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Objective: The aim of this study was to predict recurrence in patients with

grade 1 or 2 nonfunctioning pancreatic neuroendocrine tumors (NF-pNET)

after curative resection.

Background: Surgical resection is the preferred treatment for NF-pNET;

however, recurrence occurs frequently after curative surgery, worsening

prognosis of patients.

Methods: Retrospectively, patients with NF-pNET of 3 institutions were

included. Patients with distant metastases, hereditary syndromes, or grade 3

tumors were excluded. Local or distant tumor recurrence was scored. Inde-

pendent predictors for survival and recurrence were identified using Cox-

regression analysis. The recurrence score was developed to predict recurrence

within 5 years after curative resection of grade 1 to 2 NF-pNET.

Results: With a median follow-up of 51 months, 211 patients with grade 1

to 2 NF-pNET were included. Thirty-five patients (17%) developed recur-

rence. The 5- and 10-year disease-specific/overall survival was 98%/91%

and 84%/68%, respectively. Predictors for recurrence were tumor grade 2,

lymph node metastasis, and perineural invasion. On the basis of these

predictors, the recurrence score was made. Discrimination [c-statistic 0.81,

95% confidence interval (95% CI) 0.75–0.87] and calibration (Hosmer

Lemeshow Chi-square 11.25, P ¼ 0.258) indicated that the ability of the

recurrence score to identify patients at risk for recurrence is good.

Conclusions: This new scoring system could predict recurrence after curative

resection of grade 1 and 2 NF-pNET. With the use of the recurrence score, less

extensive follow-up could be proposed for patients with low recurrence risk.

For high-risk patients, clinical trials should be initiated to investigate whether

adjuvant therapy might be beneficial. External validation is ongoing due to

limited availability of adequate cohorts.
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n patients with curative resected nonfunctional pancreatic neuro-
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I endocrine tumor (NF-pNET), the overall prognosis is usually
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favorable. The main focus during follow-up is to detect recurrence
at an early stage.1–3 However, follow-up regimens after resection of
pNET are generally the same and no distinction is made between
patients on the basis of the presence or absence of specific tumor
characteristics. Reliable recurrence rates are difficult to deduct from
literature because of the rarity of the disease and the inhomogeneous
group of patients with resected pNETs. Most studies include patients
with hereditary syndromes, hormonal overproduction, incidentally
detected pNET, and patients with metastases or locally advanced
disease.4–8 All these patients have a different probability of tumor
recurrence and survival.

In general practice, knowledge about the prognosis of a patient
provides support when determining the frequency of the follow-up
visits. Better estimation of long-term prognosis of curable patients is
therefore desirable. With this knowledge, postoperative management
can be customized on the basis of the expected risk of recurrence, as
is common in some other malignancies.9 This approach can have
advantages for the patient as well as the hospital and the health care
system. Despite international guidelines,10,11 there is still much
uncertainty about the frequency of follow-up visits and radiological
imaging. Current European Neuroendocrine Tumor Society
(ENETS) and North American Neuroendocrine Tumor Society
(NANETS) guidelines provide recommendations on the management
of pNET but do not include statements on postoperative follow-up
regimens. Moreover, the latest guidelines propose a conservative
approach in the surgical management of small tumors <2 cm. This
opinion is based on retrospective analyses and the indolent nature of
these tumors. This strategy could be adopted for a select group of
patients after surgical resection of tumors without unfavorable
characteristics.

In comparison with other types of cancer, including pancreatic
cancer, adjuvant treatment after surgical resection is not recom-
mended for patients with NF-pNET.4 In metastatic patients, different
treatment options are available in order to reduce tumor load, to
inhibit tumor growth, or to alleviate these symptoms.12 These include
chemotherapy,13,14 Long-acting somatostatin analogues,15,16 mam-
malian target of rapamycin or tyrosine kinase inhibitors (everolimus,
sunitinib),17,18 and peptide receptor radionuclide therapy (PRRT).19

Theoretically, one or more of these treatment options could serve as
an adjuvant therapy in patient swith a risk of recurrent disease after
curative resection. Clinical trials are needed to evaluate this benefit.
However, it is difficult to identify high-risk patients, most likely
explaining why this has never been investigated before.

