extent, there was not a clear relationship between T level or 

clinical stage of disease and interestingly, Stage 2A had the highest proportion of patients 

resected at a high volume center for either volume cutoff (Table 4.2).  On the other hand, patients 

with clinically positive nodes were less likely to received resection than their node negative 

counterparts (Table 4.2). 

Table 4.2: Univariate Differences in Tumor Characteristics by Annual Facility Volume 
Table 4.2: Univariate Differences in Tumor Characteristics by Annual Facility Volume (N=14,824) 

  
Annual Volume >=15 Annual Volume >=20 

n (%)   n(%)   

Covariate Level 
Low Volume 

N=6549 
High Volume 

N=8275 
P-value 

Low Volume 
N=7674 

High Volume 
N=7150 

P-value 

Site of Primary 
Tumor 

Head 4821 (43.17) 6347 (56.83) 

<.001 

5689 (50.94) 5479 (49.06) 

<.001 
Body 375 (44.27) 472 (55.73) 436 (51.48) 411 (48.52) 

Tail 623 (50.65) 607 (49.35) 697 (56.67) 533 (43.33) 

Other 730 (46.23) 849 (53.77) 852 (53.96) 727 (46.04) 

Histology 
Adenocarcinoma 4490 (48.24) 4817 (51.76) 

<.001 
5156 (55.4) 4151 (44.6) 

<.001 
Ductal Adenocarcinoma 2059 (37.32) 3458 (62.68) 2518 (45.64) 2999 (54.36) 

Diagnostic 
Confirmation 

Positive histology 6363 (43.96) 8113 (56.04) 

0.002 

7453 (51.49) 7023 (48.51) 

<.001 
Positive cytology 184 (53.64) 159 (46.36) 216 (62.97) 127 (37.03) 

Positive microscopic 
confirmation NOS 

2 (40) 3 (60) 5 (100) 0 (0) 

Size of Tumor (cm) 
n 6336 8117 

<.001 
7431 7022 

<.001 
Mean (SD) 3.55 (2.95) 3.38 (2.2) 3.52 (2.8) 3.38 (2.27) 

AJCC Clinical T 1 906 (43.54) 1175 (56.46) <.001 1058 (50.84) 1023 (49.16) <.001 
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2 2454 (47.36) 2728 (52.64) 2855 (55.09) 2327 (44.91) 

3 3090 (42.36) 4204 (57.64) 3649 (50.03) 3645 (49.97) 

X 85 (34.55) 161 (65.45) 96 (39.02) 150 (60.98) 

AJCC Clinical N 

0 3874 (42.98) 5140 (57.02) 

0.001 

4530 (50.26) 4484 (49.74) 

<.001 1 2194 (45.83) 2593 (54.17) 2582 (53.94) 2205 (46.06) 

X 464 (46.82) 527 (53.18) 543 (54.79) 448 (45.21) 

Recalculated Clinical 
Stage Group with 
AJCC 6th/7th Edition 

1A 748 (43.06) 989 (56.94) 

<.001 

871 (50.14) 866 (49.86) 

<.001 

1B 1822 (46.62) 2086 (53.38) 2112 (54.04) 1796 (45.96) 

2A 1454 (39.41) 2235 (60.59) 1724 (46.73) 1965 (53.27) 

2B 2265 (45.5) 2713 (54.5) 2659 (53.42) 2319 (46.58) 

3 7 (77.78) 2 (22.22) 7 (77.78) 2 (22.22) 

4 1 (50) 1 (50) 1 (50) 1 (50) 

Unable to determine stage  248 (50.3) 245 (49.7) 294 (59.63) 199 (40.37) 

 

A majority (63-64%) of high volume patients were cared for in Middle Atlantic (New Jersey, 

New York, and Pennsylvania), South Atlantic (Delaware, Florida, Georgia, Maryland, North 

Carolina, South Carolina, Virginia, and West Virginia) and the East North Central (Illinois, 

Indiana, Michigan, Ohio, and Wisconsin) census divisions.  Further, a significantly higher 

proportion of patients resected in centers in the Middle and South Atlantic were resected in a 

high volume center compared to any other regions (Table 4.3).  Looking instead at the 

proportions receiving resection by facility type, 69.22-78.59% of patients resected at an 

academic/research program were resected at a high volume center while only 19.2-24.76% of 

patients resected at a comprehensive community cancer program were resected at a high volume 

center (Table 4.3).  No community cancer programs were considered high-volume, as they are 

defined as treating fewer than five patients per year.  

Table 4.3: Univariate Differences in Facility Characteristics by Annual Facility Volume 
Table 4.3: Univariate Differences in Facility Characteristics by Annual Facility Volume (N=14,824) 

  
Annual Volume >=15 Annual Volume >=20 

n (%)   n(%)   

Covariate Level 
Low Volume 

N=6549 

High 
Volume 
N=8275 

P-value 
Low Volume 

N=7674 
High Volume 

N=7150 
P-value 

Facility 
Location 

New England 443 (63.02) 260 (36.98) 

<.001 

530 (75.39) 173 (24.61) 

<.001 

Middle Atlantic 807 (31.22) 1778 (68.78) 1105 (42.75) 1480 (57.25) 

South Atlantic 1233 (37.52) 2053 (62.48) 1378 (41.94) 1908 (58.06) 

East North Central 1194 (46.33) 1383 (53.67) 1388 (53.86) 1189 (46.14) 

East South Central 469 (50.27) 464 (49.73) 569 (60.99) 364 (39.01) 

West North Central 565 (45.53) 676 (54.47) 619 (49.88) 622 (50.12) 

West South Central 603 (48.2) 648 (51.8) 738 (58.99) 513 (41.01) 

Mountain 323 (55.21) 262 (44.79) 357 (61.03) 228 (38.97) 

Pacific 912 (54.84) 751 (45.16) 990 (59.53) 673 (40.47) 

Community Cancer Program 584 (100) 0 (0) <.001 584 (100) 0 (0) <.001 
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Facility 
Type 

Comprehensive Community 
Cancer Program 

4009 (75.24) 1319 (24.76) 4305 (80.8) 1023 (19.2) 

Academic/Research 
Program 

1895 (21.41) 6956 (78.59) 2724 (30.78) 6127 (69.22) 

 

No significant differences in in receipt of chemotherapy were seen, however, there was a 

significantly lower mean number of days to chemotherapy among high volume centers (39.32-

39.44 vs. 71.39 -72.08 days; Table 4.4).  The opposite was true of radiation, with no significant 

difference in the time to therapy but a significantly lower proportion of patients who received 

radiation at any point in their therapy being resected at high volume facilities (42.22-50.06% vs. 

52.44-59.79%; Table 4.4).   

With surgical aspects, patients received surgery at a longer mean number of days from 

diagnosis in both high volume categories (53.5-53.77 vs. 26.71-27.95 days) and there was also a 

significant difference in the procedures used.  In both analyses, pylorus-sparing Whipple 

procedures were the most often to be performed at a high volume center while pancreatectomy 

NOS was the leas often performed at a high volume center (Table 4.4).   

Table 4.4: Univariate Differences in Treatment Characteristics by Annual Facility Volume 
Table 4.4: Univariate Differences in Treatment Characteristics by Annual Facility Volume (N=14,824) 

  
Annual Volume >=15 Annual Volume >=20 

n (%)   n(%)   

Covariate Level 
Low Volume 

N=6549 
High Volume 

N=8275 
P-value 

Low Volume 
N=7674 

High Volume 
N=7150 

P-value 

Chemotherapy 
No 1970 (45.06) 2402 (54.94) 

0.944 
2319 (53.04) 2053 (46.96) 

0.582 
Yes 4367 (45.12) 5311 (54.88) 5085 (52.54) 4593 (47.46) 

Chemotherapy, 
Days from Dx 

n 4076 4809 
<.001 

4733 4152 
0.004 

Mean (SD) 72.08 (45.5) 68.56 (39.44) 71.39 (44.83) 68.79 (39.32) 

Chemotherapy 
Refused 

No 6191 (44.99) 7570 (55.01) 
0.062 

7244 (52.64) 6517 (47.36) 
0.359 

Yes 146 (50.52) 143 (49.48) 160 (55.36) 129 (44.64) 

Radiotherapy 
No 3513 (40.21) 5224 (59.79) 

<.001 
4155 (47.56) 4582 (52.44) 

<.001 
Yes 3012 (49.94) 3019 (50.06) 3485 (57.78) 2546 (42.22) 

Radiation, Days 
from Dx 

n 2927 2915 
0.892 

3381 2461 
0.486 

Mean (SD) 99.27 (60.03) 99.05 (62.2) 98.69 (60.13) 99.81 (62.45) 

Radiation Refused 
No 6189 (44.7) 7658 (55.3) 

0.042 
7231 (52.22) 6616 (47.78) 

0.084 
Yes 125 (51.23) 119 (48.77) 141 (57.79) 103 (42.21) 

Type of Curative 
Resection 
Attempt 

Partial pancreatectomy 834 (49.5) 851 (50.5) 

<.001 

943 (55.96) 742 (44.04) 

<.001 

Local or partial pancreatectomy and 
duodenectomy 

445 (43.46) 579 (56.54) 510 (49.8) 514 (50.2) 

WITHOUT distal/partial gastrectomy 478 (34.64) 902 (65.36) 560 (40.58) 820 (59.42) 

WITH partial gastrectomy (Whipple) 3182 (43.02) 4215 (56.98) 3788 (51.21) 3609 (48.79) 

Total pancreatectomy 244 (43.88) 312 (56.12) 295 (53.06) 261 (46.94) 

Total pancreatectomy and subtotal 
gastrectomy or duodenectomy 

676 (45.92) 796 (54.08) 783 (53.19) 689 (46.81) 



 145 

Extended 
pancreaticoduodenectomy 

520 (49.06) 540 (50.94) 604 (56.98) 456 (43.02) 

Pancreatectomy, NOS 170 (68) 80 (32) 191 (76.4) 59 (23.6) 

Time to 
Resection, Days 
from Dx 

n 6218 8138 
<.001 

7319 7037 
<.001 

Mean 26.33 (43.71) 37.04 (53.77) 27.95 (45.83) 37.04 (53.5) 

 

Multivariable Logistic Regression Model for Who Received Surgery at High Volume Centers 

15 Cases/Year 

Although female sex was not associated with being resected at a high volume center, it was 

significant after adjusting for other covariates, conferring women a 9% higher odds of resection 

as compared to low volume centers (OR 1.09 [95% CI 1-1.12], p=0.05).  Compared to white 

patients, black patients did not have a significant difference in their odds of resection but patients 

of ‘other’ races had 24% lower odds of resection (OR 0.76 [95% CI 0.59-0.97], p=0.03).  

Hispanic patients had the same reduction in odds as ‘other’ race patients (OR 0.76 [95% CI 0.66-

0.88], p=0.0002).   

Both rural and urban patients had greatly reduced odds of resection compared to metro 

patients (0.31 [95% CI 0.22-0.42] and 0.4 [95% CI 0.35-0.47], respectively), while patients had 

increasing odds of resection as the distance from treatment increased (Table 4.5).   Patients 

achieved a maximum of 7.28 times higher odds of resection if the patient lived 30 or greater 

miles away compared to 5 or less miles (OR 7.28 [95% CI 6.26-8.47], p<0.001).  

Uninsured patients had reduced odds of resection (OR 0.47 [95% CI 0.36-0.62], 

p<0.001), but no difference was seen between patients with government insurance compared to 

patients with private insurance (Table 4.5).  Income followed the same odds as for resection, 

with lower odds as income decreased, but only the second highest quartile of income (14-19.9% 

without HSD) had a significant difference in odds of resection compared with the highest 

quartile (OR 0.86 [ 95% CI 0.76-0.98], p=0.02).  All years of diagnosis outside of 2005 had 
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significantly higher odds of resection when compared with 2003, though there was not a linear 

trend among the ORs ranging from 1.42 to 2.62 (Table 4.5).  Lastly, while patients with a 

Charlson/Deyo score of 1 had higher odds of resection with an OR of 1.2 (95% CI 1.02-1.24, 

p=0.02), there was no significant difference between patients that had a score of 2+ compared 

with no comorbidities. 

Ductal adenocarcinoma offered a 32% higher odds of resection (OR 1.32 [95% CI 1.21-

1.45], p<0.001) and tail tumors had reduced odds when compared to head tumors (OR 0.75 [95% 

CI 0.64-0.89], p=0.0006).  No other tumor factors, including tumor size and T level, were 

associated with resection once adjusting for other covariates.  As expected, patients cared for at a 

community non-academic facility had significantly reduced odds of resection (OR 0.1 [95% OR 

0.09-0.11], p<0.001).   

 

Table 4.5: Multivariable Logistic Regression Model for Resection at a High Volume Center [>=15 

cases/year] Among Resected Patients  
Table 4.5: Multivariable Logistic Regression Model for Resection at a High Volume Center [>=15 cases/year] Among Resected Patients (N=12,802)  

Covariate OR (95% CI) P-Value Covariate OR (95% CI) P-Value 

Age 1 (1-1.01) 0.6019 Year of Diagnosis     

Sex     2003 Ref   

Male Ref   2004 1.54 (1.16-2.04) 0.0028 

Female 1.09 (1-1.2) 0.0496 2005 1.23 (0.94-1.6) 0.1252 

Race     2006 1.47 (1.13-1.92) 0.004 

White Ref   2007 1.42 (1.1-1.83) 0.0064 

Black 1 (0.86-1.17) 0.9741 2008 1.88 (1.49-2.37) <.0001 

Other 0.76 (0.59-0.97) 0.0284 2009 1.94 (1.55-2.43) <.0001 

Hispanic Ethnicity     2010 2.62 (2.09-3.29) <.0001 

Non-Hispanic Ref   2011 2.23 (1.78-2.78) <.0001 

Hispanic 0.76 (0.66-0.88) 0.0002 Charlson/Deyo Comorbidity Score     

Rurality     0 Ref   

Metro Ref   1 1.12 (1.02-1.24) 0.0244 

Rural 0.31 (0.22-0.42) <.0001 2+ 1.12 (0.94-1.33) 0.2187 

Urban 0.4 (0.35-0.47) <.0001 Anatomic Site     

Distance to Treatment Center     Head Ref   

<5 miles Ref   Body 0.98 (0.81-1.18) 0.7917 

 5 to 9.9 miles 1.35 (1.17-1.57) <.0001 Tail 0.75 (0.64-0.89) 0.0006 

10 to 29.9 miles 2.24 (1.96-2.56) <.0001 Other 0.98 (0.84-1.13) 0.7367 

30 miles or greater 7.28 (6.26-8.47) <.0001 Histology     

Insurance     Adenocarcinoma Ref   

Private Insurance Ref   Ductal Adenocarcinoma 1.32 (1.21-1.45) <.0001 

Government Insurance 0.97 (0.87-1.08) 0.5801 Tumor Size (cm) 0.98 (0.97-1) 0.0795 
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Uninsured 0.47 (0.36-0.62) <.0001 AJCC Clinical T     

Income      1 Ref   

$46,000 + Ref   2 0.96 (0.83-1.1) 0.5154 

$30,000 - $34,999 0.74 (0.63-0.86) 0.0002 3 1.04 (0.91-1.19) 0.5813 

 $35,000 - $45,999  0.74 (0.65-0.84) <.0001 X 1.45 (0.93-2.27) 0.1054 

 < $30,000 0.67 (0.55-0.82) <.0001 Facility Type     

% without HS education      Academic/Research Ref   

<14% Ref   Community Cancer Program 0.1 (0.09-0.11) <.0001 

14-19.9%  0.86 (0.76-0.98) 0.022 

  

 20-28.9% 0.96 (0.83-1.11) 0.5551 

 >=29%  1.09 (0.91-1.3) 0.3451 

 

20 Cases/Year 

Only small differences were noted in the multivariable models using 15 or greater cases/year 

versus 20 or greater cases/year for most covariates (Table 4.5 and 4.6).  Five variables did 

change with regard to whether they or one of their levels was significant.  Female sex, ‘other’ 

race, a comorbidity score of 1, and tail tumors were no longer were significant predictors (Table 

4.6). One variable level in year of diagnosis—2005—became significant and all levels were 

significant at a p<0.001 with higher OR estimates, but they still did not follow a clean linear 

trend (Table 4.6).   

Table 4.6: Multivariable Logistic Regression Model for Resection at a High Volume Center [>=20 

cases/year] Among Resected Patients  
Table 4.6: Multivariable Logistic Regression Model for Resection at a High Volume Center [>=20 cases/year] Among Resected Patients (N=12,802)  

Covariate OR (95% CI) P-Value Covariate OR (95% CI) P-Value 

Age 1 (1-1.01) 0.7783 Year of Diagnosis     

Sex     2003 Ref   

Male Ref   2004 1.9 (1.44-2.5) <.0001 

Female 1.08 (0.99-1.18) 0.0693 2005 2.15 (1.65-2.79) <.0001 

Race     2006 2.05 (1.58-2.66) <.0001 

White Ref   2007 2.57 (2-3.3) <.0001 

Black 0.94 (0.81-1.09) 0.3901 2008 2.77 (2.19-3.49) <.0001 

Other 0.87 (0.68-1.11) 0.2712 2009 3.32 (2.64-4.16) <.0001 

Hispanic Ethnicity     2010 3.79 (3.03-4.75) <.0001 

Non-Hispanic Ref   2011 3.71 (2.97-4.65) <.0001 

Hispanic 0.69 (0.6-0.79) <.0001 Charlson/Deyo Comorbidity Score     

Rurality     0 Ref   

Metro Ref   1 1.04 (0.94-1.15) 0.4281 

Rural 0.36 (0.26-0.49) <.0001 2+ 1 (0.84-1.18) 0.989 

Urban 0.46 (0.4-0.53) <.0001 Anatomic Site     

Distance to Treatment Center     Head Ref   

<5 miles Ref   Body 1 (0.83-1.2) 0.9876 

 5 to 9.9 miles 1.29 (1.12-1.5) 0.0007 Tail 0.86 (0.73-1.01) 0.0603 

10 to 29.9 miles 2.19 (1.91-2.5) <.0001 Other 0.98 (0.85-1.13) 0.8047 

30 miles or greater 6.46 (5.58-7.47) <.0001 Histology     
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Insurance     Adenocarcinoma Ref   

Private Insurance Ref   Ductal Adenocarcinoma 1.19 (1.09-1.3) <.0001 

Government Insurance 1.03 (0.93-1.15) 0.5789 Tumor Size (cm) 0.99 (0.97-1.01) 0.1831 

Uninsured 0.5 (0.38-0.66) <.0001 AJCC Clinical T     

Income      1 Ref   

$46,000 + Ref   2 0.9 (0.78-1.02) 0.1058 

$30,000 - $34,999 0.82 (0.7-0.96) 0.0126 3 1.01 (0.89-1.15) 0.8656 

 $35,000 - $45,999  0.86 (0.76-0.98) 0.0208 X 1.39 (0.9-2.15) 0.1364 

 < $30,000 0.76 (0.63-0.92) 0.0043 Facility Type     

% without HS education      Academic/Research Ref   

<14% Ref   Community Cancer Program 0.12 (0.11-0.13) <.0001 

14-19.9%  0.77 (0.68-0.87) <.0001 

  

 20-28.9% 0.89 (0.78-1.02) 0.0986 

 >=29%  1.02 (0.86-1.21) 0.8152 

 

Thirty-Day Postoperative Readmissions 

Univariate Differences by Thirty-Day Postoperative Readmissions 

Only two demographic variables had statistically significant univariate of patients who had 

readmission vs. those that did not (Table 5.1).  First, patients who experienced a readmission 

were only 0.63 years older but this did reach statistical significance at p=0.03, although of 

questionable clinical significance.  Second, there was a significant difference in the proportion of 

privately insured patients that were readmitted compared their government insured and uninsured 

counterparts (9.86% vs. 10.99 and 12.87%). 

Table 5.1: Univariate Differences in Patient Demographics by Thirty-Day Postoperative Readmission  
Table 5.1: Univariate Differences in Patient Demographics by Thirty-Day Postoperative Readmission (N=14,377) 

  n (%)   

Covariate Level No N=12859 Yes N=1518  P-value 

Patient Age 
n 12859 1518 

0.031 
Mean (SD) 65.34 (10.58) 65.97 (10.67) 

Sex 
Male 6523 (89.34) 778 (10.66) 

0.699 
Female 6336 (89.54) 740 (10.46) 

Race 

White 11081 (89.6) 1286 (10.4) 

0.417 Black 1182 (88.54) 153 (11.46) 

Other 416 (88.7) 53 (11.3) 

Hispanic Ethnicity 
No 11447 (89.57) 1333 (10.43) 

0.157 
Yes 1412 (88.42) 185 (11.58) 

Rurality Category 

Rural 245 (88.45) 32 (11.55) 

0.84 Urban 2042 (89.56) 238 (10.44) 

Metro 9667 (89.54) 1129 (10.46) 

Great Circle Distance 
n 12199 1419 

0.063 
Mean (SD) 66.25 (279.14) 52.27 (151.49) 

Distance From Treatment Facility (Quartiles) 

<5 miles 2226 (89.4) 264 (10.6) 

0.65 5 to 9.9 miles 1981 (89.35) 236 (10.65) 

10 to 29.9 miles 3536 (89.27) 425 (10.73) 
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30 miles or greater 4456 (90.02) 494 (9.98) 

Insurance 

Not Insured 325 (87.13) 48 (12.87) 

0.036 Private Insurance 5291 (90.14) 579 (9.86) 

Govt. Insurance 7053 (89.01) 871 (10.99) 

Income 

< $30,000 1560 (89.3) 187 (10.7) 

0.326 
$30,000 - $34,999 2159 (89.25) 260 (10.75) 

$35,000 - $45,999 3270 (89.05) 402 (10.95) 

$46,000 + 5051 (90.15) 552 (9.85) 

Education 

>=29% 1875 (89.58) 218 (10.42) 

0.886 
20-28.9% 2780 (89.33) 332 (10.67) 

14-19.9% 2848 (89.93) 319 (10.07) 

< 14% 4537 (89.5) 532 (10.5) 

Year of Diagnosis 

2003 621 (88.84) 78 (11.16) 

0.126 

2004 648 (90.25) 70 (9.75) 

2005 811 (89.12) 99 (10.88) 

2006 863 (89.43) 102 (10.57) 

2007 1065 (91.81) 95 (8.19) 

2008 1820 (89.79) 207 (10.21) 

2009 2132 (88.46) 278 (11.54) 

2010 2396 (88.68) 306 (11.32) 

2011 2503 (89.84) 283 (10.16) 

Charlson/Deyo Score 

0 8590 (89.71) 985 (10.29) 

0.212 1 3404 (89.11) 416 (10.89) 

2+ 865 (88.09) 117 (11.91) 

 

Similar to demographics, very few tumor characteristics were associated with 30 day 

readmissions (Table 5.2).  First, patients with pancreatic head tumors were readmitted less than 

patients with tumors in other parts of the pancreas (Table 5.2).  Ductal adenocarcinoma patients 

were also readmitted more often than their adenocarcinoma NOS counterparts (11.38 vs. 

10.06%, p=0.01).  Lastly, patients with positive surgical margins were readmitted more often 

than patients with negative margins (11.79 vs. 10.24%, p=0.01).  On the other hand, the similar 

measure of regional lymph nodes positivity at time of surgery readmission to the hospital within 

thirty days of resection. 

