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Abstract

Introduction: Pancreatic neuroendocrine tumor (PNET) survival outcomes differ by race. 

Current recommendations for surveillance of PNETs <2cm in size is based on low malignant 

potential and low rates of lymph node metastases (LNM). We investigated whether these 

guidelines are universally applicable, regardless of race.

Methods: A multi-institutional analysis of patients with resected, nonfunctional, sporadic PNETs 

was performed initially using the US Neuroendocrine Study Group dataset with the National 

Cancer Database as a validation dataset. Patients with distant metastatic disease were excluded 

from analysis.

Results: A total of 453 (388 White and 65 Black) and 5532 patients (4772 White and 760 

Black) were analyzed in the initial and validation datasets, respectively. White patients had a low 

incidence of LNM in <2cm tumors in both datasets (5% and 12%, respectively), which increased 

with tumor size. However, the incidence of LNM in Black patients was similar in the initial and 

validation datasets for tumors sized <2cm (23% and 21%) and 2–3cm (21% and 29%). Black 

patients had a significantly higher incidence of LNM in <2cm tumors in both the initial and 

validation datasets (p<0.01) compared to White patients.
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Conclusions: The current recommendation for surveillance of <2cm PNETs is likely based on 

a low rate of LNM seen in a predominantly White population. The incidence of LNM in Black 

patients with <2cm tumors is clinically relevant and concerning. Current guidelines may not be 

universally applicable and a more aggressive approach towards resection in Black patients with 

small PNETs may be warranted.

Precis

Black patients with pancreatic neuroendocrine tumors are more likely than White patients to have 

lymph node metastases with smaller tumors; current size-based guidelines are not likely applicable 

to this patient population.

Graphical Abstract
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Introduction

Pancreatic neuroendocrine tumors (PNETs) are the second most common pancreatic 

malignancy and the incidence of disease has been rising.(1) These neoplasms can be 

classified as either functional or nonfunctional based on their ability to secrete bioactive 

peptides. These peptides can cause debilitating symptoms such as diarrhea, reflux, rash, 

altered glucose metabolism, or abdominal pain.(2) Nonfunctional PNETs are often found 

incidentally on cross sectional imaging or present with symptoms due to tumor mass effect, 

such as jaundice, nausea, vomiting, or weight loss.(3, 4) PNETs are a heterogeneous group 

of tumors with varying malignant potential, ranging from <10% for insulinomas to nearly 

100% in gastrinomas.(3) Since the range of malignant potential is wide, it is important to 

find factors differentiating indolent tumors from aggressive cancers as systemic treatments 

are limited and often the only chance for cure is resection.(5)

Several PNET characteristics have been shown to correlate with unfavorable recurrence-

free and overall survival; including tumor grade, tumor size, ki67% indices, microscopic 

invasion, lymph node involvement, and presence of metastatic disease.(6–8). A recent 
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meta-analysis has shown that nonfunctional PNETs smaller than 2 cm have a 11% risk 

of LNM, while those larger than 2 cm have a nearly 40% risk of LNM at resection.(9) 

This lower risk of LNM in smaller tumors has been used to guide current clinical guideline 

recommendations regarding surgical resection for tumors over 2cm.(6, 10–15)

Previous studies have found differences in PNET presentation and outcomes between Black 

and White patients. Analyses of the SEER database showed that Black patients presented 

with more advanced disease with decreased overall survival without surgical resection. 

(1, 16) Interestingly, the United States Neuroendocrine Tumor Study Group (USNETG) 

previously showed that Black patients had a better 5-year disease free survival (DFS) 

for node-negative PNETs than White patients, while DFS was comparable between racial 

groups with node-positive disease.(17) We recently reported significant racial differences 

in PNET size on presentation and disease free recurrence in Black patients from our 

institutional dataset.(18) Given the racially disparate outcomes reported in PNETs and the 

significance tumor size plays on clinical decision making, we sought to determine if current 

clinical guidelines using tumor size as a surrogate for LNM were predictive in Black patients 

with PNETs.