Until now, it is unclear which combination of risk factors for
recurrence matter most in patients with grade 1 or 2 NF-pNETs in
daily practice. A recent study by Birnbaum et al20 reported tumor size
and tumor grade to be independent predictors for recurrence in
patients with sporadic NF-pNET without distant metastases. How-
ever, studies on predictive factors are scarce and frequently include
er Health, Inc. All rights reserved.

patients with distant metastasis present during surgical resection,
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hereditary syndromes, or high-grade carcinoma. The aim of this
study was to analyze the long-term outcome in a very selective group
of patients with low- to intermediate-grade NF-pNET without her-
editary syndromes, grade 3 tumors, or distant metastasis at time of
diagnosis. Recurrence rates and significant predictors for recurrence
were analyzed. With these predictors, the recurrence score was
developed to calculate the risk of recurrence of the individual patient

and to identify high-risk patients after curative resection.

The Medical Ethics Review Committee has approved the study.
PATIENTS AND METHODS

Retrospectively, all NF-pNET with a curative resection from
1992 to 2015 of 3 academic institutions were included: the Erasmus
Medical Center in Rotterdam and the Academic Medical Center in
Amsterdam, both in the Netherlands, and the Ospedale San Raffaele
in Milano, Italy. All institutions are high-volume centers for pan-
creatic surgery and specialized in the treatment of neuroendocrine
tumors. The pathology reports of all pancreas resections in the
selected period were reviewed for the diagnosis of pNET. Patients
were included if a histopathology-proven pNET was present.
Inclusion criteria for this study were adults with a curative resected
grade 1 or 2 NF-pNET without distant metastases at the time of
diagnosis. Patients with ampullary or duodenal NETs and all
patients with (unresectable) locally advanced disease or distant
metastases, successfully treated or not, were excluded. Patients
with hereditary syndromes, such as multiple endocrine neoplasia
type 1 (MEN-1) or Von Hippel-Lindau syndrome (VHL) or with
grade 3 NF-pNET, even if diagnosed after resection of the pNET,
were also excluded.

NF-pNET was defined as a pNET without clinical syndrome
based on symptoms associated with hormone overproduction. The
medical records, radiological imaging reports, and operation reports
were reviewed for the demographics and clinical data, including age
of surgery, sex, tumor size (based on preoperative radiological
imaging), tumor location, and type of surgery. Radiological imaging
consisted of abdominal computed tomography (CT) scan and in some
patients of endoscopic ultrasonography and/or octreotide scintigra-
phy (Octreoscan/68Ga PET-CT).

Depending on tumor location, pancreatoduodenectomy, distal,
or total pancreatectomy was performed. Central pancreatectomy or
tumor enucleation was performed in patients with small pNET far
enough from the pancreatic duct. Lymphadenectomy was not rou-
tinely performed in patients with tumor enucleation. All included
NF-pNET were reassessed with an emphasis on for tumor grade,
lymph node involvement, vascular, or perineural invasion by 3
experienced pathologists (FJ van K, S van E, and JV). Mitotic count
and histological grade were based on the World Health Organization
(WHO) classification of 2010 in grade 1 to 3.21 Resection margins
were classified according the Royal College of Pathologists.22

Completely excised tumors were classified as R0, and tumors with
microscopic margin involvement <1 mm were classified as R1.
Pathology was performed according to the local protocols.

Major complications after surgery were defined as pancreatic
fistula grade B/C, delayed gastric emptying grade B/C, or post-
operative bleeding grade B/C, scored according to the ISGPF classi-
fications.23–25

As small pNET may show a more indolent recurrence pattern,
separate analyses were performed concerning patient with NF-pNET
<2 cm.

Besides routine control of physical symptoms, the follow-up
program consisted of physical examination, laboratory tests, and
radiological imaging. The first year after surgery, patients were seen
every 6 months. Thereafter, follow-up was annually or in case of
 Copyright © 2017 Wolters Klu

elevated chromogranin A or dubious radiology results continued
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every 6 months. Follow-up was indicated for 10 years after surgery.
Recurrence was defined as local recurrence in the pancreas, new
localization in lymph nodes, or the development of distant meta-
stases. Recurrence-free survival was defined as the percentage of
patients without recurrence after resection. Disease-specific survival
was the percentage of patients who have not died due to pNET.

