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Introduction: Pancreatic neuroendocrine neoplasms (PNEN) are rare tumours and well differentiated
PNEN are associated with relatively indolent physiological behaviour. For this reason, only few studies
have investigated those factors associated with recurrence in this group of patients. The aim of this study
is to analyse whether it is possible to predict tumour recurrence in World Health Organization (WHO)
2017 G1-G2 PNEN patients.
Methods: This is a retrospective multi-institutional study. Patients submitted to pancreatic resection
from 7 Spanish centres were reviewed. Only patients with WHO G1-G2 PNEN were included. De-
mographic and clinicopathological variables were analysed.
Results: Data from 137 patients were reviewed. Median age was 59.2 (25e84) years. Recurrence of
disease occurred in 19 (13.9%) patients. Median DFS was 55 months. At multivariate analysis, tumour size
>20mm, lymphnode metastasis and a new tumour grade 2 incorporating Ki-67 labelling index (LI) > 5%
and mitotic index (MI)> 2 were independently associated with recurrence. We developed a risk score
model with these three factors. High-risk patients had a significantly lower 5-year disease-specific
survival compared to low-risk patients (70% vs 100%).
Conclusion: We propose a novel risk score for recurrence based on lymphnode metastasis, tumour
size > 20mm and a new grade 2 based on Ki-67 LI >5% and MI> 2. If 2 factors are present, patients have a
higher risk for recurrence and a significantly poorer DSS, and therefore they should be closely monitored
during follow-up. The role of adjuvant chemotherapy in these patients needs to be evaluated in clinical
trials.
© 2019 IAP and EPC. Published by Elsevier B.V. All rights reserved.
Introduction

Well-differentiated pancreatic neuroendocrine neoplasms
(PNEN) are considered a relatively indolent disease. However, the
recurrence rate reported after curative surgery can reach 17% of
resected patients with consequences on survival [1]. Currently,
there is no indication for adjuvant treatment in this group of
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r B.V. All rights reserved.
patients and no surveillance protocols exist.
It has been recently suggested that a Ki-67 Labelling Index (LI)

5% cut-off level is independently associated with recurrence and
with poorer disease-specific survival in patients with non-
functioning PNEN [2e5] and therefore it might be a useful tool to
predict survival. The same authors have reported a novel score to
predict disease-specific survival based on World Health Organiza-
tion (WHO) 2010 tumour grade (G1 and G2), lymph node metas-
tasis, and perineural invasion [1]. However, the 2017 WHO tumour
grade classification still utilize a Ki-67 LI< 3% cut-off level to
differentiate G1 from G2 PNEN patients [6,7]. Mitotic count (MC) is

mailto:f.ausania@googlemail.com
mailto:ausania@clinic.cat
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pan.2019.01.007&domain=pdf
www.sciencedirect.com/science/journal/14243903
http://www.elsevier.com/locate/pan
https://doi.org/10.1016/j.pan.2019.01.007
https://doi.org/10.1016/j.pan.2019.01.007
https://doi.org/10.1016/j.pan.2019.01.007


Table 1
Tumour and patient characteristics.

n. (%)

Age, median (range) 59.2 (25e84)
Male Gender 79 (57)
Tumour size, mm, median (range) 27 (2e120)
Tumour location
� Head
� Body
� Tail

45 (32.8)
44 (32.2)
48 (35)

Functioning tumour 33 (24.1)
Type of pancreatectomy
� PD
� DP
� Other

27 (19.7)
65 (48.4)
45 (31.9)

Lymphadenectomy 93 (67.9)
N. of metastatic lymphnodes, median (range) 0.5 (0e9)
N. of retrieved lymphnodes, median (range) 8.3 (1e43)
LNR 0.4 (0.06e1)
Vascular invasion 18 (13.1)
Perineural invasion 24 (17.5)
MC, HPF, median (range) 2.2 (0e20)
Ki-67 LI, %, median (range) 3.8 (0e20)
Residual disease (R1) 16 (11.7)
Pancreatic fistula 38 (27)
Postoperative complications 82 (59.9)
Recurrence 19 (13.9)
Site of recurrence
� Liver
� Local (in the pancreas)
� Nodal

15
4
0

Overall deaths 15 (10.9)
Disease-related deaths 7 (5.1)

PD: pancreaticoduodenectomy; DP: distal pancreatectomy; LI: labelling Index; MC:
mitotic count; HPF: high power fields.
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also considered and the final grade is based on whichever index
places the tumour in the higher-grade category.

The aim of our study is to investigate those factors associated
with tumour recurrence in a Spanish multi-institutional analysis
and the value of a risk score to predict recurrence in WHO G1-G2
PNEN patients.

