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Abstract
Background: One of the controversial issues in the diagnosis 
of pancreatic neuroendocrine tumours (pNETs) is the accu-
rate prediction of their clinical behaviour. Objectives: The 
aim of the study was to evaluate the role of endoscopic ul-
trasound (EUS) biopsy in the diagnosis and grading of pNETs 
in a certified ENETS Center. Methods: A prospectively main-
tained database of EUS biopsy procedures was retrospec-
tively reviewed to identify all consecutive patients referred 
to a certified ENETS Center with a suspicion of pNET between 

June 2014 and April 2017. The cytological and/or histological 
specimens were stained and the Ki-67 labeling index was 
evaluated. In patients undergoing surgery, the grade ob-
tained with EUS-guided biopsy was compared with the final 
histological grade. The grade was evaluated according to 
the 2017 WHO classifications and grading. Results: The 
study population included 59 patients. EUS biopsy material 
reached an adequacy of 98.3% and was adequate for Ki-67 
evaluation in 84.7% of cases. Twenty-nine patients (49.2%) 
underwent surgery. Of these, 25 patients had Ki-67 evaluat-
ed on EUS biopsy: the agreement between EUS biopsy grad-
ing and surgical specimen grading was 84%. Conclusion: 
EUS biopsy is an accurate method for the diagnosis and 
grading of pNETs based on the WHO 2017 Ki-67 labelling 
scheme. © 2019 S. Karger AG, Basel
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Introduction

Pancreatic neuroendocrine tumours (pNETs) are rare 
tumours that arise from neuroendocrine cells. The ma-
jority of pNETs are non-functioning and are found in as-
ymptomatic patients, while most functioning pNETs are 
insulinomas and gastrinomas [1]. About 10–30% of pa-
tients with pNETs have multiple endocrine neoplasia 
type 1 syndrome [2].

One of the most controversial issues in the diagnosis 
of pNETs is the accurate prediction of their clinical be-
haviour, since they may present different morphologic 
features that do not necessarily reflect the degree of ag-
gressive behaviour [3–6].

According to the ENETS and WHO 2017classifica-
tions, pNET grading should be expressed using the mi-
totic index and the Ki-67 proliferation index [7, 8]. The 
new WHO classification differs from the previous 
WHO 2010 classification in regard to the definition of 
the G1 cut off and includes a new tumour category of 
pNETG3 [7]. Although pNETs are often detected inci-
dentally by cross-sectional imaging, endoscopic ultra-
sound (EUS) plays an important role in the detection 
and in confirmation of the diagnosis, and EUS biopsy 
is a valid and safe tool for reaching the final pathologi-
cal diagnosis. In addition to the cytological or histo-
logical diagnosis of pNETs, the material obtained under 
EUS guidance can be a reliable source for providing 
grading based on the WHO Ki-67 labelling scheme [9], 
with high reproducibility and very good inter-observer 
agreement [10].

The aim of this study was to evaluate the role of EUS 
biopsy in the diagnosis and grading of pNETs in a certi-
fied ENETS Center.

Methods

Patients
A retrospective review of a prospectively maintained database 

of EUS procedures was carried out to identify all patients referred 
to EUS for suspected pNET. A computerized system was used to 
extrapolate the list of patients referred between June 2014 and 
April 2017.

The institutional review board of the hospital approved the ob-
servational study (NCT02855151) and the protocol was conducted 
according to the Declaration of Helsinki.

Patients with suspected pNET were enrolled based on clinical 
history (symptoms such as hypoglycaemia, diarrhoea), genetic 
syndrome (multiple endocrine neoplasia) and/or typical imaging 
findings (hypervascularized lesions on CT and/or MRI with con-
trast medium and/or lesions with hypercaptationat 68Ga-PET 

scan and/or somatostatin receptor scintigraphy). Patients under-
going EUS follow-up of pNETs without biopsy performed (histo-
logical diagnosis already obtained in the past), as well as patients 
with final pathological diagnosis different from pNET were ex-
cluded.

EUS-Guided Biopsy
The Olympus GF-UCT180 series linear array echoendoscope 

(Olympus Europa SE & CO. KG, Hamburg, Germany) in combi-
nation with the new EU-ME2 echoprocessor (Olympus SE & CO. 
KG, Hamburg, Germany) were used to stage the lesions and to 
guide the pancreatic biopsies.

All the EUS were performed by 2 experienced endosonogra-
phers (S.C. and A.A.) in a third level Endoscopic Center (> 1,000 
EUS/year).

