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Abstract
Background: Despite the low recurrence rate of resected 
nonfunctional pancreatic neuroendocrine tumors (NF-
pNETs), nearly all patients undergo long-term surveillance. A 
prediction model for recurrence may help select patients for 
less intensive surveillance or identify patients for adjuvant 
therapy. The objective of this study was to assess the exter-
nal validity of a recently published model predicting recur-
rence within 5 years after surgery for NF-pNET in an interna-

tional cohort. This prediction model includes tumor grade, 
lymph node status and perineural invasion as predictors. 
Methods: Retrospectively, data were collected from 7 inter-
national referral centers on patients who underwent resec-
tion for a grade 1–2 NF-pNET between 1992 and 2018. Mod-
el performance was evaluated by calibration statistics, Har-
rel’s C-statistic, and area under the curve (AUC) of the 
receiver operating characteristic curve for 5-year recurrence-
free survival (RFS). A sub-analysis was performed in pNETs >2 
cm. The model was improved to stratify patients into 3 risk 
groups (low, medium, high) for recurrence. Results: Overall, 
342 patients were included in the validation cohort with a 
5-year RFS of 83% (95% confidence interval [CI]: 78–88%). 
Fifty-eight patients (17%) developed a recurrence. Calibra-

This is an Open Access article licensed under the Creative Commons 
Attribution-NonCommercial-4.0 International License (CC BY-NC) 
(http://www.karger.com/Services/OpenAccessLicense), applicable to 
the online version of the article only. Usage and distribution for com-
mercial purposes requires written permission.
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tion showed an intercept of 0 and a slope of 0.74. The C-sta-
tistic was 0.77 (95% CI: 0.70–0.83), and the AUC for the pre-
diction of 5-year RFS was 0.74. The prediction model had a 
better performance in tumors >2 cm (C-statistic 0.80). Con-
clusions: External validity of this prediction model for recur-
rence after curative surgery for grade 1–2 NF-pNET showed 
accurate overall performance using 3 easily accessible pa-
rameters. This model is available via www.pancreascalcula-
tor.com. © 2021 The Author(s).

Published by S. Karger AG, Basel

Introduction

Pancreatic neuroendocrine tumors (pNETs) are rare 
neoplasms, accounting for up to 5% of all pancreatic tu-
mors [1]. The majority of pNETs are nonfunctioning 
(NF-pNET). Only a small percentage of pNETs cause 
hormone-induced symptoms (i.e., functioning pNET) 
[1]. The biological behavior of NF-pNET is very hetero-
geneous. While some patients present with metastatic 
disease at initial diagnosis requiring treatment, others 
present with only a small NF-pNET which can be moni-
tored conservatively with a wait-and-see approach [2]. In 
general, patients with a solitary NF-pNET have an excel-
lent prognosis. However, this is drastically limited when 
metastatic spread occurs [3, 4]. NF-pNET either metasta-
size locally (remnant pancreas or regional lymph nodes) 
or distantly (most commonly to the liver) [5]. Different 
treatment strategies are used to reduce symptoms of me-
tastases and prolong survival. The only curative approach 
remains complete resection [6].

Following primary tumor resection, different surveil-
lance protocols have been suggested by various interna-
tional organizations [7–9]. Cross-sectional imaging is 
recommended in all patients at least once during the first 
postoperative year. Thereafter, depending on the specific 
guidelines, imaging is advised every 3–12 months. Cur-
rently, surveillance strategies do not clearly differentiate 
between patients with low or high risk for recurrence. The 
majority of patients will never develop a recurrence, while 
they are subjected to excess radiation exposure, unneces-
sary hospital visits, and related anxiety. Associated health-
care costs could be potentially avoidable. On the other 
hand, those who do develop recurrent disease could ben-
efit from early detection of metastases and subsequent 
treatment. Frequently reported risk factors for aggressive 
behavior in NF-pNET are tumor size, Ki-67 index, tumor 
differentiation, metastatic lymph nodes, perineural inva-
sion, and lymphovascular invasion [5, 10–13]. Thus far, 

none of these risk factors are routinely used to stratify 
patients into different follow-up groups. Applying vari-
ous risk factors in a prediction model might aid the strat-
ification of patients for a tailored follow-up strategy.

