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Abstract

Background: Biopsy of suspected pancreatic cancer (PDAC) in surgical candidates is 

informative however not always necessary. Biopsies impact treatment options as histological 

diagnosis is presently required for neoadjuvant therapy, but not surgical resection. We explored the 

impact of pursuing tissue diagnosis by endoscopic ultrasound (EUS) biopsy on time to treatment 

in patients with resectable and borderline resectable PDAC.

Methods: A retrospective review of surgical patients with ultimately proven PDAC was 

performed (2011-2021). Milestone dates (cancer suspected, biopsy(ies), surgical or neoadjuvant 

treatment) were collected. Mann-Whitney-Wilcoxon tests, Pearson’s Chi-squared tests, Fisher’s 

exact tests, linear regressions, and Cox proportional hazard models were used for data analysis.

Results: Among 131 resectable and 58 borderline resectable patients, the borderline resectable 

group underwent more biopsies (1.2 vs 0.7, p<0.0001), were more likely to undergo biopsy at 

tertiary care centers (67.2% vs 30.5%, p<0.0001), and trended toward longer time to treatment (49 

vs 44 days, p=0.070). Significant increases in days to treatment were seen in patients with Black 

race (29 days, p=0.0002), Medicare insurance (22 days, p=0.038) and no biopsies at a tertiary 
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care center (10 days, p=0.039). After adjusting for covariates, additional biopsies significantly 

delayed treatment (1 biopsy: 21 days, p=0.0001; 2 biopsies: 44 days, p<0.0001; 3 biopsies: 68 

days, p<0.0001).

Conclusions: EUS biopsy significantly impacts time between suspicion and treatment of PDAC. 

This may be exacerbated by clinical practices increasingly favoring neoadjuvant therapy that 

necessitates biopsy-proven disease. Time to treatment may also be impacted by access to tertiary 

centers and racial disparities.
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Introduction:

Pancreatic ductal adenocarcinoma (PDAC) is a dire diagnosis with a 5-year survival rate of 

11% [1]. When discovered at a resectable or borderline resectable stage, surgical resection 

extends patients’ life expectancy and confers a 5-year survival rate of approximately 

25% [2]. When diagnosing PDAC, typical features of pancreatic malignancy on contrast-

enhanced computer tomography (CT) have a 98% positive predictive value [3]. This is more 

accurate than Endoscopic Ultrasound Fine Needle Aspiration (EUS-FNAs), with sensitivity 

and specificity of 85% and 98%, respectively [4, 5]. Given this false-negative rate of biopsy 

in PDAC, surgical guidelines published by The Society of Surgical Oncology, The National 

Comprehensive Cancer Network, and The International Study Group of Pancreatic Surgery 

state that suspected pancreatic cancer should be surgically resected regardless of tissue 

confirmation of malignancy [6-8].

Despite this lack of requirement, many patients and physicians decide to attempt 

confirmatory biopsy prior to surgical resection. Recently, the demand for pre-treatment 

biopsy has been driven by enthusiasm for neo-adjuvant therapy, particularly in the setting 

of borderline resectable disease [8]. Neoadjuvant therapy also offers a powerful opportunity 

for clinical trials with biological correlative studies. In our center, we felt this evolution was 

having unintended consequences for patients including delaying initiation of therapy and 

patient stress, but this premise is virtually unstudied in pancreatic cancer.

In fact, even minor delays in initiation of therapy of PDAC may not be clinically trivial. 

A previous study noted that a delay of 32 days between imaging and surgery increased the 

odds of a progression to unresectable disease from 13% to 26.2% (HR 0.42, p=0.021) [9]. 

Further, biopsies are emotionally burdensome for patients. False-negative biopsies induce 

patient confusion and anxiety. The psychological toll when waiting for biopsy of potential 

malignancy is proven in other malignancies. Patients with suspected breast cancer have high 

anxiety scores while waiting for biopsy [10]. In fact, anxiety levels are higher during the 

biopsy process than after the diagnosis [11].