Methods

All patients referred to 7 Spanish referral centres for PNEN from
January 2006 to December 2016 were reviewed. Patients who un-
derwent curative resection of histologically proven PNEN were
considered for this study. Those patients with distant metastasis,
unresectable PNEN at diagnosis or with PNEN associated with a
genetic predisposition were excluded. Both functional and non-
functional tumours were included. Tumours were staged accord-
ing to the 8th edition of AJCC/UICC TNM system. Only G1 and G2
patients were included, i.e. those with Ki-67< 20% LI and MC< 20
high power fields (HPF) (G2: Ki-67 3e20 or MC 2e10/10 HPF). The
final grade was based onwhichever index placed the tumour in the
higher-grade category. Since the 8th edition was introduced in
January 2018, all specimens were reviewed by pathologists dedi-
cated to neuroendocrine malignancies from each centre. For all
patients, manual counting of printed images was performed to
assess Ki-67 and number of mitosis, indicating an exact number
and not the category only. Resectionmarginwas assessed according
to the Classification of the Royal College of Pathologists [8]. All
types of pancreatic resections were considered. Lymphadenectomy
was not routinely performed in case of parenchyma-sparing
surgery.

Data of patients with PNEN are collected in a prospectively
maintained database from each centre and they include: de-
mographics, histopathology of the tumour, operation data, com-
plications and follow-up. Postoperative complications were defined
according to Clavien-Dindo classification [9]. Pancreatic leak was
defined according to ISGPF classification (grade B and C) [10].

All patients were followed up in the outpatient clinic by the
operating surgeon and received a contrast enhanced CT-scan every
six months during the first 2 years and yearly thereafter. After two
years, patients received a CT-scan annually. Tumour markers were
not routinely assessed. Additional radiologic imaging was reques-
ted in case of unclear results from CT-scan or tumour markers.
Follow-up time was defined as the time to the last known date the
patient was alive or the time until death. Recurrence was defined as
local recurrence in the pancreas, a new location in lymph nodes, or
the development of distant metastases.

Patients lost at follow-up or deceased for postoperative com-
plications following pancreatic resection (in hospital or 30-day
mortality) were excluded.

Ethical approval for this study was obtained from each partici-
pating centre.

Statistical analysis

Frequencies were compared using �2 or Fisher's exact tests.
Continuous data were compared using the independent samples t-
test or theManneWhitney U test, depending onwhether theywere
normally distributed or not, respectively. Data were previously
tested for normality by the KolmogoroveSmirnov test. These uni-
variate analyses identified those variables associated with recur-
rence. Multivariate analysis of statistically significant variables
(p< 0.05) was performed using binary logistic regression. Those
factors independently associated with recurrence were used to
develop a risk score. Receiver operating characteristic (ROC) anal-
ysis with area under curve (AUC) determination was performed to
detect best cut-off values.
KaplaneMeier survival analyses with log-rank testing were

performed to investigate disease-specific survival. Youden's index
was used to maximize sensitivity and specificity.

A two-tailed P-value less than 0.05 was considered significant.
SPSS 19.0 (SPSS, Chicago, IL, USA) was used for statistical analysis.

Results

Data from 137 patients were reviewed (see Flowchart). Patient
and tumour characteristics are reported in Table 1. Recurrence of
disease occurred in 19 (13.9%) patients. Median time to recurrence
was 44 (5e100) months. Median follow-up was 64 months.

At univariate analysis, tumour size, lymphnode metastasis,
vascular and perineural invasion, Ki-67 LI, MC and WHO G2 were
significantly associated with recurrence (p< 0.05) (Table 2). ROC
analysis was used to identify cut-off point for continuous variables.
For tumour size, cut-off at 20mm was chosen (AUC 0.754, Sensi-
tivity 82%, Specificity 70%). Best cut-off point for Ki-67 LI was 5%
(AUC 0.661, Sensitivity 48%, Specificity 88%) and for MC was 2 HPF
(AUC 0.73, Sensitivity 48%, Specificity 84%).

At multivariate analysis, tumour size >20mm, lymphnode
metastasis, MC> 2 and Ki-67> 5% were independently associated
with recurrence (Table 3). A new grade 2 was calculated by allo-
cating those patients with MC> 2 or Ki-67> 5% in grade 2. All
remaining patients including those with a 2% < Ki67 > 5% were
allocated in grade 1. In total, 39 patients were allocated to grade 2:
28 patients in no-recurrence group, and 11 in recurrence group
(23.7% vs 57.9%, p¼ 0.02). By multivariate analysis, new grade 2,
tumour size >20mm and positive nodes were independently
associated to recurrence (Table 3). When tested in multivariate
analysis, WHO Grade 2 was not independently associated with
recurrence (p¼ 0.358, OR 1.813, 95% IC 0.51e6.43).



Table 2
Univariate analysis.