Table 5.2: Univariate Differences in Tumor Characteristics by Thirty-Day Postoperative Readmission  
Table 5.2: Univariate Differences in Tumor Characteristics by Thirty-Day Postoperative Readmission (N=14,377) 

  n (%)   

Covariate Level No N=12859 Yes N=1518  P-value 

Site of Primary Tumor 

Head 9745 (89.87) 1099 (10.13) 

0.014 
Body 727 (88.44) 95 (11.56) 

Tail 1046 (87.09) 155 (12.91) 

Other 1341 (88.81) 169 (11.19) 

Histology 
Adenocarcinoma 8069 (89.94) 903 (10.06) 

0.013 
Ductal Adenocarcinoma 4790 (88.62) 615 (11.38) 

Size of Tumor (cm) n 12547 1483 0.137 
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Mean (SD) 3.44 (2.43) 3.54 (2.59) 

AJCC Clinical T 

1 1830 (90.46) 193 (9.54) 

0.449 
2 4481 (89.28) 538 (10.72) 

3 6317 (89.26) 760 (10.74) 

X 213 (89.87) 24 (10.13) 

AJCC Clinical N 

0 7870 (89.78) 896 (10.22) 

0.322 1 4116 (88.96) 511 (11.04) 

X 849 (89.18) 103 (10.82) 

Recalculated Clinical Stage Group with AJCC 6th/7th Edition 

1A 1528 (90.25) 165 (9.75) 

0.255 

1B 3415 (90.08) 376 (9.92) 

2A 3206 (89.3) 384 (10.7) 

2B 4280 (88.94) 532 (11.06) 

3 9 (100) 0 (0) 

4 2 (100) 0 (0) 

Unable to determine stage  412 (87.29) 60 (12.71) 

AJCC Pathologic T 

1 880 (91.76) 79 (8.24) 

0.299 

2 2148 (90.03) 238 (9.97) 

3 8914 (89.61) 1033 (10.39) 

4 198 (90.83) 20 (9.17) 

X 531 (89.39) 63 (10.61) 

AJCC Pathologic N 

0 4242 (89.99) 472 (10.01) 

0.631 1 7843 (89.89) 882 (10.11) 

X 628 (88.83) 79 (11.17) 

AJCC Pathologic M 
1 183 (89.71) 21 (10.29) 

0.948 
X 7853 (89.56) 915 (10.44) 

Reassigned Path Stage Group with AJCC 6th/7th Edition 

1A 532 (91.25) 51 (8.75) 

0.252 

1B 971 (90.33) 104 (9.67) 

2A 2392 (88.99) 296 (11.01) 

2B 7196 (90.01) 799 (9.99) 

3 267 (93.03) 20 (6.97) 

4 198 (89.19) 24 (10.81) 

Unable to determine stage 1166 (89.21) 141 (10.79) 

Surgical Margins 
No 9668 (89.76) 1103 (10.24) 

0.011 
Yes 2925 (88.21) 391 (11.79) 

Regional Lymph Nodes Positive 
No 4641 (89.63) 537 (10.37) 

0.55 
Yes 8170 (89.31) 978 (10.69) 

 

Patients resected at facilities in the Mountain (Arizona, Colorado, Idaho, Montana, Nevada, New 

Mexico, Utah and Wyoming) division had a much higher readmission rate than any other region 

at 23.65%, more than double all but two other divisions  (Table 5.3).  A higher proportion of 

patients resected at an academic/research program were readmitted than their counterparts 

resected at community cancer or comprehensive community cancer programs (10.98% vs. 7.99 

and 10.04%).  Lastly, a higher proportion patients was cared for at a hospital performing 20 or 

more resections in a year were readmitted (11.21 vs. 9.94%, p=0.01) while no significant 

difference was seen in the mean volume or readmissions at the 15 cases/year cutoff (Table 5.3).  
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Table 5.3: Univariate Differences in Facility Characteristics by Thirty-Day Postoperative Readmission  
Table 5.3: Univariate Differences in Facility Characteristics by Thirty-Day Postoperative Readmission (N=14,377) 

  n (%)   

Covariate Level No N=12859 Yes N=1518  P-value 

Facility Location 

New England 579 (88.53) 75 (11.47) 

<.001 

Middle Atlantic 2222 (89.24) 268 (10.76) 

South Atlantic 2923 (91.98) 255 (8.02) 

East North Central 2250 (90.51) 236 (9.49) 

East South Central 773 (85.23) 134 (14.77) 

West North Central 1053 (86.74) 161 (13.26) 

West South Central 1080 (88.38) 142 (11.62) 

Mountain 439 (76.35) 136 (23.65) 

Pacific 1540 (93.28) 111 (6.72) 

Facility Type 

Community Cancer Program 495 (92.01) 43 (7.99) 

0.033 Comprehensive Community Cancer Program 4622 (89.96) 516 (10.04) 

Academic/Research Program 7695 (89.02) 949 (10.98) 

Hospital Volume 
n 12859 1518 

0.92 
Mean (SD) 32.02 (38.14) 32.12 (33.46) 

High Volume (≥15 resections/year) 
No 5604 (89.62) 649 (10.38) 

0.539 
Yes 7255 (89.3) 869 (10.7) 

High Volume (≥20 resections/year) 
No 6624 (90.06) 731 (9.94) 

0.013 
Yes 6235 (88.79) 787 (11.21) 

 

Receipt of chemotherapy, radiation, or a combination of both at any point in the patients’ therapy 

was associated a lower proportion of patients being readmitted (Table 5.4).  Mean time to 

chemotherapy was longer in readmitted patients (44.11 vs. 41.97 days, p=0.002) and time to 

resection was lower among readmitted patients (28.81 vs. 32.9 days, p=0.003) while no 

difference was seen in the mean days to radiation.  Neoadjuvant therapy failed to be significantly 

associated with readmission, regardless of what type or combination was examined (Table 5.4).  

Type of resection was associated with readmission, where patients undergoing a Whipple 

procedure were readmitted the least at 9.75% and patients undergoing a pancreatectomy NOS 

were readmitted the most at 16.24% (Table 5.4).   

Table 5.4: Univariate Differences in Treatment Characteristics by Thirty-Day Postoperative Readmission  
Table 5.4: Univariate Differences in Treatment Characteristics by Thirty-Day Postoperative Readmission (N=14,377) 

  n (%)   

Covariate Level No N=12859 Yes N=1518  P-value 

Chemotherapy 
No 3714 (86.61) 574 (13.39) 

<.001 
Yes 8489 (90.89) 851 (9.11) 

Neoadjuvant Chemotherapy 
No 10469 (89.35) 1248 (10.65) 

0.091 
Yes 1421 (90.74) 145 (9.26) 

Chemotherapy, Days from Dx 
n 7784 782 

0.002 
Mean (SD) 69.57 (41.97) 74.46 (44.11) 
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Chemo Refused 
No 11958 (89.6) 1388 (10.4) 

0.14 
Yes 245 (86.88) 37 (13.12) 

Radiotherapy 
No 7517 (87.82) 1043 (12.18) 

<.001 
Yes 5294 (91.86) 469 (8.14) 

Neoadjuvant Radiotherapy 
No 11745 (89.44) 1387 (10.56) 

0.44 
Yes 992 (90.18) 108 (9.82) 

Radiation, Days from Dx 
n 5132 446 

0.131 
Mean (SD) 99.19 (60.58) 94.67 (60.17) 

Radiation Refused 
No 12027 (89.59) 1397 (10.41) 

0.71 
Yes 215 (90.34) 23 (9.66) 

Chemoradiotherapy 
No 7689 (87.88) 1060 (12.12) 

<.001 
Yes 5113 (91.93) 449 (8.07) 

Neoadjuvant Chemoradiotherapy 
No 11228 (89.52) 1314 (10.48) 

0.687 
Yes 928 (89.92) 104 (10.08) 

Chemo or Radiation 
No 3542 (86.41) 557 (13.59) 

<.001 
Yes 8670 (90.87) 871 (9.13) 

Neoadjuvant Chemo or Radiation 
No 10326 (89.38) 1227 (10.62) 

0.07 
Yes 1479 (90.85) 149 (9.15) 

Type of Curative Resection Attempt 

Partial pancreatectomy 1453 (88.87) 182 (11.13) 

0.023 

Local or partial pancreatectomy and duodenectomy 892 (89.29) 107 (10.71) 

WITHOUT distal/partial gastrectomy 1197 (88.73) 152 (11.27) 

WITH partial gastrectomy (Whipple) 6446 (90.24) 697 (9.76) 

Total pancreatectomy 484 (88.32) 64 (11.68) 

Total pancreatectomy and subtotal gastrectomy or duodenectomy 1277 (88.93) 159 (11.07) 

Extended pancreaticoduodenectomy 914 (88.48) 119 (11.52) 

Pancreatectomy, NOS 196 (83.76) 38 (16.24) 

Time to Resection, Days from Dx 
n 12454 1492 

0.003 
Mean (SD) 32.9 (50.67) 28.81 (44.37) 

 

Multivariable Logistic Regression Model for Thirty-Day Postoperative Readmissions 

No demographic, hospital, or tumor factors were associated with readmissions other than 

histology type, with ductal adenocarcinoma increasing the odds of readmission by 19% (OR 1.19 

[95% CI 1.05-1.35], p=0.007).  Similarly, chemotherapy and radiation failed to be significant 

when considering the therapy that was delivered neoadjuvantly and could potentially have 

affected readmissions in the first 30 days.   

The remaining three variables that were significant in the multivariable model were 

treatment factors.  For types of resection, while all point estimates of the ORs were above 1 

compared to a Whipple procedure, only the pancreatectomy NOS category had a significantly 

higher OR (1.63 [95% CI 1.03-2.59], p=0.04).  While days from surgery did remain significant, 

the amount was extremely small so it was changed to weeks from surgery to aid with 
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interpretation.  Increasing weeks from diagnosis to resection actually represented a protective 

effect (OR 0.98 [95% CI 0.97-1], p=0.02).  This adds up to an 8.6% lower odds of resection for 

patients diagnosed during their operation compared to those diagnosed 30 days prior to their 

operation.  Lastly, positive surgical margins had 16% higher odds of readmission (OR 1.16 [95% 

CI 1.01-1.34], p=0.04). 

Table 5.6: Multivariable Logistic Regression Model for Thirty-Day Postoperative Readmission  
Table 5.6: Multivariable Logistic Regression Model for Thirty-Day Postoperative Readmission (N=10,995) 

Covariate OR (95% CI) P-Value Covariate OR (95% CI) P-Value 

Age 1.01 (1-1.01) 0.0887 Histology     

Sex     Adenocarcinoma Ref   

Male Ref   Ductal Adenocarcinoma 1.19 (1.05-1.35) 0.007 

Female 0.95 (0.84-1.07) 0.3952 Tumor Size (cm) 1.01 (0.99-1.03) 0.3727 

Race     Facility Type     

White Ref   Academic/Research Ref   

Black 1.08 (0.88-1.32) 0.4679 Community Cancer Program 0.9 (0.62-1.3) 0.5667 

Other 0.98 (0.68-1.39) 0.888 Comprehensive Community Cancer Program 0.99 (0.85-1.14) 0.8433 

Hispanic     Hospital Volume     

No Ref   High Volume (≥ 20 resections/year) Ref   

Yes 1.11 (0.91-1.36) 0.2969 Low Volume (< 20 resections/year) 1.11 (0.96-1.28) 0.1445 

Insurance     Neoadjuvant Chemotherapy     

Private Insurance Ref   No Ref   

Government Insurance 1.05 (0.9-1.22) 0.5673 Yes 1.12 (0.77-1.64) 0.5542 

Uninsured 1.42 (0.99-2.03) 0.0574 Neoadjuvant  Radiotherapy     

Year of Diagnosis     No Ref   

2003 Ref   Yes 1.29 (0.88-1.88) 0.1946 

2004 0.87 (0.57-1.33) 0.5154 Primary Procedure     

2005 1.1 (0.76-1.61) 0.6116 WITH distal/partial gastrectomy (Whipple) Ref   

2006 0.96 (0.66-1.4) 0.8446 Extended pancreaticoduodenectomy 1.21 (0.96-1.54) 0.1123 

2007 0.69 (0.47-1.01) 0.0534 Local or partial pancreatectomy and duodenectomy 1.21 (0.95-1.54) 0.1284 

2008 0.97 (0.7-1.36) 0.868 Partial pancreatectomy 1.02 (0.79-1.31) 0.9093 

2009 1.07 (0.77-1.48) 0.6957 Total pancreatectomy 1.22 (0.88-1.69) 0.2407 

2010 
1.03 (0.74-1.42) 0.8794 Total pancreatectomy and subtotal gastrectomy or 

duodenectomy 
1.23 (1-1.51) 0.0561 

2011 0.92 (0.66-1.27) 0.607 WITHOUT distal/partial gastrectomy 1.16 (0.94-1.43) 0.1733 

Charlson/Deyo Comorbidity Score     Pancreatectomy, NOS 1.64 (1.03-2.6) 0.036 

0 Ref   Number of Weeks from Diagnosis to Surgery 0.98 (0.97-1) 0.0169 

1 1.06 (0.92-1.22) 0.4163 Positive Surgical Margins     

2+ 1.13 (0.89-1.43) 0.3189 No Ref   

Anatomic Site     Yes 1.16 (1.01-1.34) 0.0369 

Head Ref   

  

Body 1.15 (0.86-1.53) 0.3494 

Tail 1.27 (0.98-1.64) 0.0678 

Other 1.01 (0.81-1.25) 0.963 
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Thirty-Day Postoperative Mortality 

Univariate Differences by Thirty-Day Postoperative Mortality 

Patients that died within 30 days of their operation were older on average compared to those that 

survived past 30 days (69.53 vs. 65.25 years, p<0.001).  While there was not a statistically 

significant difference in the mean distance to treatment, there was a significantly thirty-day 

mortality rate among those who lived within 10 miles from treatment and those who lived further 

than 10 miles from treatment (3.93 vs. 3.04%, p=0.005).  Privately insured patients had a higher 

thirty-day mortality rate than their uninsured or government insured counterparts (1.95% vs. 3.66 

and 4.28%, p<0.001).  Both the poorest and least educated patients had higher thirty day 

mortality rates compared to any of the other levels in their respective variables (Table 6.1).  

Lastly, patients with a 2+ Charlson/Deyo score had nearly double the thirty-day mortality rate 

than their colleagues with a score of 0 or 1 (5.89% vs. 3.04 and 3.35%, p<0.001).  There were no 

differences in sex, race, rurality, or year of diagnosis associated with 30 day mortality rates. 

Table 6.1: Univariate Differences in Patient Demographics by Thirty-Day Postoperative Mortality  
Table 6.1: Univariate Differences in Patient Demographics by Thirty-Day Postoperative Mortality (N=14,814) 

  n (%)   

Covariate Level No N=14323 Yes N=491  P-value 

Patient Age 
n 14323 491 

<.001 
Mean (SD) 65.25 (10.58) 69.53 (9.87) 

Sex 
Male 7296 (96.79) 242 (3.21) 

0.472 
Female 7027 (96.58) 249 (3.42) 

Race 

White 12322 (96.66) 426 (3.34) 

0.825 Black 1333 (96.95) 42 (3.05) 

Other 465 (96.47) 17 (3.53) 

Hispanic Ethnicity 
No 12715 (96.74) 428 (3.26) 

0.269 
Yes 1608 (96.23) 63 (3.77) 

Rurality Category 

Rural 274 (96.48) 10 (3.52) 

0.575 Urban 2270 (96.27) 88 (3.73) 

Metro 10741 (96.7) 367 (3.3) 

Great Circle Distance 
n 13550 470 

0.397 
Mean (SD) 64.45 (268.48) 53.86 (190.46) 

Distance From Treatment Facility (Quartiles) 

<5 miles 2483 (96.17) 99 (3.83) 

0.038 
5 to 9.9 miles 2207 (95.96) 93 (4.04) 

10 to 29.9 miles 3983 (97.1) 119 (2.9) 

30 miles or greater 4877 (96.84) 159 (3.16) 

Insurance 
Not Insured 369 (96.34) 14 (3.66) 

<.001 
Private Insurance 5937 (98.05) 118 (1.95) 
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Govt. Insurance 7804 (95.72) 349 (4.28) 

Income 

< $30,000 1715 (95.97) 72 (4.03) 

0.009 
$30,000 - $34,999 2400 (96.31) 92 (3.69) 

$35,000 - $45,999 3640 (96.3) 140 (3.7) 

$46,000 + 5617 (97.26) 158 (2.74) 

Education 

>=29% 2050 (95.7) 92 (4.3) 

<.001 
20-28.9% 3093 (96.66) 107 (3.34) 

14-19.9% 3144 (96.06) 129 (3.94) 

< 14% 5085 (97.43) 134 (2.57) 

Year of Diagnosis 

2003 715 (95.84) 31 (4.16) 

0.456 

2004 723 (96.66) 25 (3.34) 

2005 923 (97.47) 24 (2.53) 

2006 979 (96.93) 31 (3.07) 

2007 1168 (96.37) 44 (3.63) 

2008 2022 (96.47) 74 (3.53) 

2009 2404 (96.82) 79 (3.18) 

2010 2634 (96.27) 102 (3.73) 

2011 2755 (97.14) 81 (2.86) 

Charlson/Deyo Score 

0 9596 (96.96) 301 (3.04) 

<.001 1 3784 (96.65) 131 (3.35) 

2+ 943 (94.11) 59 (5.89) 

 

Only three tumor characteristics were significantly associated with 30 day postoperative 

mortality: the site of the primary, the pathologic T level, and whether the surgical margins were 

positive.  Patients with pancreatic head tumors had the highest thirty-day mortality rate at 3.58% 

and T4 and TX tumors had the highest thirty-day mortality amongst the T levels 4.93 and 5.15%, 

respectively (Table 6.2).  Lastly, patients with positive surgical margins had significantly a 

higher thirty-day mortality than patients with negative margins (4.56 vs. 2.94%, p<0.001).   

Table 6.2: Univariate Differences in Tumor Characteristics by Thirty-Day Postoperative Mortality  
Table 6.2: Univariate Differences in Tumor Characteristics by Thirty-Day Postoperative Mortality (N=14,814) 

  n (%)   

Covariate Level No N=14323 Yes N=491  P-value 

Site of Primary Tumor 

Head 10760 (96.42) 399 (3.58) 

0.004 
Body 829 (97.99) 17 (2.01) 

Tail 1205 (97.97) 25 (2.03) 

Other 1529 (96.83) 50 (3.17) 

Histology 
Adenocarcinoma 8994 (96.71) 306 (3.29) 

0.831 
Ductal Adenocarcinoma 5329 (96.64) 185 (3.36) 

Size of Tumor (cm) 
n 13972 471 

0.809 
Mean (SD) 3.45 (2.58) 3.48 (1.51) 

AJCC Clinical T 

1 2013 (96.73) 68 (3.27) 

0.896 
2 4998 (96.54) 179 (3.46) 

3 7052 (96.75) 237 (3.25) 

X 239 (97.15) 7 (2.85) 

AJCC Clinical N 

0 8724 (96.84) 285 (3.16) 

0.357 1 4614 (96.49) 168 (3.51) 

X 953 (96.17) 38 (3.83) 
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Recalculated Clinical Stage Group with AJCC 6th/7th Edition 

1A 1682 (96.83) 55 (3.17) 

0.819 

1B 3782 (96.83) 124 (3.17) 

2A 3567 (96.77) 119 (3.23) 

2B 4799 (96.5) 174 (3.5) 

3 8 (88.89) 1 (11.11) 

4 2 (100) 0 (0) 

Unable to determine stage 475 (96.35) 18 (3.65) 

AJCC Pathologic T 

1 968 (97.58) 24 (2.42) 

0.005 

2 2367 (96.14) 95 (3.86) 

3 9922 (96.9) 317 (3.1) 

4 212 (95.07) 11 (4.93) 

X 589 (94.85) 32 (5.15) 

AJCC Pathologic N 

0 4683 (96.76) 157 (3.24) 

0.067 1 8718 (96.82) 286 (3.18) 

X 700 (95.24) 35 (4.76) 

AJCC Pathologic M 
1 201 (95.71) 9 (4.29) 

0.437 
X 8815 (96.69) 302 (3.31) 

Recalculated Path Stage Group with AJCC 6th/7th Edition 

1A 590 (98.01) 12 (1.99) 

0.066 

1B 1061 (96.11) 43 (3.89) 

2A 2674 (96.92) 85 (3.08) 

2B 7988 (96.86) 259 (3.14) 

3 280 (95.56) 13 (4.44) 

4 217 (95.18) 11 (4.82) 

Unable to determine stage 1300 (95.8) 57 (4.2) 

Surgical Margins 
No 10746 (97.06) 325 (2.94) 

<.001 
Yes 3262 (95.44) 156 (4.56) 

Regional Lymph Nodes Positive 
No 5142 (96.56) 183 (3.44) 

0.552 
Yes 9128 (96.75) 307 (3.25) 

 

For facility location, two divisions had significantly thirty-day mortality rates compared to the 

sum of the other seven divisions (Table 6.3): East South Central (Alabama, Kentucky, 

Mississippi, and Tennessee; 4.72 vs. 3.11%, p=0.01) and West South Central (Arkansas, 

Louisiana, Oklahoma, and Texas; 5.6 vs. 3.11%, p<0.001).  Patients cared for at community 

cancer programs had a higher thirty-day mortality rate than either patients resected at 

comprehensive community cancer or academic/research programs (5.15% vs. 3.64 and 2.97%).  

Lastly, there was a significantly lower thirty day mortality rate among patients resected at a high 

volume center compared to their low volume counterparts  (2.53 vs. 4.31% for ≥15/year, 2.41 vs. 

4.16% for ≥20/year; both p-values <0.001). 

Table 6.3: Univariate Differences in Facility Characteristics by Thirty-Day Postoperative Mortality  
Table 6.3: Univariate Differences in Facility Characteristics by Thirty-Day Postoperative Mortality (N=14,814) 

  n (%)   

Covariate Level No N=14323 Yes N=491  P-value 

Facility Location New England 684 (97.57) 17 (2.43) <.001 
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Middle Atlantic 2510 (97.17) 73 (2.83) 

South Atlantic 3195 (97.23) 91 (2.77) 

East North Central 2489 (96.59) 88 (3.41) 

East South Central 889 (95.28) 44 (4.72) 

West North Central 1204 (97.1) 36 (2.9) 

West South Central 1181 (94.4) 70 (5.6) 

Mountain 566 (97.08) 17 (2.92) 

Pacific 1605 (96.69) 55 (3.31) 

Facility Type 

Community Cancer Program 552 (94.85) 30 (5.15) 

0.004 Comprehensive Community Cancer Program 5132 (96.36) 194 (3.64) 

Academic/Research Program 8582 (97.03) 263 (2.97) 

Hospital Volume 
n 14323 491 

<.001 
Mean (SD) 31.91 (37.64) 22.09 (29.32) 

High Volume (≥15 resections/year) 
Low Volume 6264 (95.69) 282 (4.31) 

<.001 
High Volume 8059 (97.47) 209 (2.53) 

High Volume (≥20 resections/year) 
Low Volume 7351 (95.84) 319 (4.16) 

<.001 
High Volume 6972 (97.59) 172 (2.41) 

 

When comparing treatment factors, both chemotherapy and radiation were associated with a 

greatly decreased thirty-day mortality rate, which would be expected because most patients 

receive adjuvant and not neoadjuvant therapy for pancreatic adenocarcinoma (Table 6.4).  When 

confining our analysis to neoadjuvant therapy, receiving chemotherapy, its combination with 

radiation, and a combined variable looking at whether either therapy was delivered, all  three 

were associated with lower thirty-day mortality rate, but there was no difference in the 

proportion receiving neoadjuvant radiation alone (Table 6.4).    Time from diagnosis for 

chemotherapy, radiation, and resection were all lower in the population who died, with 

chemotherapy and radiation occurring at a mean time of approximately half that of patients that 

survived (30.41 vs. 70.32 days for chemotherapy and 45.67 vs. 99.45 days for radiotherapy; both 

p-values <0.001).  There was also a significant association for resection type with thirty-day 

mortality, where extended pancreaticoduodenectomies and total pancreatectomies had thirty-day 

mortality rates above 4.5% and pancreatectomy NOS had the lowest thirty-day mortality rate of 

2.01% (Table 6.4). 

Table 6.4: Univariate Differences in Treatment Characteristics by Thirty-Day Postoperative Mortality  
Table 6.4: Univariate Differences in Treatment Characteristics by Thirty-Day Postoperative Mortality (N=14,814) 

  n (%)   
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Covariate Level No N=14323 Yes N=491  P-value 

Chemotherapy 
No 3922 (89.75) 448 (10.25) 

<.001 
Yes 9636 (99.64) 35 (0.36) 

Neoadjuvant Chemotherapy 
No 11631 (96.37) 438 (3.63) 

<.001 
Yes 1587 (98.08) 31 (1.92) 

Chemotherapy, Days from Dx 
n 8851 32 

<.001 
Mean (SD) 70.32 (42.36) 30.41 (19.82) 

Chemo Refused 
No 13273 (96.51) 480 (3.49) 

0.024 
Yes 285 (98.96) 3 (1.04) 

Radiotherapy 
No 8271 (94.73) 460 (5.27) 

<.001 
Yes 5996 (99.49) 31 (0.51) 

Neoadjuvant Radiotherapy 
No 13089 (96.8) 433 (3.2) 

0.286 
Yes 1112 (97.37) 30 (2.63) 

Radiation, Days from Dx 
n 5811 30 

<.001 
Mean 9SD) 99.45 (61.08) 45.67 (43.14) 

Radiation  Refused 
No 13377 (96.67) 461 (3.33) 

0.011 
Yes 243 (99.59) 1 (0.41) 

Chemoradiotherapy 
No 8467 (94.8) 464 (5.2) 

<.001 
Yes 5788 (99.54) 27 (0.46) 

Neoadjuvant Chemoradiotherapy 
No 12460 (96.48) 455 (3.52) 

0.04 
Yes 1045 (97.66) 25 (2.34) 

Chemo or Radiation 
No 3726 (89.35) 444 (10.65) 

<.001 
Yes 9844 (99.61) 39 (0.39) 

Neoadjuvant Chemo or Radiation 
No 11492 (96.57) 408 (3.43) 

0.005 
Yes 1647 (97.86) 36 (2.14) 

Type of Curative Resection Attempt 

Partial pancreatectomy 1661 (98.63) 23 (1.37) 

<.001 

Local or partial pancreatectomy and duodenectomy 986 (96.29) 38 (3.71) 

WITHOUT distal/partial gastrectomy 1341 (97.17) 39 (2.83) 

WITH partial gastrectomy (Whipple) 7138 (96.56) 254 (3.44) 

Total pancreatectomy 542 (97.48) 14 (2.52) 

Total pancreatectomy and subtotal gastrectomy or duodenectomy 1401 (95.24) 70 (4.76) 

Extended pancreaticoduodenectomy 1010 (95.46) 48 (4.54) 

Pancreatectomy, NOS 244 (97.99) 5 (2.01) 

Time to Resection, Days from Dx 
n 13865 487 

0.005 
Mean (SD) 32.63 (50.12) 26.11 (44.46) 

 

Interestingly, all readmission types and the overall presence of any type of readmission were 

associated with a lower thirty-day mortality (Table 6.5). Both the overall variable and the sub-

typing of readmissions was significant at p<0.001. 