Recently, 4 prediction models for recurrence after cu-
rative resection of pNET have been published [3, 4, 12, 
14], of which two are not yet validated in an external co-
hort. The risk model proposed by Genç et al. [3] incorpo-
rated 3 readily available variables (i.e., tumor grade, 
lymph node status, and perineural invasion). These were 
used to stratify patients with a grade 1–2 NF-pNET into 
6 risk groups for 5-year recurrence. The risk model 
showed good overall performance with a C-statistic of 
0.81, but external validity was not yet assessed. The mod-
el is a promising tool to stratify NF-pNET patients due to 
the high C-statistic. As such, the aim of the current study 
was to validate this risk score in an international cohort, 
with an additional validation in NF-pNET >2 cm. Addi-
tionally, the aim was to update the model to be more ap-
plicable in a daily setting.

Methods

Study Design and Patients
Patients who underwent resection for a non-metastatic grade 1 

or 2 NF-pNET were retrospectively identified from institutional 
databases of 7 international referral centers from 7 countries span-
ning 3 continents. Participating centers included Royal North 
Shore Hospital, St. Leonards, Sydney, NSW, Australia; Uppsala 
University Hospital, Uppsala, Sweden; Heidelberg University 
Hospital, Germany; Centre Hospitalier Universitaire de Lyon, 
France; Medical University of Innsbruck, Austria; the University 
Medical Center Groningen, the Netherlands; and Massachusetts 
General Hospital, Harvard Medical School, Boston, MA, USA. All 
included centers are dedicated centers for treatment of patients 
with NETs and their databases are prospectively maintained.

Patients who underwent standard pancreatoduodenectomy, 
pylorus-preserving pancreatoduodenectomy, distal pancreatecto-
my, total pancreatectomy, or enucleation were included. The orig-
inal model [3] consists of 3 variables: tumor grade (grade 1 or 2), 
lymph node status (yes/no), and perineural invasion (yes/no). 
Each outcome was assigned a number of points: grade 1 = 0 points, 
grade 2 = 40 points, no positive lymph nodes = 0 points, positive 
lymph nodes = 24 points, no perineural invasion = 0 points, and 
perineural invasion = 24 points. The total sum of points correlated 
to one of 6 risk percentages for recurrence (7%, 16%, 25%, 34%, 
50%, 81%). The present study grouped these 6 risk groups into 3 
groups (low risk = 0–24 points, medium risk 40–48 points, high 
risk ≥64 points) to make the model more clinically applicable.

Patients were excluded from the analysis when they received 
any type of neoadjuvant or adjuvant treatment, had a genetic syn-
drome (i.e., multiple endocrine neoplasia type 1 and von Hippel-
Lindau syndrome), a functional tumor (i.e., insulinoma, gastrino-
ma, glucanoma, somatostatinoma, and VIPoma), a grossly posi-
tive resection margin (R2), World Health Organization 2017 grade 
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3 tumor (i.e., Ki-67 index >20%) [15], metastases at the time of 
surgery (either detected through radiological imaging or histo-
pathologically proven), or missing variables of the nomogram (i.e., 
tumor grade, lymph node status, perineural invasion status, and 
recurrence status). Patients with surgery-related mortality, defined 
as death within 90 days of pancreatic resection, were also excluded. 
No patients who were in the derivation cohort were included in 
this study to ensure external validity. The local Institutional Re-
view Board of each participating center either approved the pres-
ent study or issued a waiver because of the retrospective nature of 
this study.

Data Collection
Clinical parameters, pathologic tumor characteristics, and re-

currence and survival data were collected locally and provided by 

each participating center. All pathological specimens were re-ex-
amined by an experienced local pathologist who confirmed the 
diagnosis pNET and determined the tumor size, resection margin, 
Ki-67 index, and mitotic index (used to determine tumor grade), 
tumor differentiation, lymph node status, and perineural invasion.