Materials and Methods

Patient Selection

A retrospective analysis of patients with sporadic, nonfunctional pancreatic neuroendocrine 

tumors undergoing non-emergent, curative intent resection between the years 1998 and 

2019 was performed. The initial dataset combined our institutional data with that from 

the USNETSG. The validation dataset was obtained from the National Cancer Database 

(NCDB) between 2004 and 2017. Patients without lymph node resections or with 

synchronous distant disease were excluded from both datasets. Grade 3 tumors were 

excluded from the USNETSG dataset. The NCDB does not include grade, but poorly 

differentiated or undifferentiated tumors were excluded. Malignancy was defined as having 

LNM on final pathology. Disease free survival (DFS) was defined as time from surgery to 

radiographic or biopsy-proven recurrence. Recurrence and granular details on operation type 

is not reported in the NCDB dataset.

Statistics

Fisher’s Exact and Chi-squared tests were used to compare categorical variables. Mann-

Whitney Rank sum test was used to compare group medians. Survival was determined by 

Kaplan-Meier methodology and logistic regression analysis was utilized to determine the 

impact of clinicopathologic variables as pre-operative predictors of malignancy. MedCalc® 

Statistical Software version 20.019 (MedCalc Software Ltd, Ostend, Belgium; https://

www.medcalc.org; 2021) was utilized for analyses. Statistical significance defined as P < 

0.05.
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Results

Patient Demographics and Tumor Characteristics

Within the initial dataset, a total of 453 patients underwent resection, 389 (86%) were White 

and 65 (14%) were Black. In the validation dataset, a total of 5532 patients had surgery, 

4772 (86%) were White and 760 (14%) were Black. Patient and tumor characteristics for the 

initial and validation datasets were similar (Table 1). In both datasets, Black patients tended 

to be younger and more likely female than White patients. Black patients were more likely 

to have positive lymph nodes in both the initial (23% vs 21%; p=0.02) and the validation 

datasets (32% vs 27%; p=<0.01). Degree of differentiation was similar between racial 

cohorts in the initial dataset, but Black patients were more likely to have well differentiated 

tumors in the validation dataset (85% vs 80%; p=<0.01). The validation dataset does not 

report types of resection, recurrence, WHO grade, or length of follow-up.

Pre-operative Predictors of LNM

Logistic regression analysis was performed to determine correlations between age >65 years, 

sex, and tumor size for both datasets (Table 2). Looking at all patients in the initial dataset, 

patient age >65 years at diagnosis was not a significant predictor of LNM, but it was in 

the validation dataset for White patients only (OR 0.9; p=0.04). Female sex was found to 

be protective of LNM in the initial dataset for White patients (OR 0.6; p=0.03), but was 

not in the validation dataset for any patient cohort. Tumor size as a continuous variable was 

found to be significant in both the initial (OR 1.18; p=<0.01) and validation datasets (OR 

1.0011; p=<0.01) for White patients only. When tumor size is studied dichotomously using 

the clinically relevant size cut-off of 2 cm, tumors >2 cm had increased risk of LNM in both 

initial (OR 8.1; p=<0.01) and validation (OR 3.9; p=<0.01) datasets for White patients, but 

only in the validation dataset for Black patients (OR 2.3; p=<0.01). Looking more granularly 

at tumor sizes above 2 cm, we find that only tumor sizes greater than 3 cm have an increased 

risk for LNM in Black patients (OR 2.7; p=<0.01) and not tumors in the 2–3 cm range.

Tumor size and Incidence of LNM

When incidence of LNM were stratified by tumor size, we found that increasing tumor 

sizes only predicted an increase in nodal involvement for White patients (Table 3). For 

Black patients, we saw increased incidence of LNM in <2 cm tumors compared to White 

patients in both the initial (23% vs 5%; p=<0.01) and validation (21% vs 12%; p=<0.01) 

datasets. The other tumor size categories of 2–3cm and >3cm were similar between cohorts 

in both datasets. Sub-analysis of tumors <1cm found that Black patients had higher rates 

of LNM than White patients in the initial (25% [2/8] vs 0% [0/33]; p=<0.01), but not the 

validation dataset (10% [7/67] vs 9% [31/354]; p=0.66). For tumors 1–2cm we found that 

Black patients had higher rates of LNM than White patients in both the initial (23% [5/22] 

vs 7% [8/118]; p=0.02) and validation datasets (25% [7/67] vs 13% [157/1242]; p=<0.01).