During this transition to favor neoadjuvant therapy at our institution (the timeframe of 

this study), our center insisted that patients with borderline resectable PDAC receive neo-

adjuvant therapy, while resectable disease typically underwent surgery first [8]. On occasion, 
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neoadjuvant therapy was initiated for borderline resectable lesions without histological 

confirmation following 2 negative biopsies, provided the multidisciplinary tumor board 

concurred with a diagnosis of PDAC – accrual to clinical trials was abandoned in this 

setting. We hypothesized that this paradigm shift was impacting time to initiation of therapy 

and the patient and family experience. This demarcation also offered an organic control 

group to compare changes in biopsy practices and downstream delays between patients 

where first line treatment did require tissue confirmation (neo-adjuvant therapy in borderline 

disease) versus patients where biopsy was not required for recommended treatment (surgery 

in resectable disease).

The implications of pursuing biopsy(ies) in patients with surgically-treatable pancreatic 

cancer is essentially unexplored. The choice to pursue a pre-operative tissue diagnosis is 

appropriately individualized, but current literature lacks data equipping a physician to weigh 

evidence-based assessment of the risks and benefits. Thus, to initially explore this concept, 

this study aimed to determine the time impact associated with biopsy attempts in patients 

with resectable and borderline resectable PDAC.

Methods:

A retrospective review was performed of patients with PDAC who underwent surgical 

resection at a tertiary care center from October 2011 to May 2021 and consented to 

participate in a pancreatic cancer biobank (IRB #201600873). Inclusion required final 

surgical pathology to confirm PDAC. This specific analysis was approved by the University 

of Florida IRB (IRB #202101170).

Patient Selection

Study participants were determined as shown in Figure 1. After screening, patients were 

excluded if PDAC was an unexpected finding upon surgical pathology or if they had 

a history of 3 or more episodes of pancreatitis. Since this study sought to investigate 

the diagnostic process of PDAC, patients who were worked up under another leading 

differential diagnosis (e.g. pancreatic cyst, pancreatitis) were not included. PDAC may be 

immediately diagnosed through cytological brushings at therapeutic endoscopic retrograde 

cholangiopancreatography (ERCP). This study sought to explore the clinical implications 

of pursuing biopsy. Since patients with ERCP brushings usually underwent the procedure 

for the therapeutic purpose of stenting, the clinical decision of whether to initiate the 

procedure would not be weighed in the same context as the purely diagnostic EUS-FNA. 

Therefore, patients with ERCP brushing diagnosis were excluded from analysis. Their 

time to treatment was calculated with univariate analysis for completeness. Patients who 

received brushings during ERCP procedure that were not diagnostic were still included. 

Following the exclusion process, remaining patients were divided into two groups based on 

surgical resectability at diagnosis as determined by a multi-disciplinary tumor board at our 

tertiary care center, where a radiologist is universally present as case information, including 

imaging, is reviewed.
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Study Variables

Demographic variables included sex, age, self-reported race and ethnicity, and insurance 

status. Diagnostic milestones included the dates when PDAC was suspected, biopsies 

were performed, and treatments were initiated. The date of suspicion of pancreatic 

cancer was defined as the date (a) imaging showed/was suspicious for mass or showed 

“double duct sign” with dilated pancreatic and common bile ducts, (2) magnetic resonance 

cholangiopancreatography (MRCP), ERCP, or EGD showed/was suspicious for mass or 

malignancy, or (3) patient presented with obstructive jaundice. Given our institution is a 

tertiary center, most patients were referred from outside institutions along the diagnostic 

process, from initial presentation to after multiple biopsies have already occurred, thus 

biopsy attempt locations were also categorized as tertiary or non-tertiary centers. The date of 

treatment initiation was defined as the date of surgical resection, or initiation of neo-adjuvant 

therapy.

Statistical Analysis

Descriptive statistics for demographic variables, number of biopsies, and days between 

diagnostic milestones are reported. Time intervals are recorded with average number of 

days, standard deviations (SDs), and quartiles (Q1, Q3). Statistical significance was defined 

as p < 0.05 as defined utilizing Mann-Whitney-Wilcoxon tests for continuous variables 

and with Pearson’s Chi-squared tests and Fisher’s exact tests for categorical variables. The 

time between suspicion of cancer and treatment initiation was investigated further with 

multivariate analyses including Linear Regression and Cox Proportional Hazard Models. 

In these models, sex, race, ethnicity, biopsy location, and insurance type were included. 