Definitions and Outcome Measures
Resections were considered margin-negative (R0) if there was 

no tumor involvement within 1 mm of each microscopically as-
sessed margin [16]. The original model used the WHO 2010 clas-
sification to define tumor grade [17]. In 2017, a new classification 
was published, where a grade 1 tumor was defined as KI-67 index 
≤3% (WHO 2017), instead of <3% (WHO 2010) [15]. The model 
was updated to use the new 2017 classification to define tumor 
grade. Recurrence was defined as a new local or metastatic lesion, 

Table 1. Patient and tumor characteristics of grade 1 and 2 NF-pNET

Validation cohort 
(present study)
(n = 342)

Validation cohort >2 cm 
(present study)
(n = 179)

Derivation cohort 
(Genç et al. [3])
(n = 211)

Age, years, IQR 60 (51–70) 60 (48–70) 60 (50–66)
BMI, IQR 25.2 (23.0–28.2) 25.8 (23.3–28.9) NA
Male, n (%) 172 (50.3) 95 (53.1) 103 (48.8)
ASA, IQR, n (%)

1 21 (5.6) 13 (7.3) NA
2 80 (21.4) 27 (15.1) NA
3 16 (4.3) 6 (3.4) NA

Tumor size, IQR (mm) 21 (12–40) 39 (28–50) 25 (15–44)
Tumor location, n (%)

Head 149 (46.1) 62 (34.6) 80 (37.9)
Body 106 (32.8) 21 (11.7) 59 (28.0)
Tail 62 (19.2) 71 (39.7) 72 (34.1)
Multiple 6 (1.9) 5 (2.8) NA

Tumor grade, n (%)
G1 193 (56.4) 79 (44.1) 139 (65.9)
G2 149 (43.6) 100 (55.9) 72 (34.1)

Type of surgery, n (%)
PD 68 (18.2) 40 (22.3) NA
DP 138 (36.9) 68 (38.0) NA
Central pancreatectomy 19 (5.1) 3 (1.7) NA
EN 36 (9.6) 6 (3.4) NA
TP 8 (2.1) 6 (3.4) NA

Major complications, n (%) 53 (15.5) 22 (12.6) 58 (26.5)
Resection margin, n (%)

R0 293 (89.9) 136 (76.0) 179 (84.8)
R1 28 (8.6) 21 (11.7) 32 (15.2)

Positive lymph nodes, n (%) 93 (27.2) 71 (39.7) 51 (24.2)
Perineural invasion, n (%) 74 (21.9) 54 (30.2) 28 (13.3)
Vascular invasion, n (%) 83 (29.5) 65 (36.3) 50 (23.7)
Mortality, n (%) 30 (8.8) 22 (12.3) 19 (9)

Disease-related 22 (6.4) 16 (8.9) 9 (4.3)
Recurrence, n (%) 58 (17.0) 34 (19.0) 35 (16.6)

All reported values are in median (IQR, interquartile range) or frequencies (%, percentage). NF-pNET, nonfunc-
tional pancreatic neuroendocrine tumor; BMI, body mass index; ASA, American Association of Anesthesiologists; 
G1, grade 1; G2, grade 2; NA, not applicable; PD, pancreatoduodenectomy; DP, distal pancreatectomy; TP, total 
pancreatectomy; EN, enucleation.
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either histologically proven or clinically confirmed by radiological 
imaging on computed tomography scan, magnetic resonance im-
aging scan, or gallium-68 dotatate PET scan. The date of recur-
rence was defined as the date of the first cross-sectional imaging 
scan on which a new tumor lesion was detected. Tumor size (cm) 
was determined based on the final histopathology report. Primary 
outcome for this analysis was 5-year recurrence-free survival 
(RFS), calculated as time in months from the date of surgery until 
date of recurrence, or censored at the date of the last follow-up.