Statistical Analysis
Statistical analyses were performed using SPSS Statistics for

Windows version 23.0 (IBM Corp., Armonk, NY) and R for Win-
dows version 3.3.1 via the R-studio interface (2016 The R Founda-
tion For Statistical Computing, platform i386-w64-mingw32/i386
[32-bit]) (cran-Rproject.org). On the basis of the distribution, the data
were described with mean and standard deviation (SD) or median and
interquartile range (IQR). For categorical data, the number and
proportion (%) were displayed. Kaplan-Meier curves were used to
determine the median time for recurrence and survival. To identify
predictors for survival within 10 years after curative surgery, a Cox
proportional hazard regression was performed. This was repeated for
predictors for recurrence within 5 years. The assumption of pro-
portional hazard regression was tested by visually inspecting the log
minus log plots. No violations were detected for any of the variables
included in the model. The results were presented with the hazard
ratio (HR) and the 95% confidence interval (95% CI). To determine
predictors for recurrence, a backwards selection with a P value of
<0.05 was used to select the variables one by one from the multi-
variable Cox regression analysis. On the basis of the HRs of the
significant predictors of the multivariable Cox regression, a scoring
system was made. The HR was translated into a score (the recurrence
score) for each predictor and multiplied by 10 to prevent loss of
information due to rounding. The overall recurrence score corre-
sponds to the risk for recurrence within 5 years after a curative
resection. Receiver operating characteristic (ROC) analysis was
performed to determine the most suitable cut-off of the recurrence
score. Both the Youden index and the Log rank method were used to
determine the recurrence score with the most appropriate sensitivity
and specificity. Model performance was assessed by measurements
of discrimination and calibration. Discrimination is the ability to
separate the persons who will have recurrence from the persons who
will not have recurrence. Calibration is the ability to correctly
quantify the observed absolute risk. The discriminative ability of
the model was examined by calculating Harrel c-statistic26 with 95%
CI and the calibration of the model was assessed by calculating the
goodness of fit Hosmer-Lemeshow Chi-square test. Moreover, we
examined the discrimination of the WHO grade model and compared
the c-statistics of the 2 models using a z-test. The c-statistic may vary
from 0.5 to 1.0. A discriminative value of 0.5 was considered as good
as chance and a value above 0.9 was excellent. Calibration was not
significant; the prediction of the model was comparable with the
actual outcome. A 2-sided P value<0.05 was considered significant.
RESULTS

With a mean age of 60 years (range 19 to 83) at diagnosis, 211
patients were included in the analysis. Patient and tumor character-
istics are listed in Table 1. In total, 139 patients had a G1 tumor.
Median tumor size was 25 mm (IQR 15 to 44) and most frequently
located in the pancreatic head (40%). Pancreatoduodenectomy was
performed in 64 (30%), left pancreatectomy in 101 (48%), tumor
enucleation in 29 (14%), central pancreatectomy in 11 (5%), and
total pancreatectomy in 5 (2%) patients. Postoperatively, major
complications were seen in 58 patients (27%) and consisted of
wer Health, Inc. All rights reserved.

pancreatic fistula grade B/C in 46 patients (22%), delayed gastric
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TABLE 1. Patient and Tumor Characteristics (n ¼ 211), n
(%)

Age, median 60 (IQR 50–66)
Male 103 (48.8%)
Tumor location

Head 80 (37.9%)
Body 59 (28%)
Tail 72 (34.1%)

Tumor grade
G1 139 (65.9%)
G2 72 (34.1%)

Tumor size, median (mm) 25 (IQR 15–44)
Major complications 58 (26.5%)
Resection margin

R0 179 (84.8%)
R1 32 (15.2%)

Positive lymph nodes 51 (24.2%)
Perineural invasion 28 (13.3%)
Vascular invasion 50 (23.7)
Mortality 19 (9%)

Disease related deaths 9 (4.3%)
Tumors <2 cm 84 (39.8%)

Size, median 14 (IQR 11–17)
G2 14 (16.7%)
R1 resection margin 11 (13.1%)
Positive lymph nodes 10 (11.9%)
Recurrence 4 (4.8%)
Mortality 7 (8.3%)

Recurrence 35 (16.6%)
G2 24 (68.6%)
R1 resection margin 10 (28.6%)
Positive lymph nodes 20 (57.1%)
Local recurrence 24 (68.6%)
<5 years after surgery 32 (91.4%)