Subsequently, number of biopsy attempts was added to the model. Analysis was performed 

based on Intention-to-Treat methodology. Specifically, if surgical resection was attempted 

but unable to be performed due to advanced disease on initial exploration, the date of 

surgery was still utilized as the date of treatment initiation.

Results:

Patient Characteristics

Of 189 patients who met inclusion criteria, 58 had borderline resectable disease and 131 

had resectable disease. Two of the patients in the borderline group were classified as 

borderline resectable due to performance status. Women tended to be more likely to have 

borderline resectable disease, whereas men tended to be more likely to have resectable 

disease, although this difference was not statistically significant. The majority of patients 

were White (87.3%) and non-Hispanic (92.6%). Most patients were insured by Medicare 

(68.8%), aligning with the average age of 67.9 years. Between these groups, patients did not 

differ significantly based on age, sex, race, ethnicity or insurance status (Table 1).

Characteristics of the 14 patients who were excluded due to receiving diagnosis via ERCP 

Brushings are displayed in Appendix Table 1. Summary statistics of T and N stages for each 

group are in Appendix Table 2.
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Biopsy Attempts and Time to Treatment

Among all patients, the majority (67.7%) underwent one attempt at biopsy and 23.8% did 

not undergo attempted biopsy (Table 2). Patients with borderline resectable disease were 

significantly more likely to have undergone at least 1 biopsy attempt compared to patients 

with resectable disease (98.3% vs 66.4%, p<0.0001); 33.6% of patients with resectable 

disease did not have a biopsy. Patients with borderline resectable disease were more likely 

to have at least one of their biopsy attempts at a tertiary care center compared to patients 

with resectable disease (67.2% vs 30.5%, p<0.0001). When stratified by number of biopsy 

attempts, performance of a biopsy at a tertiary center differed significantly only for the 1st 

biopsy (borderline resectable 64.9% vs resectable 40.2%, p=0.006). The average time from 

suspicion of pancreatic cancer to treatment initiation was 46 days, with the average time 

between biopsy attempts ranging between 18 and 26 days (Figure 2).

For completeness, Appendix Table 3 shows patients who were diagnosed via ERCP 

Brushings had an average time from differential diagnosis to treatment initiation of 32.5 

days. Appendix Tables 4a and 4b show univariate data for the Resectable group for T and N 

staging stratified by number of biopsies and number of days to treatment, respectively.

Multivariate Analysis of Tumor Resectability and Time to Treatment

Patients with borderline resectable disease underwent more biopsy attempts than patients 

with resectable disease, but their average time to treatment initiation was only 6 days 

longer, and this trended toward significance (p=0.070) (Table 2). Accordingly, in the 

multivariate analysis, the difference in time from suspicion to treatment between borderline 

resectable and resectable groups was not significant (5 days, p=0.334). After adjusting for 

the number of biopsies, the time difference between groups equalized (−1 day, p=0.860) 

(Table 4). Importantly, the time between suspicion of pancreatic cancer and treatment 

initiation became significantly longer as the number of biopsy attempts increased [1 biopsy 

added 21 days (p=0.0001), 2 biopsies added 44 days (p<0.0001), 3 biopsies added 67 

days(p<0.0001)]. Further, race and insurance status were determined to have significant 

effects on time to treatment (Table 3). The time from suspicion of PDAC to treatment 

initiation was 29 [95% CI, (13.9, 43.9)] days longer for Black patients compared to White 

patients (p=0.0002) and Black patients were less than half as likely as White patients to 

initiate treatment on any given day following biopsy (HR=0.46, p=0.006). Similarly, the 

time between suspicion of PDAC to treatment initiation for Medicare patients was 22 days 

longer than those with Medicaid (95% CI, (1.2, 42.1), p=0.038) and 10 days longer than 

those with private insurance (95% CI, (0.5, 20.1), p=0.061). Medicare-insured patients were 

less than half as likely to have initiated treatment on any given day following biopsy 

(HR=0.43, p=0.028). After adjusting for the number of biopsy attempts, the delay for Black 

patients remained significant (24 days, p=0.001), whereas the delay for Medicaid- and 

privately-insured patients were no longer statistically significant (17 days, p=0.082; 8 days, 

p=0.090). Interestingly, after including number of biopsy attempts in the model, whether any 

biopsy was performed at a tertiary care center became significant (additional 10 days for 

those with no tertiary center attempts, p=0.039) (Table 4).
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Discussion:

This study assessed the time implications of attempting to obtain a tissue diagnosis via 

biopsy prior to treatment initiation for suspected resectable or borderline resectable PDAC. 