Statistical Analysis
Baseline characteristics were presented as medians with inter-

quartile range (IQR) for continuous nonnormally distributed vari-
ables, as means and standard deviation for continuous normally 
distributed variables, and as frequencies and percentages (%) for 
categorical variables. Statistical differences were tested using the χ2 
for categorical data, or Student’s t-test or the Mann-Whitney U test 
for continuous data. RFS was assessed using the Kaplan-Meier 
method, presented as median RFS with corresponding 95% confi-
dence interval (CI), and compared between groups using the log-
rank test. Two-tailed p values of <0.05 were considered statisti-
cally significant. All analyses were performed using R version 3.4.3 
(cran.r-project.org) and IBM SPSS Statistics for Windows version 
24.0 (IBM Corp., Armonk, NY, USA).

In the derivation cohort, 5 risk groups were proposed for 5-year 
risk of recurrence. The risk groups were updated in the validation 
model into 3 risk groups (low risk = 0–24 points, medium risk = 
40–48 points, high risk = 64–88 points). Predicted probabilities for 
5-year RFS were calculated for each patient using the baseline sur-

vival function (b = 0.853exp(LP)) and coefficients (intercept −0.809; 
tumor grade = −1.403; positive lymph nodes = −0.892; perineural 
invasion = −0.867) from the Cox model of the original report [3]. 
Predicted risk was calculated as 1-RFS. Model performance was 
tested by calibration and discrimination statistics in the validation 
cohort. Calibration compares predicted 5-year risk of recurrence 
with observed risk (using Kaplan-Meier estimates) for different risk 
groups, with perfect calibration characterized by an intercept of 0 
and a slope of 1. Agreement between observed and predicted prob-
abilities for 5-year recurrence was visualized in a calibration plot 
and in a table. Discrimination evaluates the model’s ability to cor-
rectly classify subjects according to their actual outcomes. Harrel’s 
C-statistic was calculated as the overall model performance by the 
original Cox model (regardless of a specific point in time). A re-
ceiver operating characteristics (ROC) curve was construed for the 
prediction of 5-year RFS specifically, and the area under the curve 
(AUC) was calculated. The validation of the model was repeated in 
the same cohort but only in patients with pNET >2 cm. The valida-
tion was reported according to the TRIPOD statement [18]. This 
model was made available at www.pancreascalculator.com.

Results

Baseline Characteristics
In total, 374 patients met the inclusion criteria. Of 

those, 32 patients (8.6%) were excluded due to missing 
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Fig. 1. a Calibration plot of predicted versus observed 5-year risk of 
recurrence in resected grade 1–2 NF-pNET for the 3 risk groups 
(low, medium, high) of the prediction model in the validation co-
hort. The dotted line (slope of 1) represents perfect calibration 
when combined with an intercept of 0. b A calibration plot of pre-

dicted versus observed 5-year risk of recurrence in resected grade 
1–2 NF-pNET >2 cm for the 3 risk groups (low, medium, high) the 
prediction model in the validation cohort. The dotted line (slope of 
1) represents perfect calibration when combined with an intercept 
of 0. NF-pNET, nonfunctional pancreatic neuroendocrine tumor.
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data. The final validation cohort consisted of 342 patients. 
The median age was 60 (IQR 51–70) years, median tumor 
size was 21 (IQR 13–40) mm, and the majority of patients 
(n = 149, 46.1%) had a tumor located in the pancreatic 
head. Compared to the derivation cohort, there were 
more patients with grade 2 tumors (n = 149, 43.6% vs. n 
= 72, 34.1%). In total, 58 events occurred (i.e., NET-relat-
ed recurrence) during a median follow-up duration of 
50.5 (IQR 22.3–103.0) months. Forty-five patients 
(13.2%) developed liver metastases only, and 13 patients 
(3.8%) developed recurrence in multiple sites (i.e., liver 
and bone, and liver and lymph nodes). Baseline charac-
teristics of the derivation and validation cohort, including 
a subset of patients with tumors >2 cm, are presented in 
Table 1.

