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Abstract

Background—Endoscopic ultrasound (EUS) is used for pancreatic adenocarcinoma staging and 

obtaining a tissue diagnosis. The objective was to determine patterns of preoperative EUS and the 

impact on downstream treatment.

Methods—The Surveillance, Epidemiology, and End Results (SEER) Medicare-linked database 

was used to identify patients with pancreatic adenocarcinoma. The staging period was the first 

staging procedure within 6 months of surgery until surgery. Logistic regression was used to 

determine factors associated with preoperative EUS. The main outcome was EUS in the staging 

period, with secondary outcomes including number of staging tests and time to surgery.

Results—2782 patients were included, 56% were treated at an academic hospital (n=1563). 1204 

patients underwent EUS (43.3%). The factors most associated with receipt of EUS were: earlier 

year of diagnosis, SEER area, and a NCI or academic hospital (all p < 0.0001). EUS was 

associated with a longer time to surgery (17.8 days; p < 0.0001), and a higher number of staging 

tests (40 tests/100 patients; p < 0.0001).

Conclusions—Factors most associated with receipt of EUS are geographic, temporal, and 

institutional, rather than clinical/disease factors. EUS is associated with a longer time to surgery 

and more preoperative testing, and additional study is needed to determine if EUS is overused.
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INTRODUCTION

Pancreatic adenocarcinoma is a devastating disease with a 5-year survival rate of 6.0%.1 

Despite only 48,000 cases per year,2 pancreatic adenocarcinoma is the 4th leading cause of 

cancer-related death in the United States.3 Selecting appropriate treatment requires accurate 

assessment of disease extent, which often entails an extensive workup at significant cost. 

Historically, assessment of disease extent required surgery; however, improvement in cross-

sectional imaging modalities, such as CT and MRI, has allowed for more accurate non-

invasive evaluation of disease extent. Newer technologies, specifically endoscopic 

ultrasound (EUS), allows for assessment of locoregional disease characteristics, with the 

benefit of obtaining tissue for pathology. With an increased diagnostic armamentarium, the 

sequence and types of staging exams has become more important.

Pathologic tissue diagnosis is important in certain settings: if diagnostic uncertainty exists, if 

patients are reluctant to proceed with surgery without a pathologic diagnosis, uncertainty 

about willingness to undergo operative therapy depending on pathology, or for neoadjuvant 

therapy planning.4–8 In the absence of other easily accessible sites, EUS offers a non-

operative approach to tissue sampling.

Although there are potential benefits of EUS in certain patients, preoperative tissue 

diagnosis is not required for the majority of patients.9,10 Therefore, there is concern that 

EUS may be overused,8 especially in patients undergoing resection with curative intent.11 

This is important because of the associated costs, need for an invasive procedure, and the 

potential for procedure related complications. To address this issue, the International Study 

Group of Pancreatic Surgery (ISGPS) convened a consensus panel to discuss EUS use in 

operative candidates. The result was a 2014 guideline stating that pathologic diagnosis is not 

required prior to surgical resection for a solid pancreatic head mass in which malignancy is 

suspected,10 suggesting that the role of EUS in the staging work up for these patients is 

limited.

Currently, the extent of preoperative EUS utilization, factors that impact use, and ISGPS 

guideline adherence are not well understood. Given these knowledge gaps, we set out to 

determine the extent of preoperative utilization for pancreatic adenocarcinoma staging. In 

addition, we aimed to elucidate predictors of preoperative EUS receipt, and describe the 

staging workup and time to treatment for patients who undergo surgical resection.