Our results indicate delays averaging 2-3 weeks for patients who undergo 1 biopsy attempt, 

with more than 20 additional days for each subsequent biopsy. Of importance in the 

interpretation of these data is that not all patients who were unsuccessful in achieving a 

diagnostic sample in their first biopsy proceeded to a second attempt. Therefore, the rates 

of those progressing from first to second biopsy should be interpreted as the number of 

patients who had a false negative biopsy and whose treatment team decided that a second 

attempt was warranted. Some patients with false negative biopsies proceeded to treatment, 

particularly surgical resection, without a tissue diagnosis. Though the delay incurred per 

biopsy is statistically similar between resectable and borderline resectable patients, patients 

with borderline resectable disease underwent nearly twice the number of biopsy attempts, 

thus extending their wait as a cohort for treatment. Clinically, patients with borderline 

resectable disease may have additional motivators to achieve tissue diagnosis, including 

pursuit of neo-adjuvant therapy. The additional biopsy attempts for patients with borderline 

resectable disease could therefore be interpreted not as a response to an increased false 

negative rate, but instead as a response to an inability to forgo a tissue diagnosis. For 

patients with borderline resectable disease, neo-adjuvant therapy is preferred, whereas for 

patients with resectable disease, either neo-adjuvant therapy or surgical resection are both 

considered first line treatment. Therefore, patients with resectable disease are not being 

excluded from the most efficacious treatment if their biopsy is falsely negative, unlike 

borderline resectable patients. Our own institution requires at least 2 biopsy attempts 

prior to initiating non-surgical treatment without histological confirmation of malignancy, 

provided interdisciplinary tumor board and radiological signs all concur on a diagnosis 

of PDAC. Unfortunately, patients with borderline resectable disease who have compelling 

clinical reasoning for pursuit of tissue diagnosis are also most vulnerable to progression to 

unresectable disease, making the time spent awaiting biopsy a delicate assessment for the 

physician. This is compounded by our findings that demographic variables have significant 

influence on time to treatment. Black race and Medicare insurance were found to add 

2-4 weeks of delay in treatment, independent of number of biopsy attempts, suggesting 

disparities in access to timely care. Additionally, lack of access to tertiary care centers may 

contribute to delays in care as patients with no biopsies at a tertiary center had an additional 

10-day delay to treatment.

Our findings are similar to the limited number of studies that have investigated implications 

of EUS-FNA in suspected pancreatic cancer. Mitchell et al. found that the median time 

between 1st and 2nd EUS-FNAs was 31 days, with a large range of 7-175 days [13]. 

Another study showed a median time of 27 days between 1st and 2nd EUS-FNAs [14]. In 

an investigation of the implications of EUS-FNA in suspected resectable pancreatic cancer, 

Kliment et al. found 83% of patients with false negative EUS-FNAs had delays in surgical 

management [15]. A meta-analysis found that delaying treatment of resectable PDAC 32 

or more days significantly increases the risk of progression to unresectable stages and 

significantly decreases overall survival [16]. Our study was not adequately powered to assess 
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whether treatment delays were associated with stage of cancer or survival. Though one 

possible place for improvement is the biopsy process, the logistic implications of scheduling, 

completing, and interpreting biopsies is not negligible. The days leading to and between 

biopsies found in our study reflect efficiency in this process, especially in tertiary care 

facilities as our results demonstrated decreased delays in patients receiving biopsy at tertiary 

care centers. This, along with more patients with borderline resectable disease undergoing 

biopsy at tertiary care centers, may partially explain why the borderline resectable group did 

not have as substantial of a delay to treatment as would be expected for their significant 

increase in average number of biopsies (average of 0.5 more biopsies but only 6 more days 

delay). Addressing the delays in scheduling and interpreting specimens in the plethora of 

possible biopsy facilities would not be nearly as effective as addressing the beliefs and 

policies driving the impetus for biopsies in the first place. Early referral of patients to 

surgical oncologists and tertiary care centers with tumor boards prior or simultaneously to 

biopsy, as opposed to after histological confirmation, could minimize unnecessary biopsy 

attempts. Early referral could allow biopsies to be put into overall patient context for 

determining necessity and be completed with rapid on-site evaluation (ROSE). ROSE has 

been shown to increase EUS-FNA sensitivity in PDAC (65% to 83%) [17], however, there is 

still ongoing debate as recent publications have also found lack of ROSE to be non-inferior 