Model Validation
For the entire cohort, the 5-year RFS was 83.0% (95% 

CI: 78.0–88.0%), resulting in a 5-year risk of recurrence 
of 17.0%. Five patients changed from a grade 1 to a grade 
2 NF-pNET after the model update to the WHO 2017 tu-
mor grade classification [15]. In the low- and high-risk 
groups, a less number of patients developed a recurrence 
as predicted. The predicted 5-year risk of recurrence 
ranged from 8.1% (24 points or less) for the low-risk 
group to 26.1% (between 40 and 48 points) for the medi-
um-risk group to 65.3% (≥64 points) for the high-risk 
group. Agreement between predicted and observed 
5-year risk of recurrence is shown in the calibration plot 
(Fig. 1a) and in Table 2, with an intercept of 0 and a cali-
bration slope of 0.74. The AUC for prediction of 5-year 
recurrence was 0.74 (as compared to 0.80 in the deriva-
tion cohort). Harrel’s C-statistic was 0.77 (95% CI: 0.71–
0.83), as compared to 0.81 (95% CI: 0.75–0.87) in the der-
ivation cohort. The Kaplan-Meier curve of the 3 risk 
groups of the total cohort is shown in Figure 2a.

The risk groups had a corresponding 5-year RFS of 
95.8% (95% CI: 92.8–99.2), 76.1% (95% CI: 65.0–89.1) 
and 53.4% (95% CI: 40.9–69.8) for low, medium, and 
high-risk patients, respectively. A new nomogram was 
created to include the 3 risk groups, instead of the original 
6 (Fig. 3).

Model Validation for NF-pNET >2 cm
In total, 163 patients had an NF-pNET >2 cm, with a 

5-year RFS of 74.2% (95% CI: 66.8–80.8). In these pa-
tients, the nomogram predicted lower 5-year risk in all 3 
risk groups. Agreement between predicted and observed 
5-year risk of recurrence is shown in the calibration plot 
(Fig. 1b) and Table 2, with an intercept of 0.05 and a slope 

of 0.7. The AUC for prediction of 5-year recurrence was 
0.70, which was slightly lower than that in the total cohort 
(0.74) and the derivation cohort (0.80). Harrel’s C-statis-
tic was 0.79 (95% CI: 0.729–0.853) which was better than 
that in the total cohort and slightly lower than in the der-
ivation cohort.

For an NF-pNET >2 cm, the risk groups had a 5-year 
RFS of 89.8% (95% CI: 81.5–98.9), 74.4% (95% CI: 60.0–
92.2), and 50.6% (95% CI: 36.1–70.7) for low-, medium-, 
and high-risk patients, respectively. The Kaplan-Meier 
curve of the 3 risk groups of the total cohort is shown in 
Figure 2b.

Discussion

This study assessed external validity of a previously 
published model [3] to predict the risk of recurrence 
within 5 years after resection of primary nonmetastatic 
NF-pNET, including the following risk factors: tumor 
grade, lymph node status, and perineural invasion. Low-
risk patients identified with this nomogram have a pre-
dicted 5-year recurrence risk of 8.1% versus 26.1% for 
medium-risk patients, and 65.1% for high-risk patients. 
The model performed well in the external validation co-
hort, with a C-statistic of 0.77 and an AUC of 0.74. Com-
pared to the ENETS/AJCC eighth staging system for well-
differentiated pNET (C-index 0.76) [19] and the WHO 
grade classification (C-index 0.76) [15], the current mod-
el performed slightly better (C-index 0.77).

There is substantial controversy regarding the man-
agement of pNET with wide variations among different 
centers in indications for surgical resection and optimal 
surveillance regimens [7, 8]. The heterogenic behavior of 

Table 2. Predicted versus observed risk of recurrence in grade 1 and 
2 NF-pNET

Predicted
5-year risk, %

Observed
5-year risk, %

Total cohort
Low risk (n = 181) 8 4
Medium risk (n = 79) 26 24
High risk (n = 82) 65 47

>2 cm cohort
Low risk (n = 62) 8 4
Medium risk (n = 40) 26 24
High risk (n = 61) 65 49

NF-pNET, nonfunctional pancreatic neuroendocrine tumor.