METHODS

Data Source

The Surveillance, Epidemiology and End Results (SEER) Medicare-linked database links 

cancer registry data to claims, enabling investigation of cancer care patterns in Medicare 

beneficiaries.12 Data include demographics, disease characteristics, and treatment 

information, and the data cohort used in this study was from 2000 to 2007. The use of SEER 

Medicare-linked data use was approved by the Institutional Review Board.
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Cohort Selection

Patients ≥66 years old were included with at least 1 year of Medicare Part A and B 

enrollment to accurately capture comorbidities. All patients had pathologically confirmed 

adenocarcinoma (based on ICD-O-3) and an ICD-9-CM for a major pancreatic resection: 

partial, distal, or total pancreatectomy (Supplement A).

Defining Diagnosis Date and Staging Period

SEER defines the diagnosis date as the date of definitive histology in the pancreatic cancer 

database, which is the date of surgery for this patient population. To ensure that the focus of 

interest was on the preoperative staging period, the date of diagnosis had to be redefined to 

prevent the date of diagnosis from also being considered as the date of surgery. The 

diagnosis date was redefined as the date of first staging test – computed tomography (CT), 

magnetic resonance imaging (MRI), EUS, endoscopic retrograde cholangiopancreatography 

(ERCP), or percutaneous transhepatic cholangiography (PTC) - within the 6 months prior to 

the date of surgery. The duration of the staging period extended to the date of surgery.

First Consultant Definition

To determine the first consulting service after diagnosis, the date of the first in/outpatient 

physician consultation code within 30 days of diagnosis was noted. Specialty of the 

consultant was obtained from the carrier claims file. Specialties included surgery, general 

medicine, gastroenterology, and medical oncology.

Patient Covariates

The following variables were included as covariates: age, sex, marital status, rural/urban 

residence, race, Charlson Comorbidity Index (CCI),13 first consulting service, income, 

SEER area, education, diagnosis year, stage (regional, local, other), neoadjuvant 

chemotherapy (Supplement A), medical school affiliation, National Cancer Institute (NCI) 

affiliation, hospital size (number of beds), and receipt of ERCP and PTC. Disease 

manifestations within 6 months of diagnosis were captured using CPT codes for jaundice 

(782.4), pruritus (698.9), coagulopathy (286.7), and cholangitis (576.1).

Descriptive Statistics

Patients were divided into two groups: those who had EUS during the study period and those 

who did not. χ2 and t-tests were used to differentiate between groups. All statistical analyses 

were performed using SAS 9.3 (SAS Institute, Cary NC).

Regression Analysis

Multivariable logistic regression modeling was used to determine variables associated with 

EUS receipt. Variables with p-value ≤0.10 on univariate analysis were included in the model. 

To examine the impact of EUS utilization on the time to surgery and the number of tests 

during the staging period, multivariable linear regression was employed. Backward stepwise 

selection was used to determine final variable inclusion in the linear regression model with a 

≤0.10 threshold for inclusion. Those who received neoadjuvant chemotherapy were excluded 
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in the calculations for the time to surgery and number of staging tests, as these patients were 

likely to have increased time to surgery and diagnostic testing use.

RESULTS

Patient Population

The 2782 patients who met the inclusion criteria (Fig. 1) had an average age of 74.7±5.5 

years. Demographic data are provided in Table 1. Year of diagnosis was evenly distributed 

over the study period. 72% had regional disease. 46% underwent surgery within 30 days of 

diagnosis, and 80% underwent pancreaticoduodenectomy or total pancreatectomy. While 

56% of patients were treated at a hospital with medical school affiliation, only 22% were 

treated at a NCI-designated hospital.

Comparison of EUS to Non-EUS Group

43.3% (1204/2782) underwent EUS during the staging period. When examining the 

differences between those undergoing EUS or not, there was significant variation in 

frequency of EUS amongst the SEER areas (p < 0.0001, Supplement B). Patients who 

received EUS were more likely to have been treated at an academic medical center (Table 2), 

a NCI hospital, a larger hospital have a gastroenterologist as the first consultant and be 

treated later during the study period. Patients with EUS were also more likely to have 

received neoadjuvant chemotherapy, with 65% (62/96) of those undergoing neoadjuvant 

chemotherapy having an EUS.