[18]. In addition to early tertiary center referral, implementing policies that minimize the 

number of biopsies attempted in resectable and borderline resectable patients have the 

potential to reduce weeks of delays for these patients. Given classic radiologic and clinical 

signs of PDAC have 98% positive predictive value [4, 5], biopsies are typically not used 

to confirm diagnosis but instead are used for a qualification for treatment. Adjusting such 

qualifications so patients are not forced to delay months for a less accurate test to confirm 

a nearly assured diagnosis may be the most cost effective and patient-sparing approach to 

shorten time to treatment.

To the best of our knowledge, there have not been studies that explore the effect of 

patient characteristics on delays in treatment for PDAC. Though not our primary research 

question, our study is the first to identify the impact of race and insurance factors on 

delays in obtaining a tissue diagnosis prior to treatment initiation. Although literature in 

other settings suggest treatment delays for minority patients [19-21], our study identified a 

significant increase in days to treatment for Black patients and Medicare-insured patients. 

With racial/ethnic minority patients and Medicaid-insured patients representing less than 

15% and 5% of our study population respectively, further research is warranted to verify 

the observed disparities. However, our findings of increased delay suggest contributions 

from demographic and social variables, where minorities are disproportionately affected by 

lack of access and health education. Our findings align with recent publications where, in 

early-stage pancreatic cancer, Black and Latinx patients are less likely to receive surgical 

resection or pre-operative chemotherapy [22-24]. Black PDAC patients are also known to 

have worse survival than their White counterparts as contributed to by systematically poorer 

medical care and more biologically aggressive disease [24-26]. Our data suggest Black 

patients also experience delays in biopsy. It is unknown if these delays are due to implicit 

bias or other unmeasured factors. The treatment delays found with differing insurances 

could be explained by each insurance’s relationship with a university-affiliated tertiary care 
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center, like our own. Though initially surprising for Medicare-insured patients to have the 

longest delay, this is consistent with the widely used Medicare HMO policies that do not 

cover healthcare services out of network [27]. With patients being referred from up to 

hundreds of miles away for specialty care, delays in insurance coverage of biopsies and 

treatment due to being out-of-network are common. This contrasts with Medicaid-insured 

patients who are in-network with all non-profit hospitals in our state, including public 

university academic centers [28]. Therefore, this comparative expedition in our small 

sample of Medicaid-insured patients likely reflects delay byproducts of insurance company 

networks and authorization processes which are required for almost all of our Medicare 

HMO patients. However, Medicare can be a proxy for age, therefore the observed delays 

among Medicare patients may reflect delays related to older age. Further investigations into 

the interplay of demographic and social variables is warranted.

This study has several limitations. It does not assess the implications to patients who 

are eventually proven to have benign disease but still undergo biopsies or even surgery 

with the suspicion of malignancy (true negatives). Our sample size also precludes us from 

meaningful investigation of survival differences based on number of biopsies or time to 

treatment. The low percentage of Medicaid-insured patients also limits our analysis of 

the association of insurance status with delays in treatment initiation. Additionally, in our 

patients, there was a mix of diagnostic work up settings, reflective of the nature of a referral 

center. Biopsies were completed in tertiary care centers, community hospitals, and private 

facilities. Each setting may vary with regard to patient scheduling, technician experience, 

and pathologist experience, which could affect timing and results of each biopsy. Further, 

the combination of the retrospective nature of this study and the variable outside facility 

locations of biopsy precluded any verification or investigation of the technique and quality 

of EUS-FNAs such as the size of the needle, number of passes made, or whether cytology 

was available onsite. Lastly, the need for clear definitions separates this study from the more 

nuanced and uncertain reality of clinical practice. For instance, a physician may suspect 

PDAC prior to a patient developing obstructive jaundice or finding a mass on imaging, 

differing from the definition we used as the “suspicion of cancer” time point.