Disease Free Survival

Of the 453 patients included in the initial dataset available for survival analysis, 51 patients 

(11%) had recurrent disease (48 White patients and 3 Black patients). For all patients, 
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median DFS for tumors <2 cm, 2–3 cm, and >3 cm was only meet for tumors >3cm (100 

months [95% CI 82–100]; p=< 0.01) (see Figure 1). When analyzing by racial cohort, this 

significance only held for White patients with tumors >3cm (100 months [95% CI 82–100]; 

p= < 0.01) as seen in Figure 2A. Given only 3 recurrences were reported in Black patients 

(1 in the 2–3cm cohort and 2 in >3cm cohort), comparisons of DFS in this group cannot be 

made reliably.

Discussion

Considerations for resection of PNETs include symptom control, tumor size, location, 

malignant potential, and extent of metastatic disease.(19) Existing guidelines recommend 

asymptomatic, nonfunctional tumors over 2cm be considered for surgical resection.(6). 

Multiple studies have validated the prognostic role of tumor size for predicting the risk of 

LNM. Tumor size, as a continuous variable, was found to be a significant indicator for 

PNET metastasis.(11) When divided into specific size cohorts, it was shown that the rate of 

PNET metastasis was significantly lower in PNETs ≤ 2 cm than those > 4 cm as well as 

tumors between 2–4 cm and those > 4 cm.(12) A 2 cm cut-off was found to be a significant 

predictive variable for PNET progression in multiple studies, with odds ratios averaging 

between 5–6.(12, 14) When looking specifically at small, sporadic, nonfunctional PNETs, 

a study found that the rate of tumor growth is averaged to about 1.5% of the initial tumor 

size per year with a calculated predicted growth of 0.006 mm/month in PNETs that measure 

< 2 cm, making patients with small tumors safe candidates for non-operative management. 

(13) In MEN1 patients, tumors less than 2 cm had lower rate of liver metastasis, which is 

an important determinant of long-term survival (10) Even functional tumors were found to 

show decreased malignant potential when smaller than 2 cm.(15) However, none of these 

studies analyzed the role of tumor size in the context of patient race.

It had been shown that race is an independent prognostic risk factor for long-term survival 

in gastrointestinal neuroendocrine tumors.(8) Not only was tumor sizes found to be different 

between non-Hispanic White patients and non-Hispanic Black patients, overall survival and 

cause-specific survival were significantly higher in non-Hispanic Black patients compared 

to the non-Hispanic White patients.(20) Specific to PNETs, Black patients had been found 

to present with more advanced disease with decreased overall survival without surgical 

resection.(1) Interestingly, a prior analysis of the USNETSG dataset found that while Black 

patients were more likely to had LNM at resection, if lymph nodes were negative then Black 

patients had a better 5-year recurrence-free survival compared to White patients.(17) This 

suggests that earlier resection prior to LNM could have a more significant impact for Black 

patients, than for White patients. We previously demonstrated that Black patients cared for 

at our institution presented with larger tumors, but that this did not translate to an increased 

risk of recurrence.(18) These findings in aggregate suggest that there may be racially distinct 

associations between tumor size, nodal involvement, and outcomes that warranted further 

investigation.

This current analysis of the USNETSG and NCDB datasets found that tumor size as a 

continuous variable did not predict LNM in Black patients with PNETs like it did White 

patients. Regression analyses showed no association with tumor size to LNM in Black 
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patients except for tumors larger than 3cm in the NCDB dataset, suggesting again that 

size did not have the same predictive power in this patient group. Alarmingly, we found 

that significantly more Black patients had lymph node metastases in <2 cm tumors than 

White patients. This observation may lead providers to recommend resection or more 

frequent surveillance for smaller tumors in this patient population. Thus, these findings 

would suggest tumor size is not a reliable criterion for predicting tumor behavior in Black 

patients. Analysis of DFS in each racial cohort suggests earlier resection in Black patients 

may impact recurrence, but data is limited.

This study has several limitations. The retrospective nature of this study makes unintentional 

contributions of bias likely. Individual patients may be represented in both datasets due to 

the overlap of institutions in the USNETSG and those who submit reports to NCDB. The 

NCDB does not report WHO grade, but most grade 3 tumors are poorly differentiated so 

exclusion of these tumors and undifferentiated tumors should focus the analysis on lower 

WHO grade tumors. The indolent nature of PNETS makes survival analysis difficult even 

with a median of 3-year follow-up. The low rate of recurrence in Black patients limits 

meaningful comparison of DFS between racial groups. Finally, DFS is not synonymous with 

overall survival, thus no conclusions on patient mortality can be derived.(21, 22).