Factors Associated with EUS Receipt

Multivariable logistic regression to examine the factors associated with receipt of EUS found 

that the factor most strongly associated with preoperative EUS was diagnosis later in the 

study period (Table 3). Other structural and demographic factors associated with 

significantly different odds of EUS receipt were SEER Area, NCI hospital, academic 

hospital, size of hospital, gastroenterology as the first consultant and income. Presence of 

jaundice (OR 0.55; p < 0.0001) and eventual resection (Distal pancreatectomy: OR 0.57; p < 

0.0001, Other pancreatectomy OR 0.50; p = 0.0044) were associated with decreased 

likelihood of receiving EUS.

Staging Tests

The total group (excluding patients undergoing neoadjuvant therapy) underwent an average 

of 3.0 ± 1.7 tests, with the EUS group having more preoperative testing (3.8 ± 1.7 vs. 2.3 

± 1.3; p < 0.0001). When excluding EUS from the total number of tests there was still more 

testing in the EUS group (2.84 ± 1.65 vs. 2.34 ± 1.34; p < 0.0001). On multivariable 

regression, EUS was associated with 40 more tests/100 patients (Table 4). Hospital size, 

more patient comorbidity, NCI status, jaundice, and cholangitis were also associated with 

increased testing. Surgery as the first consultant was associated with decreased testing.
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Time to Surgery

Time to surgery was longer in the group undergoing EUS (53.2 ± 41.9 vs. 33.8 ± 34.2; p < 

0.0001). On multivariable regression, EUS accounted for 17.8 of the 19.5-day difference in 

the time to surgery (Table 4). Hospital size, jaundice, cholangitis, ERCP, MRI, and a NCI 

hospital were also significantly associated with increased time to surgery. The only disease 

related factor that decreased time to surgery was the presence of jaundice with 

Gastroenterology, Medicine, and Surgery consults prior associated with decreased time to 

surgery.

DISCUSSION

In this study of Medicare patients with pancreatic adenocarcinoma who ultimately 

underwent surgery, nearly half received preoperative EUS. Use of EUS appears to be most 

strongly associated with geographic and structural characteristics, and to a lesser degree, 

disease related variables. This suggests that EUS use is not standardized and, to the extent 

that guidelines suggest that its use may be unnecessary among patients undergoing resection 

with curative intent, it may be overused. Patients who underwent preoperative EUS had a 

longer time to surgery and a higher number of preoperative staging procedures.

When comparing our findings with previous data a number of interesting similarities are 

noted. For example EUS use in the outpatient setting has increased over time, from 3% in 

1992–1995 compared to 17% in 2004–2007 in patients undergoing resection.14 Our analysis 

found substantially higher rates of EUS use overall, likely due to our inclusion of both 

inpatient and outpatient procedures, as compared with the previous study, which only used 

outpatient codes. Additionally, previous data demonstrated higher EUS use at academic 

centers and urban areas, and the availability of EUS and fewer years in practice (of surgeons 

and gastroenterologists) were the only significant predictors of utilization.15 Interestingly, 

only 14% of providers stated that EUS was an essential component of management. Our 

finding that the initial managing specialty impacted EUS use adds additional evidence that 

the recommendation for EUS is not driven by the clinical scenario alone.

It has been previously suggested that EUS may offer additional information about tumor 

resectability as a justification for its preoperative use. However, given the current literature, 