Conclusion:

These findings have direct and specific application to the decisions physicians face in 

providing care for a patient with suspected PDAC, particularly in surgical candidates. 

Though delays are currently more relevant in the context of borderline resectable disease, 

increasing enthusiasm for neo-adjuvant therapy indicates future expansion of such decisions 

to include patients with resectable disease as well. The psychological and biological toll 

of pursuing a pre-operative tissue diagnosis is individual to each patient, but this study 

contributes to a more explicit understanding of the time associated with obtaining diagnostic 

confirmation of suspected pancreatic cancer and will serve as a foundation for subsequent 

studies that assess patient duress during such delays. Additionally, our results indicate 

possible extension of the factors of consideration to include patient demographic and socio-

economic characteristics. Further study to validate these findings and address inequities is 

warranted. Overall, this study contributes to our understanding of the time risks associated 

with recommending biopsy for patients with suspected resectable or borderline resectable 
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PDAC. Early referral to tertiary care centers with a multi-disciplinary tumor board might 

mitigate such delays.
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Appendix

Appendix Table 1.

Characteristics of Those Excluded due to Diagnostic ERCP Brushings

Patients Diagnosed via ERCP
Brushings

N = 14

Age at Treatment (Mean) (Years) 71.3

Sex
Male 8 (57.1%)

Female 6 (42.9%)

Race

White 14 (100%)

Black 0 (0%)

Other 0 (0%)

Unknown 0 (0%)

Ethnicity

Hispanic/Latinx 0 (0%)

Not Hispanic/Latinx 14 (100%)

Unknown 0 (0%)

Insurance

Medicare 11 (78.6%)

Private 2 (14.3%)

Medicaid 0 (0%)

None 1 (7.1%)

Brushing Location
Tertiary Center 6 (42.9%)

Not Tertiary Center 8 (57.1%)

Appendix Table 2.

Summary Statistics for T and N Stages

All
N = 189

Borderline
N = 58

Resectable
N = 131

P-value

T Stage

is 1 (0.5%) 0 (0%) 1 (0.8%)

0.0128
1 14 (7.4%) 9 (15.5%) 5 (3.8%)

2 47 (24.9%) 13 (22.4%) 34 (26.0%)

3 116 (61.4%) 30 (51.7%) 86 (65.6%)
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All
N = 189

Borderline
N = 58

Resectable
N = 131

P-value

4 11 (5.8%) 6 (10.3%) 5 (3.8%)

N Stage

0 45 (25.6%) 20 (38.5%) 25 (20.2%)

0.0131 70 (39.8%) 21 (40.4%) 49 (39.5%)

2 61 (34.7%) 11 (21.2%) 50 (40.3%)

Appendix Table 3.

Resectability, Number of Biopsies, and Time to Treatment for Patients Excluded due to 

Diagnostic ERCP Brushings

Patients Diagnosed via ERCP Brushings
N = 14

Number of Patients Resectable 12 (85.7%)

Number of Patients Borderline Resectable 2 (14.3%)

Average Number of Biopsies Total 1.4

Average Time from DDX to Tx (Days) 32.5

Appendix Table 4a.

Summary Statistics for T and N Stages Stratified by Number of Biopsies for Patients with 

Resectable Disease

Resectable Number of Biopsies P-value

0 1 or more

Number of records 131 44 87

T stage

is 1 (0.8%) 0 (0%) 1 (1.1%)

0.2944

1 5 (3.8%) 3 (6.8%) 2 (2.3%)

2 34 (26.0%) 13 (29.5%) 21 (24.1%)

3 86 (65.6%) 28 (63.6%) 58 (66.7%)

4 5 (3.8%) 0 (0%) 5 (5.7%)

N stage

0 25 (20.2%) 5 (11.4%) 20 (25.0%)

0.18591 49 (39.5%) 20 (45.5%) 29 (36.2%)

2 50 (40.3%) 19 (43.2%) 31 (38.8%)

Appendix Table 4b.