The EUS-guided biopsy was performed with 22-gauge or 
25-gauge needles (respectively, ExpectTM Slimline Needle, Boston 
Scientific, MA, United States; SharkCoreTM and Beacon BNXTM 
Needle, Medtronic, Newton, MA, USA), chosen at the discretion 
of the endosonographer. The SharkCoreTM needle was available 
after June 2015 in our hospital.

The biopsies were performed combining the fanning technique 
[11] and the slow pull technique [12]. Since pNETs are usually hy-
pervascularized, in order to reduce the contamination of the spec-
imen with blood, no suction was applied to the needle.

At each pass, the material was expressed onto a smear slide for 
macroscopic on-site quality evaluation. If drop-like material was 
obtained, it was smeared between 2 glass slides, fixed with etha-
nol, and stained with a Hematoxylin and Eosin (H&E) for cyto-
logical analysis, and a rapid on-site evaluation (ROSE) was per-
formed to determine adequacy. If a micro-fragment or “worm-
like” material, tan-pink or red, thick and granular, was observed 
on the slide at gross visual assessment, all the material was placed 
in a container of 10% neutral buffered formalin fixative to create 
a tissue block for the final histological examination. When bloody 
material and clots were obtained, they were also collected in for-
malin.

When both a liquid part and a solid micro-fragment were ob-
tained, both cytological and histological evaluations were per-
formed (Fig. 1).

Pathological Evaluation and Analysis of the Ki-67 Index
After adequacy was obtained, the specimens were stained with 

an H&E for cytological analysis the others were stained with H&E. 
Immunohistochemical studies were performed in all cases that had 
adequate histological specimens for staining. The cases were grad-
ed according to the WHO 2017 classification [7].

Two experienced pathologists performed cytological and his-
tological evaluations and grading.

Manual counting of camera-captured images was used to de-
termine the Ki-67 index.

When both cytology and histology samples were obtained from 
the EUS biopsy, the Ki-67 index was evaluated only on the histo-
logical specimen.

If the patient underwent surgery, Ki-67 and mitotic count were 
evaluated in the histological specimen as dictated by the WHO 
2017 classification. In this study population, the EUS biopsy results 
were compared with the final histological diagnosis, and agree-
ment between the EUS biopsy grade and the surgical specimen 
grade was evaluated using per cent agreement and k-statistics.
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Statistical Analysis
Data was entered into an Excel spreadsheet (Microsoft Excel 

2010; Microsoft Corporation, Redmond, Washington, USA). Re-
sults for continuous variables were summarized using mean ± SD, 
and categorical variables using proportions. Chi-square test was 
used to compare categorical outcomes. Statistical analyses were 
performed using SPSS version 17 (SPSS Inc., Chicago, IL, USA). 
Statistical significance was determined at two-sided p values < 0.05.

Results

Clinical Characteristics
Sixty-four patients underwent EUS for suspected 

pNET. In 4 patients, the suspicion of pNET was not con-
firmed after EUS biopsy: 1 patient had a solid pseudopap-
illary tumour, 1 had a solid variant of serous cystadenoma 
and 2 had metastasis from renal cancer. These 4 patients 

were excluded from the study. In 1 patient, the histologi-
cal diagnosis after EUS biopsy (pNET with a low prolif-
erative index) was not confirmed after surgery (serous 
cystadenoma).

The study population included 59 patients (Table 1): 
25 females and 34 males, mean age 57.6 years (SD 15.6 
years).

Forty-two patients (71.2%) had an incidental finding of 
pancreatic mass, 9 (15.2%) had symptoms such as pain, di-
arrhoea, weight loss, pancreatitis or jaundice, and 5 (8.5%) 
had genetic syndrome. Three patients (5.1%) had endocri-
nological symptoms such as hypoglycaemia or Cushing 
syndrome (CT scan and PET scan negative before EUS).

The mean size of the lesions was 21 mm (SD 14.9) and 
the location was the body and tail in 36 patients (61%), 
head in 9 (15.3%), uncinate process in 8 (13.6%) and neck 
in 5 (8.5%). One patient had multiple pancreatic tumours.

On EUS imaging, the solid pNETs were mostly identi-
fied as homogeneously hypoechoic, hypervascularized le-
sions, with well-defined margins. Less frequently, they 
showed hyperechoic features and/or irregular margins, 
and inhomogeneous echostructure. In 15 cases (25.4%), 
the pNETs presented cystic spaces or had the appearance 
of a unilocular cystic lesion with thickened hypervascu-
larized wall.

