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Abstract

Background: To define recurrence patterns and time course, as well as risk factors associated 

with recurrence following curative resection of pNETs.

Method: Patients who underwent curative-intent resection for pNET between 1997 and 2016 

were identified from the US Neuroendocrine Tumor Study Group. Data on baseline and tumor-

specific characteristics, overall survival (OS), timing and first-site of recurrence, predictors and 

recurrence management were analyzed.
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Results: Among 1020 patients, 154 (15.1%) patients developed recurrence. Among patients 

who experienced recurrence, 76 (49.4%) had liver-only recurrence, while 35 (22.7%) had 

pancreas-only recurrence. The proportion of liver-only recurrence increased from 54.3% within 

one-year after surgery to 61.5% from four-to-six years after surgery; whereas the proportion 

of pancreas-only recurrence decreased from 26.1% to 7.7% over these time periods. While liver-

only recurrence was associated with tumor characteristics, pancreas-only recurrence was only 

associated with surgical margin status. Patients undergoing curative resection of recurrence had 

comparable OS with patients who had no recurrence (median OS, pancreas-only recurrence, 133.9 

months; liver-only recurrence, not attained; no recurrence, 143.0 months, p = 0.499)

Conclusions: Different recurrence patterns and timing course, as well as risk factors 

suggest biological heterogeneity of pNET recurrence. A personalized approach to postoperative 

surveillance and treatment of recurrence disease should be considered.

Introduction

Gastro-entero-pancreatic neuroendocrine tumors (GEP-NET) are a heterogeneous group of 

tumors that originate from the diffuse neuroendocrine cell system of the gastrointestinal tract 

and pancreas.1 Pancreatic neuroendocrine tumors (pNETs) are generally the most malignant 

tumor type among the various GEP-NET.2 Of note, the worldwide incidence of pNET has 

increased three to seven fold over the past decade.3–5 In fact, the incidence of pNET is now 

about 1 in 100,000 persons in the United States.6

While surgical resection is the only curative treatment for pNETs,7,8 recurrence is common 

and can be associated with a worse quality of life and shorter survival among patients 

with pNET.9,10 Specific data on recurrence after surgical resection of pNETs are, however, 

relatively ill-defined.11–13 Previous studies have largely focused on factors associated with 

recurrence such as tumor features and surgical characteristics.10,14–17 In contrast, patterns 

and timing of recurrence, which may impact patient outcomes, have not been a specific 

focus of inquiry. Data on timing of recurrence may be important, however. For example, 

Groot et al. reported distinct predictive factors related to different disease sites and time 

courses for recurrence among patients undergoing curative resection of pancreatic ductal 

adenocarcinoma.18 In turn, defining the time course and patterns of pNET after oncological 

resection may help elucidate the heterogeneity in biological behavior and natural history 

of pNET, as well as inform prognostic stratification and guide surveillance and treatment. 

As such, the objective of the current study was to define the patterns and time course of 

recurrence following curative-intent resection of pNET, and characterize the risk factors 

associated with different patterns of recurrence, as well as describe outcomes following 

re-treatment of pNET recurrences.

Methods

Study cohort and data collection

Patients undergoing surgical resection for pNETs between 1997 and 2016 were identified 

from the US Neuroendocrine Tumor Study Group.10 All patients were diagnosed with 

pNET by final histologic examination. Patients who underwent R2 resection and who had 
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concomitant liver metastases were excluded from the study cohort. The Institutional Review 

Boards of each participating institution approved the study.

Standard patient demographic, clinicopathologic, and treatment data were collected. 

Functional tumor was defined as symptoms associated with hormone overproduction, 

including insulinoma, glucagonoma, gastrinoma, VIPoma and somatostatinoma.19 Tumor 

number, size and differentiation, nodal status, Ki-67 category, perieural and vascular 

invasion were identified from the final pathologic report. An R0 resection was defined as a 

minimum margin length of >1 mm; an R1 resection was defined as the microscopic presence 

of tumor at the margin or a minimum margin length of ≤ 1 mm.10 Recurrence-free survival 

(RFS) was defined as the time duration from the date of initial surgery to tumor recurrence. 

Overall survival (OS) after recurrence was defined as the time duration from the date of 

recurrence after surgery to patient death or the end of the study.

Follow up and pattern of recurrence

All patients were followed regularly in each participating institution. The follow-up protocol 

at each center was once every 3–4 months within the first 3 years after operation and then 

once every 6 months until year 5, after which screening occurred annually. Serum tumor 

markers were prospectively monitored with imaging studies. Recurrent pNET was defined 

as identification of suspicious imaging findings on postoperative surveillance or biopsy 

proven disease. The initial recurrence site was identified for purposes of classification. 