Table 6.5: Univariate Differences in Readmissions by Thirty-Day Postoperative Mortality  
Table 6.5: Univariate Differences in Readmissions by Thirty-Day Postoperative Mortality (N=14,814) 

  n (%)   

Covariate Level No N=14323 
Yes 

N=491 
 P-

value 

30 Day Postoperative Readmission 
No Readmission 

12389 
(96.41) 

461 (3.59) 
<.001 

Planned/Unplanned Readmission 1493 (98.42) 24 (1.58) 

Type of 30 Day Postoperative 
Readmission 

No Readmission 
12389 
(96.41) 

461 (3.59) 

<.001 
Unplanned readmission within 30 days of discharge 1150 (98.29) 20 (1.71) 

Planned readmission within 30 days of discharge 305 (98.71) 4 (1.29) 
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Planned and unplanned readmission within 30 days of 
discharge 

38 (100) 0 (0) 

 

Multivariable Logistic Regression Model for Thirty-Day Postoperative Mortality 

With each one year increase in age, there was an associated 3% higher odds of 30 day 

postoperative mortality after controlling for other covariates (OR 1.03 [95% CI 1.02-1.05], 

p<0.001). This equates to a patient that is 10 years older than another having a 34.4% higher 

odds of mortality.  Patients with government insurance had 45% higher odds of 30 day mortality 

compared to private insurance (OR 1.45 [95% CI 1.09-1.92], p=0.01), but no significant 

difference was noted with uninsured patients. All point estimates of the OR associated with 

education were above 1; however, only the lowest (≥29% without a HSD) and second highest 

(14-19.9% without a HSD) were significant (≥29%: OR 1.63 [95% CI 1.07-2.47], p=0.02; 14-

19.9%: OR 1.43 [95% CI 1.05-1.95], p=0.02).  Last among the demographic characteristics 

associated with statistical significance was a Charlson/Deyo score of 2+ compared to a score of 

zero, having a 83% higher odds of 30 day mortality (OR 1.83 [95% CI 1.31-2.55], p=0.0004). 

No significant racial, sex, income, distance to treatment, or year of diagnosis differences were 

seen after controlling for other covariates (Table 6.6). 

For tumor factors, anatomic site was not associated with 30 day mortality while T level 

did have two levels having significantly elevated ORs. While all point estimates for the AJCC 

pathologic T level were above 1, only T3 and TX tumors had significantly higher odds of 

mortality (T3: OR 2.31 [95% CI 1.03-5.17], p=0.04; TX: 2.9 [95% CI 1.51-5.55], p=0.01).  

When looking at facility factors, hospitals performing fewer than 20 resections/year had 76% 

higher odds of 30 day postoperative mortality (OR 1.76 [95% CI 1.36-2.27], p<0.001), but there 

was no association with facility type and mortality (Table 6.6).   
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Two of the three treatment factors and both of the two postoperatively determined 

outcome measures of surgical margins and 30 day readmissions were significantly associated 

with 30 day mortality (Table 6.6).  Neoadjuvant chemotherapy had 58% lower odds of 30 day 

mortality (OR 0.42 [95% CI 0.21-0.85], p=0.02) while neoadjuvant radiation did not have 

significantly different OR. Two types of resection, had opposite effects on the odds of 30 day 

mortality.  The less extensive partial pancreatectomy had significantly lower odds of mortality 

(OR 0.36 [95% CI 0.2-0.66], p=0.0009) while patients who received a total pancreatectomy with 

ether a subtotal gastrectomy or duodenectomy higher odds of 30 day mortality when compared to 

a Whipple procedure (OR 1.4 [95% CI 1.02-1.94], p=0.04).  The inadequacy or inability of a 

resection to remove all tumor, represented by positive surgical margins, had 63% higher odds of 

mortality when controlling for other covariates (OR 1.63 [95% CI 1.3-2.05], p<0.001).  

Interestingly, patients who were readmitted within 30 days had odds of mortality in the same 

period less than half of those who were not readmitted (OR 0.37 [95% CI 0.22-0.61], p=0.0001). 

Table 6.6 Multivariable Logistic Regression Model for Thirty-Day Postoperative Mortality  
Table 6.6 Multivariable Logistic Regression Model for Thirty-Day Postoperative Mortality (N=11,493) 

Covariate OR (95% CI) P-Value Covariate OR (95% CI) P-Value 

Age 1.03 (1.02-1.05) <.0001 Anatomic Site     

Sex     Head Ref   

Male Ref   Body 0.71 (0.37-1.35) 0.2912 

Female 1.01 (0.82-1.25) 0.9017 Tail 0.88 (0.52-1.49) 0.6286 

Race     Other 0.87 (0.6-1.26) 0.4588 

White Ref   AJCC Pathologic T     

Black 0.93 (0.64-1.35) 0.6945 1 Ref   

Other 0.96 (0.53-1.75) 0.8963 2 1.6 (0.92-2.79) 0.0983 

Distance to Treatment Center     3 1.45 (0.86-2.43) 0.161 

<5 miles Ref   4 2.31 (1.03-5.17) 0.0428 

 5 to 9.9 miles 1.14 (0.82-1.59) 0.4287 X 2.9 (1.51-5.55) 0.0013 

10 to 29.9 miles 0.81 (0.59-1.12) 0.1984 Facility Type     

30 miles or greater 1.05 (0.76-1.43) 0.7821 Academic/Research Ref   

Insurance     Community Cancer Program 1.08 (0.66-1.76) 0.7705 

Private Insurance Ref   Comprehensive Community Cancer Program 0.81 (0.63-1.04) 0.0918 

Government Insurance 1.45 (1.09-1.92) 0.0097 Hospital Volume     

Uninsured 1.5 (0.78-2.89) 0.2194 High Volume (≥ 20 resections/year) Ref   

Income      Low Volume  (< 20 resections/year) 1.76 (1.36-2.27) <.0001 

$46,000 + Ref   Neoadjuvant Chemotherapy     

$30,000 - $34,999 0.91 (0.63-1.32) 0.6127 No Ref   

 $35,000 - $45,999  1.07 (0.8-1.45) 0.6398 Yes 0.42 (0.21-0.85) 0.016 
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 < $30,000 1 (0.65-1.56) 0.9952 Neoadjuvant Radiotherapy     

% without HS education      No Ref   

<14% Ref   Yes 1.93 (0.91-4.1) 0.0855 

14-19.9%  1.43 (1.05-1.95) 0.0225 Primary Procedure     

 20-28.9% 1.4 (0.99-1.97) 0.0579 WITH distal/partial gastrectomy (Whipple) Ref   

 >=29%  1.63 (1.07-2.47) 0.0218 Extended pancreaticoduodenectomy 1.33 (0.92-1.9) 0.1273 

Year of Diagnosis     Local or partial pancreatectomy and duodenectomy 1.24 (0.83-1.84) 0.2965 

2003 Ref   Pancreatectomy, NOS 0.78 (0.31-1.97) 0.5919 

2004 0.8 (0.43-1.49) 0.4866 Partial pancreatectomy 0.36 (0.2-0.66) 0.0009 

2005 0.62 (0.33-1.14) 0.1213 Total pancreatectomy 0.95 (0.52-1.75) 0.8696 

2006 
0.85 (0.49-1.49) 0.5668 Total pancreatectomy and subtotal gastrectomy or 

duodenectomy 
1.4 (1.02-1.94) 0.0397 

2007 0.66 (0.38-1.16) 0.1496 WITHOUT distal/partial gastrectomy 0.89 (0.6-1.32) 0.5713 

2008 0.94 (0.58-1.51) 0.7869 Positive Surgical Margins     

2009 0.82 (0.51-1.32) 0.4226 No Ref   

2010 0.92 (0.58-1.48) 0.741 Yes 1.63 (1.3-2.05) <.0001 

2011 0.7 (0.43-1.13) 0.1452 30 Day Postoperative Readmission     

Charlson/Deyo Comorbidity 
Score   

  No Ref 
  

0 Ref   Yes 0.37 (0.22-0.61) 0.0001 

1 1.06 (0.83-1.34) 0.6535 

  2+ 1.83 (1.31-2.55) 0.0004 

 

 

Overall Survival of Resected Patients 

Univariate Survival Differences in Patients that Received Surgery 

Amongst resected patients, only half of patient demographic factors were significantly associated 

with overall survival (Table 7.1). Of these, only three of the variables had all applicable levels 

associated with overall survival, with one being the continuous variable of patient age.  Each 

year increase in patient age had a 1% higher hazard of death (HR 1.01 [95% CI 1.01-1.02], 

p<0.001), equating to a 10.5% higher hazard of death with a 10-year difference.  In this 

population, females also had a lower hazard of death compared to males (HR 0.93 [95% CI 0.86-

1], p=0.04).  Among patients insured through a government insurance plan of any type, they had 

a 29% higher hazard of death when compared to privately insured patients (HR 1.29 [95% CI 

1.20-1.39], p<0.001), with no difference seen in uninsured patients.  Government insured 

patients had a 2.43 month lower median survival time (18.07 months [95% CI 17.22-18.79] vs. 

20.5 months [95% CI 19.29-21.88]; Figure 7.1). 
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For both education and income, the middle quartiles were significantly different from the 

highest quartile with the lowest showing no statistical significance (Table 7.1).  The $30,000-

34,999 and $35,000-45,999 quartiles had the same estimate of 11% higher hazard of death 

compared to those in the $46,000+ quartile ($30,000-34,999: HR 1.11 [95% CI 1.00-1.24], 

p=0.05; $35,000-45,999: HR 1.11 [95% CI 1.01-1.21], p=0.03). Patients living in census tracts 

where there was 14-19.9% of the population without a HSD had a 12% higher hazard of death 

(HR 1.12 [95% CI 1.02-1.23], p=0.02) and patients in census tracts with 20-28.9% without a 

HSD had an even higher hazard of death at 18% above the reference of <14% without a HSD 

(HR 1.18 [95% CI 1.07-1.30], p<0.001).   

No differences were seen with respect to race (Figure 7.2), Hispanic ethnicity, rurality, or 

distance from treatment (Table 7.1).   

Table 7.1 Univariate Association of OS with Patient Demographics Among Resected Patients  
Table 7.1 Univariate Association of OS with Patient Demographics Among Resected Patients (N=3,453) 

Covariate Level N Hazard Ratio (95% CI) HR P-value Log-rank P-value 

Patient Age   3453 1.01 (1.01-1.02) <.001 - 

Sex 
Female 1690 0.93 (0.86-1.00) 0.038 

0.038 
Male 1763 - - 

Race 

Black 284 1.03 (0.90-1.18) 0.683 

0.805 Other 81 0.94 (0.74-1.20) 0.619 

White 3016 - - 

Hispanic Ethnicity 
Yes 464 0.90 (0.81-1.01) 0.065 

0.065 
No 2989 - - 

Rurality Category 

Rural 62 1.12 (0.86-1.46) 0.406 

0.628 Urban 532 1.03 (0.93-1.14) 0.589 

Metro 2620 - - 

Great Circle Distance   3273 1.00 (1.00-1.00) 0.158 - 

Distance From Treatment Facility (Quartiles) 

5 to 9.9 miles 511 0.96 (0.85-1.10) 0.58 

0.415 
10 to 29.9 miles 927 0.92 (0.83-1.03) 0.165 

30 miles or greater 1254 0.92 (0.83-1.02) 0.13 

<5 miles 581 - - 

Insurance 

Not Insured 80 1.20 (0.93-1.53) 0.161 

<.001 Govt. Insurance 1840 1.29 (1.20-1.39) <.001 

Private Insurance 1449 - - 

Income 

< $30,000 420 1.04 (0.93-1.18) 0.474 

0.084 
$30,000 - $34,999 580 1.11 (1.00-1.24) 0.045 

$35,000 - $45,999 877 1.11 (1.01-1.21) 0.028 

$46,000 + 1351 - - 

Education 

>=29% 457 1.10 (0.98-1.23) 0.115 

0.006 20-28.9% 747 1.18 (1.07-1.30) <.001 

14-19.9% 773 1.12 (1.02-1.23) 0.023 
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< 14% 1251 - - 

Year of Diagnosis 

2004 748 0.84 (0.75-0.94) 0.002 

0.02 
2005 948 0.93 (0.84-1.03) 0.189 

2006 1010 0.91 (0.82-1.00) 0.062 

2003 747 - - 

Charlson/Deyo Score 

1 882 1.20 (1.10-1.30) <.001 

<.001 2+ 228 1.39 (1.21-1.61) <.001 

0 2343 - - 

 

Figure 7.1: Kaplan-Meier Survival by Insurance Status in Resected Cohort 

 



 164 

Figure 7.2: Kaplan-Meier Survival Curves by Race in Resected Cohort 

 

 

Neither the site of the primary tumor nor the histology of the tumor was associated with overall 

survival.  The size of the tumor did have an association with survival, T2/T3/(T4-pathologic 

only) tumors all had higher hazards of death compared to T1 tumors, with each one centimeter 

increase in tumor size also having a 3% higher hazard of death (Table 7.2).  Among clinical 

stages that had significant HR, 1B and 2A were very similar at 1.34 (95% CI 1.17-1.54) and 1.3 

(95% CI 1.13-1.49), as were 2B and those patients who lacked a determinable stage at 1.57 (95% 

1.37-1.79) and 1.59 (95% CI 1.31-1.93), respectively.  All pathologic stages were significant and 

followed a stepwise fashion from a HR 1.62 to 4.69, with those who lacked a determinable stage 

falling between stages 2A and 2B with a HR of 1.83 (Table 7.2).   
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Table 7.2 Univariate Association of OS with Tumor Characteristics Among Resected Patients  
Table 7.2 Univariate Association of OS with Tumor Characteristics  Among Resected Patients (N=3,453) 

Covariate Level N 
Hazard Ratio 

(95% CI) 
HR P-
value 

Log-rank 
P-value 

Site of Primary Tumor  

Body 181 0.90 (0.77-1.06) 0.226 

0.433 
Tail 239 0.91 (0.79-1.06) 0.228 

Other 388 0.98 (0.87-1.10) 0.741 

Head 2645 - - 

Histology 
Ductal Adenocarcinoma 1096 1.04 (0.96-1.13) 0.297 

0.3 
Adenocarcinoma 2357 - - 

Size of Tumor (cm)   3308 1.03 (1.02-1.03) <.001 - 

AJCC Clinical T 

2 1152 1.34 (1.18-1.51) <.001 

<.001 
3 1758 1.39 (1.24-1.56) <.001 

X 90 1.21 (0.94-1.55) 0.131 

1 453 - - 

AJCC Clinical N 

1 1164 1.25 (1.15-1.35) <.001 

<.001 X 352 1.19 (1.05-1.35) 0.005 

0 1935 - - 

Recalculated Clinical Stage 
Group with AJCC 6th/7th Edition 

1B 807 1.34 (1.17-1.54) <.001 

<.001 

2A 857 1.30 (1.13-1.49) <.001 

2B 1242 1.57 (1.37-1.79) <.001 

3 2 2.29 (0.57-9.21) 0.243 

4 1 4.15 (0.58-29.56) 0.156 

Unable to determine stage 186 1.59 (1.31-1.93) <.001 

1A 358 - - 

AJCC Pathologic T 

2 715 1.52 (1.28-1.81) <.001 

<.001 

3 2207 1.76 (1.50-2.06) <.001 

4 78 2.83 (2.15-3.72) <.001 

X 210 1.43 (1.15-1.77) 0.001 

1 239 - - 

AJCC Pathologic N 

1 1988 1.45 (1.34-1.57) <.001 

<.001 X 239 1.13 (0.97-1.32) 0.118 

0 1221 - - 

AJCC Pathologic M 
1 47 1.45 (1.34-1.57) <.001 

<.001 
X 3406 1.13 (0.97-1.32) 0.118 

Reassigned Path Stage Group 
with AJCC 6th/7th Edition 

1B 317 1.62 (1.27-2.06) <.001 

<.001 

2A 653 1.70 (1.35-2.13) <.001 

2B 1813 2.30 (1.85-2.85) <.001 

3 108 3.07 (2.31-4.08) <.001 

4 51 4.69 (3.31-6.65) <.001 

Unable to determine stage  372 1.83 (1.45-2.32) <.001 

1A 139 - - 

Surgical Margins 
Yes 797 1.54 (1.42-1.68) <.001 

<.001 
No 2563 - - 

Regional Lymph Nodes Positive 
Yes 2080 1.41 (1.31-1.52) <.001 

<.001 
No 1360 - - 

 

Not surprisingly, the same region that had the highly elevated 30 day postoperative mortality—

West South Central (Arkansas, Louisiana, Oklahoma, and Texas) -- also had a significantly 

higher risk of death when compared to New England (HR 1.26 [95 % CI 1.03-1.52], p=0.02).  

Comprehensive community cancer centers also had a 10% higher hazard of death (HR 1.10 [95% 
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CI 1.01-1.19, p=0.02).  Also, all versions of the hospital volume variables were significantly 

associated with survival, with low volume hospitals having higher hazards of death than their 

high volume counterparts (<15 cases/year: HR 1.13 [95 % CI 1.05-1.21], p=0.001; < 20 

cases/year: HR 1.12 [95% CI 1.04-1.21], p=0.002). 

Table 7.3: Univariate Association of OS with Facility Characteristics Among Resected Patients  
Table 7.3: Univariate Association of OS with Facility Characteristics  Among Resected Patients (N=3,453) 

Covariate Level N 
Hazard Ratio (95% 

CI) 
HR P-
value 

Log-rank P-
value 

Facility Location 

Middle Atlantic 638 0.99 (0.83-1.19) 0.947 

0.01 

South Atlantic 735 0.95 (0.80-1.13) 0.556 

East North Central 563 1.08 (0.90-1.29) 0.402 

East South Central 171 1.10 (0.88-1.37) 0.406 

West North Central 284 1.07 (0.88-1.31) 0.487 

West South Central 334 1.26 (1.03-1.52) 0.022 

Mountain 135 1.11 (0.87-1.41) 0.409 

Pacific 412 0.97 (0.81-1.17) 0.775 

New England 181 - - 

Facility Type (Restricted) 

Community Cancer Program 146 1.06 (0.88-1.27) 0.545 

0.063 
Comprehensive Community Cancer 
Program 

1063 1.10 (1.01-1.19) 0.02 

Academic/Research Program 2215 - - 

Facility volume of cases/Year at time of 
surgery 

 Continuous 3453 0.999 (0.998-1.00) 0.034 - 

Low Volume ( < 15 cases/Year) vs. High 1645 1.13 (1.05-1.21) 0.001 0.001 

Low Volume ( < 20 cases/Year) vs. High 2004 1.12 (1.04-1.21) 0.002 0.002 

 

Chemotherapy was associated with the lowest HR (0.67 [95% CI 0.62-0.73]), with all other 

systemic therapy variations, including neoadjuvant and adjuvant chemotherapy, radiation, and 

combinations thereof, all associated with HRs between 0.73 and 0.79 and all therapies were 

significant at p<0.001. Chemotherapy also was associated with an increase in median survival 

time of 7.13 months (20.9 months [95% CI 19.91-21.91] vs. 13.77 months [95% CI 12.88-

15.01]; Figure 7.3) and radiotherapy a smaller but significant increase of 5.63 months [21.03 

months [95% CI 20.01-22.08] vs. 15.54 months [95% CI 15.69-16.36]; Figure 7.4).  Number of 

days from diagnosis and refusing either chemotherapy or radiation did not have a significant 

association with overall survival.  The only type of resection with a significantly different 

outcome than that associated with the Whipple procedure was an extended pancreatectomy (HR 

1.23 [95% CI 1.06-1.41], p=0.006).  Lastly, and similar to the logistic models for 30 day 
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postoperative mortality, each day from diagnosis to resection had a hazard of death 0.2% lower 

(HR 0.998 [95% CI 0.997-0.999], p<0.001). 

Table 7.4: Univariate Association of OS with Treatment Characteristics Among Resected Patients 
Table 7.4: Univariate Association of OS with Treatment Characteristics Among Resected Patients (N=3,453) 

Covariate Level N 
Hazard Ratio 

(95% CI) 
HR P-
value 

Log-rank P-
value 

Chemotherapy 
Yes 2006 0.67 (0.62-0.73) <.001 

<.001 
No 1265 - - 

Adjuvant Chemotherapy 
Yes 1595 0.75 (0.69-0.80) <.001 

<.001 
No 1453 - - 

Neoadjuvant Chemotherapy 
Yes 253 0.76 (0.66-0.88) <.001 

<.001 
No 2795 - - 

Chemotherapy, Days from Dx   1771 1.00 (1.00-1.00) 0.815 - 

Chemo Refused 
Yes 55 1.05 (0.80-1.39) 0.707 

0.714 
No 3216 - - 

Radiotherapy 
Yes 1550 0.73 (0.68-0.79) <.001 

<.001 
No 1894 - - 

Adjuvant Radiotherapy 
Yes 1336 0.79 (0.74-0.85) <.001 

<.001 
No 2088 - - 

Neoadjuvant Radiotherapy 
Yes 214 0.73 (0.63-0.85) <.001 

<.001 
No 3210 - - 

Radiation, Days from Dx   1505 1.00 (1.00-1.00) 0.098 - 

Radiation Refused 
Yes 54 0.96 (0.72-1.28) 0.781 

0.777 
No 3217 - - 

Adjuvant Chemoradiotherapy 
Yes 1133 0.79 (0.73-0.86) <.001 

<.001 
No 2021 - - 

Neoadjuvant 
Chemoradiotherapy 

Yes 194 0.77 (0.65-0.90) 0.001 
0.001 

No 3059 - - 

Adjuvant Chemo or Radiation 
Yes 1789 0.75 (0.69-0.81) <.001 

<.001 
No 1346 - - 

Neoadjuvant Chemo or 
Radiation 

Yes 273 0.74 (0.64-0.84) <.001 
<.001 

No 2763 - - 

Type of Curative Resection 
Attempt 

Partial pancreatectomy 324 0.92 (0.81-1.04) 0.196 

0.007 

Local or partial pancreatectomy and duodenectomy 175 1.18 (1.00-1.39) 0.057 

WITHOUT distal/partial gastrectomy 319 1.01 (0.88-1.14) 0.923 

Total pancreatectomy 144 0.93 (0.77-1.12) 0.428 

Total pancreatectomy and subtotal gastrectomy or 
duodenectomy 

359 1.12 (1.00-1.27) 0.056 

Extended pancreaticoduodenectomy 241 1.23 (1.06-1.41) 0.006 

WITH partial gastrectomy (Whipple) 1832 - - 

Time to Resection, Days from 
Dx 

  3350 
0.998 (0.997-

0.999) 
<.001 - 
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Figure 7.3: Kaplan-Meier Survival by Chemotherapy in Resected Cohort 

 

Figure 7.4: Kaplan-Meier Survival by Radiation in Resected Cohort 

 

Regardless of subset, no aspect of readmissions was significantly associated with overall survival 

among patients that received operations (Table 7.5). 
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Table 7.5: Univariate Association of OS with Readmission Among Resected Patients  
Table 7.5: Univariate Association of OS with Readmission Among Resected Patients (N=3,453) 

Covariate Level N 
Hazard Ratio 

(95% CI) 
HR P-
value 

Log-rank P-
value 

30 Day Postoperative 
Readmission 

Planned/Unplanned Readmission 349 1.04 (0.92-1.17) 0.563 
0.569 

No Readmission 2943 - - 

Type of 30 Day Postoperative 
Readmission 

Unplanned readmission within 30 days of discharge 256 1.10 (0.95-1.26) 0.192 

0.292 

Planned readmission within 30 days of discharge 86 0.93 (0.74-1.18) 0.551 

Planned and unplanned readmission within 30 days 
of discharge 

7 0.58 (0.24-1.38) 0.217 

No Readmission 2943 - - 

 

Multivariable Cox Regression for Overall Survival of Resected Patients 

The only demographic variables that were significant in patients who received surgery after 

adjusting for other covariates were insurance and Charlson/Deyo comorbidity score (Table 7.6).  