Heidsma et al.Neuroendocrinology 2022;112:571–579576
DOI: 10.1159/000518757

1.00

0.75

0.50

0.25

0

Re
cu

rre
nc

e-
fre

e 
5-

ye
ar

 su
rv

iv
al

1.00

0.75

0.50

0.25

0

Re
cu

rre
nc

e-
fre

e 
5-

ye
ar

 su
rv

iv
al

Ri
sk

 g
ro

up

Ri
sk

 g
ro

up

Risk group
Low
Medium
High

0 12 24 36 48 60
Time, months

0 12 24 36 48 60
Time, months

0 12 24 36 48 60
Time, months

0 12 24 36 48 60
Time, months

Number at risk

181 156 139 127 105 90

78 60 48 37 28 26

83 58 43 33 24 19

Number at risk

62 55 45 43 38 32

40 32 25 18 13 12

61 43 32 26 18 14

a b

Fig. 2. a Kaplan-Meier curve of the 5-year RFS in resected NF-
pNET per risk group (low, medium, high) as predicted by the pre-
diction model. b Kaplan-Meier curve of the 5-year RFS in NF-
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the prediction model. RFS, recurrence-free survival; NF-pNET, 
nonfunctional pancreatic neuroendocrine tumor.
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Fig. 3. Nomogram to predict 5-year risk of 
recurrence after resection of a grade 1–2 
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creatic neuroendocrine tumor.
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pNET, combined with the increasing availability of treat-
ment options for metastasized disease, make risk stratifi-
cation vital in these rare tumors. In fact, the majority of 
patients with a resected pNET will never develop a recur-
rence [1]. Patient-tailored follow-up regimens are lack-
ing. The use of prediction models could help differentiate 
between patients who would potentially benefit from 
more intense follow-up and patients who might not need 
close surveillance. Since the long-term survival rate of pa-
tients after resection of a pNET is often high, they may 
undergo unnecessary follow-ups for up to 10 years after 
surgery. Not only may this create misuse of medical re-
sources, it could also expose patients to excessive radia-
tion and cause financial strain on those with limited 
health-care coverage. For this reason, the current study 
was important as it assesses external validity of an easy-
to-use nomogram, with readily available histopathologi-
cal variables. Based on the results of the present study, we 
propose that follow-up of low-risk patients can be re-
duced to a 2-year interval.

In the era of the Ki-67 index and tumor size being two 
of the most influential factors in determining malignant 
potential of pNET, the use of tumor grade in the present 
study may be considered outdated [20]. In fact, some 
studies suggest that different cutoff values (other than 
<3%, 3–20%, >20%) would further improve the predictive 
ability of Ki-67 [10, 21]. Although the specific Ki-67 index 
may be a more powerful predictor for recurrence, it needs 
to be considered that a prediction model should be easy 
to use. Determining the exact Ki-67 index is not yet com-
mon practice in all centers. One of the main challenges 
after validating a prediction model is subsequent routine 
implementation of the model in the clinical setting [22]. 
We hypothesize that including Ki-67 as a continuous fac-
tor will complicate the nomogram, and prevent physi-
cians from using it to guide patient management. In ad-
dition, we performed a subset analysis in patients with 
pNET >2 cm since current guidelines advise a wait-and-
see for patients with pNET ≤2 cm without malignant fea-
tures [7, 8]. Previous studies reported favorable outcomes 
in small pNET, even when treated conservatively [23]. 
Tumor size not being a significant prognostic factor in the 
derivation cohort used for developing this nomogram 
[3]. Still, it was assessed whether the high number of small 
pNET in this cohort did not affect the validation of the 
model. In the subgroup analysis of pNET >2 cm, the mod-
el actually performed slightly better with a C-index of 0.79 
as compared to a C-index of 0.74 of the overall cohort. It 
seems as though in this cohort, tumor size is a weaker 
prognostic factor than tumor grade, lymph node status 

and perineural invasion. Perhaps it is necessary to include 
more than just tumor size in future guidelines that advise 
on watchful waiting in certain patients with a NF-pNET. 
Recent studies show promising results on tumor stratifi-
cation for malignant potential through molecular sub-
types which differentiate pNET in alpha and beta cell or-
igins [24]. In addition, although a wait-and-see approach 
is advised for pNET ≤2 cm, no clear international consen-
sus has been reached, and in some centers, these patients 
will still be recommended for surgery. This nomogram 
can be applied in a clinical setting to grade 1 and 2 pNET 
of any size.