Genç et al Annals of Surgery � Volume 267, Number 6, June 2018
emptying grade B/C in 7 patients (3%), and postoperative bleeding
grade B/C in 2 patients (1%). One patient experienced a pancreatic
fistula and postoperative bleeding. Complete resection (R0) was
performed in 179 patients (85%), whereas the remaining 32
(15%) showed either microscopic tumor cells at the resection margin
or within 1 mm (R1). R1 resections were found in 12 (18.8%) patients
who underwent pancreatoduodenectomy, 8 (7.9%) patients who
underwent left pancreatectomy, 6 (20.7%) patients who underwent
enucleation, 4 (36.4%) patients with central pancreatectomy, and
2 (40%) with a total pancreatectomy.

Long-term Follow-up
Median follow-up time was 51 months (IQR 29 to 72). Recur-

rence was seen in 35 patients (17%): 16 (46%) after pancreatoduo-
denectomy, 14 (40%) after left pancreatectomy, 3 (9%) after
enucleation, 1 after central pancreatectomy, and 1 after total pancrea-
tectomy. In 24 patients (69%), the recurrence was located in the
pancreatic remnant, whereas 5 patients (14%) developed recurrence
as distant metastases and 1 had lymph node metastasis. Mean tumor
size of patients with recurrence was 36.8 versus 32.9 mm for patients
without recurrence (P> 0.05). Grade 1 was seen in 11 (31.4%) patients
and grade 2 in 24 (68.6%) patients. Ten (28.6%) patients with
recurrence had R1 resection and 20 (57.1%) had lymph node meta-
stases in the resected specimen of the initial surgery. Median time to
recurrence was 43 months (IQR 23 to 62). Mean survival of patients
without recurrence was 163 months, compared with 139 months for
patients with recurrence (P¼ 0.011), Fig. 1. Overall, 19 patients (9%)
deceased, including 9 patients due to tumor progression. The 5- and
 Copyright © 2017 Wolters Kluw

10-year disease-specific survival was 98% and 84%, respectively.
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Overall survival was 91% within 5 years and 68% within 10 years.
Recurrence free survival of all patients is presented in Fig. 1.

Tumor Size <2 cm
On the basis of the latest ENETS guidelines, a subanalysis for

tumors <2 cm was performed. In this cohort, 84 of the 211 patients
had a tumor smaller than 2 cm. Thirty-seven patients were male
(44%) and 47 female (56%), with a median tumor size of 14 mm.
Tumor location was equally distributed between the head, corpus,
and tail of the pancreas (28.6%, 36.9%, and 34.5%, respectively).
Enucleations were performed in 23 cases (27.4%); the remaining
51 patients underwent pancreatic resection. Eleven patients had a R1
resection (13.1%) and 14 patients had a grade 2 tumor (16.7%).
Lymph node metastases were present in 10 patients (11.9%) and
perineural invasion was seen in 8 patients (9.5%). Recurrence was
seen in 4 of 84 patients (4.8%). Seven patients died, of whom 2 were
related to pNET. From univariable analysis, tumor grade (HR 18.5,
95% CI 1.91–179.13, P ¼ 0.012), positive lymph nodes in the
resected specimen (HR 7.8, 95% CI 1.09–55.16, P ¼ 0.041),
perineural invasion (HR 30.7, 95% CI 3.19–295.74, P ¼ 0.003),
and vascular invasion (HR 6.9, 95% CI 0.97–49.03, P ¼ 0.05) were
predictors of recurrence within 5 years after curative surgery. Multi-
variable analysis was not performed due to patient numbers. Disease-
specific survival was 97% in 5 years and the same for 10 years. The
5- and 10-year overall-survival was 91% and 79%, respectively.