Patients with government insurance had a hazard of death 18% higher than privately insured 

patients (HR 1.18 [95% CI 1.06-1.32], p= 0.004), while uninsured patients showed no difference 

in hazard of death.  Compared to patients with a Charlson/Deyo score of 0, patients with a score 

of 1 had a15% higher risk of death (HR 1.15 [95% CI 1.04-1.27], p= 0.005), and patients with a 

score of 2 or higher had a 34% higher hazard of death (HR 1.34 [95% CI 1.13-1.59], p= 0.0007). 

Although the anatomic location of the tumor was not significantly associated with overall 

survival, the size in centimeters and pathologic T level were associated with survival (Table 7.2).  

Each centimeter increment in tumor size had a 2% higher hazard of death (HR 1.02 [95% CI 

1.01-1.03], p= 0.0004), and compared to T1 tumors, each increasing level in T status had 

successively higher hazard of death (T2: HR 1.4 [95% CI 1.15-1.71], p= 0.0008; T3: HR 1.53 

[95% CI 1.27-1.83], p<0.0001; T4: HR 2.34 [95% CI 1.69-3.22], p<0.0001) and un-staged TX 

tumors also having a higher hazard, but to a reduced degree (HR 1.39 [95% CI 1.06-1.82], p= 

0.02). 
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There was no significant difference in the survival of patients seen at different facility 

types after accounting for other covariates (Table 7.6).  Low volume facilities had a 15% higher 

hazard of death compared to high volume (HR 1.15 [95% CI 1.03-1.27], p= 0.01). 

Among patients who had surgery, chemotherapy was associated with a survival benefit 

and 30% lower hazard of death (HR 0.7 [95% CI 0.62-0.8], p<0.0001), but radiotherapy was not. 

Only extended pancreatectomies, as it was in the univariate survival analyses, had a significantly 

different survival from Whipple procedures (HR 1.2 [95% CI 1-1.42], p= 0.05).  Number of 

weeks from diagnosis to surgery was not significantly associated with survival. 

Both variables that allude to whether any tumor remained after resection—positive 

surgical margins and positive regional lymph nodes—had similarly elevated hazard ratios 

(positive margins: HR 1.4 [95% CI 1.26-1.55], p<0.0001; positive nodes: HR 1.41 [95% CI 1.29-

1.54], p<0.0001).   

Table 7.6: Multivariable Cox Regression Model for Overall Survival Among Resected Patients 
Table 7.6: Multivariable Cox Regression Model for Overall Survival Among Resected Patients (N=2,501) 

Covariate HR (95% CI) P-Value Covariate HR (95% CI) P-Value 

Age 1.01 (1-1.01) 0.0816 Tumor Size (cm) 1.02 (1.01-1.03) 0.0004 

Sex     AJCC Pathologic T     

Male Ref   1 Ref   

Female 0.93 (0.85-1.01) 0.0772 2 1.4 (1.15-1.71) 0.0008 

Race     3 1.53 (1.27-1.83) <.0001 

White Ref   4 2.34 (1.69-3.22) <.0001 

Black 1.04 (0.89-1.22) 0.6083 X 1.39 (1.06-1.82) 0.0181 

Other 1.06 (0.79-1.43) 0.7032 Facility Type     

Insurance     Academic/Research Ref   

Private Insurance Ref   Community Cancer Program 0.92 (0.73-1.16) 0.481 

Government Insurance 1.18 (1.06-1.32) 0.0038 Comprehensive Community Cancer Program 1.04 (0.93-1.16) 0.5135 

Uninsured 1.15 (0.86-1.53) 0.3477 Hospital Volume     

Income      High Volume (≥ 20 resections/year) Ref   

$46,000 + Ref   Low Volume  (< 20 resections/year) 1.15 (1.03-1.27) 0.0115 

$30,000 - $34,999 1.02 (0.88-1.19) 0.7819 Chemotherapy     

 $35,000 - $45,999  1.07 (0.95-1.21) 0.2623 No Ref   

 < $30,000 0.9 (0.75-1.08) 0.2555 Yes 0.7 (0.62-0.8) <.0001 

% without HS 
education  

    
Radiation 

  
  

<14% Ref   No Ref   

14-19.9%  1.1 (0.97-1.24) 0.1412 Yes 0.89 (0.79-1) 0.0534 

 20-28.9% 1.13 (0.98-1.3) 0.0835 Primary Procedure     
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 >=29%  1.05 (0.87-1.27) 0.5944 WITH distal/partial gastrectomy (Whipple) Ref   

Year of Diagnosis     Extended pancreaticoduodenectomy 1.2 (1-1.42) 0.0458 

2003 Ref   Local or partial pancreatectomy and duodenectomy 1.04 (0.85-1.28) 0.6976 

2004 0.9 (0.79-1.03) 0.1222 Partial pancreatectomy 1 (0.67-1.49) 0.9856 

2005 1.02 (0.9-1.15) 0.7852 Total pancreatectomy 0.95 (0.79-1.15) 0.6088 

2006 1.04 (0.92-1.18) 0.5343 Total pancreatectomy and subtotal gastrectomy or duodenectomy 0.95 (0.75-1.2) 0.6533 

Charlson/Deyo 
Comorbidity Score   

  
WITHOUT distal/partial gastrectomy 1.01 (0.88-1.16) 0.8848 

0 Ref   Number of Weeks From Diagnosis to Surgery 0.999 (0.998-1) 0.0659 

1 1.15 (1.04-1.27) 0.0052 Positive Surgical Margins     

2+ 1.34 (1.13-1.59) 0.0007 No Ref   

Anatomic Site     Yes 1.4 (1.26-1.55) <.0001 

Head Ref   Positive Regional Lymph Nodes     

Body 1 (0.81-1.23) 0.9761 No Ref   

Tail 0.9 (0.74-1.09) 0.2836 Yes 1.41 (1.29-1.54) <.0001 

Other 0.97 (0.84-1.13) 0.6993   
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Discussion/Conclusions 

Many of the relationships we found in our analyses were also found in previously 

published reports.  Our discussion of our results will be broken down by our general hypotheses: 

Racial and rurality based differences in presentation and treatment, receipt of a curative surgical 

attempt, receipt of surgery at a high volume center, thirty-day readmission, thirty-day 

postoperative mortality, and finally the overall survival of all three populations in the study. 

Rurality and Racial Presentation/Treatment Differences 
 

 Hypothesis 1: There are a rurality-based differences in presentation and treatment of 

pancreatic adenocarcinoma patients 

 Hypothesis 2: There are racially-based differences in presentation and treatment of 

pancreatic adenocarcinoma patients 

Rural patients were more likely to be white, less educated, on government insurance, and in the 

lowest income bracket than either metro or urban patients (Table 1.5).  Rural patients also were 

more likely to have a tumor located in the head of the pancreas, a T2/T4 tumor but were less 

likely to be metastatic, clinically node positive, or have stage 4 disease (Table 1.6).  All of these 

differences were small and the treatment differences were similarly small. 

To our knowledge, this is the first study examining the receipt of all three treatment 

modalities with respect to rurality.  We did find significant univariate differences in the receipt of 

all three modalities but the public health implications of these differences may be debatable.  No 

therapy had more than a 2% difference between rural and either metro or urban patients, with 

rural patients receiving surgery and chemotherapy the least and radiation the most (Table 1.8).  

This is similar to the lack of difference in receipt of adjuvant therapy in Davila et al. or receipt of 

surgery between rural and urban patients reported by Shah et al.107,111    
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At first glance, one possible reason for the difference in receipt of surgery could be a 

difference in the refusal of therapy once it is recommended.  Indeed, we did find a small but 

significant difference in the refusal of chemotherapy in rural patients, though the overall failure 

to receive therapy after recommendation was only significant for chemotherapy (Table 1.8).  Our 

data agreed with Shah et al. that found no difference in the refusal of surgery in rural vs. urban 

patients.  There was also no difference in the failure to receive surgery amongst patients of 

different rurality status in our data. 

Our findings of racial differences in presentation and treatment by and large fit with prior 

reports: black patients tended to be older, poorer, and less educated, uninsured, and had higher 

comorbidities than their white counterparts (Table 1.9).86,87,102-116,120 Also in line with prior 

literature, black patients were more likely to have advanced disease and their tumors were larger, 

albeit by a very small amount that may not be clinically relevant (Table 1.10) Black patients 

were also less likely to receive at least one type of treatment (Table 1.12) similar to prior papers 

using univariate and multivariate analyses.86,87,102-115,120 Only one paper did not find racial or 

ethnic differences in treatment and this was in the Department of Defense equal access system.116  

Unlike prior studies, we did not find a significantly higher proportion of black patients refused in 

any of the three treatment modalities.105-107 Interestingly, one of these studies by Bilimoria et al. 

was performed using the NCDB but for the decade spanning from 1995-2004, beginning 8 year 

prior to our study period and overlapping by two years.106 Examining the two-year overlap 

separately from the rest of the data, we did not find a significant difference in refusal of surgery 

as was seen in Bilimoria.  What this may represent is a difference in treatment disparities over 

time, with black patients refusing surgery less in successive years between the studies.  In our 
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review, the rate of refusal has remained essentially unchanged, with a rate of 1.09% in 2003 and 

8 years later in 2011 at 1.13%. 

Conversely, a positive trend seen in all racial sub groups is a reduction of failure to 

receive therapy after physician recommendation over the study period. Black refusal rates 

improved the most of any subgroup (White: 1.57 from 2.6% [-1.03%]; Black: 1.49 from 3.01% [-

1.52%]; Other: 1.23 from 2.64 [-1.41%]).  While this may not be the result of directed efforts to 

improve the treatment, and therefore public health, of black patients, it does point to an 

improvement in treatment through a public health lens.  If we use crude estimates for the 2015 

US percentage of black residents from the US Census Bureau (14.35%), the 2015 SEER estimate 

of new pancreatic cancer cases (48,960), there will be 7,026 cases of pancreatic cancer in black 

Americans this year.1,9,152 Sub-typing this to pancreatic adenocarcinoma, there will be roughly 

5,972 diagnoses of pancreatic adenocarcinoma in black Americans in 2015.  Applying the 

failures of surgical resection after recommendation in 2003 and 2011, there is a difference of 91 

black patients that would receive the only potentially curable intervention—surgical resection— 

as a result of that change in this year alone.  Even with such improvement in acceptance of 

recommended therapy, one can question whether or not this is important, as it isn’t adjusted for 

other factors and our data also showed that black patients are more likely to present with 

advanced disease. 

As all of the results presented on our examination of rural and racial presentation and 

treatment differences are based on univariate analysis methods, they merely provide hypotheses 

that will need to be examined with more sophisticated methods, preferably with richer 

demographic data to allow a more in depth understanding of how and why differences in 

presentation and treatment occur.   Because we are dealing with population health rather than a 



 175 

provider, hospital, or provider network, the implications of further study and actions in areas 

confirmed to show a difference in pancreatic adenocarcinoma will be important to the public 

health of this population.  

Receipt of Curative Resection Attempt 
 

 Hypothesis 3: There are social and demographic disparities in the patients that receive a 

curative resection attempt among those that are potentially resectable 

Receipt of surgery is an important event in pancreatic adenocarcinoma, given that it is the only 

demonstrated chance for a cure.  Therefore, access to surgical care and the differences amongst 

diverse sections of the population will be important.   Before discussing the specific patient, 

facility, and treatment factors that are associated with the receipt of resection, it is illustrative to 

discuss the association of year of diagnosis or resection with the odds of receiving resection.  

With each increasing year of diagnosis, the odds of resection increased in our data as well as in 

the studies that reported odds estimates.107,110 What this points to is the increasing odds of receipt 

of resection over time, even after accounting for other factors.  It is possible that surgeons are 

getting more comfortable with performing surgery or that there are more surgeons that are 

trained in surgical oncology who have a greater skillset when it comes to the extensive and 

morbid pancreatic resection procedures used for pancreatic adenocarcinoma. 

Looking at patient factors, increasing age was associated with lower odds of resection, as 

was demonstrated previously in the literature. 86,106,107,110,112-116,120 Although they were at lower 

odds of resection, older patients had lower proportions of T3 or N1 tumors, which is a potential 

marker of an age-based treatment disparity highlighted in the study by Abraham et al. looking at 

the California Cancer Registry.113 Comparing patients above and below the age of 65, younger 

patients had a higher proportion of T3 (57.58 vs. 53.68%) and N1 tumors (36.15 vs. 26.7%), 
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using the AJCC Clinical TNM staging information.  It is possible that higher comorbidities 

observed in patients older than 65 (Charlson score =1: 36.23 vs. 22.7%; 2+: 8.46 vs. 5.89%) may 

account for the lower odds of resection, but this is unclear whether comorbidities are playing a 

determining role in clinical decision making without further information about what specific 

characteristics at the patient level.  Without knowing that it was a patient’s comorbidity status 

that caused a patient to not receive resection, we are simply ably to conclude that the odds of 

resection were lower with all other things being equal.  Rather than a causal inference, this is 

correlation and patient level data to a greater degree than the “contraindicated due to patient risk 

factors” provided by the NCDB would be needed to drill to the causal linkage.  Abraham et al. 

did not report comorbidities or an examination of age differences in these comorbidities in their 

analysis. 

Our model also failed to find a gender difference in receipt of resection.  A lack of an 

association agrees with findings by Abraham et al. but disagrees with Shah et al, who found 

significantly higher odds of resection among female patients107.   

Moving to racial differences, the odds of a black and patients of other races receiving 

resection were still significantly lower than white patients.  Of the five studies examining race 

and receipt of resection,102,107,110,112,113 our results agree with the four that found significantly 

lower odds of resection with black vs. white patients.102,107,110,113 Only one paper in the literature 

reported the odds of resection for ‘other’ race patients, which failed to find a significant 

difference like our study.113 Examining ethnicity, we also found significantly lower odds of 

resection with Hispanic patients, though there were no examples in the literature for comparison. 

Another invaluable factor in assessing the receipt of resection is that of patient 

comorbidity status.  While there was an association between the Charlson comorbidity score, 
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only patients with a score of 1, corresponding to one major comorbidity, and not those with a 

score of 2+ were at greater odds of receiving resection than those who had no comorbidities. 

This is different from Shavers t al and Riall et al., both of which found that increased 

comorbidities were associated with lower odds of resection. 110,112 This finding requires further 

exploration to develop an explanatory hypothesis.  

In addition to important factors about the wellbeing, age, gender, and race of patients, our 

model found significant associations with social factors and distance to treatment.  Patients with 

higher levels of income and education had significantly higher odds of resection associated, 

which was also found in the only study that reported odds estimates by Shah et al.107 Although 

not a direct social marker, insurance status was also significantly associated with the odds of 

resection in our data, with uninsured patients at 2/3 the odds of resection of privately insured 

patients.  This finding was also seen in Shavers et al.112 A similar relationship was noted in 

Abraham et al, where they found that both privately insured and Medicare patients had higher 

odds of resection compared to Medicaid patients.113 Additionally, there was no difference in the 

odds of resection between Medicaid and uninsured patients, both often having a financial 

disadvantage to private and Medicare patients.   

Although rurality failed to be associated in univariate analysis with receipt of resection, 

the association between distance to treatment and odds of resection remained significant on 

multivariate analysis.  Unexpectedly, patients were more likely to receive resection the further 

they were from a center, contrary to the study by Riall et al. that examined discharges in Texas.86 

One hypothesis that could explain this phenomenon is that patients that are recognized by either 

an oncologist or a primary care provider are being referred to a high volume center or another 

type of referral center. Patients who are well enough to travel longer distances are more likely to 
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undergo resection.  Conversely, the patients that are advanced aren’t as likely to be referred to a 

surgeon for resection.  Further research will be required to examine this hypothesis. 

Our study is the second to report how hospital volume affects the likelihood of a patient 

undergoing resection, agreeing with Bilimoria et al. that higher volume was associated with 

higher odds of resection.91 Patients with potentially resectable disease in our study had higher 

odds of resection when presenting to a site that was identified as a high volume center, regardless 

of the volume cutoff.  This was present both in the raw percentages of receiving therapy among 

patients in high vs. low volume patients (≥15: 56.54 vs. 39.53%; ≥20: 58.75 vs. 40.32%) and the 

lower odds of receiving resection at a low volume hospital in multivariable models. That 

facilities performing more resections in a given year are more likely to perform a resection in a 

potentially resectable patient also makes intuitive sense. 

In contrast to Bilimoria et al. and their report using the NCDB data that found academic 

centers were associated with higher odds of resection, we found that patients presenting to 

comprehensive community cancer centers had higher odds of resection compared to academic 

centers.91 It is possible that our analysis is fundamentally different from that performed by 

Bilimoria et al based on three key design differences.  First, Bilimoria et al. included only early 

stage localized cancer (node negative, non-metastatic) in their study while we included node 

positive patients provided they were not metastatic. A second design difference is their use of a 

dichotomous academic vs. community variable that showed a difference in the odds of resection.  

We used a three level variable for facility type but did not find a significant difference with a 

dichotomous facility type variable like the one found in Bilimoria et al. Lastly, another facility 

factor examined by Bilimoria et al. is the rurality of the location where the facilities is located.  

While location is significantly associated with receipt of resection, with metro hospitals having 
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the highest odds of resection, such data are not contained in the NCDB PUF.91  It is then possible 

that design differences in any of the three areas discussed above are at least partially responsible 

for the difference in findings.   

Tumor factors were not reported by many studies, with all tumor factors in our model —

anatomic location, histology, tumor size, and T status – only having a direct comparison with, at 

most, one other study for each outcome. First, the anatomic location of primary tumor in the 

pancreas was also found to be significant in Riall et al., though the exact relationship was 

different. 110 Our study found higher odds of resection with tail tumors and lower odds of 

resection with body tumors and tumors of unknown location compared to tumors of the head of 

the pancreas.  If we collapse our anatomical location variable to the same categories, the tumors 

of unknown location have an unchanged estimated odds, but the combined body/tail tumors do 

not show a significant difference in the odds of resection compared to head tumors.  Therefore, 

our data do not support these previous findings.  

The second tumor factor of histology was not examined by any other studies, where our 

data showed a higher odds of resection when comparing ductal adenocarcinoma (8500) and 

adenocarcinoma NOS (8140).  A better understanding of whether a true biological tumor activity 

is needed to see if the categories in the NCDB are picking out a true difference in the tumors 

they represent.  On the other hand, the third factor—tumor size—was found to have an inverse 

relationship between increasing primary tumor size and the odds of resection in both our data 

and Shavers et al.112  The reason that this may not be included in other studies is that increasing 

size makes resection less likely is a basic tenant of surgery. 

Last, Shah et al also found increasing T status and associated lower odds of resection. 

Although only one study looked at T status, Shavers et al. did include the similar measure of 
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SEER stage. They found that increasing extent of disease corresponding to localized (1A, 1B, 

2A), regional (2B, 3) and distant (4) disease had a similar trend of sequentially lower odds of 

resection.112 The only other study that reported stage of disease and odds of resection was Riall 

et al.110 However, this examined resectable vs. unresectable disease and this is not applicable in 

our population of resectable patients. Though Shah et al. found decreased odds of resection with 

a related measure of positive regional lymph nodes, we did not include this in our analysis, as the 

region lymph node measure we employed is an exam done on surgically resected specimens and 

is thus not a fair measure for all of the potentially resectable patients—both those who received a 

curative resection attempt and those who did not.   

Among the three treatment variables examined in our model, only receipt of radiation 

was examined in the literature.  Shah et al. found that radiation increased the odds of resection 

while no significant difference was seen in our data.107 On the other hand, the variables of 

chemotherapy or palliative care were both significantly associated with the odds of receiving 

resection and these were novel findings.  Patients that received chemotherapy at any point in 

their treatment were at higher odds of receiving resection while patients that were offered any 

type of palliative care were at greatly lower odds of resection.  That is, chemotherapy was at 

higher odds of being prescribed along with a curative resection attempt and palliative care was 

not.  While patients’ receipt of palliative care may be seen as a marker that they were 

unresectable from the start, this variable in the NCDB includes pain control measures and 

palliative chemotherapy/radiation.  These need not be given instead of resection and in fact, may 

occur after resection, with no way to determine the reason due to a lack of documentation of 

timing of palliative care compared to resection. 
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Several of the variables examined in our study point to public health targets for 

improving the access to the only potentially curable therapy for pancreatic adenocarcinoma: 

surgical resection.  First, we found significantly lower odds of resection with each additional 

year of age.  It is also concerning that elderly patients are presenting with a higher proportion of 

resectable tumors but having lower odds of resection in our data. Though this may be justified 

when looking at factors such as frailty78,138,139 that are used in clinical decision making not 

contained in the NCDB, several reports have highlighted the safety of surgical resection in 

elderly patients.127-137  

Second, and less clearly fitting a clinical reason for not receiving resection patients of non-white 

race and Hispanic ethnicity had lower odds of resection.  While the difference may be smaller for 

Hispanics (OR 0.87) compared to black patients (OR 0.64), this finding still represents a 

substantial gap in treatment considering patient age, comorbidity, education, income, and extent 

of disease are adjusted for in the model.    

Lastly, patients with lower economic means signified by lack of insurance, lower income, 

and lower education were less likely to receive resection.  Although the Affordable Care Act 

(ACA) has been aimed at improving access via improving insurance, the problems posed by 

education and income still remain, even if one assumes the improbable complete success of the 

ACA.  Why this is concerning from a public health standpoint is that they are all factors that are 

nearly impossible to improve at an individual level.  One cannot simply change how you interact 

with a patient and improve their economic means or help improve their health and job stability.  

That said, it is important that patients who are potentially resectable but may be at risk to not 

have their disease resected due to their socioeconomic status, be highlighted to ensure 

opportunities for possible cure are presented. 
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All of the social areas that are identified in our data are large targets that will require 

collaboration amongst providers and policy makers in order to ensure equal treatment amongst 

patients with no clinical reason for different treatment.  A patient who has worse disease may 

very well be unfit for resection but further research is required in this area in order to ascertain 

what the basis of these differences is at the provider and system level. Our study does not 

demonstrate what causes this lack of receipt, only that it is happening.  Although this may seem 

like a simple issue that is only that patients did not receive a therapy, there is a substantial 11.17 

month difference in survival in the patients who receive resection and those who did not.  This is 

not to say that we can expect an 11 month survival advantage for every patient if we were able to 

ensure each received resection but it is clear that we are excluding patients from better survival 

by not operating, assuming they would be able to tolerate the stress of surgery.  Policy and 

physician leadership must also be ready to act on closing the gap, both with current initiatives on 

access as well as moving to intervene on problem areas identified with expanded research on 

disparities in the receipt of resection.   

Receipt of Resection at a High Volume Hospital Among Resected Patients 
 

 Hypothesis 4: There are social and demographic disparities in patients that receive 

resection at a high volume center among those who received a curative resection attempt 

While many research studies have examined the effects of hospital volume on patient outcomes, 

little research has been published on who receives resection at high volume facilities.  In fact, 

only three studies86,87,103 provided a multivariable model for receiving resection at a high volume 

center and only one of them reported variable odds estimates outside of patient race/ethnicity.86 

Also of note, Riall et al. and Epstein et al. used the Leapfrog Group >10 resection cutoff while 

Chang et al. used ≥20 resections in their analysis. Of the 16 covariates included in the 

multivariable model, only 8 were reported in the literature before.  Further, one variable—
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resection type—found to be significant by Riall et al.86 was not a part of our models because the 

decision for type of resection is performed after assessment by a surgeon and is unlikely to affect 

resection at a high vs. low volume hospital unless a surgeon practices at both hospitals.  

In our data, the two variables that had been reported in the three studies in the literature—

race and ethnicity— had mixed significance.  All three studies grouped race and ethnicity as one 

variable. Although ‘Other’ race patients at a high volume center with ≥15 resections/year had 

higher odds of resection, no difference was seen with high volume hospitals with ≥20 

resection/year. Although ‘other’ race was examined in Riall et al., no significance was found and 

the only equivalent group in Epstein et al. and Chang et al. was Asian patients, for whom only 

Chang et al found significantly lower odds in being treated at a high volume center compared to 

white patients.   On the other hand, our data and all three studies also failed to find a difference 

in the odds of resection at a high volume center between black and white patients.  Similarly, two 

of three studies86 agreed with our findings that Hispanic patients had lower odds of receiving 

resection for both volume cutoffs.  