The recurrence sites were classified into 3 patterns: pancreas-only recurrence, liver-only 

recurrence and other site recurrence. Pancreas recurrence was defined as the initial 

recurrence only if the recurrence occurred in the remnant pancreas or at the cut surface; 

liver recurrence was defined if the initial recurrence occurred only in the liver. Other site 

recurrence included multiple site recurrence or recurrence in organs other than pancreas or 

liver.

Statistical analysis

Continuous variables were expressed as medians with interquartile ranges (IQR) and 

categorical variables were expressed as totals and percentages. Statistical analyses were 

performed with the Mann–Whitney U test, χ2 test or Fisher exact test as appropriated. 

OS, RFS and OS after recurrence were estimated using the Kaplan–Meier method and 

compared by log-rank analysis. Factors associated with RFS for different recurrence patterns 

were identified via univariate and multivariable analyses using Cox-proportional hazard 

regression models; results were reported as hazard ratios (HRs) and 95% confidence 

intervals (95% CI). Statistical analysis was performed using SPSS Version 22.0 (IBM 

Corporation, Armonk, NY).

Results

Baseline characteristics

A total of 1020 patients undergoing R0/R1 resection for pNET without liver metastases 

were identified (Table 1). The clinicopathologic characteristics and details of the surgical 

procedures were summarized in Table 1. The most common surgical procedure was a distal 
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pancreatectomy (n = 576, 56.5%), which was consistent with the tumor primary location 

(neck/body, n = 234, 22.9%; tail, n = 401, 39.3%). Among patients who underwent distal 

pancreatectomy, 477 of them (82.8%) had a concomitant splenectomy. Lymphadenectomy 

was performed in 858 (84.1%) patients; the median number of lymph nodes retrieved was 10 

(IQR 5–16). Post-operatively, half of patients experienced a complication (n = 514, 53.3%) 

with 22.1% having a severe Clavien-Dindo III–V complication (Table 1). Median, 3-, 5-, 

and 10-year RFS for the entire cohort was 135.1 months (95% CI, 116.6 – 153.6), 85.6%, 

78.0% and 57.0%, respectively. Median, 3-, 5-, and 10-year OS was 176.4 months (95% CI, 

134.3–218.6), 92.5%, 88.6%, and 71.9%, respectively.

Recurrence pattern and timing

Among the 1020 patients who underwent curative resection for pNET, 154 (15.1%) patients 

developed tumor recurrence after a median follow-up of 34.7 months (IQR 12.0 – 62.7 

months). Among patients who recurred, half of all recurrences occurred within two years 

after surgery (n = 82, 53.3%), while 72 (46.7%) patients experienced a later recurrence. 

The liver (n = 76, 49.4%) and pancreas (n = 35, 22.7%) were the most common sites of 

recurrence; other recurrent sites included the lungs (n = 2), distant lymph nodes (n = 2), 

peritoneum (n = 3), retroperitoneum (n = 1) and multiple organs (n = 34). The proportion 

of liver-only recurrence gradually increased from 54.3% in the first years after surgery to 

61.5% from four to six years after surgery; in contrast, the proportion of pancreas-only 

recurrence decreased from 26.1% in the first year after surgery to 7.7% from four to six 

years after surgery (Fig. 1).

Among the 76 patients who developed liver-only recurrence, half of the patients recurred 

within two years after surgery (n = 40, 52.6%), whereas 36 (47.3%) recurred at a later time 

point (Fig. 2a). For patients who experienced pancreas-only recurrence, 21 patients recurred 

within 2 years after surgery; 14 patients recurred after two years with one patient recurring 

10 years following surgery (Fig. 2a). Of note, the patient who experienced recurrent isolated 

pancreatic disease actually had a second pNET primary tumor that was distinct from the 

primary resection bed.

Median RFS was 20.2 months among the 154 patients who experienced a recurrence. 

Among patients who had a liver-only recurrence, the median RFS was 19.6 months, which 

was comparable to the median RFS of 18.7 months among patients with pancreas-only 

recurrence (Fig. 2b).

