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a b s t r a c t 

Background: The impact of margin status on resection of primary pancreatic neuroendocrine tumors has 

been poorly defined. The objectives of the present study were to determine the impact of margin status 

on long-term survival of patients with pancreatic neuroendocrine tumors after curative resection and 

evaluate the impact of reresection to obtain a microscopically negative margin. 

Methods: Patients who underwent curative-intent resection for pancreatic neuroendocrine tumors be- 

tween 20 0 0 and 2016 were identified at 8 hepatobiliary centers. Overall and recurrence-free survival 

were analyzed relative to surgical margin status using univariable and multivariable analyses. 

Results: Among 1,020 patients, 866 (84.9%) had an R0 ( > 1 mm margin) resection, whereas 154 (15.1%) 

had an R1 ( ≤1 mm margin) resection. R1 resection was associated with a worse recurrence-free survival 

(10-year recurrence-free survival, R1 47.3% vs R0 62.8%, hazard ratio 1.8, 95% confidence interval 1.2–2.7, 

P = . 002); residual tumor at either the transection margin (R1t) or the mobilization margin (R1m) was 

associated with increased recurrence versus R0 (R1t versus R0: hazard ratio 1.8, 95% confidence interval 

1.0–3.0, P = . 033; R1m versus R0: hazard ratio 1.3, 95% confidence interval 1.0–1.7, P = . 060). In contrast, 

margin status was not associated with overall survival (10-year overall survival, R1 71.1% vs R0 71.8%, 

P = . 392). Intraoperatively, 539 (53.6%) patients had frozen section evaluation of the surgical margin; 49 

(9.1%) patients had a positive margin on frozen section analysis; 38 of the 49 patients (77.6%) had rere- 

section, and a final R0 (secondary R0) margin was achieved in 30 patients (78.9%). Extending resection 

to achieve an R0 status remained associated with worse overall survival (hazard ratio 3.1, 95% confidence 

interval 1.6–6.2, P = . 001) and recurrence-free survival (hazard ratio 2.6, 95% confidence interval 1.4–5.0, 

P = . 004) compared with primary R0 resection. On multivariable analyses, tumor-specific factors, such as 
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ntroduction 

Gastroenteropancreatic neuroendocrine tumors are a heteroge-

eous group of neoplasms that can present with variable biologic

ehavior ranging from benign or indolent to frankly malignant or

ggressive. 1,2 Among the various anatomic locations from which

astroenteropancreatic neuroendocrine tumors can arise, pancre-

tic neuroendocrine tumors (pNETs) generally have the worst out-

ome. 3 The incidence of pNETs has been reported to be 0.43 per

0 0,0 0 0 people and appears to be increasing worldwide. 4,5 Oper-

tive treatment plays a central role in the treatment of patients

ith pNET, because resection represents the best chance at poten-

ially curative therapy for locoregional pNETs. Depending on the

ocation of the lesion, complete oncologic resection may require

ancreatoduodenectomy, distal pancreatectomy, central pancreate- 

tomy, or—very rarely—total pancreatectomy. Goals of resection are

imed typically at complete removal of the tumor and adequate

ympadenectomy. 5,6 

Traditionally a guiding principle for any curative-intent resec-

ion of pancreatic cancer is to achieve free or negative surgical

argins. 7,8 The precise definition of a “positive” margin is not al-

ays clear, however. 8 In turn, previous studies that investigated

he association of margin status and long-term prognosis after

urative-intent resection have been inconsistent. 8-12 In addition,

hether residual tumor at the surgical margin affects survival re-

ains somewhat controversial. 13 Whether a final negative margin

ffects outcome after re-resection of an initially positive margin on

ntraoperative frozen section analysis has also been debated among

atients with pancreatic ductal cancer 9 , 13-15 but does not appear

o have been investigated among patients with pNETs. As such, the

bjective of the present study was to determine the impact of mar-

in status on long-term survival of patients with pNETs after cura-

ive resection. In addition, we sought to evaluate potential differ-

nces in outcomes relative to tumor presence at the mobilization

ersus transection margin after an apparent curative resection of

NET. The impact of reresection to obtain a microscopically nega-

ive margin after an initially positive intraoperative frozen section

argin was also examined. 

aterials and methods 

tudy cohort and data collection 

Patients who underwent curative-intent resection for pNETs be-

ween 20 0 0 and 2016 were identified from the US Neuroendocrine

umor Study Group. The study group included the Ohio State Uni-

ersity Wexner Medical Center and James Comprehensive Cancer

enter, Columbus, OH; the Winship Cancer Institute, Emory Uni-

ersity, Atlanta, GA; Stanford University, Palo Alto, CA; the Vir-

inia Mason Medical Center, Seattle, WA; University of Wisconsin,

chool of Medicine and Public Health, Madison, WI; Washington

niversity School of Medicine, St. Louis, MO; Vanderbilt University,

ashville, TN; and University of Michigan, Ann Arbor, MI. All pa-

ients were diagnosed with pNET and the diagnosis confirmed by

istologic examination. 
ral invasion, Ki-67 index, and major vascular invasion, rather than surgical

ng-term outcomes. 

not associated with long-term survival. The reresection of an initially pos-

 a negative margin did not improve the outcome of patients with pancre-

renchymal-sparing pancreatic procedures for pancreatic neuroendocrine

en feasible. 