The rest of the comparison to the literature is only with Riall et al, as it was the only 

study with additional estimates for other variables.  While we used different comorbidity 

measurements, both our data and Riall et al. found higher odds of resection at a high volume 

center with increased disease severity compared to the lowest level.  Both studies also found 

higher odds of resection at a high volume center with each additional year of diagnosis, matching 

the trend of increased hospital volume across the country with time.76,78,81,85,88  

The last variable that was significant in both our data and Riall et al. showed an opposite 

relationship with resection at a high volume center.  In our data, there were greater odds of 

resection with increasing distance to the treating facility, whereas Riall et al. found a lower odds 
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of resection with each additional 10-mile increment of distance to the nearest high volume 

center.  It is possible that the difference in distance relationship is due to the fact that they are 

examining two different things: distance to treatment and distance to the nearest high volume 

center.  However the higher odds of resection at a high volume center with increasing distance in 

our study may also be showing what the national trend is as opposed to a single state such as 

Texas.  Further research will be needed to adjudicate this dissonance. 

Of the last three variables shared between the model in Riall et al. and this study, there is 

disagreement with respect to the significance.  First, age was not found to be significantly 

associated with the odds of resection at a high volume center in our data while Riall et al. found 

it to be of significance with its 95% CI abutting 1 comparing the oldest (>74) and youngest (18-

44) patients.  Even after readjustment of our multivariable model for both volume cutoffs using 

age as a categorical variable (18-44, 45-54, 55-64, 65-74, >74), age still failed to be significantly 

associated with the odds of resection at a high volume center.  Second, female gender was 

associated with higher odds of resection at a high volume center for the ≥15 resection cutoff but 

failed to be significant for the ≥20 resection cutoff or in the study by Riall et al. Last, uninsured 

patients were less than half as likely to receive resection at a high volume center compared to 

privately insured patients in our data, but no difference based on insurance was seen in the study 

by Riall et al. 

Of the 8 variables not examined in prior findings, five were novel findings associated 

with the odds of resection at a high volume center.  First, both rural and urban patients that 

received resection were less than half as likely be treated at a high volume center compared to 

metro patients. This held true for both facilities performing ≥20 resections and ≥15 resections per 

year.  Second, increasing income was associated with higher odds of resection at a high volume 
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center for both volume cutoffs.  Third, education was also associated with resection at a high 

volume center, yet only patients living in the second highest education quartile (14-19.9% 

without a high school degree) had significantly lower odds compared to the highest quartile 

(<14% without a high school degree).  This relationship is not what we would expect to see if 

education was a predictor of resection at a high volume center and a difference only between the 

top and bottom quartiles would make the most sense.  It is unclear why we would only see a 

difference between the two highest quartiles. 

Fourth, community cancer programs were significantly less likely to be centers of high 

volume resection compared to academic centers. In this model, the community and 

comprehensive community cancer centers were collapsed into a single community vs. academic 

centers, because no community cancer program performed 15 of more resections in a given year.  

In fact, only 4% of all resections were performed at community cancer centers (Table 4.0.3), 

while 36.1% were performed at comprehensive community cancer centers.  After the collapse of 

the two categories into an overall dichotomous community vs. academic variable, there were still 

a large number On the other hand, 22.3% of resections performed at community cancer and 

comprehensive community cancer programs for the ≥15 cutoff and 17.3% for the ≥20 cutoff.  

Therefore, the majority but not all of the high volume resections were performed at academic 

centers and the academic vs. community variable was added to ensure that the community 

patients receiving resection at a high volume center were adjusted for. Last, ductal 

adenocarcinoma had higher odds of resection at a high volume center for both volume cutoffs. 

The last three variables were all tumor characteristics.  Both increasing tumor size and 

increasing T status were not associated with the odds of resection at a high volume center.  On 
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the other hand, tumors in the tail of the pancreas were associated with lower odds of resection at 

a high volume center, though this was only significant for the ≥15 resections cutoff.   

In looking at the differences in referral for resection at a high volume center, not all of the 

differences we identified are negative.  First, that the odds of resection at a high volume center 

increase with successive years of diagnosis supports findings by Finks et al. that hospital volume 

is increasing for centers; a change they cite as due to efforts in changing referral patterns.85 

Moreover, the higher odds of referral to a high volume center for patients with more 

comorbidities is a good outcome, considering the theory that they are better able to care for 

sicker patients due to the volume-outcome relationship.    On the other hand, the decreased 

receipt of resection at high volume centers for Hispanic, rural, and poorer patients are likely 

public health concerns. Further research will be needed to examine whether or not there is a 

systematic issue with referral or geographic location leading to a public health issue with these 

populations.   

A related issue to referral to high volume centers is what the potential consequences of high 

volume referral may be.  As a result of the volume-outcome argument for regionalization, there has been 

concern over what effects may occur due to the increased travel that may be required for rural patients or 

patients living in more urbanized areas without a high volume center153  Moreover, if patients in the 

populations we identified as less likely to receive resection at high volume centers are not specifically 

addressed, the benefits of the volume-outcome relationship may not be transferred to them. Our data do 

support the concern over exclusion of rural, Hispanic, and poor patients because all had significantly 

lower odds of being resected at a high volume center compared to their colleagues.  Therefore, a policy 

that encourages or mandates high volume resection as a quality measure without taking into consideration 

the geographic spread of people could put the public health and care of the pancreatic adenocarcinoma 

patients in jeopardy. For example, if high volume centers are not constructed in a way that will allow for a 
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better geographical distribution outside of metropolitan areas, rural patients may become more and more 

excluded from high volume resection or bear higher time and monetary costs of travel. 

Thirty-Day Postoperative Readmissions 
 

 Hypothesis 5: There are social and demographic disparities in patients that suffer a 

readmission within thirty days of a curative resection attempt 

The literature examining thirty-day readmissions does not contain many patient factors that 

consistently are associated with thirty-day readmissions other than higher comorbidities. 154-160 

Our study failed to find an association between many factors that have not had agreement 

amongst previous studies including age, gender, race, and comorbidities. Age was only reported 

in the models of 4 studies,154,155,158,160 and inside of these only two found significant association 

with increasing age and greater odds of thirty-day readmissions.158,160 Of the 5 studies in the 

literature looking at gender,154,155,157,158,160 only two found a significant difference in thirty-day 

readmission.157,158 Black race was not associated with readmission in any of the three studies 

examining race154,158,160 but one found a significantly lower odds of thirty-day readmission in 

patients of ‘Other’ race defined as non-white and non-black.158 Another study found a decreased 

hazard of thirty-day readmission in Hispanic patients155 but neither race nor Hispanic ethnicity 

was significant in our data. 

Although there was a consensus among all seven papers examining readmissions with 

respect to increased comorbidities being associated with thirty-day readmissions, our study did 

not find a significant difference.154-160 In order to delve further into this discrepancy, it is 

important to discuss the comorbidity scores used in the studies published.  Stitzenburg et al, 

Yermilov et al. and Reddy et al. used the Charlson comorbidity score, though only Stitzenburg 

used the same 0, 1, 2+ breakdown that is available in the NCDB.155,158,160 Both Schneider et al. 

and Hyder et al. used a method described by Elixhauser with a score of >13 as a breakpoint in 
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comorbidity status to evaluate comorbidities.154,157 Sutton et al. used a proprietary 18-step 

algorithm to produce four different levels of illness severity that accounted for comorbidities.159 

Thus, only one study used the same score and breakdown that was used in our study.  However 

our results still differ from their findings.  It makes intuitive sense that higher comorbidities, and 

therefore severity of baseline illness, is related to readmission and either the granular nature of 

the measure available in the NCDB or a true lack of difference in comorbidities between 

readmitted and non-readmitted patients could be possible explanations. 

Another way in which our findings disagreed with the published literature was with 

respect to the effect of hospital volume hospitals on thirty-day readmissions.  Neither of the 

definitions of high volume examined (≥15 and ≥20) was associated with a significant difference 

in the odds of readmission.  Relatively few studies have specifically analyzed pancreatic 

cancer/resection and postoperative readmissions with respect to high volume broken into 

quartiles or quintiles and all significantly associated with readmissions.154,156,158,159 Although a 

dichotomous breakdown did not find an association between high volume and higher odds of 

readmission, an analysis of volume in our data as quartiles like those used in the literature 

yielded significantly higher odds of readmission with increased volume in the same fashion as 

the literature.   In the multivariable model, low volume hospitals (3 -8 resections/year) and high 

volume hospitals (≥21 resections/year) but not medium volume hospitals (8-21 resections/year) 

had significantly higher odds of readmission compared to very low volume hospitals (3 or fewer 

resections/year) (Very Low: Ref; Low: OR 1.285 [95%CI 1.01-1.64]; Medium: 1.12 [95%CI 

0.87-1.43]; High: 1.36 [95%CI 1.06-1.74].  This points to a similarity in the findings in other 

studies, though our purpose in testing high and low volume as a dichotomous variable were 

intended to evaluate the American Cancer Society and National Comprehensive Cancer Network 
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recommendation for patients to receive resection at a facility performing at least 15 to 20 

resections a year. 

Several of the factors included in our multivariable model failed to find a difference in in 

the odds of thirty-day readmission amongst several factors that were significant on univariate 

analyses, but were not reported in multivariable models found the literature. These factors are 

insurance status, anatomic location of the tumor, tumor size, facility type and neoadjuvant 

chemotherapy/radiation.  While the literature did not include several factors used in our model, 

we had several variables that that did show a univariate association with thirty-day readmissions 

and were not included in the multivariate model: distance to treatment, income, education, type 

of resection, lymph node status, disease status (T status or local/regional/distant), and rurality.   

Lastly, three novel factors examined in our study were significantly associated with the 

odds of readmission.  First was the time to resection, which was inversely associated with odds 

of readmission.  It is unclear what might underpin this relationship, though it may be that patients 

with less extensive disease are delayed compared to those with tumors that are felt to be urgent.  

Second, patients with positive surgical margins had higher odds of readmission compared to 

those patients with negative margins.  Thirty days is too soon for a difference in readmissions to 

be seen based on disease progression, so this is likely acting as a marker of some other treatment 

or patient disease aspect.  Without more information at the patient level, it is difficult to say what 

might be underpinning this relationship. Third, we found higher odds of readmission with 

unspecified types of pancreatectomy compared to patients undergoing a Whipple procedure.  As 

the name not otherwise specified (NOS) implies, there is not more information as to the type and 

extent of the resection in this heading, so it is difficult to interpret what this might mean. 
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Unfortunately, the areas identified in our data—positive margins, time to resection, type 

of resection and histology— do not provide direct public policy and guideline targets.  It is 

already the goal of a surgeon to reach a negative margin, though the increase in hospital volume 

has been shown to decrease the margin status of patients.92 Also, it is unclear what aspect related 

to positive margins in a patient is driving the higher odds of readmission in our patients.  When 

breaking down our data by hospital volume quartiles, we did find some support that patients at 

hospitals have lower odds of readmission within thirty days of resection but the relationship 

between margins and readmission remained significant in the model that included volume 

quartiles.  Time to resection is similarly difficult, as a guideline to increase the time to resection 

would not be wise and further investigation as to what lies underneath this relationship as well.  

Moreover, a difference in the odds of readmission with pancreatectomy patients that have no 

specified extent does not allow for further analysis on what is leading to the increased odds does 

not allow any conclusions to be drawn about implications to population health.  Lastly, histology 

alone will be needed to be linked with what types of readmissions those patients are experiencing 

to see if there is a target for a policy or intervention to try and reduce these readmissions. 

Part of the force guiding the study of postoperative readmissions is the recent emphasis 

on reducing readmissions put forward by Medicare and the large cost associated with 

readmissions.  Therefore, the literature will become more important to examine in order to 

understand what the causes of readmission are amongst patients in all resection subtypes, though 

high-risk cancer resection can be a point of major change, considering the high rate in the 

population.  The research has begun to examine ninety-day mortality, with the hypothesis that 

many of the processes causing readmissions to the hospital for pancreatectomy, with two studies 

examining it thus far. 158,161 More factors examined in our patient population may turn out to be 
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significant when extending the window of examination to ninety days, however this is not 

possible with the current NCDB PUF.  Until such a time as it is possible to examine this in the 

NCDB PUF, further study using other databases with sufficient information will be needed to 

examine this timeframe.    Whether it is thirty-day or ninety-day readmissions, the factors 

identified through further research will prove invaluable to improving the cost-effectiveness of 

resection through avoided admissions and improve the health of the whole population at risk for 

readmission. 

Thirty-Day Postoperative Mortality 
 

 Hypothesis 6: There are social and demographic disparities in patients that die within 

thirty days of a curative resection attempt 

In our study, we examined the thirty-day postoperative mortality while the literature is mixed 

and discusses in-hospital or surgical mortality in many case.  As such, our discussion of the 

literature will use all measures of perioperative mortality as pertaining to the thirty-day mortality 

in our study but studies will be identified by their particular outcome in the discussion. 

In our multivariable regression model when adjusting for other patient factors, treatment 

factors, and facility factors there were significantly higher odds of thirty-day mortality with 

increasing age.  This agreed with all of the literature, including the one study looking at thirty-

day and ninety-day mortality77 and the seven examining in-hospital mortality.56,59,69,76,78,82,124 No 

gender difference was seen in our data regarding thirty-day postoperative mortality.   Although 

there were no thirty-day mortality studies that reported gender differences, this agreed with the 

studies by Riall et al as well as Ho and Heslin et al. 69,124 but disagreed with four other studies 

that did find a gender difference in in-hospital mortality.56,59,78,82    
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We also failed to find a racial difference in thirty-day postoperative mortality but this 

finding disagreed with published prior findings.  Four papers examining perioperative mortality 

found significant differences in mortality based on racial differences.56,59,123,124 The one paper 

examining thirty-day mortality by Lucas et al. found significantly higher odds of mortality for 

black patients, as did the study by Teh et al looking at hospital mortality. 59,123 Teh et al also 

found an increased in-hospital mortality in non-white/non-black ‘other’ race patients compared 

to white patients white Riall et all found ‘other’ race patients had a lower odds of in-hospital 

mortality124  The last paper by Lieberman et al. found that non-white had higher odds of in-

hospital mortality compared to their white counterparts.56 Only Eppsteiner et al. did not find a 

racial difference of any kind in their examination of in-hospital mortality.82 

Uninsured patients were at higher odds of thirty-day mortality compared to privately 

insured patients, which has not been demonstrated in the three studies providing information 

about the association of perioperative mortality and insurance status.56,76,78,82 Gasper et al found 

government insured patients had higher odds of in-hospital mortality while Amini et al found 

that privately insured patients had lower odds of in-hospital mortality compared to Medicare 

patients.76,78 Lastly, Lieberman et al and Eppsteiner found no difference in mortality based on 

insurance, represented by payer in their study.56,82 In the related area of SES, we found that 

decreased education but not income was associated with increased thirty-day mortality.  There 

were no examples of education in the literature and this is a novel finding.  On the other hand, 

there was some relative support for income failing to be associated in Amini et al., where the 

bottom two income quartiles had higher odds of in-hospital mortality.78 While this may seem to 

support an income-related difference, the difference only held true for the earliest of the three 4-

year strata, it is unclear whether the trend would hold for the data taken as a whole. 
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In indirect agreement literature, we found that patients with a Charlson comorbidity score 

of 2+ were at nearly double the odds of thirty-day postoperative mortality compared to those 

with a score of 0 and no difference with patients that had a score of 0. However, the only three 

studies that used a comorbidity score with generally non-significant findings.  Amini et al. also 

used the Charlson score with ≥3 as ‘high comorbidity’ vs. not, which was only significant in the 

earliest of the three 4 year time periods.78   Riall et al. used an illness severity score, which was 

not associated with in-hospital mortality.124 Last, Eppsteiner et al used the Elixhauser 

comorbidity count, finding no greater odds of in-hospital mortality with increasing numbers of 

comorbidities.82 Two studies cited that increasing secondary diagnoses were associated with 

higher odds of in-hospital mortality but did not given an estimate or what measure was used.56,76 

Three other studies found differences in postoperative mortality but only reported individual 

comorbidity breakdowns and no overall reference to how many were present in each 

patient.59,69,77  

Like increased disease severity in the form of baseline disease, the higher the AJCC T 

stage, the higher the odds of thirty-day mortality in our study.  This was also demonstrated in 

both the thirty and ninety-day mortality models in the paper by Swanson et al.77 On the other 

hand, the other tumor factor in our model—anatomic location of a tumor inside of the 

pancreas— was not associated with thirty-day mortality in our study and no literature examples 

examined this factor. 

Year of diagnosis was not associated with thirty-day mortality in our data, though three 

of the four studies in the literature found a significant association, with only Ho et al. finding no 

relationship.56,59,81,124 Although increased years of diagnosis was found with both Riall et al. and 

Teh et al., the relationship was only found with three seemingly random years in the study 



 194 

compared to the referent with no obvious time course in Lieberman et al. Additionally, distance 

to treatment failed to be significant after multivariable adjustment for other factors, though there 

are no examples in the literature with which to compare. 

Increasing hospital volume was unanimously associated with decreased in-hospital, 

thirty-day, sixty-day and ninety-day mortality amongst the 15 studies that published odds 

estimates.56,59,66,68,69,73,75-78,80-83,88,162 Looking at the other facility characteristic in our data, there 

was no difference in the type of facility (academic/community/comprehensive community) in 

our data as well as the one literature example by Amini et al. that looked at teaching vs. non-

teaching hospitals.78 

Next in our discussion is that of our treatment variables.  First, neoadjuvant 

chemotherapy but not neoadjuvant radiation was shown to have a significant decrease in the 

thirty-day mortality in our data.  While neoadjuvant therapy was examined in the literature with 

respect to overall survival in the literature, we are unaware of any studies that have examined 

neoadjuvant therapy and its effects on thirty-day mortality.  On the other hand, one paper by 

Swanson et al. was identified that shows a reduction in thirty-day mortality but not ninety-day 

mortality.  Second, with respect to the type of surgical resection, we found that partial 

pancreatectomies had lower odds of thirty-day mortality while total pancreatectomies with a 

duodenectomy/subtotal gastrectomy had higher odds of thirty-day mortality when compared to 

patients who received a Whipple procedure.  Though the decrease in mortality is supported by 

the three studies that report in-hospital mortality and both thirty and ninety-day mortality in 

Swanson et al., none of the studies used as extensive of a procedural breakdown in their variable 

as in our study.59,77,78,124   
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The last two variables in our model may be viewed as adequacy of treatment and both 

have not been reported in the literature before this study.  First, positive surgical margins were 

associated with significantly higher odds of thirty-day mortality.  While pancreatic 

adenocarcinoma will not spread fast enough in thirty days to directly provide an effect on 

mortality, an inability to achieve negative surgical margins can be a marker of disease too 

advanced to reach complete resection. It could also mark inexperience with the facility and/or 

surgeon with treating the disease, supported by a meta-analysis that found a decreased positive 

margin rate with increasing hospital volume.92 If a tumor has extended to the point where it is not 

possible reach a clean margin, it makes sense that the disease may be extended into other parts of 

the body or has taken a greater physiologic toll on the patients.  Furthermore, a more extensive 

resection in an attempt to reach those negative margins may also place a patient at higher risk for 

early postoperative mortality.   

Another important but less specific factor included in our model is that of thirty-day 

readmissions.  Interestingly, readmissions are associated with much lower odds of thirty-day 

mortality compared to those who were not readmitted.  It is unclear what is driving this 

relationship, however, there are several possible theories that could be put forwards.  First, 

similar to the argument that what differentiates high from low mortality hospitals is the ability to 

save patients from a complication, perhaps what is being demonstrated is that the patients with 

complications for which we can provide treatments are the ones being readmitted while more 

severe disease is causing death at home.  In essence, we may be measuring failure to rescue from 

a complication.  Second and related to the first, it may be that patients who are having more 

severe disease are opting for palliative measures including hospice instead of being readmitted to 

the hospital.  Last, we may be seeing a limitation of the data with respect to readmissions being 
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only recorded in the NCDB at the same treating facility.  Therefore, the less critical 

complications and presentations may be coming back to the surgical facility while more critical 

complications are presenting to a closer hospital due to the severity of presentation.  No database 

currently exists that has multiple payers that tracks readmissions across multiple sites outside of 

the VA or Medicare.  Further research using new methods will be required in order to further 

explain what is being observed in this situation. 

The importance of improving thirty-day mortality following resection can be seen rather 

clearly if stated in the following way: If patients are at higher odds of death within thirty days of 

resection despite adjusting for how sick they are and population differences, they are dying more 

often than they should.  A moral drive can be seen as the justification for the core of the desire to 

improve this outcome.  This is not to say that there is not a moral cause to improve any aspect of 

pancreatic care, rather that death carries with it a finality that is much higher than other 

outcomes.  Our data support the push from the ACS and NCCN to seek a hospital performing at 

least 15-20 resections in a year.  The other actionable public health targets are those associated 

with uninsured and poorly educated patients.  Neither of these are small tasks, but if the findings 

of our study hold true for the entire pancreatic adenocarcinoma population then policies to 

improve access, such as the ACA, and education can effect real change in mortality after 

resection.   

Overall Survival 
 

 Hypothesis 7: There are social and demographic survival disparities in pancreatic 

adenocarcinoma patients 

The survival outcomes with significant associations with age differences of 1 year were mixed, 

with overall survival with and without treatment of the overall and potentially resectable patients 
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being significantly associated with age but the resected patients did not.  The significant 

association of age with overall survival was also found in many studies in the literature.88,105,108-

110,114,120,125 No examples in the literature provided a comparison of overall survival amongst 

patients that had received resection and reported an estimate of the HR for age.   

If overall survival analyses inside of the resected patients were modified to use age as a 

categorical variable (<55, 55-65, 65-75, 75), these analyses found significant differences 

between the youngest category and the 65-75 and >75 age categories, but only if the other 

treatment modalities were also excluded.  This may point to a role in adjuvant/neoadjuvant 

chemotherapy and radiation receipt of these two age categories as they received either therapy at 

a substantially lower frequency than the other two categories.  In fact, over 70% of the two 

younger age categories received chemotherapy in addition to resection compared to 57.63% of 

patients 65-75 years old and 39.38% of patients over the age of 75.  Similarly, over 50% of 

younger patients received radiation in addition to resection as opposed to 43.17% of patients 65-

75 and 26.62% of patients over the age of 75.  Our data are not able to explain whether the 

differences this highlights are simply something seen in the smaller subset with survival data 

(2,501) or if there is a provider and patient-level interaction.  While the NCCN does have 

recommendations that patients who are to undergo radiation should have a ‘good performance 

status’ as defined by pain control, ECOG status, and nutritional status, our data do not provide 

enough insight into clinical decision making to understand if a disparity excluding the elderly is 

at play.  Further studies using a more in-depth examination of the care process will be needed. 

There was not a consistent association with gender and survival differences. Significant survival 

advantage for women over men was only present in the Cox models that included all patients.  

This agreed with the findings of five studies that included gender in their Cox multivariable 
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models and found a female survival advantage. 108,109,114,116,120   Neither the models in potentially 

resectable patients nor those who received therapy showed a statistically significant difference in 

survival, agreeing with the findings by Zell et al. and Cheung et al. 121,122 A major difference 

between our models that failed to find a gender difference in survival and the literature is that 

both models that failed to find a difference included smoking. 

The survival of black patients failed to be significantly different after addition of 

treatment variables or inside of the resection cohort, similar to many prior studies.102,110,120,121 In 

a similar fashion to the studies by Zell et al. and Murphy et al., our data revealed that black 

patients had a significantly higher hazard of death compared to their white counterparts but was 

no longer significant after adding treatment variables to the multivariable model.120,121 Our study 

did agree with the one paper with postoperative overall survival analyses with a racial HR 

estimate that failed to find a significant difference by race.67 What this suggests is that black 

patients have similar survival if they are given similar treatment compared to their white 

counterparts.  