Factors associated with patterns of recurrence

After adjusting for potential confounding factors in the Cox-proportional hazards model, 

an underlying genetic syndrome (HR 2.49, p = 0.015) and a Ki-67 > 20% (HR 5.29, p 
= 0.007) were identified as independent risk factors associated with anysite recurrence of 

pNET after curative resection (Supplementary Table 1). In contrast, multivariable analysis 

revealed that R1 versus R0 resection (HR 5.12, p = 0.003) was the only risk factor associated 

with a risk of pancreas-only recurrence after surgery (Table 2). In addition, on multivariable 

analysis, risk factors associated with increased likelihood of liver-only recurrence included 
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Ki-67 index (both p < 0.05), presence of perineural invasion (HR 3.66, p = 0.003), and major 

vascular resection (HR 3.23, p = 0.029) (Table 3).

Survival after recurrence

Perhaps not surprisingly, OS among the 154 patients who experienced a recurrence was 

shorter than OS among the 866 patients with no recurrence (10-year survival, recurrence 

57.2% versus no recurrence 81.2%) (HR 1.67, 95% CI 1.12–2.52, p = 0.014) (Fig. 3a). 

Among the 154 patients who recurred, 48 patients underwent further surgical resection, 

while 106 patients received non-surgical treatment. Patients who underwent resection of 

the recurrence had a longer OS versus patients who were treated with non-surgical therapy 

(OS after recurrence, 49.3 versus 22.3 months, p = 0.026) (Fig. 3b). Of note, the OS of 

patients undergoing curative resection for pancreas-only recurrence or liver-only recurrence 

was comparable to the long-term outcomes of patients who experienced no recurrence 

(median OS, pancreas-only recurrence, 133.9 months; liver-only recurrence, not attained; no 

recurrence, 143.0 months, p = 0.499) (Fig. 3c).

Discussion

While resection is the cornerstone therapeutic approach for patients with pNET, recurrence 

can adversely impact quality of life and long-term outcomes.9,10,12 In fact, in the current 

study, 15% of the patients experienced a recurrence following curative-intent resection 

of pNET. Given the high incidence of recurrence, data on actual patterns and timing of 

pNET recurrence after curative resection may be important to plan the most cost-effective 

follow-up strategy, as well as guide appropriate subsequent therapy.11 In the current study, 

among patients who experienced a recurrence, more than half developed recurrence within 

two years after surgery with the risk of recurrence decreasing markedly over time. The most 

common sites of recurrence were the liver and pancreas, with the incidence of pancreatic 

recurrence gradually decreasing over time as the proportion of patients with liver recurrence 

increased. Interestingly, the risk of liver recurrence was largely associated with biological 

tumor characteristics, while pancreas recurrence was only associated with surgical margin 

status. In addition, in a subset of select patients who experienced a recurrence, repeat 

curative-intent re-resection of either liver or pancreas recurrence was associated with a 

reasonable long-term OS.

The liver was the site of roughly half of all recurrences after curative resection for 

pNET. In addition, the proportion of hepatic recurrence increased gradually over time 

following resection of pNET. Studies from our group and others had previously reported 

that the liver is the most common site for the development of NET metastasis.10,11,20–23 

Specifically, patients with GEP-NET often develop liver metastasis during the course of 

the disease.21,23–25 While roughly half of patients will present with synchronous disease, 

it is estimated that close to 50% of patients will present with metachronous liver disease 

during the course of their life.22,26 Data from the current study demonstrated that patients 

who developed metachronous disease most commonly experienced recurrence within the 

first two years following resection of the primary pNET. Patients who develop NET liver 

metastasis can have a diverse in their clinical presentation.27 As such, appropriate follow-up 
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and knowledge of the risk factors associated with recurrence are important to ensure timely 

identification of recurrent disease. The current report builds on previous research in that the 

data specifically linked biological factors, such as Ki-67, with a systemic pattern of recurrent 

disease (e.g. liver), as well as a shorter time to recurrence.15,28 Taken together, patients 

who underwent curative resection for pNET with certain clinicopathologic features, such 

as advanced tumor stage, higher Ki-67 index, perineural and vascular invasion, should be 

closely followed up, especially during the first two years after surgery.

A subset of patients recurred with pancreas-only disease after curative resection of pNET. 

Of note, locoregional pancreatic recurrence accounted for roughly one third of all early 

recurrences within two years of surgery. Rather than biological tumor characteristics, 

surgical margin status was the only factor associated with the risk factor of pancreatic 

only recurrent disease. The role of margin status on recurrence and OS has been somewhat 

controversial.5,10 The reason for these disparate results are likely multifactorial and may be 

related to most previous studies only examining OS – rather than RFS – as well as including 

other colinear variables in the prognostic models. Collectively, the data strongly suggest that 

achieving a free/negative surgical margin is important to improve the outcome of patients 

with pNET and a microscopically positive pNET surgical margin may warrant closer local 

surveillance for local recurrence.