EUS Biopsy Results
A 25G needle was used in the majority of patients (47 

cases, 79.7%). A22G needle was used in the remaining 12 
patients (20.3%). The mean number of needle passes was 
1.9 (SD 0.8; range 1–4; Table 2). 

In 17 out of 59 cases (28.8%), the tumour size was ≤10 
mm. In 16 of these small pNETs, the EUS biopsy mate-
rial was adequate for final diagnosis (94.1%) and Ki-67 
was evaluable on the cytological or histological specimen 
in 14 cases (82.4%).

Drop-like material
�

Cytological evaluation

Solid micro-fragment
�

Histological evaluation

EUS-biopsy

MOSE

Both liquid part and
solid micro-fragment

�
Cytological and histological

evaluation

Fig. 1. How the specimens from EUS biop-
sies were processed. EUS, endoscopic ul-
trasound; MOSE, macroscopic on-site 
quality evaluation.

Table 1. Features of the study population (n = 59)

Features

Gender, male, n (%) 34 (57.6)
Age, years, mean (SD) 57.6 (15.6)
Presence of symptoms, n (%)

No 42 (71.2)
Yes, not specific 9 (15.2)
Yes, genetic syndrome 5 (8.5)
Yes, endocrinological symptoms 3 (5.1)

Diameter, mm, mean (SD) 21 (14.9)
Lesion location, n (%)

Head 9 (15.3)
Uncinate process 8 (13.6)
Neck 5 (8.5)
Body 22 (37.3)
Tail 14 (23.7)
Multiple locations 1 (1.6)
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Table 2. Results of EUS biopsy

N Needle 
passes

G ROSE 
adequacy

Cytology Histology Cytologic
Ki-67, %

Histologic
Ki-67, %

Cytologic
Grade

Histologic 
Grade

Final 
adequacy

Final 
Ki-67

Final 
grade

1 1 22 NP Not adequate NET NA <1 NA 1 Y Y 1
2 1 25 Y NET NP <5 NA 2 NA Y Y 2
3 2 25 Y NET NP NA NA NA NA Y NA NA
4 2 25 NP NP NET NA <1 NA 1 Y Y 1
5 4 25 Y NET NET NA <1 NA 1 Y Y 1
6 2 25 Y NET NP 10 NA 2 NA Y Y 1
7 1 22 Y NET NET NA <1 NA 1 Y Y 1
8 2 25 Y NET NET NA <1 NA 1 Y Y 1
9 2 25 Y NET NET NA 2 NA 1 Y Y 1
10 2 22 Y NET NET NA 30 NA 3 Y Y 3
11 2 25 Y NET NET NA 1 NA 1 Y Y 1
12 2 25 Y NET NET NA 1 NA 1 Y Y 1
13 3 25 Y NET NP NA NA NA NA Y NA NA
14 1 25 Y NET NET NA 2 NA 1 Y Y 1
15 1 25 Y NET NP NA NA NA NA Y NA NA
16 1 25 Y NET NP <1 NA 1 NA Y Y 1
17 2 22 Y NET NET NA 4 NA 2 Y Y 2
18 2 25 Y NET NET NA <1 NA 1 Y Y 1
19 1 25 Y NET NP <1 NA 1 NA Y Y 1
20 2 25 Y NET NET NA 8 NA 2 Y Y 2
21 2 25S Y NET NET <1 NA 1 NA Y Y 1
22 1 25 Y NET NET NA <1 NA 1 Y Y 1
23 2 25 Y NET NET <1 NA 1 NA Y Y 1
24 1 25 Y NET NP 5 NA 2 NA Y Y 2
25 1 22 Y NET NET NA <1 NA 1 Y Y 1
26 2 22 Y NET NET NA 2 NA 1 Y Y 1
27 1 25 Y NET NET NA 2 NA 1 Y Y 1
28 3 25S NP NP NET NA 2 NA 1 Y Y 1
29 1 22 Y NET NP NA NA NA NA Y NA NA
30 1 25 Y NET NET NA 2 NA 1 Y Y 1
31 2 25 Y NET NET NA 5 NA 2 Y Y 2
32 1 25S Y NET NET NA 1 NA 1 Y Y 1
33 1 25S NP Not adequate NET NA 2 NA 1 Y Y 1
34 1 25S Y NET NET NA <1 NA 1 Y Y 1
35 2 22 Y NET NET NA <1 NA 1 Y Y 1
36 3 25S Y NET NET 2 NA 1 NA Y Y 1
37 2 25 NP NET NP NA NA NA NA Y NA NA
38 2 25S Y NET NP NA NP NA NP Y NA NA
39 1 25S Y NET NP 5 NA 2 NP Y Y 2
40 2 25 Y NET NP NA NA NA NA Y NA NA
41 2 25S Y NET NET NA <1 NA 1 Y Y 1
42 3 25 NP NET NET NA <1 NA 1 Y Y 1
43 3 25S NP NP NET NA 2 NA 1 Y Y 1
44 3 25S NP NP NET NA 4 NA 2 Y Y 2
45 4 25S Y NET NET NA 2 NA 1 Y Y 1
46 1 22 Y NET NET NA 2 NA 1 Y Y 1
47 3 25S NP NP NET NA 2 NA 1 Y Y 1
48 1 25S NP NET NP <1 NA 1 NA Y Y 1
49 3 25S Y NET NET NA 2 NA 2 Y Y 2
50 3 22 NP NET NET NA NA NA NA Y NA NA
51 3 25S Y NET NET NA 2 NA 2 Y Y 2
52 3 25S Y NET NET NA 2 NA 1 Y Y 1
53 1 22 NP Not adequate NP NA NA NA NA N NA NA
54 3 25S Y NET NET <1 NA 1 NA N Y 1
55 2 25S Y NET NET NA 2 NA 1 Y Y 1
56 2 25S Y NET NP <1 NA 1 NA Y Y 1
57 1 25S Y NET NP 1 NA 1 NA Y Y 1
58 2 25S Y NET NP 2 NA 1 NA Y Y 1
59 1 22 Y NET NET NA 80 NA 3 Y Y 3