No recurrence (118 patients) Recurrence (19 patients) p-value

Age, median (range) 59.4 (25.84) 57.4 (29e83) 0.552
Male gender 69 (58.5) 10 (52.6) 0.632
Tumour size, mm, median (range) 25.2 (2e120) 40.5 (4e70) 0.007
Tumour location
� Head
� Body
� Tail

38 (32.2) 7 (36.8) 0.832
39 (33.1) 5 (26.3)
41 (34.7) 7 (36.8)

Functioning tumour 31 (26.3) 2 (10.5) 0.136
Type of pancreatectomy
� PD
� DP
� Other

21 (17.8) 6 (31.6) 0.16
55 (46) 10 (52.7)
42 (35.5) 3 (16.7)

Lymphadenectomy 78 (66.1) 15 (78.9) 0.266
LNR 0.2 (0.06e1) 0.5 (0.07e1) 0.07
N. of mitosis, median (range) 1.9 (0e20) 3.8 (1e12) 0.005
Ki 67 LI, %, median (range) 4 (0e20) 9 (1e18) 0.001
WHO G2 46 (39) 12 (63.2) 0.048
Vascular invasion 12 (10.2) 6 (31.6) 0.010
Perineural invasion 17 (14.4) 7 (36.8) 0.017
Residual disease (R1) 13 (11) 3 (15.8) 0.548
Postoperative complications 71 (60.2) 11 (57.9) 0.851
Pancreatic fistula 31 (26.3) 7 (36.8) 0.339
Metastatic Lymphnodes 10 (8.5) 9 (47.4) < 0.001

Tumour Size > 20mm 52 (44.1) 17 (89.5) < 0.001
Ki67 LI >5% 15 (12.7) 9 (47.4) < 0.001
MC > 2 HPF 20 (16.9) 9 (47.4) 0.003

PD: pancreaticoduodenectomy; DP: distal pancreatectomy; LI: labelling Index; MC: mitotic count; HPF: high power fields.

Table 3
Multivariate analysis.

p-value OR 95% CI

T> 20mm 0.012 8.112 1.581e41.624
Positive nodes 0.002 10.374 2.32e46.381
Vascular invasion 0.246 0.343 0.056e2.095
Perineural invasion 0.06 4.703 0.8e17.928
Grade 2 (Ki-67> 5% or MC> 2 HPF) 0.044 3.785 1.034e13.855

LI: labelling Index; MC: mitotic count; HPF: high power fields.
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We developed a risk score with these 3 factors as shown in
Table 4. ROC analysis showed an AUC 0.824, with best cut-off at 11
(Sensitivity 74%, Specificity 81%). Patients scoring �11 were
considered at high-risk for recurrence. Since the cut-off score can
be reached with 2 out of 3 factors, the presence of 2 factors itself is
sufficient to allocate patients in the high-risk category. Out of 19
patients with recurrence, 14 reported a score �3 (high-risk) (73.7%
vs 19.5% in no recurrence group, p< 0.001).

KaplaneMeier analysis showed significantly less recurrence
within 5 years after surgery for the patients with high-risk score
than for the patients with low-risk score. The 5-year disease-free
survival rate was 97% for the patients with low-risk and 65% for
the patients with high-risk score (p< 0.001; Fig. 1).

Median DSS was 55 (3e132) months. In all cases of disease-
specific death, patients had a high-risk score. No disease-related
deaths were observed in low-risk patients. Five-year disease-
Table 4
Risk score to identify patients with high-risk of tumour recurrence.

Points

T> 20mm 8.1
Positive nodes 10.3
Grade 2 (Ki-67> 5% or MC> 2 HPF) 3.7

LI: labelling Index; MC: mitotic count; HPF: high power fields.

Fig. 1. Disease-specific survival for high- and low-risk patients.
specific survival was 75% for high-risk vs 100% for low-risk patients
(p< 0.001; Fig. 2).

Discussion

Pancreatic neuroendocrine neoplasms (PNEN) are rare lesions.
They include a broad family of tumours that exhibit heterogeneous



Fig. 2. Disease-free survival for high- and low-risk patients.
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biologic behaviour [11]. These tumours are increasingly being
found in cross sectional imaging performed for other unrelated
reasons [12], and surgical resection can be curative in patients with
localized PNEN and also it can increase survival in patients with
metastatic PNEN [13,14]. Resection in case of non-functioning
PNEN< 20mm is controversial since non-operative management
is advocated by some authors [15], although even in these cases an
aggressive behaviour can be found [16,17]. Regional lymph node
resection is a matter of debate because available literature consist
of retrospective series with small number of cases [18].