© 2018 Elsevier Inc. All rights reserved.

Standard patient demographic, clinicopathologic, and periop-

rative data were collected based on a prospectively maintained

atabase. Disease recurrence was defined as identification of sus-

icious imaging findings on postoperative surveillance or biopsy-

roven, recurrent pNET. Overall survival (OS) was calculated from

he date of operation to the date of death or date of last follow-up,

nd recurrence-free survival (RFS) was defined as the time interval

etween the date of operation and the date of recurrence. The In-

titutional Review Board of each participating institution approved

he study. 

athologic assessment 

Frozen section examination was performed depending on the

ntraoperative judgment of the surgeon. In general, for pancre-

toduodenectomy specimens the investigated sites included the

ancreatic transection margin, including the uncinate or superior

esenteric artery margins, the common bile duct margin, and the

nterior and posterior surface margins. When the margin was pos-

tive, additional resection was performed to obtain a clear mar-

in when deemed technically feasible at the surgeon’s discre-

ion. All resected specimens were submitted for permanent section

istopathologic analysis. R status was determined by the patholo-

ists based on examination of all specimen margin sites on perma-

ent sections. An R0 resection was defined as a minimum margin

ength of > 1 mm; the microscopic presence of tumor at the mar-

in or a minimum margin length of ≤1 mm was designated as an

1 resection. The inability to resect all gross residual disease was

efined as an R2 resection. 16 For purposes of the present analyses,

 positive margin at the common bile duct, pancreatic transection

urface, uncinate, or superior mesenteric artery (SMA) margins was

ategorized as R1 at the transection margin (R1t); a positive mar-

in at the anterior, posterior, or other peripancreatic soft tissues

as categorized as R1 at the mobilization margin (R1m). Patients

ith synchronous involvement of the mobilization and transection

argins were allocated to the R1t group. Tumor-related character-

stics, including maximal tumor diameter, number, location, tumor

orphology, histologic grade, lymph-vascular/perineural invasion, 

i-67, mitotic rate, and lymph node status were recorded based on

nal pathologic examination. 

tatistical analysis 

Continuous variables were expressed as medians with in-

erquartile ranges (IQR) and categorical variables were expressed

s totals and percentages. Statistical analyses were performed with

he Mann-Whitney U test, χ2 test, or Fisher exact test, as ap-

ropriate. Survival probabilities were estimated by Kaplan-Meier

ethodology and compared by log-rank analysis. Factors statisti-

ally associated with OS and RFS on univariable analysis were in-

luded in the multivariable analyses; results were reported as haz-

rd ratios (HRs) and 95% confidence intervals (95% CI). Statistical

nalysis was performed using SPSS Version 22.0 (IBM Corporation,

rmonk, NY). 
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Results 

In total, 1,176 patients diagnosed with a pNET were identified;

156 patients were excluded (liver metastasis, n = 101; R2 resection,

n = 47; multiple primary tumors, n = 8). Among the 1,020 patients

included in the final analytic cohort, median patient age was 58

(47–66) years, and the cohort was balanced with regards to sex

(male versus female, 51.4% vs 48.6%; Table 1 ). The overwhelming

majority of patients had sporadic pNETs with no designated syn-

drome ( n = 895, 87.7%); a small subset of individuals had multi-

ple endocrine neoplasia type 1 ( n = 85, 8.3%) or Von Hippel–Lindau

syndrome ( n = 10, 1.0%). Most patients ( n = 778, 76.3%) underwent

an open resection, although 239 patients (23.4%) had laparoscopic

or robotic resection. Resections included distal pancreatectomy

(56.5%), pylorus-preserving pancreatoduodenectomy (15.6%), classic

pancreatoduodenectomy (12.6%), enucleation (10.5%), central pan-

createctomy ( n = 3.1%), and total pancreatectomy (1.7%). Intraoper-

ative frozen section examination was performed in 539 patients

(52.8%) ( Table 2 ). Median tumor size on final pathologic exami-

nation was 2.1 cm (IQR 1.4–3.5); the majority of patients (89.1%)

had a single lesion. Among the 858 patients (84.1%) who under-

went lymphadenectomy, 235 patients (27.4%) had at least 1 lymph

node metastasis. In the postoperative setting, approximately half

of patients developed one or more postoperative complications

( Table 2 ). Only 21 patients (2.1%) received neoadjuvant chemother-

apy, 8 (0.8%) patients received neoadjuvant somatostatin analogs;

25 (2.5%) patients were administered adjuvant chemotherapy, 49

(4.8%) patients had adjuvant somatostatin analog treatment, and

11 patients (1.1%) received postoperative radiotherapy. There was

no discernible pattern or variation among the centers with regard

to perioperative treatment regimens. 