EUS is not superior to cross-sectional imaging for determining resectability and does not 

improve survival. This is reflected in the NCCN guidelines which suggest that high quality, 

pancreas protocol CT scan is the primary imaging technique, with EUS playing a secondary 

role in the assessment of resectability.16 The primary study using multidetector CT 

demonstrated that CT was superior to EUS for determining resectability of the tumors that 

were ultimately resected.17 Given the improvement in the CT technology since the majority 

of studies comparing EUS and CT, diagnostic accuracy of CT has likely improved. In 

addition, the best available SEER data has demonstrated that there is no improvement in 

survival for those patients that undergo EUS,18 in contrast with the initial study examining 

this question.19 Additionally, EUS can carry up to a 10% risk of complication including: 

pancreatitis, bleeding, and infection.20 As EUS likely does not improve survival, and is 

inferior to CT for staging, its use in the preoperative setting may be unwarranted, a 

sentiment reflected in the ISGPS guidelines. Also, we do acknowledge that there are clinical 
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scenarios where preoperative EUS is clearly indicated. A high suspicion for pancreatic 

adenocarcinoma mimics, such as autoimmune pancreatitis or lymphoma, clearly requires 

further evaluation and pathologic assessment. EUS with FNA is often a very good diagnostic 

tool in this setting. However, given the rarity of these conditions (prevalence of less than 1 in 

100,000 for autoimmune pancreatitis),21 this does not account for the wide spread 

utilization, (nearly a 50% rate of preoperative EUS utilization), and is likely a very minor 

contributor to the overall use of EUS.

In this study, EUS was associated with an increased number of staging exams. Previous data 

have demonstrated this inefficiency with an average of three additional staging tests (total of 

4),11 which adds an additional test compared to the 2.96 for the total group in our study, with 

the increased testing representing a significant expenditure.11 This, in the context of the 

recent ISGPS guidelines, suggests that EUS may contribute to healthcare inefficiency, with 

increased resource utilization.

Our study also found that significant variation exists in the use of EUS among SEER areas 

(Supplement B), thus contributing another example to the growing literature documenting 

otherwise unexplained geographic variation in the healthcare delivery.22–35 For example, a 

previous study using SEER data to examine preoperative biliary stenting led the authors to 

conclude that “stenting was done based on provider preference and not on the characteristics 

of patients or tumors.”14 Though we were unable to determine the underlying cause of 

geographic variation, there are a number of possible explanations. First, EUS use may reflect 

the availability of specialized EUS practitioners. Surgeon preference or lack of guideline 

availability during the study could also account for this variation. Finally, the results may 

reflect a larger trend of preoperative test overutilization, which has been widely 

documented.14,36–40 Further study is warranted to examine the factors that influence 

preoperative pancreatic adenocarcinoma staging modalities.

We found the time to surgery is longer in the EUS group, with EUS accounting for the 

majority of the delay. Admittedly, data derived from administrative datasets cannot be 

directly compared to data from primary sources, and the time to surgery as defined herein 

may not be directly applied to the clinical setting, however the relative difference between 

the groups is informative. Similarly, Jinkins et al found that increased time to surgery with 

additional procedures was demonstrated by a study which showed a 7 day delay to surgery 

in those who underwent biliary stenting (24.2 vs. 17.2 days; p < 0.0001).14 Despite the fact 

that current data suggest increased time to surgery is not associated with worse survival,41,42 

these studies may not to capture all relevant variables, especially for a procedure that may 

not add significant clinical value preoperatively. The Institute of Medicine (IOM) report 

Crossing the Quality Chasm, states that timely delivery of care is critical to providing high 

quality care.43 Timely care is defined as “reducing waits and sometimes harmful delays for 

those who received and those who give care,”43 which applies to the nearly three week delay 

to surgery in our study group. Further, this delay is likely to contribute to patient anxiety, 

quality of life, and other patient-centered outcomes. Efficient and patient-centered care 

delivery is particularly important in this group, as testing is often invasive and survival is 

limited. Finally, EUS use may be discordant with the remaining IOM aims – safe, effective, 

efficient, equitable care. The findings of this study are unique in the fact that they suggest 
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that EUS is not effective or efficient, and the geographic variation suggests that EUS is not 

used equitably.

This study has several important limitations. First, the database date of diagnosis is difficult 

to determine as it is listed as the date of surgery. This required us to redefine the date of 

diagnosis based on a diagnostic test, which likely varies based on clinical presentation. 