In examining the time of recurrent disease following resection of pNET, the incidence of 

pancreatic recurrence gradually decreased over time as the proportion of patients with liver 

recurrence increased. These findings suggest that while most recurrences occur early within 

the first 1–2 years following resection of pNET, late recurrences can occur even 10 years 

following surgery. In addition, the fact that liver and systemic recurrences occurred later 

in the natural time course of the disease was consistent with their association with adverse 

biological factors. In contrast, the earlier pancreatic-only recurrences may have been more 

related to recurrent disease due to suboptimal margin clearance at the time of initial surgery. 

Another important finding of the current study was that re-resection of recurrent NET was 

demonstrated to be beneficial in some patients. These data are consistent with those reported 

by Bagante et al. who noted that statistical cure after surgery for NELM was possible and 

therefore hepatic resection should be strongly considered for patients with recurrent NET 

disease.29

The current study had several limitations. Although data were derived from a large multi-

institutional database, which increased the sample size and generalizability of the results, 

there were possible inconsistency in patient selection, surgical procedures, postoperative 

surveillance and re-treatment of recurrences among the different centers. In addition, 

Moreover, the exact surveillance interval of each patient and each center varied, which 

might impact diagnosis and treatment of patients who developed recurrence.

In conclusion, recurrence after primary resection of pNETwas common. Most recurrences 

occurred early within the first two years following surgery, however a smaller subset of 

patients did experience a recurrence much later. Among patients who recurred, half had 

liver-only recurrence and a smaller number of patients had pancreas-only recurrence. Of 

note, while biological tumor factors were associated with liver recurrence, technical factors 
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such as margin status were associated with pancreatic recurrence. Whereas the proportion 

of patients with liver recurrence gradually increased, the proportion of pancreas-only 

recurrence decreased over time following surgery. Data from the current study should serve 

to inform patient discussions regarding risk and timing of recurrence, as well as help tailor 

surveillance strategies following resection of pNET.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Recurrence patterns of pNET at different time periods
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Figure 2. 
Cumulative recurrence incidence (a) and disease-free survival (b) among patients who 

experienced different recurrence patterns
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Figure 3. 
a, Overall survival of patients who experienced recurrence versus patients who had no 

recurrence; b, Survival among patients who underwent curative treatment for recurrence 

versus patients who received noncurative treatment for recurrence; c, Overall survival of 

patients who underwent curative treatment for liver-only recurrence or pancreatic recurrence 

versus patients who had no recurrence
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Table 1

Clinical and pathological characteristics of the study cohort

Variables Value

Age (years) 58 (47–66)

Sex

 Female 496 (48.6%)

 Male 524 (51.4%)

Functional status

 Nonfunctional 838 (82.2%)

 Functional 164 (16.1%)

Genetic syndrome

 None 895 (87.7%)

 MEN-1 85 (8.3%)

 VHL 10 (1.0%)

Symptomatic

 N0 442 (43.3%)

 Yes 558 (54.7%)

Primary location

 Head 284 (27.8%)

 Uncinated 44 (4.3%)

 Neck/body 234 (22.9%)

 Tail 401 (39.3%)

 Multiple 51 (5.0%)

Multiple tumor nodules

 Single 909 (89.1%)

 Multiple 106 (10.4%)

Tumor size (cm) 2.1 (1.4–3.5)

Lymph nodes metastasis

 No 623 (61.1%)

 Yes 235 (23.0%)

Ki-67 category

 <3% 412 (40.4%)

 3–20% 249 (24.4%)

 >20% 26 (2.5%)

Tumor differentiation

 Well 781 (76.6%)

 Moderately 89 (8.7%)

 Poorly 20 (2.0%)

Surgical technique

 Open 778 (76.3%)
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 Laparoscopic/robotic 239 (23.4%)

Type of resection

 Enucleation 107 (10.5%)

 Classic PD 129 (12.6%)

 Pylorus preserving PD 159 (15.6%)

 Central pancreatectomy 32 (3.1%)

 Distal pancreatectomy 576 (56.5%)

 Total pancreatectomy 17 (1.7%)

Perineural invasion 169 (16.6%)

Major vascular resection 49 (4.8%)

Lymphadenectomy 858 (84.1%)

Number of lymph node retrieved 10 (5–16)

Operation time (min) 235 (185–315)

Blood loss (ml) 200 (100–400)

Margin status

 R0 866 (84.9%)

 R1 154 (15.1%)

Postoperative morbidity 544 (53.3%)

Severe complication (III–V) 225 (22.1%)

Adjuvant chemotherapy 25 (2.5%)
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