Relationship between survival and R status 

Among the 1,020 patients, 866 (84.9%) underwent an R0 re-

section, whereas 154 (15.1%) had an R1 resection. The distribu-

tion of main clinicopathologic and operative parameters according

to R0/R1 margin status are summarized in Table 1 . There was no

difference in patient age, sex, body mass index, history of a ge-

netic syndrome, tumor location, or functional status among pa-

tients relative to R0 versus R1 surgical margin status (all P > .05).

Perhaps not unexpectedly, there was a greater incidence of R1

resection among patients with a larger tumor and patients who

had an extended resection, combined major vascular invasion, a

prolonged operative time, and increased intraoperative blood loss

(all P < .05). 

Median and 10-year OS among the entire cohort were 176.4

months (IQR 134.3–218.6) and 72%, respectively. Of note, patients

undergoing an R1 resection had comparable OS compared with

patients who had an R0 resection (10-year OS, 71.1% vs 71.8%,

P = . 392) ( Fig. 1 , A ). In contrast, R1 resection was correlated with

a worse RFS compared with patients who had an R0 resection (10-

year RFS, R1 47.3% vs R0 62.8%, HR 1.8, 95% CI 1.2–2.7, P = . 002;

Fig. 1 , B ). 

Impact of different positive margin sites on survival 

Among the 154 patients who had R1 margin status, 141 pa-

tients had detailed information on the site of the positive surgical

margin. Among these 141 patients, 76 patients had a R1 transec-

tion margin (R1t) and 65 had only a positive mobilization margin

(R1m). Compared with patients who had an R0 resection, OS was

similar among patients who had R0, R1t, and R1m margin status

(10-year OS, R0 72.2%, R1t 74.3% vs R1m 69.1%, P = . 672; Fig. 2 , A ).

Both R1t and R1m were associated with increased tumor recur-

rence after resection compared with patients who had an R0 mar-
in (R1t versus R0: HR 1.8, 95% CI 1.0–3.0, P = . 033; R1m versus R0:

R 1.3, 95% CI 1.0–1.7, P = . 060); there was, however, no difference

n RFS among patients who had an R1t and R1m (HR 0.9, 95% CI

.4–1.8, P = . 739; Fig. 2 , B ). 

mpact of intraoperative reresection of positive margin on survival 

Among the 1,006 patients who had information of intraopera-

ive frozen section examination, 539 patients (53.6%) had frozen

ection evaluation of the surgical margin at the time of opera-

ion. Among the 539 patients, 49 patients (9.1%) had a positive

urgical margin on frozen section analysis; 38 of the 49 patients

77.6%) had reresection, and a final R0 (secondary R0) margin was

chieved in 30 patients (78.9%). As such, 825 patients had an ini-

ial negative surgical margin with no reresection (primary R0), 30

atients had a negative margin after reresection (secondary R0),

nd 151 patients had a microscopically positive margin (R1; Fig. 3 ).

f note, patients who had a secondary R0 resection and patients

ho had a final R1 resection had larger tumors, a greater incidence

f lymph node metastasis, and were more likely to have com-

ined major vascular resection and greater operative times versus

atients who had a primary R0 resection (all P < .01; Table 2 ).

he incidence of postoperative morbidity or severe complications

as, however, comparable among patients who had a primary, sec-

ndary, and R1 resection (both P > .1; Table 2 ). 

Median and 10-year OS among patients who had a secondary

0 resection were 85.4 months and 32.9%, respectively; in compar-

son, median and 10-year OS among patients who had a primary

0 resection was 150.0 months and 74.5%, respectively (secondary

ersus primary R0, HR 3.1, 95% CI 1.6–6.2, P = . 001), whereas pa-

ients who had a R1 resection had a median OS that was not at-

ained and a 10-year OS of 71.4% (R1 versus primary R0, HR 1.3,

5% CI 0.8–2.1, P = . 346; Fig. 4 , A ). The risk of tumor recurrence

as greater among patients who had a secondary versus primary

0 margin (HR 2.6, 95% CI 1.4–5.1, P = . 004) but similar among pa-

ients who had a secondary negative versus final R1 margin (HR

.8, 95% CI 0.4–1.6, P = . 471; Fig. 4 , B ). 