However, the earliest of these tests within 6 months was deemed an appropriate surrogate for 

diagnosis date. In addition, when determining which patients underwent EUS we included 

all CPT codes that included an EUS with or without a biopsy, and did not distinguish 

between these groups. This decision was made because many of the CPT codes are very 

similar between procedures, and as with any coding data there is potential for the coders to 

inadvertently code a similar procedure but not exact procedure. To address this potential 

limitation of coding data we cast a broad net to obtain all patient with EUS to describe the 

overall utilization, without a further distinction between EUS alone and EUS with FNA. 

Second, as with any retrospective study, there is potential for unmeasured confounding.44 

Administrative data, in particular, lacks several important potential confounders – such as 

granularity in demographic variables and treatment center variables. While a lack of 

randomization implies that causality cannot be firmly established, the association with 

geography and contextual factors, and lack of strong association with disease and clinical 

factors suggests that this variation is not driven primarily by clinical indication. Additionally, 

the ISGPS guidelines were released years after the data used in the study. Clearly, we cannot 

make conclusions related to the impact of these guidelines on past EUS utilization during 

this study period, however discussion of the guidelines was used to frame the current 

treatment landscape. Further, the main goal of this study was not to investigate guideline 

adherence, but to describe the extent of EUS utilization in the years preceding these 

guidelines to act as a basis for future study into how these guidelines impacted EUS 

utilization in the years following. Finally, we included all pancreatic tumors regardless of 

location. This is unlikely to have a major impact on the findings since EUS can image the 

entire pancreas. Further, tumor location does not appear to affect the accuracy of EUS/FNA 

diagnosis.45

Despite the lack of clear indication for preoperative EUS for patients with resectable 

pancreatic cancers, a large and growing population of patients is undergoing EUS 

preoperatively. Factors most strongly associated with receipt of EUS are related to 

geographic and institutional factors, and year of diagnosis, as opposed to clinical or disease 

factors, which suggest there may be unwanted variation. Additionally, patients with EUS had 

a longer time to surgery and more staging tests, pointing to the fact that EUS utilization may 

have downstream effects. While clinical value is better demonstrated through clinical trials, 

this study suggests the increasing use of preoperative EUS may represent an opportunity for 

improvement in the efficiency and patient-centeredness of perioperative care for patients 

undergoing pancreatectomy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Patient Cohort Construction
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Table 1

Patient demographics

Total Group

Clinical Variables N = 2,782 %

Age

  66–70 831 30%

  71–75 847 30%

  76–80 705 25%

  81 and older 399 14%

Sex

  Male 1247 45%

  Female 1535 55%

Cancer stage

  Local 447 16%

  Regional 2002 72%

  Other (distant and unstaged) 333 12%

Time from diagnosis to surgery

  Fewer than 30 days 1280 46%

  30– 60 days 749 27%

  More than 60 days 753 27%

Neoadjuvant chemotherapy 96 3%

Type of Surgery

  Total pancreatectomy 106 4%

  Whipple 2115 76%

  Distal pancreatectomy 461 17%

  Other partial pancreatectomy 100 4%

Charlson Comorbidity Score

  0 985 35%

  1 537 19%

  2 440 16%

  ≥ 3 820 30%

Contextual Variables

Major medical school affiliation 1563 56%

NCI clinical or comprehensive center 616 22%

Number of hospital beds

  <300 483 17%

  300– 600 1328 48%

  >600 971 35%
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Table 3

Multivariable logistic regression for receipt of endoscopic ultrasound (EUS)

Explanatory Variables Adjusted Odds Ratio for
Undergoing Eus (95% CI)

P-value

Disease characteristics

  Jaundice 0.55 (0.45 – 0.69) <0.0001

  Pruritus 1.25 (0.90 – 1.74) 0.1758

  Cholangitis 1.14 (0.868– 1.50) 0.3627

Type of Surgery

  Whipple 1.00 (Ref)