Predictors for Survival and Recurrence
A Cox regression analysis was performed to identify risk

factors for mortality within 10 years after surgery (Table 2). pNET-
related death was associated with perineural invasion (HR 3.8, 95%
CI 1.51–9.63) and recurrence (HR 2.7, 95%CI 1.4–6.56). Cox
regression analysis was repeated for predictors for recurrence within
5 years after surgery (Table 3). Univariable analysis was significant
for tumor size, R1 resection, tumor grade, positive lymph nodes in the
resected specimen, and perineural invasion. With a backwards
selection, tumor grade (HR 4.07, 95% CI 1.87–8.84), positive
lymph nodes in the resected specimen (HR 2.44, 95% CI 1.17–
5.09), and perineural invasion (HR2.38, 95% CI 1.11–5.10) were
significant to predict recurrence in the multivariable analysis. Recur-
rence within 5 years after curative resection was seen in 25% of
patients with only tumor grade 2, in 30% of patients with only
positive lymph nodes, and in 14% of patients with perineural
invasion. In the presence of 2 predictive factors, recurrence was
seen in 38% of patients with a grade 2 tumor and positive lymph
nodes, 40% of patients with positive lymph nodes and perineural
invasion, and in 33% of patients with a grade 2 tumor and perineural
invasion. When all predictive factors were present, 60% of the
patients showed recurrence. Of the 107 patients with none of these
factors present, only 2 developed recurrent disease.

The Recurrence Score
A scoring system was made on the basis of the independent

predictors from the multivariable Cox regression analysis (Fig. 2). The
recurrence score predicts the probability to develop recurrencewithin 5
years after curative resection in patients with a grade 1 or 2 NF-pNET.
For each patient, a total recurrence score was calculated on the basis of
the presence or absence of these factors. Patients with recurrent disease
showed significantly higher recurrence scores (49.3) than the recur-
rence scores of patients without recurrence (17.7, P < 0.001).

The recurrence score was internally validated. The discrim-
inative ability of the recurrence score was good, with a Harrel
c-statistic of 0.81 (95% CI 0.75–0.87) and a Hosmer Lemeshow
Chi-square test of 11.25 (P¼ 0.258). In practice, the WHO grading is

15
er Health, Inc. All rights reserved.

used to predict recurrence. The discrimination of the WHO grading
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FIGURE 1. Kaplan-Meier analysis of patients with a grade 1 or 2 NF-pNET. A, Ten-year overall survival of patients with and without
recurrent disease. B, Ten-year recurrence-free survival of all patients.
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was lower than the recurrence score with a c-statistic of 0.72 (95% CI
0.64–0.79). However close, this was not significant (P ¼ 0.059).
Calibration of this model was not examined because it only consists
of 2 variables, grade 1 and grade 2.

To determine the appropriate cut-off to identify high-risk
patients for recurrence within 5 years after surgery, an ROC
analysis of the recurrence score was performed, Fig. 3. This
resulted in an optimal recurrence score cut-off of 24, with a
sensitivity of 91% and specificity of 62%. Kaplan-Meier analysis
 Copyright © 2017 Wolters Klu

showed a significant difference in recurrence within 5 years after

TABLE 2. Predictors for Mortality Within 10 Years

Univariable Cox Regression

HR 95% CI

Male sex 1.218 0.515–2.877
Age, y
<40 ref ref
40–50 0.307 0.019–4.919
51–60 1.276 0.153–10.610
61–70 1.949 0.247–15.412
>70 2.300 0.256–20.624
Tumor location
Head ref ref
Body 0.684 0.248–1.884
Tail 0.629 0.214–1.846
Tumor size
<2 cm ref ref
2–4 cm 1.249 0.464–3.361
>4 cm 1.088 0.345–3.431
Major complication 0.660 0.244–1.787
R1 resection 2.439 0.980–6.072
Tumor grade 2 1.816 0.768–4.291
Positive lymph nodes 2.105 0.872–5.085
Perineural invasion 4.130 1.644–10.375
Vascular invasion 1.755 0.723–4.263
Recurrence 2.977 1.237–7.169

Ref indicates reference.

� 2017 Wolters Kluwer Health, Inc. All rights reserved.
surgery for patients with a recurrence score below 24 with a mean
time to recurrence of 59 months, compared with patients with
a recurrence score of 24 and higher and mean time to recurrence
of 46.9 months (P < 0.001). Mean 10-year disease-specific and
overall survival was 181.3 months (95% CI 178.0–184.6) and
110.3 months (95% CI 103.4–117.3), respectively, for patients
with a recurrence score below 24, compared with 167.0 months
(95% CI 140–193.6) and 99.4 months (95% CI 90.3–108.6),
respectively, for patients with a recurrence score of 24 and higher
wer Health, Inc. All rights reserved.

(DSS P ¼ 0.008, OS P ¼ 0.038).