On multivariable analyses, after controlling for other compet-

ng risk factors associated with prognosis, reresection of an initially

ositive surgical margin was not associated with OS (referent pri-

ary R0 margin: secondary R0, HR 0.8, 95% CI 0.1–6.3; final R1,

R 0.9, 95% CI 0.4–2.9; both P > .1; Table 3 ) or RFS (referent pri-

ary R0 margin: secondary R0, HR 1.4, 95% CI 0.4–5.5; final R1,

R 1.3, 95% CI 0.7–2.6; both P > .1; Table 4 ). In contrast, tumor-

pecific factors, such as poor cellular differentiation (HR 3.0, 95%

I 1.1–8.3) and perineural invasion (HR 2.6, 95% CI 1.1–6.0) were

ssociated with worse OS ( Table 4 ); pNETs associated with a ge-

etic syndrome (HR 2.9, 95% CI 1.4–6.0), major vascular resection

HR 2.3, 95% CI 1.1–5.1), and Ki-67 index were each strongly corre-

ated with lesser RFS ( Table 4 ). 

iscussion 

Traditionally, obtaining a negative surgical margin has been the

rimary objective in curative-intent resection of a solid tumor be-

ause a micro- or macroscopically positive margin is generally ac-

epted as a poor prognostic factor. Because there has been no uni-

ersal definition of an R0 and R1 margin for pancreatic cancers,

any studies that have examined the association of margin status

nd prognosis have yield conflicting results. 8-12 In addition, the is-

ue of tumor residue at different margin sites and whether reresec-

ion of an initially positive margin to achieve a negative margin has

ot been well investigated among patients with the different types

f pancreatic cancer. 9 , 13-15 Most previous studies have also focused

n pancreatic ductal adenocarcinoma, with very few studies eval-

ating the impact of margin status on the long-term prognosis of
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Table 1 

Clinicopathologic characteristics and surgical procedures of patients undergoing operative resection of 

pancreatic neuroendocrine tumors (pNETS) stratified by final surgical margins. 

Overall (n = 1020) R0 (n = 866) R1 (n = 154) P value 

Age (y) 58 (47–66) 58 (47–65) 58 (48–67) .195 

Sex .168 

Male 524 (51.4%) 437 (49.5%) 87 (56.5%) 

Female 4 96 (4 8.6%) 429 (50.5%) 67 (43.5%) 

BMI (kg/m 

2 ) 27.9 (24.5–32.8) 28.0 (24.5–32.8) 27.6 (24.5–32.7) .443 

Functional status .113 

Nonfunctional 838 (82.2%) 720 (83.1%) 118 (76.6%) 

Functional 164 (16.1%) 133 (15.4%) 31 (20.1%) 

NA 18 (1.8%) 13 (1.5%) 5 (3.2%) 

Genetic syndrome .664 

None 895 (87.7%) 763 (88.1%) 132 (85.7%) 

MEN 1 85 (8.3%) 72 (8.3%) 13 (8.4%) 

VHL 10 (1.0%) 7 (0.8%) 3 (1.9%) 

Neurofibromatosis 1 (0.1%) 1 (0.1%) 0 

Tuberous sclerosis 2 (0.2%) 2 (0.2%) 0 

NA 27 (2.5%) 21 (2.4%) 6 (3.9%) 

Symptomatic .087 

No 442 (43.3%) 387 (44.7%) 55 (35.7%) 

Yes 558 (54.7%) 466 (53.8%) 92 (59.7%) 

Unknown 20 (2.0%) 13 (1.5%) 7 (4.5%) 

Primary location .206 

Head 284 (27.8%) 231 (26.7%) 53 (34.4%) 

Uncinated 44 (4.3%) 38 (4.4%) 6 (3.9%) 

Neck/body 234 (22.9%) 195 (22.5%) 39 (25.3%) 

Tail 401 (39.3%) 351 (40.5%) 50 (32.5%) 

Multiple 51 (5.0%) 45 (5.2%) 6 (3.9%) 

Operative technique < .001 

Open 778 (76.3%) 643 (74.2%) 135 (87.7%) 

Laparoscopic/robotic 239 (23.4%) 220 (25.4%) 19 (12.3%) 

Type of resection .220 

Enucleation 107 (10.5%) 83 (9.6%) 24 (15.6%) 

Classic PD 129 (12.6%) 111 (12.8%) 18 (11.7%) 

Pylorus-preserving PD 159 (15.6%) 133 (15.4%) 26 (16.9%) 

Central pancreatectomy 32 (3.1%) 28 (3.2%) 4 (2.6%) 

Distal pancreatectomy 576 (56.5%) 498 (57.5%) 78 (50.6%) 

Total pancreatectomy 17 (1.7%) 13 (1.5%) 4 (2.6%) 

Major vascular resection 49 (4.8%) 29 (3.3%) 20 (13.0%) < .001 

Frozen section .426 

No 467 (45.8%) 392 (45.3%) 75 (48.7%) 