  Total pancreatectomy 1.14 (0.74 – 1.76) 0.5611

  Distal pancreatectomy 0.57 (0.44 – 0.74) <0.0001

  Other partial pancreatectomy 0.50 (0.31 – 0.81) 0.0044

First consulting service

  Surgery 0.71 (0.56 – 0.89) 0.0037

  Gastroenterology 1.41 (1.17 – 1.70) 0.0002

Race 0.5147

  Caucasian 1.00 (Ref)

  African American 1.17 (0.82 – 1.67) 0.3902

  Other 0.86 (0.60 – 1.23) 0.4188

Date of diagnosis

  2000 1.00 (Ref)

  2001 1.53 (1.04 – 2.24) 0.0305

  2002 1.72 (1.19 – 2.50) 0.0042

  2003 1.84 (1.28 – 2.66) 0.0011

  2004 2.41 (1.69 – 3.43) <0.0001

  2005 2.57 (1.81 – 3.67) <0.0001

  2006 2.65 (1.86 – 3.76) <0.0001

  2007 2.85 (2.00 – 4.07) <0.0001

Income

  ≤25000 1.00 (Ref)

  25001 – 35000 1.40 (1.12 – 1.75) 0.0035

  35001 – 45000 1.16 (0.90 – 1.50) 0.2542

  ≥45001 1.46 (1.15 – 1.86) 0.0018

SEER area See Supplement B <0.0001

Surgery at NCI designated center 1.74 (1.41 – 2.16) <0.0001

Academic affiliation 1.61 (1.32 – 1.96) <0.0001

Neoadjuvant chemotherapy 1.54 (0.98 – 2.41) 0.0614

Size of hospital

  <300 1.00 (Ref)
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Explanatory Variables Adjusted Odds Ratio for
Undergoing Eus (95% CI)

P-value

  300–600 1.20 (0.94 – 1.56) 0.1451

  >600 1.48 (1.11 – 1.97) 0.0069

Staging Tests

  Any MRI 1.13 (0.93 – 1.37) 0.2253

  Any PTC 0.80 (0.59 – 1.07) 0.1271

  Any ERCP 1.29 (1.05– 1.86) 0.0147
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Table 4

Multivariable Linear Regression for Number of Staging Procedures Per 100 Patients and Time to Surgery

Explanatory VariablesA Beta Estimate of Number of Tests per 100 Patients P-value

Has EUS 40tests <0.0001

Hospital size (largest vs. smallest) 32 tests <0.0001

Income (highest vs. lowest) −18 tests <0.0001

Charlson (highest vs. lowest) 24 tests <0.0001

Jaundice 63 tests <0.0001

Cholangitis 137 tests <0.0001

Surgery consult first −29 tests <0.0001

NCI 32 tests <0.0001

Explanatory VariablesB Beta Estimate (Days) P-value

Has EUS 17.8 days <0.0001

Has ERCP 11.2 days <0.0001

Has MRI 15.1 days <0.0001

Jaundice −18.3 days <0.0001

Cholangitis 15.9 days <0.0001

Surgery consult first −20.5 days <0.0001

GI consult first −15.1 days <0.0001

Medicine consult first −17.4 days <0.0001

NCI 8.1 days <0.0001

A
SEER area, Diagnosis Year, Income, Age, Sex Charlson, Marital Status, Race, Stage, Academic Institution, Coagulopathy, Pruritus, Patient 

Residence, Has PTC, Medicine first consult, GI first consult, Oncology first consult, Type of surgery, and Education were removed from the model 
as they were removed on stepwise selection.

B
SEER area, Diagnosis Year, Income, Age, Sex Charlson, Marital Status, Race, Stage, Academic Institution, Coagulopathy, Pruritus, Patient 

Residence, Has PTC, Oncology consult first, Type of surgery, and Education were removed from the model as they were removed on stepwise 
selection.
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