An interesting trend seen in both the overall population as well as the potentially 

resectable patients is that inclusion of treatment factors was associated with protective effect in 

the ‘Other’ race populations.  In both instances, the hazard of death was significantly reduced 

with other patients.  Zell et al. also examined pancreatic adenocarcinoma survival and found only 

example of a similar protective effect seen in the literature, where Asian patients had lower 

hazards of death.121 

Although Hispanic ethnicity failed to reach significance in our overall population models 

and did not reach univariate significance for inclusion in the other models, three of the six 

studies88,102,108,114,121,122 examining Hispanic ethnicity found a significantly higher hazard of 
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death among Hispanic patients102,121,122 though only the difference found in Cheung et al. 

remained significant in models containing treatment modalities.122 

Distance from treatment center greater than 10 miles in the overall population models 

with and without treatment variables and greater than 30 miles in the potentially resectable 

patient model with treatment variables had significantly higher hazards of death compared to 

patients living less than 5 miles from the treatment center. No studies examined the distance to 

treatment with respect to overall survival.  Although rurality failed to be significant on any of the 

three univariate analyses and was thus left out from the multivariable models, one study by 

Markossian et al. examined rurality and found that patients living in large rural areas compared 

to urban patients had a higher hazard of death but no difference was noted with the small and 

isolated rural patients.142 

Socioeconomic measures were associated with survival in all but the model that included 

patients who had undergone resection.  Income lower than $46,000 in the census tract where 

patients lived was associated with a higher hazard of death, though there was no trend as income 

decreased past the first quartile.  Both Markossian et al. and Cheung examined the area poverty 

of patient’s residence, finding increased hazards of death with increased poverty.122,142 Lower 

education proved to be associated with survival in more models, with only the final model that 

included surgical patients not showing a significant relationship with at least one level of 

education compared to the most educated quartile (<14% without a high school degree).  

Interestingly, the lowest quartile of education failed to have a significant difference with the 

highest once treatment was added.  No studies in our review of the literature had a report of 

estimates for education or indication that it had been examined.  On the other hand, three studies 

examined a composite SES score, all three finding increased hazards of death with lower 
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SES.109,121,141 Similar to race, an explanation for this is that differences in receipt of therapy 

amongst patients with different amounts of education is driving survival and once treatment is 

accounted for, there is a smaller difference in the survival of patients. 

In all three survival analyses, at least one form of insurance had significantly increased 

hazards of death compared to private insurance.  In the multivariable Cox regression models in 

both the overall and eligible for resection populations, both government insured and uninsured 

patients were at increased hazards of death regardless of the inclusion or exclusion of treatment 

variables.  In the cohort of patients who had undergone resection, only government insured 

patients had an increased hazard of death compared to privately insured patients.  Two studies in 

the literature examined insurance status with respect to survival.  The first by Cheung et al. used 

the Florida Cancer Data System and found an opposite association, with Medicare patients 

having a decreased hazard of death compared to privately insured patients.122 Adjusting our 

models to include a variable splitting Medicare from other insurances still showed a significantly 

increased hazard of death compared to private insurance in all but the model of potentially 

resectable patients without treatment adjustment.  Medicaid was also associated with an increase 

hazard of death in the overall population models with and without treatment adjustment as well 

as the resectable patient model without treatment adjustment. The second paper by Markossian et 

al. examined a single institution and did not find any difference in survival between different 

insurance statuses.142 Neither used a national database similar to the NCDB, so it is unclear 

whether the differences between the association in our models and the literature reviewed is a 

product of scale.  Unfortunately it is not possible to look only at hospitals in Florida with the 

NCDB PUF in order to compare to the study by Cheung et al. 
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An additional variable that remained a significant predictor of overall survival in all 

models was that of the Charlson comorbidity score.  Each additional level in the score had a 

significantly higher hazard of death in all models.  Although comorbidity status is an important 

factor in understanding the risk of patients undergoing treatment, only one study by Murphy et 

al. reported an estimate for increasing comorbidities, finding the same relationship as our 

models.109  

Tumor factors were associated with survival in all of our models.  Both tumor size and T 

status were significantly associated with survival in all models, though pathologic T was using in 

place of clinical T, as it was felt that it was a more accurate marker of disease extent at time of 

resection.  Two studies also looking at tumor size found increased hazards of death with 

increasing tumor size, just as was demonstrated in our data.122,141 Although no studies examined 

used T status in their Cox regression models, six used a related disease extent breakdown by 

stage into some combination of localized (1A, 1B, 2A), regional (2B, 3) and distant (4) disease.  

All but one by Lee et al, performed in the Department of Defense equal access network, found an 

increased hazard of death with increased disease extent.108,114,116,120-122   

A tumor factor used in our final model of patients that underwent resection was that of 

positive regional lymph nodes, determined from the pathologic data following resection.  This is 

a marker of more extensive disease spread and was associated with an increased hazard of death 

in our data.  The four studies examining lymph node status in the literature all used the SEER 

database and the SEER staging to derive lymph node status.  All of them also showed a 

significantly higher hazard of death with positive lymph nodes, though this is not directly 

confirmatory of our data, as it is unclear whether the lymph node status was also determined 

pathologically or if it was only done through clinical (i.e. imaging) means.88,108,122,141 
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Though not significant in the treatment-adjusted model for potentially resectable patients, 

the anatomic location of a tumor was associated with survival.  Interestingly, in the overall 

population, all tumor locations including ‘other’ tumors that could not be localized to one portion 

of the pancreas had higher hazards of death compared to tumors in the head of the pancreas.  

Once looking at potentially resectable patients, the relationship was reversed for patients with 

tumors in the tail of pancreas having a lower hazard of death compared to tumors in the head but 

no differences between the other locations.  The literature was split with regards to anatomic site, 

with the two of the four studies using all pancreatic cancer cases like our overall population 

findings finding a significantly lower hazard of death with body/tail tumors and non-head tumors 

compared to tumors of the head of the pancreas.108,120 The other two failed to find a difference in 

survival based on tumor location.105,116 The one study providing a breakdown by local and 

regional disease stratified survival models only found a higher hazard of death for body/tail and 

‘other’ tumors with regional disease.88  

Similar to the models examining thirty-day postoperative mortality, higher hospital 

volume was associated with lower hazards of death in all survival analyses and this was also 

found in the four US studies examining volume and overall survival.67,74,75,122 The other facility 

factor in our models was that of facility type in our overall and potentially resectable 

populations.  In the overall population, we found a significantly higher hazard of death compared 

to academic/research center patients among community cancer center patients with and without 

treatment and comprehensive community cancer centers patients after treatment adjustment.  

There were not facility type survival differences in the potentially resectable population.  Two 

examples in the literature provided estimates of teaching facility vs. non-teaching facility, both 

finding a survival advantage in the patients that received treatment at teaching facilities.122,141 
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Moving to treatment variables, other than radiation in the model examining patients that received 

resection, all three treatment modalities were associated with significantly lower hazards of death 

compared with not receiving the treatment.  The literature agree with this findings with four 

studies examining chemotherapy,105,109,121,122 four examining radiation108,109,121,122 and nine 

examining resection.75,88,105,106,108,109,120-122 Three additional treatment factors that were 

significantly associated with overall survival but were not found in any of the reviewed studies 

were the type of resection, referral to palliative care, and number of days from diagnosis to 

resection.  Palliative care referral at any point in a patient’s treatment was associated with 

significantly higher hazards of death in both the overall and potentially resectable patient 

populations.  The other two factors of type of resection and number of days from diagnosis to 

resection were only used in the resected patient cohort, with only resection type remaining 

significant in the multivariable model.  Only extended Whipple procedures compared to the 

traditional Whipple procedure had a significantly higher hazard of death with no other 

differences among other types of resection. 

The last variable is also a variable that was only used in the surgical patient population 

and was also found to increase the odds of thirty-day mortality: positive surgical margins.  

Unlike the short-term thirty-day mortality analysis, positive surgical margins can be seen as a 

true marker of higher hazard of death in this case.  It still may be true that we are looking at 

extent of resection or adequacy of resection, as discussed with respect to thirty-day mortality 

above, but this is also a marker of whether patients have been cured of their local tumor burden.  

If tumor is left behind after resection, it makes sense that this would decrease the survival of 

patients.  The literature support for this topic historically is very strong,163-172 though three recent 
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studies have either called this into question or failed to find an improvement in survival based on 

resection to negative margins or an RO resection.173-175 

One reason for our dissonance with the published literature is that only five of the studies 

listed above specifically examined pancreatic adenocarcinoma in at least one portion of their 

study.106,109,120-122 A prior study by Fesinmeyer et al. examined the survival of different 

histological diagnoses and found significant differences between pancreatic adenocarcinoma and 

other pancreatic cancer histologies.176 We also found a difference in ductal adenocarcinoma 

(8500) compared to adenocarcinoma NOS (8140), though this is at a further level of detail down 

compared to Fesinmeyer et al., as both were included under the general heading of pancreatic 

adenocarcinoma. While this may not translate into all outcomes, it is reasonable to hypothesize 

that this could play a role in other outcomes as well.  

The implications of differences in overall survival were smaller than that for several of 

the other short-term outcomes for most demographic variables.  However, this does not diminish 

their importance as public health targets for policy and treatment guidelines.   This has also been 

recognized in Bilimoria et al, where they argued that the larger difference in sixty-day mortality 

compared to overall survival should not distract from the overall larger impact that overall 

survival involved.75   

Looking at the overall population, there was an increased hazard of death associated with 

higher age, black race, male gender, increased distance to treatment, government-based 

insurance, a lack of insurance, lower income, lower education, and lower volume hospitals in a 

multivariable model without treatment adjustment.  Therefore, all of these groups have 

improvements that can be made for the whole population.  In fact, adding in the three treatments 

for pancreatic adenocarcinoma does eliminate some of these disparities in survival with respect 
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to black patients and two levels of education, however, it found a survival disadvantage in 

patients that are non-white and non-black that was not present without adjustment to the model.   

Many of the same variables associated with higher hazards of death in the overall 

population were also significant within the potentially resectable population. Specifically, 

increasing age, black race, government insurance, being uninsured, lower education, and lower 

hospital volume were associated with higher hazards of death.  Gender, distance to treatment, 

and income were no longer associated with survival.  In a similar fashion to the overall 

population, the addition of treatment variables led to the significance of black race disappearing 

while having a concurrent significance of ‘other’ race patients after multivariable adjustment.  

Another difference is that education was significant after adjustment in the middle two quartiles 

but not between the highest and lowest quartiles, though a similar difficulty in interpretation of 

the role of education remains. 

Last, in the final survival model looking at patients who receive resection, only two 

variables discussed above—government insurance and lower hospital volume—remained 

significant and both still had higher hazards of death.  What this may show is that black patients 

as well as lower educated patients are receiving treatment less often and improving the treatment 

receipt of these populations will improve the survival and overall health of the individuals 

belonging to them.   

Further investigation will be required to see what other care aspects—quality, receipt, or 

delivery—might be underlying this difference.  Moreover, the differences that are not eliminated 

by treatment in our data will also need further investigation.  
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Limitations 

There are several important limitations when considering our analyses. First, the NCDB 

is by definition, limited to the Commission on Cancer (CoC) approved hospitals, which do not 

comprise all hospitals where patients can receive cancer care.  In fact, there are several states 

where the percentage of facilities that are CoC approved is less than 15% and case coverage is 

below 30%.150 What is a major difference between the NCDB and SEER database is that they are 

constructed with different population selection methods.  With the SEER database, registries are 

designed to catch as close to 100% of the diagnoses inside of a geographically defined 

population.  Conversely, the NCDB relies on covering all cases at their related facilities but it is 

not a population-based registry.  It is a valid question to wonder whether care in a specific subset 

of cancer care hospitals that must go through an accreditation process represent the care of all 

pancreatic cancer patients in the US.  This becomes problematic when one considers a public 

health approach to improving cancer care if the picture of the population is incomplete in a way 

such that a particular section may be disadvantaged. 

Besides a concern of whether NCDB facilities represent the national care of patients with 

pancreatic cancer, there are also issues that result from the way data is measured in the NCDB.  

A potential limitation of the NCDB’s methodology is that the location and catchment areas 

related to the CoC hospitals has been pointed out by leaders with the NCDB is that CoC 

hospitals are primarily urban and large.177 Furthermore, the CoC approved hospitals were 

significantly less likely to be in critical access or rural areas.   This is especially important when 

one considers our hypotheses with regard to rural and urban treatment and outcomes.  Our failure 

to find rural and urban differences may be in part due to the fact that we are not including a large 

enough sample of rural patients to see significant differences outside of receipt of certain 
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treatments in univariate analyses.  Of all patients in our study, only 2.3% were rural.  

Nonetheless, this is a higher proportion of the population than the 1.86% or 1.53% of the 

population as identified with the 2000 or 2010 census data, respectively.144 Therefore it is 

unclear whether rural patients are underrepresented in the sample used for our study. 

An additional limitation posed by the NCDB is one that is shared by the SEER database 

and several other cancer registries is the form of the measure used to judge rural versus urban.  In 

this case, the issue is with the USDA’s Rural Urban Continuum Codes (RUCCs).  While 

providing 9 different categorizations of population density as well as trying to take into account 

the geographic location of a particular county in relation to a metropolitan center, it still relies on 

an overall population count. For example, a geographically large country that also has a larger 

population will be classified as urban while a small area that has a much higher population 

density but stays below the threshold level of 2,500 people will be categorized as rural.178 While 

there may be a large difference in the amenities and interaction of people as a result of the 

population density, this is not accounted for by the RUCCs.143,178 Moreover, different rural-urban 

classifications may have given different conclusions in our study but patient level ZIP code or 

county data are not contained in the NCDB PUF.  This means that it is not possible to assign a 

new classification schema. 

A third limitation of our data resulting from the NCDB methodology is that 

socioeconomic measures are measured at the census tract level.  This does not allow for 

individual or even household level data to be considered.  As such, a patient who is of higher 

affluence who is living in a poorer neighborhood or someone who is more educated living in an 

area of lower education would be grouped into the lower census-level data groupings.   A 

potential consequence may be an effect on the strength or even existence of trends because of a 
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flattening of SES that eliminates the context of particular patients.  It is impossible to know what 

will be the exact effects of this phenomenon in our study but it must be acknowledged when 

interpreting any findings.   

The fourth limitation posed by the structure of the NCDB is that of race and ethnicity.  

While race has a good fidelity in comparison with other databases, the NCDB falls short when 

one examines Hispanic ethnicity.150 The North American Association of Central Cancer 

Registries (NAACCR) developed a surname-based protocol to enhance identification of Hispanic 

patients that did not self-identify, used in SEER and all NAACCR databases to improve 

identification of Hispanic patients by up to 30%. 179 Unfortunately, the NCDB does not use this 

protocol and is potentially missing a sizable portion of the population with unknown effects on 

any conclusions based on Hispanic ethnicity.  Moreover, the NCDB has low coverage (<60% 

case coverage and <32% facility coverage) in several states such as Texas, Arizona, and New 

Mexico where there is a high Hispanic population. This may further affect the reliability of 

conclusions based on Hispanic ethnicity using the NCDB. 

Lastly, our examination of resectability was limited by the data present in the NCDB is in 

the form of American Joint Committee on Cancer (AJCC) Cancer Stages.  Prior reports have 

demonstrated that despite the attempt to restructure the guidelines in the 6th edition to align with 

resectability, the markers for what is resectable and what is not in preoperative workups is 

variable and should be decided based on a multidisciplinary team approach.4,51,180,181 As a result, 

a tumor that is resectable for one surgeon may not be considered resectable for another.  Our 

definition of patients having a T3 and non-metastatic tumor is relatively conservative, as some 

surgeons will attempt resection of T4 tumors at specialized centers.  Nonetheless, we feel that the 
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conservative estimate will provide a cleaner data sample and the number of patients falling 

outside of the realm of potential resectability as defined in our study will be relatively few. 

Strengths 

While there are several limitations to our study, we also have several strengths.  Starting 

with the NCDB, the most obvious strength is the large number of patients contained within the 

NCDB.  Estimates from the NCDB as well as review of the United States Cancer Statistics—a 

combination of state and SEER registries considered the gold standard of cancer registries— put 

case coverage of the NCDB for pancreatic cancer coverage between 67 and 70% of pancreatic 

cancer diagnoses in the US.7,149,150 On the other hand, estimates place SEER coverage at 

approximately 28%.151 This gives studies using the NCDB the unique advantage of being able to 

have a majority of the population represented. 

A second strength of the NCDB is that the data is abstracted from clinical charts by 

trained data abstractors, undergoing continual review for fidelity.  Although many databases, 

such as the SEER-Medicare linked database, use in health research use administrative data in 

order to derive clinical variables, the NCDB uses clinically derived data.  In the administrative 

data, clinicians will enter data and then it will be coded by hospital or clinic coding experts.  

After this point, the clinical data will need to be abstracted back from the billing codes used by 

the administrative side of the clinical care sphere and may introduce errors.182 Clinical data bases 

have the advantage of going through one less level of abstraction and the people performing the 

abstraction are trained specifically in that area as well as having multiple checks for overall 

quality of data captured.149 
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Further, an additional strength of the NCDB is the availability of two different SES 

measurements: education and income.  SES is a difficult to measure factor and previous 

literature has demonstrated that using one measure is not sufficient for examining the SES of 

patients and how it affects health outcomes.183 Additionally, Braveman et al stated that education 

and income are not equivalent measures.  Therefore, having both of these measures to examine 

the effects of SES on health outcomes will improve the ability to draw conclusions. 

Lastly, the NCDB uses the USDA’s RUCCs to split rurality into 9 categories rather than relying 

on a simple dichotomous rural/urban or metro/non-metro breakdown.  While the issues of the 

granularity of this measure were discussed in the limitations, this measure allows for better 

exploration into the effects of rurality as compared to a simple dichotomous breakdown.  This 

measure is also shared by the SEER database. 

Again, outside of the structure of the NCDB itself, our study has several strengths that 

lend to the conclusions drawn.  First, we only used pancreatic adenocarcinoma and excluded 

more exotic variants that may have been included in other studies looking at pancreatic cancer as 

a whole as well as pancreatic adenocarcinoma.  While excluding potentially important cases, the 

homogeneity and reliability of our conclusions is likely improved by this process given the 

different survival of difference histologies.176 Therefore, by limiting ourselves to the majority 

diagnosis of pancreatic adenocarcinoma, we will cover 85% of the population while also 

minimizing effects of survival differences due to histology. 

Conclusions 

In addition to the conclusions contained in the sub-headings above, several conclusions 

regarding the sum of all analyses can be made with regard to implications and further steps. 
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First, there are several demographic differences in treatment receipt that also play a role 

in the outcomes examined in our study.  Understanding the limitations of the measurement of 

several of these variables, our findings suggest that several of these areas can be targets for 

potential improvement of treatment and outcomes of the pancreatic adenocarcinoma patients.  

Equal treatment is something that should be offered in any clinical circumstance and a systematic 

lack of treatment of any group is a public health problem that requires treatment. If confirmed in 

other studies, then work must be made to equalize treatment for all patient groups whether it be 

according to race, income, education, age, place of residence, or insurance status.  The receipt of 

appropriate therapy in our data showed significant survival advantages and every patient should 

have the same opportunity for a happy healthy life, or more common in this case, additional time 

with their family and loved ones.   

Second and following from the first conclusion, high volume was almost universally 

associated with improved outcomes in this study as well as the literature.  Although there is 

voluminous matter on the subject, very little has been devoted to developing and validating a 

measure that can be used as a public policy target.  Rather than using data-driven definitions 

applicable only to a particular study like quintiles, quartiles or tertiles, a standardized definition 

will allow for a guideline to be supported by data and provide an organized change in referral 

patterns to a validated goal.  As acknowledged in our discussion of the topic, the volume of 

pancreatic resections is increasing with each year.  Therefore the definition of ‘high’ volume 

may need to undergo regular adjustment like that of the AJCC staging guidelines as more data is 

gathered.  An additional area that will be required is more research on the effects of 

regionalization for pancreatic cancer and an adjustment to mitigate negative outcomes as our 

health system moves towards whatever volume target is chosen.  This will maximize the effect of 
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volume while not excluding patients that have limited access to hospitals who would increase 

volume without outside influence. 

Third, the utility of the NCDB is already very high in examining cancer treatment and 

outcomes but this does not preclude there being areas for improvement.  A ninety-day mortality 

variable has been added for recent years but a ninety-day readmission variable would also 

provide a valuable insight into longer-term readmissions than those contained within the current 

iteration of the NCBD.  Additionally, more insight into comorbidities, including a better 

breakdown of the Charleston score outside of 0, 1 and 2+ will allow for a better examination of 

what cut points for baseline disease will lead to poor outcomes and also allow for direct 

comparisons with other studies that use different numerical breakdowns.  Ideally, individual 

comorbidities would be included in the database, similar to the National Surgery Quality 

Improvement Project that is also run by the American College of Surgeons, a co-sponsor of the 

NCDB.   

Fourth, better and standardized measurements of rurality, income, and education would 

aid in the investigation of living-status related inquiries into pancreatic adenocarcinoma 

treatment and outcomes.  Though median income and medial educational status of a census tract 

is a good measure of a population’s health when looking at population level data, individual level 

data would serve the purpose better.  Furthermore, a rurality measure that included measures 

besides raw population numbers and location relative to a large metropolitan area may assist in 

dissecting rural disparities.  Neither is a task that will solely benefit the analysis and treatment of 

pancreatic adenocarcinoma but all public health outcomes. 

Lastly, our study, while very large and covering close to a decade of the most recent data 

available from the largest clinical cancer database in the US, is still limited to showing 
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association and likely relationships among the variables and outcomes examined.  In order to 

confirm or refute the findings in our data, additional studies using other large databases will be 

needed as well as other research designs including case control studies and where appropriate, 

randomized control studies.  Such studies should aim to be as broad as possible with respect to 

data sources to ensure the best understanding of pancreatic adenocarcinoma and the care thereof. 

With better study and action on the public health of the pancreatic adenocarcinoma 

population, we can improve the proportion of patients treated and the completeness of treatment 

they receive.  As a result, it can lead to additional months or even years of life for thousands of 

patients every year. 

  



 214 

Bibliography 
 

1. National Cancer Institute. SEER Stat Fact Sheets: Pancreas Cancer. 2015. 
2. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer statistics. CA: a cancer 

journal for clinicians. Mar-Apr 2011;61(2):69-90. 
3. National Cancer Institute. SEER Cancer Stat Fact Sheets. 2015. 
4. National Comprehensive Cancer Network. NCCN Guidelines Version 2.2015: Pancreatic 

Adenocarcinoma. 2015. 
5. Ryan DP, Hong TS, Bardeesy N. Pancreatic Adenocarcinoma. New England Journal of Medicine. 

2014;371(11):1039-1049. 
6. Dixon J. Social Determinants of Health. Health Promotion International. March 1, 2000 

2000;15(1):87-89. 
7. National Cancer Data Base. About the National Cancer Data Base. 2015; 

https://http://www.facs.org/quality-programs/cancer/ncdb/about. Accessed March 15th, 2015. 
8. Sun H, Ma H, Hong G, Sun H, Wang J. Survival improvement in patients with pancreatic cancer 

by decade: a period analysis of the SEER database, 1981-2010. Sci Rep. 2014;4:6747. 
9. SEER Cancer Statistics Review, 1975-2012. National Cancer Institute;2015. 
10. Aune D, Greenwood DC, Chan DS, et al. Body mass index, abdominal fatness and pancreatic 

cancer risk: a systematic review and non-linear dose-response meta-analysis of prospective 
studies. Ann Oncol. Apr 2012;23(4):843-852. 

11. Bosetti C, Lucenteforte E, Silverman DT, et al. Cigarette smoking and pancreatic cancer: an 
analysis from the International Pancreatic Cancer Case-Control Consortium (Panc4). Ann Oncol. 
Jul 2012;23(7):1880-1888. 

12. Malka D, Hammel P, Maire F, et al. Risk of pancreatic adenocarcinoma in chronic pancreatitis. 
Gut. Dec 2002;51(6):849-852. 

13. Lowenfels AB, Maisonneuve P, Cavallini G, et al. Pancreatitis and the risk of pancreatic cancer. 
International Pancreatitis Study Group. The New England journal of medicine. May 20 
1993;328(20):1433-1437. 

14. Lucenteforte E, La Vecchia C, Silverman D, et al. Alcohol consumption and pancreatic cancer: a 
pooled analysis in the International Pancreatic Cancer Case-Control Consortium (PanC4). Ann 
Oncol. Feb 2012;23(2):374-382. 

15. Duell EJ, Lucenteforte E, Olson SH, et al. Pancreatitis and pancreatic cancer risk: a pooled 
analysis in the International Pancreatic Cancer Case-Control Consortium (PanC4). Ann Oncol. 
Nov 2012;23(11):2964-2970. 

16. Bosetti C, Rosato V, Li D, et al. Diabetes, antidiabetic medications, and pancreatic cancer risk: an 
analysis from the International Pancreatic Cancer Case-Control Consortium. Ann Oncol. Oct 
2014;25(10):2065-2072. 

17. Bodmer M, Becker C, Meier C, Jick SS, Meier CR. Use of antidiabetic agents and the risk of 
pancreatic cancer: a case-control analysis. Am J Gastroenterol. Apr 2012;107(4):620-626. 