Yes 539 (52.8%) 463 (53.5%) 76 (49.4%) 

Operation time (min) 235 (185–315) 231 (185–310) 248 (188–331) .020 

Blood loss (mL) 20 0 (10 0–40 0) 20 0 (10 0–40 0) 30 0 (10 0–50 0) .017 

Largest tumor size (cm) 2.1 (1.4–3.5) 2.0 (1.3–3.4) 3.0 (1.8–5.0) < .001 

Tumor number .392 

Single 909 (89.1%) 774 (89.4%) 135 (87.7%) 

Multiple 106 (10.4%) 87 (10.0%) 19 (12.3%) 

Tumor differentiation .033 

Well differentiated 781 (76.6%) 670 (77.4%) 111 (72.1%) 

Moderately differentiated 89 (8.7%) 68 (7.9%) 21 (13.6%) 

Poorly differentiated 20 (2.0%) 15 (1.7%) 5 (3.2%) 

NA 130 (12.7%) 113 (13.0%) 17 (11.0%) 

Lymphadenectomy 858 (84.1%) 731 (84.4%) 127 (82.5%) .394 

Lymph nodes status < .001 

Negative 623 (61.1%) 555 (64.1%) 68 (44.2%) 

Positive 235 (23.0%) 176 (20.3%) 59 (38.3%) 

Ki-67 .517 

< 3% 412 (40.4%) 351 (40.5%) 61 (39.6%) 

3%–20% 249 (24.4%) 205 (23.7%) 44 (28.6%) 

> 20% 26 (2.5%) 23 (2.7%) 3 (1.9%) 

Mitotic rate .383 

< 2 507 (49.7%) 433 (50.0%) 74 (48.1%) 

2–20 100 (9.8%) 80 (9.2%) 20 (13.0%) 

> 20 8 (0.8%) 7 (0.8%) 1 (0.6%) 

Lymph-vascular invasion < .001 

Absent 587 (57.5%) 513 (59.2%) 74 (48.1%) 

Present 252 (24.7%) 186 (21.5%) 66 (42.9%) 

Perineural invasion < .001 

Absent 601 (58.9%) 516 (59.6%) 85 (55.2%) 

Present 169 (16.6%) 119 (13.7%) 50 (32.5%) 

Postoperative morbidity 544 (53.3%) 461 (53.2%) 83 (53.9%) .860 

Severe complication (III-V) 225 (22.1%) 195 (22.5%) 30 (19.5%) .333 

BMI, body mass index; MEN 1, multiple endocrine neoplasia type 1; NA, not available; PD, pancreatico- 

duodenectomy; VHL, Von Hippel-Lindau. 
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Table 2 

Association of final surgical margins with clinicopathologic characteristics among 1,006 eligible patients with 

operatively resected pNETs ∗ . 

Primary R0 (n = 825) Secondary R0 (n = 30) R1 (n = 151) P value 

Age (y) 58 (47–66) 51 (45–62) 59 (48–67) .187 

Sex 

Male 420 (50.9%) 12 (40.0%) 84 (55.6%) .257 

Female 405 (49.1%) 18 (60.0%) 67 (44.4%) 

BMI (kg/m 

2 ) 28.1 (24.7–33.0) 24.4 (21.2–29.6) 27.6 (24.5–32.7) .025 

Functional status .428 

Nonfunctional 687 (83.3%) 23 (76.7%) 126 (83.4%) 

Functional 22 (2.7%) 0 8 (5.3%) 

NA 116 (14.0%) 7 (23.3%) 17 (11.3%) 

Genetic syndrome .594 

None 729 (88.4%) 26 (86.7%) 129 (85.4%) 

MEN 1 68 (8.2%) 3 (10.0%) 13 (8.6%) 

VHL 7 (0.8%) 0 3 (2.0%) 

Neurofibromatosis 1 (0.1%) 0 0 

Tuberous sclerosis 2 (0.2%) 0 0 

NA 18 (2.2%) 1 (3.3%) 6 (4.0%) 

Symptomatic 442 (53.6%) 18 (60.0%) 90 (59.6%) .163 

Primary location .221 

Head 220 (26.75) 8 (26.7%) 53 (35.1%) 

Uncinated 35 (4.2%) 2 (6.7%) 6 (4.0%) 

Neck/body 184 (22.3%) 11 (36.7%) 37 (24.5%) 

Tail 338 (41.0%) 8 (26.7%) 49 (32.5%) 

Multiple 44 (5.3%) 1 (3.3%) 6 (4.0%) 

Largest tumor size (cm) 2.0 (1.3–3.4) 2.8 (1.2–4.8) 3.0 (1.8–5.0) < .001 

Multiple tumor nodules 82 (9.9%) 4 (13.3%) 19 (12.6%) .550 

Operative technique < .001 

Open 606 (73.5%) 27 (90.0%) 132 (87.4%) 