Multivariable Cox Regression

P HR 95% CI P

0.654

ref
0.404
0.822
0.527
0.457

ref
0.463
0.399

ref
0.659
0.885
0.414
0.055
0.174
0.098
0.003 3.813 1.510–9.627 0.005
0.214
0.015 2.730 1.137–6.554 0.025
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ones reported in the literature and can be translated into a probability

TABLE 3. Predictors for Recurrence Within 5 Years

Univariable Cox Regression Multivariable Cox Regression

HR 95% CI P HR 95% CI P

Male sex 1.149 0.573–2.3 0.696
Age
<40 ref ref ref
40–50 0.249 0.05–1.236 0.089
51–60 0.775 0.213–2.818 0.699
61–70 0.830 0.238–2.891 0.769
>70 0.294 0.049–1.763 0.181
Tumor location
Head ref ref ref
Body 1.969 0.842–4.605 0.118
Tail 1.099 0.412–2.929 0.851
Tumor size
<2 cm ref ref ref — — —
2–4 cm 3.957 1.302–12.028 0.015
>4 cm 5.920 1.946–18.008 0.002
Major complication 0.932 0.531–1.636 0.806
R1 resection 2.722 1.286–5.763 0.009 — — —
Tumor grade 2 5.625 2.653–11.927 <0.001 4.066 1.871–8.835 <0.001
Positive lymph nodes 4.039 2.014–8.102 <0.001 2.439 1.17–5.085 0.017
Perineural invasion 4.088 1.970–8.485 <0.001 2.380 1.111–5.097 0.026
Vascular invasion 3.518 1.759–7.037 <0.001 — — —

Ref indicates reference.
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DISCUSSION

Patients with pancreatic neuroendocrine tumors generally
have a favorable prognosis. However, in case of recurrence, these
patients have a poor survival. Assessment of risk factors for recur-
rence could therefore be of importance. In this study, the recurrence
score is presented that can identify patients at risk to develop
recurrence within 5 years after curative surgery of a grade 1 or
grade 2 NF-pNET. For these patients, adjuvant therapy after curative
resection might improve prognostic outcomes. For these patients,
 Copyright © 2017 Wolters Kluw

postoperative follow-up regimens can be customized on the basis of

FIGURE 2. The recurrence score to predict recurrent disease
within 5 years after curative resection. Patients score points for
the presence or absence of each of the tumor characteristics.
The total points can be translated into the probability of
recurrent disease within 5 years after curative surgery.

1152 | www.annalsofsurgery.com
their risk profile. Further research is warranted to investigate whether
adjuvant therapy after curative resection might improve prognostic
outcomes.

The recurrence score can be calculated from the presented
scoring-system based on the presence or absence of predictors for
recurrence. The predictors presented in this study correspond to the
er Health, Inc. All rights reserved.

FIGURE 3. ROC analysis of recurrence scores to determine the
most appropriate cut-off to identify high-risk patients for recur-
rence within 5 years after curative surgery.

� 2017 Wolters Kluwer Health, Inc. All rights reserved.
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to develop recurrence.20,27–29 With the recurrence score, a selection
of patients who have a high or low risk for recurrence after curative
resection can be made. For example, patients with a recurrence score
of 0 have a 7% risk of recurrence within 5 years. Cost-effectiveness
of follow-up with imaging should be evaluated for this group of
patients. On the contrary, patients with a recurrence score of 40 or
higher have a 25% or more risk of recurrence, which will be a clear
indication for follow-up with imaging techniques and possibly even
adjuvant treatment to reduce this recurrence risk. To our knowledge,
no literature exists that describes the role and effects of adjuvant
therapy for patients after curative surgery of pNET. On the basis of
the treatment of patients with advanced pNET, different treatment
options are available that can serve as adjuvant treatment.30 The
presented recurrence score sets a basis for future trials to select
patients to investigate the role of adjuvant therapy based on risk
stratification for recurrent pNET.

According to the new ENETS guidelines, patients with NF-
pNET smaller than 2 cm of size no longer have to undergo surgery to
achieve optimal oncologic outcomes. Evidence for these changes in
the management of this disease is based on retrospective analyses
only.31–33 Prospective cohorts are necessary to confirm this assump-
tion. Theoretically, the same strategy could be translated to low-risk
patients without unfavorable characteristics after surgical resection
of pNET.