18. Ben Q, Xu M, Ning X, et al. Diabetes mellitus and risk of pancreatic cancer: A meta-analysis of 
cohort studies. European journal of cancer (Oxford, England : 1990). Sep 2011;47(13):1928-
1937. 

19. Chari ST, Leibson CL, Rabe KG, Ransom J, de Andrade M, Petersen GM. Probability of Pancreatic 
Cancer Following Diabetes: A Population-Based Study. Gastroenterology. 8// 2005;129(2):504-
511. 

http://www.facs.org/quality-programs/cancer/ncdb/about


 215 

20. Genkinger JM, Wang M, Li R, et al. Dairy products and pancreatic cancer risk: a pooled analysis 
of 14 cohort studies. Ann Oncol. Jun 2014;25(6):1106-1115. 

21. Larsson SC, Wolk A. Red and processed meat consumption and risk of pancreatic cancer: meta-
analysis of prospective studies. Br J Cancer. Jan 31 2012;106(3):603-607. 

22. Wolpin BM, Ng K, Bao Y, et al. Plasma 25-hydroxyvitamin D and risk of pancreatic cancer. Cancer 
Epidemiol Biomarkers Prev. Jan 2012;21(1):82-91. 

23. Kastrinos F, Mukherjee B, Tayob N, et al. Risk of pancreatic cancer in families with Lynch 
syndrome. JAMA. Oct 28 2009;302(16):1790-1795. 

24. Giardiello FM, Brensinger JD, Tersmette AC, et al. Very high risk of cancer in familial Peutz-
Jeghers syndrome. Gastroenterology. Dec 2000;119(6):1447-1453. 

25. Iqbal J, Ragone A, Lubinski J, et al. The incidence of pancreatic cancer in BRCA1 and BRCA2 
mutation carriers. Br J Cancer. Dec 4 2012;107(12):2005-2009. 

26. Vasen HF, Gruis NA, Frants RR, van Der Velden PA, Hille ET, Bergman W. Risk of developing 
pancreatic cancer in families with familial atypical multiple mole melanoma associated with a 
specific 19 deletion of p16 (p16-Leiden). Int J Cancer. Sep 15 2000;87(6):809-811. 

27. Hruban RH, Canto MI, Goggins M, Schulick R, Klein AP. Update on familial pancreatic cancer. 
Advances in surgery. 2010;44:293-311. 

28. Rebours V, Boutron-Ruault MC, Schnee M, et al. Risk of pancreatic adenocarcinoma in patients 
with hereditary pancreatitis: a national exhaustive series. Am J Gastroenterol. Jan 
2008;103(1):111-119. 

29. Klein AP, Brune KA, Petersen GM, et al. Prospective risk of pancreatic cancer in familial 
pancreatic cancer kindreds. Cancer Res. Apr 1 2004;64(7):2634-2638. 

30. Hruban RH, Adsay NV, Albores-Saavedra J, et al. Pancreatic intraepithelial neoplasia: a new 
nomenclature and classification system for pancreatic duct lesions. Am J Surg Pathol. May 
2001;25(5):579-586. 

31. Kimura W, Nagai H, Kuroda A, Muto T, Esaki Y. Analysis of small cystic lesions of the pancreas. 
Int J Pancreatol. Dec 1995;18(3):197-206. 

32. Canto MI, Hruban RH, Fishman EK, et al. Frequent detection of pancreatic lesions in 
asymptomatic high-risk individuals. Gastroenterology. Apr 2012;142(4):796-804; quiz e714-795. 

33. Kanda M, Matthaei H, Wu J, et al. Presence of somatic mutations in most early-stage pancreatic 
intraepithelial neoplasia. Gastroenterology. Apr 2012;142(4):730-733 e739. 

34. Lohr M, Kloppel G, Maisonneuve P, Lowenfels AB, Luttges J. Frequency of K-ras mutations in 
pancreatic intraductal neoplasias associated with pancreatic ductal adenocarcinoma and chronic 
pancreatitis: a meta-analysis. Neoplasia. Jan 2005;7(1):17-23. 

35. Jones S, Zhang X, Parsons DW, et al. Core signaling pathways in human pancreatic cancers 
revealed by global genomic analyses. Science. Sep 26 2008;321(5897):1801-1806. 

36. Hruban RH, Wilentz RE. The Pancreas. In: Kumar V, Abbas AK, Aster JC, eds. Robbins and Cotran: 
Pathologic Basis of Disease. Ninth edition. ed2015:xvi, 1391 pages. 

37. Tan MC, Basturk O, Brannon AR, et al. GNAS and KRAS Mutations Define Separate Progression 
Pathways in Intraductal Papillary Mucinous Neoplasm-Associated Carcinoma. J Am Coll Surg. 
May 2015;220(5):845-854 e841. 

38. Wu J, Matthaei H, Maitra A, et al. Recurrent GNAS mutations define an unexpected pathway for 
pancreatic cyst development. Sci Transl Med. Jul 20 2011;3(92):92ra66. 

39. Wu J, Jiao Y, Dal Molin M, et al. Whole-exome sequencing of neoplastic cysts of the pancreas 
reveals recurrent mutations in components of ubiquitin-dependent pathways. Proceedings of 
the National Academy of Sciences. December 27, 2011 2011;108(52):21188-21193. 

40. Modolell I, Guarner L, Malagelada JR. Vagaries of clinical presentation of pancreatic and biliary 
tract cancer. Ann Oncol. 1999;10 Suppl 4:82-84. 



 216 

41. Porta M, Fabregat X, Malats N, et al. Exocrine pancreatic cancer: symptoms at presentation and 
their relation to tumour site and stage. Clin Transl Oncol. Jun 2005;7(5):189-197. 

42. Chari ST, Leibson CL, Rabe KG, et al. Pancreatic Cancer–Associated Diabetes Mellitus: Prevalence 
and Temporal Association With Diagnosis of Cancer. Gastroenterology. 1// 2008;134(1):95-101. 

43. Ballehaninna UK, Chamberlain RS. The clinical utility of serum CA 19-9 in the diagnosis, 
prognosis and management of pancreatic adenocarcinoma: An evidence based appraisal. J 
Gastrointest Oncol. Jun 2012;3(2):105-119. 

44. Bauer TM, El-Rayes BF, Li X, et al. Carbohydrate antigen 19-9 is a prognostic and predictive 
biomarker in patients with advanced pancreatic cancer who receive gemcitabine-containing 
chemotherapy: a pooled analysis of 6 prospective trials. Cancer. Jan 15 2013;119(2):285-292. 

45. Kondo N, Murakami Y, Uemura K, et al. Prognostic impact of perioperative serum CA 19-9 levels 
in patients with resectable pancreatic cancer. Annals of surgical oncology. Sep 2010;17(9):2321-
2329. 

46. Hartwig W, Strobel O, Hinz U, et al. CA19-9 in potentially resectable pancreatic cancer: 
perspective to adjust surgical and perioperative therapy. Annals of surgical oncology. Jul 
2013;20(7):2188-2196. 

47. Edge SB, American Joint Committee on Cancer. AJCC cancer staging manual. 7th ed. New York: 
Springer; 2010. 

48. Horton KM, Fishman EK. Adenocarcinoma of the pancreas: CT imaging. Radiol Clin North Am. 
Dec 2002;40(6):1263-1272. 

49. Fuhrman GM, Charnsangavej C, Abbruzzese JL, et al. Thin-section contrast-enhanced computed 
tomography accurately predicts the resectability of malignant pancreatic neoplasms. American 
journal of surgery. Jan 1994;167(1):104-111; discussion 111-103. 

50. Callery MP, Chang KJ, Fishman EK, Talamonti MS, William Traverso L, Linehan DC. Pretreatment 
assessment of resectable and borderline resectable pancreatic cancer: expert consensus 
statement. Annals of surgical oncology. Jul 2009;16(7):1727-1733. 

51. Al-Hawary MM, Francis IR, Chari ST, et al. Pancreatic ductal adenocarcinoma radiology reporting 
template: consensus statement of the society of abdominal radiology and the american 
pancreatic association. Gastroenterology. Jan 2014;146(1):291-304 e291. 

52. Okasha HH, Naga MI, Esmat S, et al. Endoscopic Ultrasound-Guided Fine Needle Aspiration 
versus Percutaneous Ultrasound-Guided Fine Needle Aspiration in Diagnosis of Focal Pancreatic 
Masses. Endosc Ultrasound. Oct 2013;2(4):190-193. 

53. Micames C, Jowell PS, White R, et al. Lower frequency of peritoneal carcinomatosis in patients 
with pancreatic cancer diagnosed by EUS-guided FNA vs. percutaneous FNA. Gastrointest 
Endosc. Nov 2003;58(5):690-695. 

54. Brugge WR, De Witt J, Klapman JB, et al. Techniques for cytologic sampling of pancreatic and 
bile duct lesions: The Papanicolaou Society of Cytopathology Guidelines. Cytojournal. 
2014;11(Suppl 1):2. 

55. National Comprehensive Cancer Network. NCCN Guidelines and Derivative Information 
Products: User Guide. 2015; http://www.nccn.org/professionals/transparency.asp. Accessed 
June 22nd, 2015  

56. Lieberman MD, Kilburn H, Lindsey M, Brennan MF. Relation of perioperative deaths to hospital 
volume among patients undergoing pancreatic resection for malignancy. Annals of surgery. Nov 
1995;222(5):638-645. 

57. Edge SB, Schmieg RE, Jr., Rosenlof LK, Wilhelm MC. Pancreas cancer resection outcome in 
American University centers in 1989-1990. Cancer. Jun 1 1993;71(11):3502-3508. 

58. Glasgow RE, Mulvihill SJ. Hospital volume influences outcome in patients undergoing pancreatic 
resection for cancer. The Western journal of medicine. Nov 1996;165(5):294-300. 

http://www.nccn.org/professionals/transparency.asp


 217 

59. Teh SH, Diggs BS, Deveney CW, Sheppard BC. Patient and hospital characteristics on the variance 
of perioperative outcomes for pancreatic resection in the United States: a plea for outcome-
based and not volume-based referral guidelines. Archives of surgery (Chicago, Ill. : 1960). Aug 
2009;144(8):713-721. 

60. Alsfasser G, Kittner J, Eisold S, Klar E. Volume-outcome relationship in pancreatic surgery: the 
situation in Germany. Surgery. Sep 2012;152(3 Suppl 1):S50-55. 

61. van Heek NT, Kuhlmann KF, Scholten RJ, et al. Hospital volume and mortality after pancreatic 
resection: a systematic review and an evaluation of intervention in the Netherlands. Annals of 
surgery. Dec 2005;242(6):781-788, discussion 788-790. 

62. Stitzenberg KB, Meropol NJ. Trends in centralization of cancer surgery. Annals of surgical 
oncology. Nov 2010;17(11):2824-2831. 

63. Stitzenberg KB, Sigurdson ER, Egleston BL, Starkey RB, Meropol NJ. Centralization of cancer 
surgery: implications for patient access to optimal care. Journal of clinical oncology : official 
journal of the American Society of Clinical Oncology. Oct 1 2009;27(28):4671-4678. 

64. Gooiker GA, van Gijn W, Wouters MW, et al. Systematic review and meta-analysis of the 
volume-outcome relationship in pancreatic surgery. Br J Surg. Apr 2011;98(4):485-494. 

65. Khuri SF, Daley J, Henderson W, et al. Risk adjustment of the postoperative mortality rate for the 
comparative assessment of the quality of surgical care: results of the National Veterans Affairs 
surgical risk study1. Journal of the American College of Surgeons.185(4):315-327. 

66. Birkmeyer JD, Finlayson SR, Tosteson AN, Sharp SM, Warshaw AL, Fisher ES. Effect of hospital 
volume on in-hospital mortality with pancreaticoduodenectomy. Surgery. Mar 1999;125(3):250-
256. 

67. Birkmeyer JD, Warshaw AL, Finlayson SR, Grove MR, Tosteson AN. Relationship between 
hospital volume and late survival after pancreaticoduodenectomy. Surgery. Aug 
1999;126(2):178-183. 

68. Birkmeyer JD, Siewers AE, Finlayson EV, et al. Hospital volume and surgical mortality in the 
United States. The New England journal of medicine. Apr 11 2002;346(15):1128-1137. 

69. Ho V, Heslin MJ. Effect of Hospital Volume and Experience on In-Hospital Mortality for 
Pancreaticoduodenectomy. Annals of surgery. 2003;237(4):509-514. 

70. Birkmeyer JD, Finlayson EVA, Birkmeyer CM. Volume standards for high-risk surgical procedures: 
Potential benefits of the Leapfrog initiative. Surgery. 9// 2001;130(3):415-422. 

71. Birkmeyer JD, Birkmeyer CM, Wennberg DE, Young M. Leapfrog Patient Safety Standards: The 
Potential Benefits of Universal Adoption. The Leapfrog Group,;2000. 

72. Birkmeyer JD, Dimick JB. The Leapfrog Group's Patient Safety Practices, 2003: The Potential 
Benefits of Universal Adoption. The Leapfrog Group,;2004. 

73. Birkmeyer JD, Sun Y, Goldfaden A, Birkmeyer NJ, Stukel TA. Volume and process of care in high-
risk cancer surgery. Cancer. Jun 1 2006;106(11):2476-2481. 

74. Birkmeyer JD, Sun Y, Wong SL, Stukel TA. Hospital volume and late survival after cancer surgery. 
Annals of surgery. May 2007;245(5):777-783. 

75. Bilimoria KY, Bentrem DJ, Feinglass JM, et al. Directing surgical quality improvement initiatives: 
comparison of perioperative mortality and long-term survival for cancer surgery. Journal of 
clinical oncology : official journal of the American Society of Clinical Oncology. Oct 1 
2008;26(28):4626-4633. 

76. Gasper WJ, Glidden DV, Jin C, Way LW, Patti MG. Has recognition of the relationship between 
mortality rates and hospital volume for major cancer surgery in California made a difference?: A 
follow-up analysis of another decade. Annals of surgery. Sep 2009;250(3):472-483. 



 218 

77. Swanson RS, Pezzi CM, Mallin K, Loomis AM, Winchester DP. The 90-day mortality after 
pancreatectomy for cancer is double the 30-day mortality: more than 20,000 resections from 
the national cancer data base. Annals of surgical oncology. Dec 2014;21(13):4059-4067. 

78. Amini N, Spolverato G, Kim Y, Pawlik TM. Trends in Hospital Volume and Failure to Rescue for 
Pancreatic Surgery. Journal of gastrointestinal surgery : official journal of the Society for Surgery 
of the Alimentary Tract. Mar 21 2015. 

79. Nordback L, Parviainen M, Raty S, Kuivanen H, Sand J. Resection of the head of the pancreas in 
Finland: effects of hospital and surgeon on short-term and long-term results. Scandinavian 
journal of gastroenterology. Dec 2002;37(12):1454-1460. 

80. Sosa JA, Bowman HM, Gordon TA, et al. Importance of hospital volume in the overall 
management of pancreatic cancer. Annals of surgery. Sep 1998;228(3):429-438. 

81. Ho V, Heslin MJ, Yun H, Howard L. Trends in hospital and surgeon volume and operative 
mortality for cancer surgery. Annals of surgical oncology. Jun 2006;13(6):851-858. 

82. Eppsteiner RW, Csikesz NG, McPhee JT, Tseng JF, Shah SA. Surgeon volume impacts hospital 
mortality for pancreatic resection. Annals of surgery. Apr 2009;249(4):635-640. 

83. Birkmeyer JD, Stukel TA, Siewers AE, Goodney PP, Wennberg DE, Lucas FL. Surgeon volume and 
operative mortality in the United States. The New England journal of medicine. Nov 27 
2003;349(22):2117-2127. 

84. Gruen RL, Pitt V, Green S, Parkhill A, Campbell D, Jolley D. The effect of provider case volume on 
cancer mortality: systematic review and meta-analysis. CA: a cancer journal for clinicians. May-
Jun 2009;59(3):192-211. 

85. Finks JF, Osborne NH, Birkmeyer JD. Trends in hospital volume and operative mortality for high-
risk surgery. The New England journal of medicine. Jun 2 2011;364(22):2128-2137. 

86. Riall TS, Eschbach KA, Townsend CM, Jr., Nealon WH, Freeman JL, Goodwin JS. Trends and 
disparities in regionalization of pancreatic resection. Journal of gastrointestinal surgery : official 
journal of the Society for Surgery of the Alimentary Tract. Oct 2007;11(10):1242-1251; discussion 
1251-1242. 

87. Chang DC, Zhang Y, Mukherjee D, et al. Variations in referral patterns to high-volume centers for 
pancreatic cancer. J Am Coll Surg. Dec 2009;209(6):720-726. 

88. Riall TS, Nealon WH, Goodwin JS, et al. Pancreatic cancer in the general population: 
Improvements in survival over the last decade. Journal of gastrointestinal surgery : official 
journal of the Society for Surgery of the Alimentary Tract. Nov 2006;10(9):1212-1223; discussion 
1223-1214. 

89. Meguid RA, Ahuja N, Chang DC. What constitutes a "high-volume" hospital for pancreatic 
resection? J Am Coll Surg. Apr 2008;206(4):622 e621-629. 

90. American Cancer Society. Surgery for Pancreatic Cancer. 2015; 
http://www.cancer.org/cancer/pancreaticcancer/detailedguide/pancreatic-cancer-treating-
surgery. Accessed June 15th, 2015. 

91. Bilimoria KY, Bentrem DJ, Ko CY, et al. Multimodality therapy for pancreatic cancer in the U.S. : 
utilization, outcomes, and the effect of hospital volume. Cancer. Sep 15 2007;110(6):1227-1234. 

92. La Torre M, Nigri G, Ferrari L, Cosenza G, Ravaioli M, Ramacciato G. Hospital volume, margin 
status, and long-term survival after pancreaticoduodenectomy for pancreatic adenocarcinoma. 
Am Surg. Feb 2012;78(2):225-229. 

93. Chang KJ, Parasher G, Christie C, Largent J, Anton-Culver H. Risk of pancreatic adenocarcinoma: 
disparity between African Americans and other race/ethnic groups. Cancer. Jan 15 
2005;103(2):349-357. 

94. Silverman DT, Hoover RN, Brown LM, et al. Why do Black Americans have a higher risk of 
pancreatic cancer than White Americans? Epidemiology. Jan 2003;14(1):45-54. 

http://www.cancer.org/cancer/pancreaticcancer/detailedguide/pancreatic-cancer-treating-surgery
http://www.cancer.org/cancer/pancreaticcancer/detailedguide/pancreatic-cancer-treating-surgery


 219 

95. Arnold LD, Patel AV, Yan Y, et al. Are racial disparities in pancreatic cancer explained by smoking 
and overweight/obesity? Cancer Epidemiol Biomarkers Prev. Sep 2009;18(9):2397-2405. 

96. Muscat JE, Djordjevic MV, Colosimo S, Stellman SD, Richie JP, Jr. Racial differences in exposure 
and glucuronidation of the tobacco-specific carcinogen 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK). Cancer. Apr 1 2005;103(7):1420-1426. 

97. Grant WB. An ecological study of cancer mortality rates in the United States with respect to 
solar ultraviolet-B doses, smoking, alcohol consumption and urban/rural residence. 
Dermatoendocrinol. Apr 2010;2(2):68-76. 

98. Stolzenberg-Solomon RZ, Jacobs EJ, Arslan AA, et al. Circulating 25-Hydroxyvitamin D and Risk of 
Pancreatic Cancer: Cohort Consortium Vitamin D Pooling Project of Rarer Cancers. American 
Journal of Epidemiology. July 1, 2010 2010;172(1):81-93. 

99. Waterhouse M, Risch HA, Bosetti C, et al. Vitamin D and pancreatic cancer: a pooled analysis 
from the Pancreatic Cancer Case–Control Consortium. Annals of Oncology. May 14, 2015 2015. 

100. Ginde AA, Liu MC, Camargo CA, Jr. Demographic differences and trends of vitamin D 
insufficiency in the US population, 1988-2004. Archives of internal medicine. Mar 23 
2009;169(6):626-632. 

101. Grant WB. Vitamin D and Racial Disparities for Pancreatic Cancer - Letter. Cancer Epidemiology 
Biomarkers & Prevention. March 1, 2010 2010;19(3):888-889. 

102. Revels SL, Banerjee M, Yin H, Sonnenday CJ, Birkmeyer JD. Racial disparities in surgical resection 
and survival among elderly patients with poor prognosis cancer. J Am Coll Surg. Feb 
2013;216(2):312-319. 

103. Epstein AJ, Gray BH, Schlesinger M. Racial and ethnic differences in the use of high-volume 
hospitals and surgeons. Archives of surgery (Chicago, Ill. : 1960). Feb 2010;145(2):179-186. 

104. Manfredi C, Kaiser K, Matthews AK, Johnson TP. Are racial differences in patient-physician 
cancer communication and information explained by background, predisposing, and enabling 
factors? J Health Commun. Apr 2010;15(3):272-292. 

105. Eloubeidi MA, Desmond RA, Wilcox CM, et al. Prognostic factors for survival in pancreatic 
cancer: a population-based study. American journal of surgery. Sep 2006;192(3):322-329. 

106. Bilimoria KY, Bentrem DJ, Ko CY, Stewart AK, Winchester DP, Talamonti MS. National failure to 
operate on early stage pancreatic cancer. Annals of surgery. Aug 2007;246(2):173-180. 

107. Shah A, Chao KS, Ostbye T, et al. Trends in racial disparities in pancreatic cancer surgery. Journal 
of gastrointestinal surgery : official journal of the Society for Surgery of the Alimentary Tract. 
Nov 2013;17(11):1897-1906. 

108. Singal V, Singal AK, Kuo YF. Racial disparities in treatment for pancreatic cancer and impact on 
survival: a population-based analysis. J Cancer Res Clin Oncol. Apr 2012;138(4):715-722. 

109. Murphy MM, Simons JP, Ng SC, et al. Racial differences in cancer specialist consultation, 
treatment, and outcomes for locoregional pancreatic adenocarcinoma. Annals of surgical 
oncology. Nov 2009;16(11):2968-2977. 

110. Riall TS, Townsend CM, Jr., Kuo YF, Freeman JL, Goodwin JS. Dissecting racial disparities in the 
treatment of patients with locoregional pancreatic cancer: a 2-step process. Cancer. Feb 15 
2010;116(4):930-939. 

111. Davila JA, Chiao EY, Hasche JC, Petersen NJ, McGlynn KA, Shaib YH. Utilization and determinants 
of adjuvant therapy among older patients who receive curative surgery for pancreatic cancer. 
Pancreas. Jan 2009;38(     1):e18-25. 

112. Shavers VL, Harlan LC, Jackson M, Robinson J. Racial/ethnic patterns of care for pancreatic 
cancer. J Palliat Med. Jul 2009;12(7):623-630. 

113. Abraham A, Al-Refaie W, Parsons H, Dudeja V, Vickers S, Habermann E. Disparities in Pancreas 
Cancer Care. Annals of surgical oncology. 2013/06/01 2013;20(6):2078-2087. 



 220 

114. Wray CJ, Castro-Echeverry E, Silberfein EJ, Ko TC, Kao LS. A multi-institutional study of pancreatic 
cancer in Harris County, Texas: race predicts treatment and survival. Annals of surgical oncology. 
Sep 2012;19(9):2776-2781. 

115. Bilimoria KY, Ko CY, Tomlinson JS, et al. Wait times for cancer surgery in the United States: 
trends and predictors of delays. Annals of surgery. Apr 2011;253(4):779-785. 

116. Lee S, Reha JL, Tzeng CW, et al. Race does not impact pancreatic cancer treatment and survival 
in an equal access federal health care system. Annals of surgical oncology. Dec 
2013;20(13):4073-4079. 

117. Jinjuvadia R, Jinjuvadia K, Liangpunsakul S. Racial disparities in gastrointestinal cancers-related 
mortality in the U.S. population. Dig Dis Sci. Jan 2013;58(1):236-243. 

118. Rubin MS, Clouston S, Link BG. A fundamental cause approach to the study of disparities in lung 
cancer and pancreatic cancer mortality in the United States. Soc Sci Med. Jan 2014;100:54-61. 

119. Pernick NL, Sarkar FH, Philip PA, et al. Clinicopathologic Analysis of Pancreatic Adenocarcinoma 
in African Americans and Caucasians. Pancreas. 2003;26(1):28-32. 

120. Murphy MM, Simons JP, Hill JS, et al. Pancreatic resection: a key component to reducing racial 
disparities in pancreatic adenocarcinoma. Cancer. Sep 1 2009;115(17):3979-3990. 