Laparoscopic/robotic 217 (26.3%) 3 (10.0%) 19 (12.6%) 

Type of resection .410 

Enucleation 78 (9.5%) 1 (3.3%) 23 (15.2%) 

Classic PD 103 (12.5%) 5 (16.7%) 18 (11.9%) 

Pylorus-preserving PD 129 (15.6%) 4 (13.3%) 26 (17.2%) 

Central pancreatectomy 26 (3.2%) 2 (6.7%) 4 (2.6%) 

Distal pancreatectomy 476 (57.7%) 18 (60.0%) 76 (50.3%) 

Total pancreatectomy 13 (1.6%) 0 4 (2.6%) 

Major vascular resection 25 (3.0%) 3 (10.0%) 19 (12.6%) < .001 

Operation time (min) 230 (185–307) 291 (216–351) 248 (188–331) .008 

Blood loss (mL) 20 0 (10 0–40 0) 40 0 (20 0–50 0) 30 0 (10 0–50 0) .056 

Lymphadenectomy 539 (65.3%) 22 (73.3%) 114 (75.5%) .054 

Lymph nodes metastasis 163 (19.8%) 8 (26.7%) 58 (38.4%) < .001 

Postoperative morbidity 438 (53.1%) 18 (60.0%) 81 (53.6%) .767 

Severe complication (III–V) 183 (22.2%) 9 (30.0%) 28 (18.5%) .336 

BMI, body mass index; MEN 1, multiple endocrine neoplasia type 1; NA, not available; PD, pancreaticoduodenec- 

tomy; VHL, Von Hippel-Lindau. 
∗ Fourteen patients were excluded who had no information available on intraoperative margin status. 

Fig. 1. Overall (A) and recurrence-free (B) survival of patients undergoing curative-intent resection for pancreatic neuroendocrine tumor (pNET). 
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Table 3 

Factors associated with overall survival after curative resection of pNETs. 

Univariate analysis Multivariable analysis 

HR (95% CI) P HR (95% CI) P value 

Functional status .076 

Nonfunctional Ref. 

Functional 2.2 (0.9–5.3) 

Genetic syndrome .782 

Not associated Ref. 

Associated 0.9 (0.5–1.7) 

Symptomatic .571 

No Ref. 

Yes 1.1 (0.8–1.7) 

Operative technique .192 

Open Ref. 

Laparoscopic/robotic 0.7 (0.4–1.2) 

Major vascular resection 1.8 (1.0–3.5) .035 1.1 (0.5–2.9) .786 

Tumor size (cm) < .001 .081 

< 3 cm Ref. Ref. 

≥3 cm 2.0 (1.4–3.0) 1.8 (0.9–3.6) 

Multiple lesions 1.2 (0.8–2.1) .389 

Final margin .392 

R0 Ref. 

R1 1.2 (0.8–2.0) 

Surgical margin 

Primary R0 Ref. Ref. 

Secondary R0 3.1 (1.6–6.2) .001 0.8 (0.1–6.3) .848 

R1 1.3 (0.8–2.1) .346 0.9 (0.4–2.9) .724 

Tumor differentiation 

Well differentiated Ref. Ref. 

Moderately differentiated 2.1 (1.1–3.8) .018 1.1 (0.4–2.7) .879 

Poorly differentiated 8.1 (4.0–16.5) < .001 3.0 (1.1–8.3) .036 

Lymph nodes positive 2.2 (1.4–3.3) < .001 1.3 (0.6–2.9) .477 

Ki-67 

< 3% Ref. 

3%–20% 1.2 (0.7–2.1) .577 

> 20% 2.4 (0.8–6.9) .106 

Lymph-vascular invasion 1.7 (1.1–2.6) .027 0.9 (0.4–2.4) .866 

Perineural invasion 2.7 (1.7–4.4) < .001 2.6 (1.1–6.0) .030 

Table 4 

Factors associated with recurrence-free survival after curative resection of pNETs. 

Univariate analysis Multivariable analysis 

HR (95% CI) P HR (95% CI) P value 

Functional status .660 

Nonfunctional Ref. 

Functional 0.8 (0.3–2.4) 

Genetic syndrome .017 .004 

Not associated Ref. Ref. 

Associated 1.7 (1.1–2.5) 2.9 (1.4–6.0) 

Symptomatic < .001 .528 

No Ref. Ref. 

Yes 1.9 (1.4–2.7) 1.2 (0.7–2.2) 

Operative technique < .001 .083 

Open Ref. Ref. 

Laparoscopic/robotic 0.2 (0.1–0.5) 0.5 (0.3–1.2) 

Major vascular resection 4.1 (2.6–6.4) < .001 2.3 (1.1–5.1) .035 

Tumor size (cm) < .001 .210 

< 3 cm Ref. Ref. 