Summary Statistics for T and N Stages Stratified by Days DDX to Tx for Patients with 

Resectable Disease

Resectable Days DDX to Tx P-value

0-30 31-60 60+

Number of records 131 57 40 34
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Resectable Days DDX to Tx P-value

0-30 31-60 60+

T stage

is 1 (0.8%) 0 (0%) 1 (2.5%) 0 (0%)

0.4955

1 5 (3.8%) 2 (3.5%) 2 (5.0%) 1 (2.9%)

2 34 (26.0%) 15 (26.3%) 7 (17.5%) 12 (35.3%)

3 86 (65.6%) 38 (66.7%) 27 (67.5%) 21 (61.8%)

4 5 (3.8%) 2 (3.5%) 3 (7.5%) 0 (0%)

N stage

0 25 (20.2%) 10 (18.5%) 8 (21.6%) 7 (21.2%)

0.43421 49 (39.5%) 20 (37.0%) 12 (32.4%) 17 (51.5%)

2 50 (40.3%) 24 (44.4%) 17 (45.9%) 9 (27.3%)
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Figure 1. Patient Selection -
Flow diagram depicting study inclusion and exclusion criteria. Red boxes indicate reason 

for exclusion. Two patients who had anatomically resectable tumors were re-classified 

as “borderline resectable” due to medical comorbidities that increased risk of surgical 

resection.
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Figure 2. Time Cost of Additional Biopsy Attempts –
Flow chart describing the diagnostic processes from suspicion of pancreatic cancer to 

initiation of treatment. The average time between given milestones, as well as cumulative 

time to treatment based on the number of biopsy attempts, are reported with the first and 

third quartiles.
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Table 1.
Patient Characteristics –

Descriptive statistics including age at treatment initiation, as well as sex, race, ethnicity, and insurance 

provider. Statistical significance was determined using Mann-Whitney-Wilcoxon tests for continuous variables 

and Pearson’s Chi-squared tests and Fisher’s exact tests for categorical variables.

All Borderline
Resectable Resectable P-value

N = 189 N = 58 N = 131

Age at Treatment (Mean ± SD) 67.9±9.4 66.2±10.0 68.7±9.0 0.139

Sex
Male 104 (55.0%) 26 (44.8%) 78 (59.5%)

0.086
Female 85 (45.0%) 32 (55.2%) 53 (40.5%)

Race

White 165 (87.3%) 51 (87.9%) 114 (87.0%)

1.000
Black 15 (7.9%) 5 (8.6%) 10 (7.6%)

Other 8 (4.2%) 2 (3.5%) 6 (4.6%)

Unknown 1 (0.5%) 0 (0%) 1 (0.8%)

Ethnicity

Hispanic/Latinx 8 (4.2%) 0 (0%) 8 (6.1%)

0.172Not Hispanic/Latinx 175 (92.6%) 56 (96.6%) 119 (90.8%)

Unknown 6 (3.2%) 2 (3.5%) 4 (3.1%)

Insurance

Medicare 130 (68.8%) 39 (67.2%) 91 (69.5%)

0.968
Private 38 (20.1%) 12 (20.7%) 26 (19.9%)

Medicaid 8 (4.2%) 3 (5.2%) 5 (3.8%)

None 13 (6.9%) 4 (6.9%) 9 (6.9%)
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Table 2.
Biopsies and Time to Treatment –

Descriptive statistics for number of biopsy attempts, whether attempts were at a tertiary care center, and time 

from suspicion of pancreatic cancer to initiation of treatment.

All Borderline
Resectable Resectable P-value

N = 189 N = 58 N = 131

Number of Biopsies

0 45 (23.8%) 1 (1.7%) 44 (33.6%)

<0.001
1 128 (67.7%) 48 (82.8%) 80 (61.1%)

2 12 (6.4%) 7 (12.1%) 5 (3.8%)

3 4 (2.1%) 2 (3.5%) 2 (1.5%)

Number of Biopsies (Mean±SD) 0.9±0.6 1.2±0.5 0.7±0.6 <0.001

Biopsies in Tertiary Center

1st 72 (50.0%) 37 (64.9%) 35 (40.2%) 0.006

2nd 12 (75.0%) 6 (66.7%) 6 (85.7%) 0.58

3rd 4 (100%) 2 (100%) 2 (100%) 1

Any Biopsy in Tertiary Center 79 (41.8%) 39 (67.2%) 40 (30.5%) <0.001

Days from Suspicion to Treatment (Mean±SD, the 
first and third quartiles) 45.5±29.3 [23.0, 58] 49.3±28.1 [30.0, 55] 43.9±29.8 [21.5, 62.0] 0.070
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Table 3.
Time from Suspicion of Malignancy to Treatment (Days) –