NET, neuroendocrine tumor; NA, not applicable; S, SharkCore needle; NP, not performed; Y, YES; EUS, endoscopic ultrasound.
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Prior to performing ROSE, after each needle passage, 
a macroscopic on-site quality evaluation was made as the 
material was released onto the slide.

In 54 cases (91.5%), drop-like material was stained for 
cytological evaluation. Fifty-one cases were adequate af-
ter staining (92.6%), and final diagnosis of pNET was 
made.

In 41 patients (69.5%), the specimens were judged by 
the endosonographer to be representative of micro-frag-
ments and they were collected in formalin. All of these 
histological specimens were diagnostic (100%). In 30 of 
41 histological specimens (73.2%), the biopsy was per-
formed with a 25G needle.

Combining the results of cytology, histology and cy-
tology plus histology, the overall EUS biopsy adequacy 
was 98.3%. No difference in terms of outcomes was 
found according to the different types of needles (Ta-
ble 3).

Mild self-limiting bleeding, defined as hyperechoic 
leakage of at least 3 mm and less than 10 mm in thick-
ness, was observed in 4 cases of puncture of a solid le-
sion. Self-limiting bleeding was also observed in a cystic 
lesion, as well as in the pancreatic duct after EUS bi-
opsy of a solid lesion infiltrating the pancreatic duct 
wall. None of the patients with mild bleeding had 
symptoms or required any therapy. No major 
complications such as acute pancreatitis or bleeding 
that required blood transfusion or hospitalization oc-
curred.

Ki-67 Labelling Index
Overall, the EUS biopsy material (from both cytology 

and histology) was adequate for Ki-67 evaluation in 50 of 
59 patients (84.7%). When a histological specimen was 
obtained from EUS biopsy, the Ki-67evaluation was fea-
sible in 36 out of 41 histological samples (87.8%). In 14 
(28%) patients, the Ki-67 index was calculated only on the 
cytological sample (Fig. 2, 3).

Surgical Findings
Twenty-nine of 59 patients with pNETs (49.2%) un-

derwent surgery, with a mean time of 3.8 months after 
EUS (SD 3.9; range 0.2–15 months). Five had chemother-
apy; 26 are in follow-up with stable disease. Twenty-five 
of the operated patients also had Ki-67 calculated on EUS 
biopsy: in 21 of these patients (84%), there was concor-
dance between EUS biopsy grading and surgical speci-
men grading.

In 2 cases, an upgrading was observed in the surgical 
specimen one from G1 to G2 because of a final Ki-67 of 
5% compared to 2% in the biopsy, and the other one 
from G1 with a Ki-67 of 2% to G3 with a Ki-67 of 30%. 
In the latter case, the surgery was performed 15 months 
after the biopsy due to evidence of dimensional growth 
of the lesion during the follow-up. Although the mean 
time between EUS and surgery was higher in these 2 pa-
tients comparing the remaining patients (8.5 months, 
SD 9.2 and 3.4 months, SD 3.2 respectively), this differ-
ence was not considered statistically significant (p = 
0.07).