≥3 cm 4.4 (3.1–6.2) 1.5 (0.8–2.9) 

Multiple lesions 0.8 (0.5–1.4) .451 

Surgical margin 

Primary R0 Ref. Ref. 

Secondary R0 2.6 (1.4–5.1) .004 1.4 (0.4–5.5) .585 

R1 2.0 (1.4–3.0) < .001 1.3 (0.7–2.6) .393 

Tumor differentiation 

Well differentiated Ref. Ref. 

Moderately differentiated 1.8 (1.1–3.1) .024 0.9 (0.4–2.2) .900 

Poorly differentiated 7.3 (3.8–14.0) < .001 1.4 (0.7–2.8) .220 

Lymph nodes positive 2.8 (2.0–3.8) < .001 1.4 (0.8–2.5) .260 

Ki-67 

< 3% Ref. Ref. 

3%–20% 3.2 (2.0–5.3) < .001 2.2 (1.2–4.2) .016 

> 20% 14.0 (7.3–26.7) < .001 8.1 (2.4–27.5) .001 

Lymph-vascular invasion 4.8 (3.3–7.0) < .001 1.6 (0.8–3.2) .216 

Perineural invasion 2.6 (1.7–3.9) < .001 1.4 (0.7–2.5) .315 
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Fig. 2. Flow chart of patients undergoing operative resection of pancreatic neuroendocrine tumors stratified by frozen section examination, frozen section status, and final 

surgical margin. 

Fig. 3. Overall (A) and recurrence-free (B) survival of patients with primary R0, secondary R0, and R1 status after curative-intent resection for pancreatic neuroendocrine 

tumors. PanNET, pancreatic neuroendocrine tumor. 
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pNETs after curative-intent resection. We believe the present study

to be important because we used a large, multi-institutional co-

hort of patients to determine that an R1 ( ≤1 mm) versus R0 mar-

gin status was not associated with OS, despite R1 patients hav-

ing a greater risk of tumor recurrence. Perhaps not surprisingly,

patients who had an R1 margin status were more likely to have

a high-risk tumor (eg, larger tumor size, lymph node metastasis,

etc) and various operative characteristics (eg, vascular resection,

greater operative times, etc). Data from the present study also sug-

gested that additional reresection of a positive margin to achieve

an R0 margin did not affect long-term outcomes compared with

patients who had an initial R0 margin. Collectively, margin status

was not an important factor relative to prognosis among patients

with pNETs; rather, other tumor-specific factors, such as differen-

tiation, tumor burden, and major vascular invasion affected long-

term outcomes. 2,17 , 18 

Margin status has been reported to be associated with OS after

curative resection of pancreatic ductal cancer in some studies, 8,9,19 
et not others. 11,12 The variable definitions of what constitutes an

1 margin may have contributed to the discrepant results. Most

tudies, including the British Royal College of Pathologists and the

nternational Study Group of Pancreatic Surgery have defined a

inimum margin width > 1 mm as R0 status for pancreatic ductal

ancer. 7,16,20-22 In the present study addressing pNETs, a margin > 1

m was consistently defined as R0, whereas a width ≤1 mm was

ategorized as R1 among patients with complete macroscopic re-

ection of pNET. Of note, although an R1 margin status was associ-

ted with an increased incidence of recurrence versus R0 resection,

S among patients who underwent an R1 versus R0 resection was

omparable. The greater incidence of recurrence among R1 patients

as likely multifactorial and in part may be related to the findings

hat these patients generally had more aggressive tumor character-

stics (eg, larger tumors, lymph node metastasis, etc). Of note, even

hough recurrence was more common among R1 patients, OS was

imilar, thereby confirming the general indolent nature of pNETs

ven among patients with recurrent disease. As such, operative
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Fig. 4. Overall (A) and recurrence-free (B) survival of patients with R0 status, R1 at transection margin, and R1 at mobilization margin after curative-intent resection for 

pancreatic neuroendocrine tumors. 
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esection for pNETs should be recommended even if a complete R0