In this cohort, the recurrence score was a better predictor of
recurrence within 5 years than tumor grade of the WHO classifi-
cation, with an almost statistically significant lower c-statistic of 0.72
(P ¼ 0.058). This effect may be explained by the comparison of a
model with 2 extra independent predictors in comparison with 1 in
the model of the WHO. However, in the recurrence score, grading is
the strongest independent predictor with an HR of 4.01.

Most studies on risk factors for recurrence after resection of
pNET include patients with distant metastases present at resection,
functional and nonfunctional tumors combined or patients with
familial syndromes.28,34–36 By including these patients, the results
are difficult to interpret and sometimes misleading, as the risk of
recurrence and survival is different for these patients. In this study, a
very selective group of NF-pNET was included and analyzed on risk
factors for recurrent disease. These strict criteria limit the amount of
patients suitable for inclusion considerably. To overcome this prob-
lem, cohorts from experienced international academic centers with
close relations to the European Neuroendocrine Tumor Society
(ENETS) were combined to increase the sample size and therefore
reliability of the recurrence score. However, the same limitations
were experienced in finding an adequate validation cohort. External
validation is needed in order to investigate whether the recurrence
score is useful in another population. Because the relevance of the
recurrence score can be of clinical value, we have decided to publish
these data while external validation is ongoing.

The majority of the patients in this study showed recurrence
located in the pancreatic remnants (69%) as opposed to distant
metastases. In the literature, there is inconsistency on the definition
of recurrence. Some studies only score recurrence when it is diag-
nosed as distant metastases,20,37,38 whereas new localization of tumor
tissue in the remnant pancreas or regional lymph nodes should also be
considered as recurrence. In addition, it is not yet known if recurrence
occurs more frequently locally or as distant metastases. Therefore, it
is unclear whether these results are influenced by selection bias.

There are some limitations in this study. First is the extended
inclusion period. In the beginning of the study, the follow-up pro-
gram was not standardized for every patient. For example, in patients
with elevated chromogranin A, radiological imaging was more
frequently performed. On the contrary, in patients with a grade 1
 Copyright © 2017 Wolters Klu

tumor without positive lymph nodes, a less strict follow-up program
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was followed. This may bias the time to detect recurrence. However,
until now, there is no exact follow-up program in the guidelines4,10,39

Furthermore, it has been a challenge to obtain a cohort of this size.
An unrealistic large cohort is needed to meet up to the standard
recommendations for Cox regression analysis. As this study inves-
tigated a rare disease with a recurrence rate that corresponds to the
literature, Cox regression analysis has been performed nevertheless
and 3 predictors have been included in the recurrence score.1–3

In this cohort of 211 NF-pNET patients, microscopic
positive resection margins were seen in 15% after pancreatic
resection. Similar results have been reported in studies with
comparable patient populations.38,40 However, it is noteworthy
that in this cohort, incomplete resections were seen in 17.4% of
the patients that underwent a surgical resection before 2012,
whereas this was 8.9% from 2012 to 2015. The proportion of
patients with an incomplete resection might therefore be explained
by the period in which they underwent surgery. In previous years, it
was generally assumed that oncologic outcome was not affected by
positive resection margins, due to the indolent nature of pNET.
Even in the present day, the role of resection margins remains
unclear. Without this knowledge, surgeons balance the risk of
postoperative complications against the prognostic value of an
extensive resection.

Our future goal in the treatment of grade 1 or 2 NF-pNET is
adjuvant treatment for high-risk patients with NF-pNET based on the
recurrence score. External validation with a different cohort is
needed in order to investigate whether this scoring system is valid
for worldwide use. Furthermore, clinical trials are needed to inves-
tigate whether these high-risk patients may benefit from adjuvant
treatment after curative resection. It is beyond the topic of this study
to discuss the most optimal design for future research.

Conclusion
Tumor grade, positive lymph nodes, and perineural invasion

are independent predictors for tumor recurrence. On the basis of
these risk factors, the recurrence score is presented to predict
recurrence after surgical resection of grade 1 and 2 NF-pNETs.
External validation is required to investigate whether this scoring
system can be used in the clinical practice. Patients with a recurrence
score �24 are considered to be high-risk and may benefit from
adjuvant therapy.
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