Conclusion

We conclude that current recommendation for surveillance of <2cm PNETs is likely based 

on a low rate of LNM seen in a predominantly White population. The incidence of LNM 

in Black patients with <2cm tumors is clinically relevant and concerning. Current guidelines 

may not be universally applicable and a more aggressive approach towards resection or 

surveillance in Black patients with small PNETs may be warranted.
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Figure 1. 
Kaplan-Meier Curve showing significant difference in disease free survival (DFS) based on 

size of tumor at presentation in all patients (P < 0.01, n=453).
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Figure 2. 
Kaplan-Meier Curve for DFS based on tumor size for (A)White patients and (B) Black 

patients. (A) DFS is a significantly different among tumors < 2 cm, between 2–3cm, and >3 

cm in White patients (P < 0.01, n=388); (B) DFS was not significantly different in Black 

patients among tumors < 2 cm, between 2–3cm, and >3 cm (P = 0.21, n=65).
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Table 2.

Logistic Regression Analysis of Preoperative Predictors of Malignancy

Characteristic
All (n=453) White patients (n=388) Black patients (n=65)

OR [95% CI] p Value OR [95% CI] p Value OR [95% CI] p Value

Initial dataset

 Age >65 y 0.8 [0.5 – 1.3] 0.38 0.8 [0.5 – 1.4] 0.47 0.6 [0.1 – 2.4] 0.44

 Female sex 0.6 [0.4 – 0.9] 0.02 0.6 [0.3 – 0.9] 0.03 0.6 [0.2 – 2.1] 0.46

 Size, cm 1.15 [1.07 – 1.23] <0.01 1.18 [1.09 –1.28] <0.01 1.01 [0.81 – 1.25] 0.92

 Size >2 cm 5.2 [3.0 – 9.2] < 0.0001 8.1 [3.8 – 17.4] < 0.01 1.0 [ 0.3 – 3.1] 0.96

 Size category      

  <2 cm ref ref ref

  2–3 cm 2.5 [1.2 – 5.2] 0.01 3.9 [1.6 – 9.6] 0.01 1.0 [0.2 – 4.6] 0.99

  >3 cm 6.9 [3.9 – 12.4] <0.01 11.2 [5.1 – 24.5] <0.01 1.0 [0.3 –3.6] 0.96

Validation dataset (n=5532) (n=4772) (n=760)

 Age >65 y 0.9 [0.8 – 0.9] 0.03 0.9 [0.8 – 0.9] 0.04 1.0 [0.7 – 1.5] 0.81

 Female sex 1.0 [0.9 – 1.1] 0.80 1.0 [0.9 – 1.1] 0.80 0.9 [0.6 – 1.2] 0.34

 Size, cm 1.0 [1.0 – 1.0]† <0.01 1.0 [1.0 – 1.0]‡ <0.01 1.0 [1.0 – 1.0] § 0.23

 Size >2 cm 3.6 [3.1 – 4.1] < 0.01 3.9 [3.3 – 4.7] < 0.01 2.3 [1.6 – 3.2] 0.01

 Size category      

  <2 cm ref ref ref

  2–3 cm 2.2 [1.9 – 2.7] < 0.01 2.4 [2.0 – 3.0] 0.01 1.5 [1.0 – 2.4] 0.07

  >3 cm 4.4 [3.8 – 5.2] < 0.01 4.9 [4.1 – 5.8] < 0.01 2.7 [1.8 – 3.8] 0.01

†
1.0011 [1.0004 – 1.0017]

‡
1.0011 [1.0003 – 1.0018]

§
1.0010 [0.9994–1.0026]

OR, odds ratio
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Table 3.

Rate of Lymph Node Metastasis by Tumor Size

Size category All White patients Black patients p Value

Initial dataset

 <2 cm 15/181 (8) 8/151 (5) 7/30 (23) < 0.01

 2–3 cm 18/97 (19) 15/84 (18) 3/13 (23) 0.65

 >3 cm 64/175 (37) 59/153 (37) 5/22 (23) 0.15

Validation dataset

 <2 cm 242/1854 (13) 188/1596 (12) 54/258 (21) < 0.01

 2–3 cm 312/1240 (25) 267/1084 (25) 45/156 (29) 0.26

 >3 cm 970/2438 (40) 827/2092 (40) 143/346 (41) 0.53

Data presented as number of lymph node positive/total number of patients with tumor of that size (%)
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