esection may not be feasible, because resection can provide symp-

om control, can facilitate loco-control, and can be associated with

ong-term survival. 23 

A precise histopathologic evaluation of the pancreatic resection

argin has been recommended. 7,16 , 24 Specifically, the International

tudy Group of Pancreatic Surgery recommends the evaluation of

 margins on the resected specimens: anterior, posterior, medial or

MA margin, pancreatic transection margin, bile duct, and enteric

argin. 7 The exact prognostic impact of residual disease relative

o the specific site of R1 disease remains poorly defined. Jamieson

t al 13 evaluated the influence of positive mobilization margins

ersus positive transection margins on survival after pancreatoduo-

enectomy for pancreatic ductal cancer and reported that a posi-

ive mobilization margin was not an adverse prognostic factor. The

uthors proposed that a positive pancreatic parenchymal transec-

ion margin and the medial meso-pancreas adjacent to major ves-

els, such as the portal vein, SMA, and superior mesenteric vein

r hepatoduodenal ligaments, involves contiguous adventitia and

ymphovascular outflow that is likely the major route of dissemi-

ation. In contrast, the positive mobilization margin includes the

osterior or anterior surface or lateral duodenal margins where 2

djacent organ surfaces have been simply separated; these margins

ontain no vascular or lymphatic planes. 13 In the present study,

mong patients who underwent resection of a pNET, tumor residue

t either the transection or mobilization margin was associated

ith a greater risk of recurrence compared with patients who had

n R0 margin. Local extension or residual tumor foci left in situ,

s well as perineural invasion, were likely the most common rea-

ons for recurrence, because each of these factors has been asso-

iated with relapse after resection after both ductal cancer and

NETs. 25,26 A microscopically positive margin at either the tran-

ection or mobilization surface after pNET resection may therefore

arrant closer surveillance for recurrence postoperatively. 27 

Frozen section is used intraoperatively to assess the resection

argin because most surgeons believe empirically achieving a fi-

al R0 margin may benefit patients with pancreatic cancer. 13,15 In

he present study, frozen section analysis of the intraoperative sur-

ical margin was used in roughly half of the cases (53.6%), sug-

esting that the importance of the use of frozen section varied

onsiderably among surgeons. When an initial positive margin was

oted on frozen section, most patients had reresection of the mar-

in with a final negative margin achieved in a subset of patients. Of

ote, among patients undergoing curative-intent resection of the
NET, achieving a tumor-free margin with reresection of an ini-

ially positive margin offered no survival advantage on multivari-

ble analysis. These findings were consistent with other reports

hat failed to identify an improved survival benefit of re-resection

f an initial positive margin to achieve a final negative margin

mong patients with pancreatic ductaladenocarcinoma. 9,14 As such,

he data suggest that for pNETs, a positive margin per se did not

n any meaningful way affect the OS and was more likely to re-

ect more biologically aggressiveneoplasms. 2,9 , 28 In turn, although

 negative margin should remain the goal of surgical resection, our

tudy and others suggest that the biology of the pNET, and not

urgical millimeters, ultimately drives prognosis. In fact, histologic

rade and perineural invasion were strongly associated with the OS

f these patients. Therefore enucleation or parenchyma-sparing re-

ections of pNETs with minimal margins may be appropriate in se-

ect patients. In fact, parenchyma-sparing resection has been found

o offer similar long-term outcomes compared with more aggres-

ive oncologic resections among patients with small pNETs. 29-32 In

ontrast, parenchymal-sparing resection can be demanding from

 technical standpoint and can also be associated with complica-

ions, such as pancreatic fistula, depending on the location of the

nucleated lesion. As such, clinical judgment should be exercised

hen selecting patients for enucleation versus a more formal pan-

reatic resection with lymphadenectomy. Decisions to perform a

raditional pancreatic resection versus a parenchymal-sparing op-

ration should depend on factors such as the size of the pNET, its

ocation, and the surgeon’s experience. 

The present study had several limitations. Although including

ultiple tertiary referral centers allowed for a larger sample size,

he multicentric nature of the study did not allow for a dedicated

ereview of the pathologic specimens. Nevertheless, the centers in-

luded in the present collaborative were all high-volume centers

ith experienced pathologists who used standardize protocols to

nterpret the specimens. Furthermore, the diagnosis and manage-

ent of pNETs has evolved over the 2 decades, including selection

f patients and use of various therapies (eg, small molecular tar-

eted agents, everolimus and sunitinib, peptide receptor radionu-

lide therapy, somatostatin analogues, and systematic chemother-

py). Despite this, operative resection with curative intent or

ebulking has remained the treatment of choice for patients who

re fit to undergo resection. The use of intraoperative frozen sec-

ion analysis also varied. Variation may not have been dependent

n intraoperative judgment but rather a more systematic bias of

ome pancreatic surgeons never to employ frozen section analysis;
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however, even among surgeons who used frozen section analysis,

the data strongly suggested that reresection was not advantageous.

In conclusion, about 1 in 6 patients had a positive margin

( ≤1 mm) after curative-intent resection for pNETs. Margin status

was associated with RFS, with residual tumor at either the transec-

tion or mobilization margin being associated with increased risk of

recurrence. Margin status was not associated, however, with long-

term survival. In addition, the reresection of an initially positive

surgical margin to achieve a negative margin did not improve the

outcome of patients with pNETs. Taken together, margin status was

not a driving factor in determining survival of patients with pNETs

and therefore parenchymal-sparing pancreatic resections may be

appropriate when feasible. 
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