In the linear regression, coefficient values represent the number of days added to the intercept based on patient 

demographics. These coefficients can be summed to estimate the time interval for patients (e.g. black female 

prediction: 44.7 + 28.9 + −1.5 = 72.1 days). Cox Proportional Hazard Model ratios indicate the likelihood of 

treatment being initiated with each additional day of waiting, in comparison to the reference group (male, 

White race, non-Hispanic, Medicare-insured, with at least one biopsy performed at a tertiary care center).

Linear Regression Cox Proportional Hazard Model

Coefficient (95% CI) P-value Hazard Ratio (95% CI) P-value

Intercept 44.7 (37.2, 52.3) <0.001

Group Borderline Resectable vs Resectable 4.6 (−4.8, 13.9) 0.334 0.8 (0.6, 1.1) 0.220

Sex Female vs Male −1.5 (−9.7, 6.8) 0.722 1.0 (0.8, 1.4) 0.877

Race
Black vs White 28.9 (13.9, 43.9) <0.001 0.5 (0.3, 0.8) 0.006

Other or Unknown vs White −15.8 (−39.8, 8.2) 0.194 2.3 (1.0, 4.9) 0.039

Ethnicity Hispanic/Latinx/Unknown vs Not Hispanic/Latinx −0.7 (−20.4, 18.9) 0.942 1.1 (0.6, 2.1) 0.721

Insurance

Private vs Medicare −9.8 (−20.1, 0.5) 0.061 1.2 (0.8, 1.8) 0.298

Medicaid vs Medicare −21.6 (−42.1, −1.2) 0.038 2.3 (1.1, 5.0) 0.028

None vs Medicare 8.9 (−7.3, 25.1) 0.280 0.7 (0.4, 1.2) 0.214

Location Any Biopsy Tertiary vs None Tertiary 2.1 (−6.7, 10.8) 0.644 0.9 (0.7, 1.2) 0.481
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Table 4.
Time from Suspicion of Malignancy to Treatment (Days), Adjusting for Number of 
Biopsies –

Linear regression coefficients and Cox Proportional Hazard Model ratios demonstrate longer cumulative time 

between suspicion of pancreatic cancer and treatment initiation based on number of biopsy attempts, as well as 

disparities with race, insurance provider, and tertiary location of biopsy.

Linear Regression Cox Proportional Hazard Model

Coefficient (95% CI) P-value Hazard Ratio (95% CI) P-value

Intercept 32.1 (23.4, 40.9) <0.001

Group Borderline Resectable vs Resectable −0.8 (−9.6, 8.0) 0.860 1.0 (0.7, 1.4) 0.974

Sex Female vs Male −0.3 (−7.9, 7.3) 0.939 1.0 (0.8, 1.4) 0.865

Race
Black vs White 23.6 (9.5, 37.7) 0.001 0.6 (0.3, 1.0) 0.034

Other or Unknown vs White −15.1 (−37.1, 7.0) 0.179 1.9 (0.9, 4.0) 0.122

Ethnicity Hispanic/Latinx/Unknown vs Not Hispanic/Latinx 0.07 (−17.9, 18.1) 0.994 1.2 (0.6, 2.2) 0.613

Insurance

Private vs Medicare −8.3 (−17.9, 1.3) 0.090 1.3 (0.9, 1.9) 0.243

Medicaid vs Medicare −16.7 (−35.6, 2.15) 0.082 2.3 (1.1, 5.0) 0.034

None vs Medicare 7.6 (−7.3, 22.6) 0.316 0.8 (0.4, 1.4) 0.354

Location Any Biopsy Tertiary vs None Tertiary −9.5 (−18.6, −0.5) 0.039 1.4 (1.0, 2.0) 0.091

Biopsies

1 vs 0 21.0 (10.7, 31.4) <0.001 0.4 (0.3, 0.6) <0.001

2 vs 0 44.0 (25.7, 62.2) <0.001 0.2 (0.1, 0.4) <0.001

3 vs 0 67.7 (39.8, 95.6) <0.001 0.1 (0.0, 0.4) <0.001
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