Previously, three other prediction models for recur-
rence after surgery of a pNET have been developed. The 
US Neuroendocrine Tumor Study Group created a 
strong, independently validated model using a large mul-
ticenter cohort (n = 754) with a C-index of 0.74, but in-
cluded all gastroenteropancreatic NETs [14]. Given the 
abundant variation in metastatic pattern and potential of 
NETs depending on tumor site, it is therefore less appli-
cable in daily practice to determine surveillance strategies 
for pNET. A second model was developed by an interna-
tional group in a cohort of 632 patients with pNET. The 
risk factors included in this model were number of posi-
tive nodes, tumor size, Ki-67 index, and vascular/peri-
neural invasion (either/or) [4]. The C-statistic in the val-
idation cohort was high (0.84). However, the use of num-
ber of metastatic nodes and a range in Ki-67 index makes 
the model less applicable in an out-patient setting. Espe-
cially in centers where there is no dedicated NET-team, 
obtaining sufficient tumor variables to apply this model 
may be challenging. Lastly, a US and Italian collaboration 
designed a recurrence risk score in a cohort of 1,006 
pNET, including symptomatic tumors, tumor size >2 cm, 
and Ki-67 index (<3%, 3–20%, >20%) as variables for the 
model [12]. In our opinion, patients with a Ki-67 index 
>20% should always undergo stringent follow-up, con-
sidering the powerful relationship between tumor cell 
proliferation and metastatic potential [10].

Prior to recommending any prediction model for stan-
dard use in centers treating patients with a pNET, a com-
parison should be made between all available, externally 
validated models. This can be done by a systematic re-
view, or even better, through validation of multiple mod-
els in a large multi-institutional cohort. Comparative 
analysis of the different published risk-scores should be 
performed in a large, multicenter, international cohort, 
once external validity of all risk-scores has been assessed. 
In the present study, a comparative analysis could not be 
performed because of the overlap in patients between this 
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validation cohort and the derivation cohort of several of 
the previously mentioned risk scores. Ideally, through the 
large ENETS collaborative network, the current model 
should be validated prospectively and internationally 
through a multicenter study. Preferably, this multina-
tional study would include an adjuvant treatment proto-
col for patients with a predicted high recurrence risk (65% 
within 5 years). The necessity of adjuvant treatment in 
high-risk pNET patients is currently discussed in an EN-
ETS consensus meeting.

The present study has several limitations that need to 
be considered. First, the retrospective approach may have 
introduced patient selection bias. Those with missing 
variables of the nomogram were excluded since we did 
not re-examine the original histopathological reports. 
Second, differences exist between centers in surgical con-
duct and specific histological examination of pNET. Nev-
ertheless, an important strength of this study is its multi-
institutional, international approach, including high-vol-
ume hepatopancreatobiliary and NET expert centers 
from around the globe.

In conclusion, we successfully validated a previously 
published risk model to predict 5-year recurrence after 
resection of a nonmetastatic grade 1 or 2 pNET. The mod-
el performed well (C-statistic 0.77) and is readily available 
at www.pancreascalculator.com. Since low-risk patients 
can be easily identified, follow-up intensity after resection 
could be decreased in these patients. The follow-up can be 
either reduced from every 6 months to, for example, once 
every 2 years in low-risk patients, or patients could be dis-
charged from follow-up completely. Importantly, physi-
cians should keep in mind that while some patients find 
comfort in regular cross-sectional imaging, others experi-
ence unnecessary stress and exposure to radiation during 

follow-up. Further use of the model in a prospective, mul-
ticenter study would increase the likelihood of this risk 
score being used in a daily clinical setting.
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