Our study contributes to the assumption of tumour heteroge-
neity even among patients with a WHO 2017 G1-G2 PNEN. Three
different parameters, namely, tumour size >20mm, lymphnode
metastasis and a new grading obtained combining Ki-67 LI >5% or
MC> 2 should be considered together to identify those patients
with higher risk for recurrence. As the cut-off score was 11, and this
could be reached with 2 out of 3 factors, there is no need to make
any score calculation. When 2 factors are present, patient can be
classified as high-risk for recurrence. This represents a very simple
way to stratify G1-G2 PNEN patients. Our result suggests that more
intensive follow-up and adjuvant chemotherapy needs be consid-
ered in high-risk patients and perhaps long-term and intensive
follow-up is not necessary in low-risk patients. No specific follow-
up programs have been reported by PNEN guidelines. Follow-up
visits are usually scheduled every 6 months for the first 2e3
years and once a year after that. In case of high-risk PNEN, this
could be intensified to 3 monthly outpatient visits checking for CgA
(chromogranin A) levels and alternating CT and MRI scan during
the first 5 years.

Regarding adjuvant treatment, clinical trials are needed to
demonstrate the potential benefit in these patients.

Other authors have previously demonstrated similar results.
Genç at al evaluated a multicentric retrospective series of 241 pa-
tients and showed that a Ki67 rate higher than 5%, tumour larger
than 4 cm and lymph node metastases were independently asso-
ciated with recurrence [2]. In our study, a 20mm tumour size cut-
off was identified after ROC analysis, which is in line with available
literature considering a diameter> 20mm as an indicator of poorer
prognosis [19]. As previously commented, in agreement with other
authors, Ki-67 LI> 5% is a very useful tool to identify those patients
at high risk for recurrence. In our study, when considered with a 2%
cut-off as in WHO classification, Ki-67 LI was not significantly
associated with recurrence at univariate analysis (p¼ 0.089), whilst
5% cut-off showed a statistically significant association. Whether
different categories could be identified in the 5e20% LI range needs
to be validated in larger studies. We decided to include MC in our
grading since there was a statistically significant association at
univariate analysis. The Ki- 67 LI and the MC have proved to be
extremely useful prognostic markers in PNEN patients, and have
been incorporated into international grading systems [20]. How-
ever, there is a lack of consensus regarding the best marker and the
most appropriate cutoff to define grade. As shown by some authors,
grade according to Ki-67 is better in predicting prognosis than MC
[21]; however, one should not assume agreement between Ki-67
and MC. In our study, only 14 (58%) patients out of 24 with a Ki-
67> 5 showed a MC> 2. Also, 15 out of 29 patients with MC> 2
showed a Ki67< 5%. Therefore, we agree that both factors should be
used and the final grade should be based on whichever index
placed the tumour in the higher-grade category.

In our study, pathology specimens were reviewed by each
centre pathologist at the time of the study; Ki-67 values and
number of mitosis were counted manually on printed images, thus
allowing a more accurate classification compared to previous
retrospective reports. This is the first study analysing the associa-
tion between tumour recurrence inWHOG1-G2 PNEN patients and
Ki-67 LI/MC assessed as continuous variables as opposed to
categories.

We decided to consider as a recurrence both local and distant
disease. One could argue that these 2 types of recurrence may be
related to different parameters; however, all the authors we have
previously mentioned did not make such a distinction. In fact, in
our population there was no association between local recurrence
(in the pancreas) and R1 resection (15.8% vs 11% in the group with
R0 resection, p¼ 0.548). In this study, microscopic positive resec-
tion margins were seen in 11% after pancreatic resection. Frozen
sections during surgery were nor routinely performed. However,
they were nor associated to recurrence and similar results have
been reported by other authors [1]. Therefore, the role of resection
margins remains unclear.

This study has several limitations. Firstly, although our data
were extracted form a prospective database, this is a retrospective
study and therefore data were not collected for this analysis. Sec-
ondly, we decided to include both functioning and non-functioning
tumours, making our study population very heterogeneous.
Although surgical treatment for NF-PNEN < 20mm is controversial,
surgery is always indicated in functioning tumours. However, there
is no clear evidence that when stratified for Ki-67 andmitosis, these
tumours have a different biological behaviour. In fact, no specific
staging system for functional tumours exist and they are classified
together with non-functioning tumours [22]. Regarding pathology,
data were reviewed from each centre, thus implying the risk of
interobserver variability. Furthermore, other clinical variables
could not be assessed. For instance, treatment of recurrence was
not considered and this might have affected disease-specific sur-
vival. Also, lymphadenectomy was not systematically performed
and the median number of retrieved lymphnodes was 8, which is
lower than expected in lymphadectomy for pancreatic cancer [23].
However, these problems are difficult to overcome, especially until
specific guidelines for PNEN staging and treatment will be
available.

Despite the limitations of this study, we showed that tumour
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size, Ki-67 or MC, and lymphnode metastasis allow the identifica-
tion of a group of patients with WHO G1-G2 PNEN who have a
high-risk of recurrence and therefore a considerably lower survival.
Further trials should review the role of adjuvant chemotherapy in
these patients.
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