121. Zell JA, Rhee JM, Ziogas A, Lipkin SM, Anton-Culver H. Race, socioeconomic status, treatment, 
and survival time among pancreatic cancer cases in California. Cancer Epidemiol Biomarkers 
Prev. Mar 2007;16(3):546-552. 

122. Cheung MC, Yang R, Byrne MM, Solorzano CC, Nakeeb A, Koniaris LG. Are patients of low 
socioeconomic status receiving suboptimal management for pancreatic adenocarcinoma? 
Cancer. Feb 1 2010;116(3):723-733. 

123. Lucas FL, Stukel TA, Morris AM, Siewers AE, Birkmeyer JD. Race and surgical mortality in the 
United States. Annals of surgery. Feb 2006;243(2):281-286. 

124. Riall TS, Reddy DM, Nealon WH, Goodwin JS. The effect of age on short-term outcomes after 
pancreatic resection: a population-based study. Annals of surgery. Sep 2008;248(3):459-467. 

125. Amin S, Lucas AL, Frucht H. Evidence for treatment and survival disparities by age in pancreatic 
adenocarcinoma: a population-based analysis. Pancreas. Mar 2013;42(2):249-253. 

126. Chirumbole M, Gusani N, Howard A, Leonard T, Lewis P, Muscat J. A comparison of stage of 
presentation for pancreatic and colorectal cancer in Pennsylvania 2000-2005. Anticancer Res. 
Aug 2009;29(8):3427-3431. 

127. Delcore R, Thomas JH, Hermreck AS. Pancreaticoduodenectomy for malignant pancreatic and 
periampullary neoplasms in elderly patients. American journal of surgery. Dec 1991;162(6):532-
535; discussion 535-536. 

128. Hannoun L, Christophe M, Ribeiro J, et al. A report of forty-four instances of 
pancreaticoduodenal resection in patients more than seventy years of age. Surgery, gynecology 
& obstetrics. Dec 1993;177(6):556-560. 

129. Scurtu R, Bachellier P, Oussoultzoglou E, Rosso E, Maroni R, Jaeck D. Outcome after 
pancreaticoduodenectomy for cancer in elderly patients. Journal of gastrointestinal surgery : 
official journal of the Society for Surgery of the Alimentary Tract. Jun 2006;10(6):813-822. 

130. Oliverius M, Kala Z, Varga M, Gurlich R, Lanska V, Kubesova H. Radical surgery for pancreatic 
malignancy in the elderly. Pancreatology : official journal of the International Association of 
Pancreatology (IAP) ... [et al.]. 2010;10(4):499-502. 

131. Lee MK, Dinorcia J, Reavey PL, et al. Pancreaticoduodenectomy can be performed safely in 
patients aged 80 years and older. Journal of gastrointestinal surgery : official journal of the 
Society for Surgery of the Alimentary Tract. Nov 2010;14(11):1838-1846. 

132. Stauffer JA, Grewal MS, Martin JK, Nguyen JH, Asbun HJ. Pancreas surgery is safe for 
octogenarians. Journal of the American Geriatrics Society. Jan 2011;59(1):184-186. 



 221 

133. Sohn TA, Yeo CJ, Cameron JL, et al. Should pancreaticoduodenectomy be performed in 
octogenarians? Journal of gastrointestinal surgery : official journal of the Society for Surgery of 
the Alimentary Tract. May-Jun 1998;2(3):207-216. 

134. Khan S, Sclabas G, Lombardo KR, et al. Pancreaticoduodenectomy for ductal adenocarcinoma in 
the very elderly; is it safe and justified? Journal of gastrointestinal surgery : official journal of the 
Society for Surgery of the Alimentary Tract. Nov 2010;14(11):1826-1831. 

135. Hardacre JM, Simo K, McGee MF, Stellato TA, Schulak JA. Pancreatic resection in octogenarians. 
The Journal of surgical research. Sep 2009;156(1):129-132. 

136. Hatzaras I, Schmidt C, Klemanski D, et al. Pancreatic resection in the octogenarian: a safe option 
for pancreatic malignancy. J Am Coll Surg. Mar 2011;212(3):373-377. 

137. Makary MA, Winter JM, Cameron JL, et al. Pancreaticoduodenectomy in the very elderly. Journal 
of gastrointestinal surgery : official journal of the Society for Surgery of the Alimentary Tract. 
Mar 2006;10(3):347-356. 

138. Riall TS. What is the effect of age on pancreatic resection? Advances in surgery. 2009;43:233-
249. 

139. Wong SL, Revels SL, Yin H, et al. Variation in hospital mortality rates with inpatient cancer 
surgery. Annals of surgery. Apr 2015;261(4):632-636. 

140. Kuhn Y, Koscielny A, Glowka T, Hirner A, Kalff JC, Standop J. Postresection survival outcomes of 
pancreatic cancer according to demographic factors and socio-economic status. Eur J Surg 
Oncol. May 2010;36(5):496-500. 

141. Lim JE, Chien MW, Earle CC. Prognostic factors following curative resection for pancreatic 
adenocarcinoma: a population-based, linked database analysis of 396 patients. Annals of 
surgery. Jan 2003;237(1):74-85. 

142. Markossian TW, O'Neal CM, Senkowski C. Geographic disparities in pancreatic cancer survival in 
a southeastern safety-net academic medical center. Aust J Rural Health. May 19 2015. 

143. Meilleur A, Subramanian SV, Plascak JJ, Fisher JL, Paskett ED, Lamont EB. Rural Residence and 
Cancer Outcomes in the United States: Issues and Challenges. Cancer Epidemiology Biomarkers 
& Prevention. October 1, 2013 2013;22(10):1657-1667. 

144. United States Department of Agriculture: Economic Research Service. Rural Classifications. 2013; 
http://www.ers.usda.gov/topics/rural-economy-population/rural-classifications.aspx. Accessed 
June 25th, 2015. 

145. Chen WQ, Liang D, Zhang SW, Zheng RS, He YT. Pancreatic cancer incidence and mortality 
patterns in china, 2009. Asian Pacific journal of cancer prevention : APJCP. 2013;14(12):7321-
7324. 

146. Chen WQ, Zheng RS, Zhang SW, Zeng HM, Zou XN. The incidences and mortalities of major 
cancers in China, 2010. Chinese journal of cancer. Aug 2014;33(8):402-405. 

147. Wang L, Yang GH, Lu XH, Huang ZJ, Li H. Pancreatic cancer mortality in China (1991-2000). World 
journal of gastroenterology : WJG. Aug 2003;9(8):1819-1823. 

148. Nennecke A, Geiss K, Hentschel S, et al. Survival of cancer patients in urban and rural areas of 
Germany—A comparison. Cancer Epidemiology. 6// 2014;38(3):259-265. 

149. Bilimoria KY, Stewart AK, Winchester DP, Ko CY. The National Cancer Data Base: a powerful 
initiative to improve cancer care in the United States. Annals of surgical oncology. Mar 
2008;15(3):683-690. 

150. Lerro CC, Robbins AS, Phillips JL, Stewart AK. Comparison of cases captured in the national 
cancer data base with those in population-based central cancer registries. Annals of surgical 
oncology. Jun 2013;20(6):1759-1765. 

151. National Cancer Institute. SEER Brochure. 2012. 
152. United States Census Bureau. 2014 National Population Projections: Summary Tables. 2014. 

http://www.ers.usda.gov/topics/rural-economy-population/rural-classifications.aspx


 222 

153. Ward MM, Jaana M, Wakefield DS, et al. What would be the effect of referral to high-volume 
hospitals in a largely rural state? J Rural Health. Fall 2004;20(4):344-354. 

154. Hyder O, Dodson RM, Nathan H, et al. Influence of patient, physician, and hospital factors on 30-
day readmission following pancreaticoduodenectomy in the United States. JAMA surgery. Dec 
2013;148(12):1095-1102. 

155. Reddy DM, Townsend CM, Jr., Kuo YF, Freeman JL, Goodwin JS, Riall TS. Readmission after 
pancreatectomy for pancreatic cancer in Medicare patients. Journal of gastrointestinal surgery : 
official journal of the Society for Surgery of the Alimentary Tract. Nov 2009;13(11):1963-1974; 
discussion 1974-1965. 

156. Schneider EB, Ejaz A, Spolverato G, et al. Hospital volume and patient outcomes in hepato-
pancreatico-biliary surgery: is assessing differences in mortality enough? Journal of 
gastrointestinal surgery : official journal of the Society for Surgery of the Alimentary Tract. Dec 
2014;18(12):2105-2115. 

157. Schneider EB, Hyder O, Wolfgang CL, et al. Patient readmission and mortality after surgery for 
hepato-pancreato-biliary malignancies. J Am Coll Surg. Nov 2012;215(5):607-615. 

158. Stitzenberg KB, Chang Y, Smith AB, Nielsen ME. Exploring the burden of inpatient readmissions 
after major cancer surgery. Journal of clinical oncology : official journal of the American Society 
of Clinical Oncology. Feb 10 2015;33(5):455-464. 

159. Sutton JM, Wilson GC, Wima K, et al. Readmission After Pancreaticoduodenectomy: The 
Influence of the Volume Effect Beyond Mortality. Annals of surgical oncology. Apr 4 2015. 

160. Yermilov I, Bentrem D, Sekeris E, et al. Readmissions following pancreaticoduodenectomy for 
pancreas cancer: a population-based appraisal. Annals of surgical oncology. Mar 
2009;16(3):554-561. 

161. Sadot E, Brennan MF, Lee SY, et al. Readmission after pancreatic resection: causes and causality 
pattern. Annals of surgical oncology. Dec 2014;21(13):4342-4350. 

162. Finlayson EV, Goodney PP, Birkmeyer JD. Hospital volume and operative mortality in cancer 
surgery: a national study. Archives of surgery (Chicago, Ill. : 1960). Jul 2003;138(7):721-725; 
discussion 726. 

163. Sohn TA, Yeo CJ, Cameron JL, et al. Resected adenocarcinoma of the pancreas-616 patients: 
results, outcomes, and prognostic indicators. Journal of gastrointestinal surgery : official journal 
of the Society for Surgery of the Alimentary Tract. Nov-Dec 2000;4(6):567-579. 

164. Winter JM, Cameron JL, Campbell KA, et al. 1423 pancreaticoduodenectomies for pancreatic 
cancer: A single-institution experience. Journal of gastrointestinal surgery : official journal of the 
Society for Surgery of the Alimentary Tract. Nov 2006;10(9):1199-1210; discussion 1210-1191. 

165. Yeo CJ, Cameron JL, Lillemoe KD, et al. Pancreaticoduodenectomy for cancer of the head of the 
pancreas. 201 patients. Annals of surgery. Jun 1995;221(6):721-731; discussion 731-723. 

166. Westgaard A, Tafjord S, Farstad IN, et al. Resectable adenocarcinomas in the pancreatic head: 
the retroperitoneal resection margin is an independent prognostic factor. BMC cancer. 2008;8:5. 

167. Riediger H, Makowiec F, Fischer E, Adam U, Hopt UT. Postoperative morbidity and long-term 
survival after pancreaticoduodenectomy with superior mesenterico-portal vein resection. 
Journal of gastrointestinal surgery : official journal of the Society for Surgery of the Alimentary 
Tract. Sep-Oct 2006;10(8):1106-1115. 

168. Jarufe NP, Coldham C, Mayer AD, Mirza DF, Buckels JA, Bramhall SR. Favourable prognostic 
factors in a large UK experience of adenocarcinoma of the head of the pancreas and 
periampullary region. Digestive surgery. 2004;21(3):202-209. 

169. Han SS, Jang JY, Kim SW, Kim WH, Lee KU, Park YH. Analysis of long-term survivors after surgical 
resection for pancreatic cancer. Pancreas. Apr 2006;32(3):271-275. 



 223 

170. Kuhlmann KF, de Castro SM, Wesseling JG, et al. Surgical treatment of pancreatic 
adenocarcinoma; actual survival and prognostic factors in 343 patients. European journal of 
cancer (Oxford, England : 1990). Mar 2004;40(4):549-558. 

171. Fatima J, Schnelldorfer T, Barton J, et al. Pancreaticoduodenectomy for ductal adenocarcinoma: 
implications of positive margin on survival. Archives of surgery (Chicago, Ill. : 1960). Feb 
2010;145(2):167-172. 

172. Konstantinidis IT, Warshaw AL, Allen JN, et al. Pancreatic ductal adenocarcinoma: is there a 
survival difference for R1 resections versus locally advanced unresectable tumors? What is a 
"true" R0 resection? Annals of surgery. Apr 2013;257(4):731-736. 

173. Raut CP, Tseng JF, Sun CC, et al. Impact of resection status on pattern of failure and survival 
after pancreaticoduodenectomy for pancreatic adenocarcinoma. Annals of surgery. Jul 
2007;246(1):52-60. 

174. Hernandez J, Mullinax J, Clark W, et al. Survival after pancreaticoduodenectomy is not improved 
by extending resections to achieve negative margins. Annals of surgery. Jul 2009;250(1):76-80. 

175. Cleary SP, Gryfe R, Guindi M, et al. Prognostic factors in resected pancreatic adenocarcinoma: 
analysis of actual 5-year survivors. J Am Coll Surg. May 2004;198(5):722-731. 

176. Fesinmeyer MD, Austin MA, Li CI, De Roos AJ, Bowen DJ. Differences in survival by histologic 
type of pancreatic cancer. Cancer Epidemiol Biomarkers Prev. Jul 2005;14(7):1766-1773. 

177. Bilimoria KY, Bentrem DJ, Stewart AK, Winchester DP, Ko CY. Comparison of commission on 
cancer-approved and -nonapproved hospitals in the United States: implications for studies that 
use the National Cancer Data Base. Journal of clinical oncology : official journal of the American 
Society of Clinical Oncology. Sep 1 2009;27(25):4177-4181. 

178. Cromartie J, Bucholtz S. Defining the "Rural" in Rural America. Amber Waves. 2008. 
179. Howe HL. Evaluation of NHIA Submissions for 1997-2001. Springfield, IL: North American 

Association of Central Cancer Registries,;2005. 
180. McIntyre CA, Winter JM. Diagnostic evaluation and staging of pancreatic ductal 

adenocarcinoma. Semin Oncol. Feb 2015;42(1):19-27. 
181. Appel BL, Tolat P, Evans DB, Tsai S. Current staging systems for pancreatic cancer. Cancer journal 

(Sudbury, Mass.). Nov-Dec 2012;18(6):539-549. 
182. Nouraei SA, Virk JS, Hudovsky A, Wathen C, Darzi A, Parsons D. Accuracy of clinician-clinical 

coder information handover following acute medical admissions: implication for using 
administrative datasets in clinical outcomes management. Journal of public health (Oxford, 
England). Apr 23 2015. 

183. Braveman PA, Cubbin C, Egerter S, et al. Socioeconomic status in health research: One size does 
not fit all. JAMA. 2005;294(22):2879-2888. 

 


	Abstract
	Acknowledgements
	Table of Contents
	Literature Review
	Introduction
	Pancreatic Adenocarcinoma Overview
	Epidemiology
	Risk Factors
	Precursors and cellular progression
	Clinical Presentation
	Screening and Workup
	Treatment

	Hospital Volume and Regionalization
	Mortality and Survival Benefits
	A Related Measure: Surgeon Volume
	Support for a High Volume Cutoff

	Pancreatic Cancer Disparities
	Racial/Ethnic
	Incidence
	Receipt of Therapy
	Mortality/Survival

	Age Disparities
	Incidence
	Receipt of Therapy
	Mortality/Survival

	Socioeconomic Disparities
	Incidence
	Receipt of Therapy
	Mortality/Survival

	Gender Disparities
	Incidence
	Receipt of Therapy
	Mortality/Survival

	Rural/Urban Disparities
	Receipt of Therapy
	Mortality/Survival

	Insurance Disparities
	Receipt of Therapy
	Mortality/Survival


	Conclusions

	Methods
	Data Source
	Study Design
	Patient Selection
	Selection for Non-Survival Analyses
	Figure 1. Diagram of Patient Selection for Non-Survival Analyses

	Selection for Survival Analyses
	Figure 2. Diagram of Patient Selection for Survival Analyses


	Variables
	Statistical Analysis

	Results
	Part 1: All Pancreatic Adenocarcinoma Patients
	Introduction
	Descriptive Statistics
	Table 1.1: Patient Demographics
	Table 1.2: Tumor Characteristics
	Table 1.3: Facility Characteristics
	Table 1.4: Treatment Characteristics

	Univariate Associations with Rurality
	Table 1.5: Univariate Differences in Patient Demographics by Rurality Category
	Table 1.6: Univariate Differences in Tumor Characteristics by Rurality Category
	Table 1.7: Univariate Differences in Facility Characteristics by Rurality Category
	Table 1.8: Univariate Differences in Treatment Characteristics by Rurality Category

	Univariate Associations with Race
	Table 1.9: Univariate Differences in Patient Demographics by Race
	Table 1.10: Univariate Differences in Tumor Characteristics by Race
	Table 1.11: Univariate Differences in Facility Characteristics by Race
	Table 1.12: Univariate Differences in Treatment Characteristics by Race

	Univariate Survival Differences in All Pancreatic Adenocarcinoma Patients
	Table 2.1: Univariate Association of OS with Patient Demographics
	Figure 2.1: Kaplan-Meier Survival Curves for Black vs. White Patients in Overall Cohort
	Figure 2.2: Kaplan-Meier Survival Curves for Other vs. White Patients in Overall Cohort
	Figure 2.3: Kaplan-Meier Survival by Insurance Status in Overall Cohort
	Table 2.2: Univariate Association of OS with Tumor Characteristics
	Table 2.3: Univariate Association of OS with Facility Characteristics
	Table 2.4: Univariate Association of OS with Treatment Characteristics
	Figure 2.4: Kaplan-Meier Survival by Curative Resection Attempt Status in Overall Cohort
	Figure 2.5: Kaplan-Meier Survival by Radiation in Overall Cohort
	Figure 2.6: Kaplan-Meier Survival by Chemotherapy in Overall Cohort

	Multivariable Cox Regression Models for Overall Survival
	Without Treatment Variables
	Table 2.5: Multivariable Cox Regression Model of Overall Survival Among all Adenocarcinoma Patients [w/o Treatment Variables]

	With Treatment Variables
	Table 2.6: Multivariable Cox Regression Model of Overall Survival Among all Adenocarcinoma Patients [w/ Treatment Variables]



	Part 2: Patients Eligible for Surgery
	Introduction
	Descriptive Statistics
	Table 3.1: Patient Demographics of Patients Eligible for Resection
	Table 3.2: Tumor Characteristics of Patients Eligible for Resection
	Table 3.3: Facility Characteristics of Patients Eligible for Resection
	Table 3.4: Treatment Characteristics of Patients Eligible for Resection

	Univariate Differences by Curative Resection Attempt
	Table 3.5: Univariate Differences in Patient Demographics by Curative Resection Attempt
	Table 3.6: Univariate Differences in Tumor Characteristics by Curative Resection Attempt
	Table 3.7: Univariate Differences in Facility Characteristics by Curative Resection Attempt
	Table 3.8: Univariate Differences in Treatment Characteristics by Curative Resection Attempt

	Multivariable Logistic Model for Receipt of Curative Resection
	Table 3.9: Multivariable Logistic Regression Model for Resection Among Potentially Resectable Patients

	Univariate Survival Differences in Potentially Resectable Population
	Table 3.10: Univariate Association of OS with Patient Demographics
	Figure 3.1: Kaplan-Meier Survival Curves for Black vs. White Patients in Potentially Resectable Cohort
	Figure 3.2: Kaplan-Meier Survival Curves for Other vs. White Patients in Potentially Resectable Cohort
	Figure 3.3: Kaplan-Meier Survival by Insurance Status in Potentially Resectable Cohort
	Table 3.11: Univariate Association of OS with Tumor Characteristics
	Table 3.12: Univariate Association of OS with Facility Characteristics
	Table 3.13: Univariate Association of OS with Facility Characteristics
	Figure 3.4: Kaplan-Meier Survival by Curative Resection Attempt Status in Potentially Resectable Cohort
	Figure 3.5: Kaplan-Meier Survival by Chemotherapy in Potentially Resectable Cohort
	Figure 3.6: Kaplan-Meier Survival by Radiation in Potentially Resectable Cohort

	Multivariable Cox Regression Models for Overall Survival
	Without Treatment Variables
	Table 3.14: Multivariable Cox Regression Model for Overall Survival Among Potentially Resectable Patients [w/o Treatment Variables]

	With Treatment Variables
	Table 3.15: Multivariable Cox Regression Model for Overall Survival Among Potentially Resectable Patients [w/ Treatment Variables]



	Part 3: Patients Who Received a Curative Resection Attempt
	Introduction
	Descriptive Statistics
	Table 4.0.1: Patient Demographics of Resected Patients
	Table 4.0.2: Tumor Characteristics of Resected Patients
	Table 4.0.3: Facility Characteristics of Resected Patients
	Table 4.0.4: Treatment Characteristics of Resected Patients
	Table 4.0.5: Treatment Outcomes of Resected Patients

	Who Gets Surgery at High Volume Centers
	Univariate Differences by Hospital Volume
	Table 4.1: Univariate Differences in Patient Demographics by Annual Facility Volume
	Table 4.2: Univariate Differences in Tumor Characteristics by Annual Facility Volume
	Table 4.3: Univariate Differences in Facility Characteristics by Annual Facility Volume
	Table 4.4: Univariate Differences in Treatment Characteristics by Annual Facility Volume

	Multivariable Logistic Regression Model for Who Received Surgery at High Volume Centers
	15 Cases/Year
	Table 4.5: Multivariable Logistic Regression Model for Resection at a High Volume Center [>=15 cases/year] Among Resected Patients

	20 Cases/Year
	Table 4.6: Multivariable Logistic Regression Model for Resection at a High Volume Center [>=20 cases/year] Among Resected Patients



	Thirty-Day Postoperative Readmissions
	Univariate Differences by Thirty-Day Postoperative Readmissions
	Table 5.1: Univariate Differences in Patient Demographics by Thirty-Day Postoperative Readmission
	Table 5.2: Univariate Differences in Tumor Characteristics by Thirty-Day Postoperative Readmission
	Table 5.3: Univariate Differences in Facility Characteristics by Thirty-Day Postoperative Readmission
	Table 5.4: Univariate Differences in Treatment Characteristics by Thirty-Day Postoperative Readmission

	Multivariable Logistic Regression Model for Thirty-Day Postoperative Readmissions
	Table 5.6: Multivariable Logistic Regression Model for Thirty-Day Postoperative Readmission


	Thirty-Day Postoperative Mortality
	Univariate Differences by Thirty-Day Postoperative Mortality
	Table 6.1: Univariate Differences in Patient Demographics by Thirty-Day Postoperative Mortality
	Table 6.2: Univariate Differences in Tumor Characteristics by Thirty-Day Postoperative Mortality
	Table 6.3: Univariate Differences in Facility Characteristics by Thirty-Day Postoperative Mortality
	Table 6.4: Univariate Differences in Treatment Characteristics by Thirty-Day Postoperative Mortality
	Table 6.5: Univariate Differences in Readmissions by Thirty-Day Postoperative Mortality

	Multivariable Logistic Regression Model for Thirty-Day Postoperative Mortality
	Table 6.6 Multivariable Logistic Regression Model for Thirty-Day Postoperative Mortality


	Overall Survival of Resected Patients
	Univariate Survival Differences in Patients that Received Surgery
	Table 7.1 Univariate Association of OS with Patient Demographics Among Resected Patients
	Figure 7.1: Kaplan-Meier Survival by Insurance Status in Resected Cohort
	Figure 7.2: Kaplan-Meier Survival Curves by Race in Resected Cohort
	Table 7.2 Univariate Association of OS with Tumor Characteristics Among Resected Patients
	Table 7.3: Univariate Association of OS with Facility Characteristics Among Resected Patients
	Table 7.4: Univariate Association of OS with Treatment Characteristics Among Resected Patients
	Figure 7.3: Kaplan-Meier Survival by Chemotherapy in Resected Cohort
	Figure 7.4: Kaplan-Meier Survival by Radiation in Resected Cohort
	Table 7.5: Univariate Association of OS with Readmission Among Resected Patients

	Multivariable Cox Regression for Overall Survival of Resected Patients
	Table 7.6: Multivariable Cox Regression Model for Overall Survival Among Resected Patients




	Discussion/Conclusions
	Rurality and Racial Presentation/Treatment Differences
	Receipt of Curative Resection Attempt
	Receipt of Resection at a High Volume Hospital Among Resected Patients
	Thirty-Day Postoperative Readmissions
	Thirty-Day Postoperative Mortality
	Overall Survival
	Limitations
	Strengths
	Conclusions

	Bibliography