Two patients had a downstaging at the surgical speci-
mens. In one patient with a 10 mm pNET of the tail, the 
Ki-67 index was 10% on the cytological specimen com-
pared to 2% on the surgical specimen. On review after 
surgery, this case showed a Ki-67 between 2 and 10%, and 
the 2 pathologists agreed that the distinction between G1 
and G2 was very difficult to express on the basis of the 
cytological specimen. In another patient, the surgical 
specimen showed a Ki-67 of 2% (G1) compared to 5% 
(G2) in the biopsy (Table 4).

Discussion

In this study, we aimed to evaluate the role of EUS bi-
opsy in the diagnosis and grading of pancreatic NETs in 
a certified ENETS Center.

Table 3. Adequacy of pathological specimens according to needle type

Type of needle n (%) Final adequacy, n (%) p value Final Ki-67, n (%) p value

25G, Beacon BNXTM

Needle, Medtronic, n (%) 25 (40.7) 25 (100) 0.394 20 (80) 0.195
25G, SharkCore, SharkCore, 

Medtronics, n (%) 22 (39.0) 21 (95.5) 21 (100)
22G, ExpectTM Slimline, Boston

Scientific, n (%) 12 (20.3) 11 (91.7) 9 (75)
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Table 4. Concordance between EUS biopsy grading and surgical specimen grading

n EUS biopsy Ki-67, % Surgery Ki-67, % EUS biopsy Grade Surgery grade Grading  concordance

1 <1 1 1 1 Y
2 <5 7 2 2 Y
6 10 2 2 1 N
8 <1 1 1 1 Y

12 1 1 1 1 Y
16 <1 <1 1 1 Y
17 4 7 2 2 Y
18 <1 1 1 1 Y
19 <1 1 1 1 Y
20 8 14 2 2 Y
23 <1 <2 1 1 Y
25 <1 1 1 1 Y
26 2 3 1 1 Y
33 2 3 1 1 Y
35 <1 1 1 1 Y
36 2 2 1 1 Y
39 5 3 2 1 N
41 <1 1 1 1 Y
42 <1 3 1 1 Y
43 2 1 1 1 Y
47 2 30 1 3 N
49 2 3 1 1 Y
51 2 5 1 2 N
52 2 1 1 1 Y
54 <1 2 1 1 Y

Y, yes; N, no; EUS, endoscopic ultrasound.

Fig. 2. Cytological specimen from EUS biopsy of a pNET. Papani-
colau 40×.

Fig. 3. Micro-core from EUS biopsy (same case as Fig. 2) showing 
small neuroendocrine cells, 20×. Ki-67 5% (G2).
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The combination of cytology and histology obtained 
from EUS biopsy reached an adequacy of 98.3% in the 
diagnosis of pNET. We confirmed EUS-guided biopsy as 
a reliable, safe and effective technique for obtaining sam-
ples from pancreatic masses [13].

Once a pNET is diagnosed, the role of EUS biopsy in 
grading is very important in order to plan the best thera-
peutic approach [14, 15]. According to the ENETS and 
WHO 2017 criteria, the grading for pancreatic NETs 
should be expressed using the Ki-67 proliferation index 
[7, 8]. In our study, the overall adequacy of EUS biopsy 
for Ki-67 evaluation was 84.7%. When both cytology and 
histology samples were obtained from EUS biopsy, the 
Ki-67 index was evaluated only on the histological speci-
men as a choice of the pathologists. An interesting feature 
of pNETs is the intratumoral heterogeneity of the Ki-67 
index, and the sampling variability of Ki-67 could be a 
potential limitation to the real prediction of the grade of 
the whole tumour. Moreover, the question has been 
raised as to whether the Ki-67 index obtained from needle 
biopsy represents the whole tumour [16–18]. Comparing 
the Ki-67 index and grading, we obtained a concordance 
of 84% between surgery and EUS biopsy. Our results are 
in line with a recent systematic review [19] that showed a 
concordance of 83% between preoperative and postop-
erative Ki-67 evaluation.

In our series, we observed one case with an over-
grading based on cytology (10% compared to 2% in the 
resected specimen) and 1 patient with underestimation 
of G2 pNET, where EUS biopsy showed a Ki-67 of 2% 
compared to 5% in the resected specimen. In cases of 
very small nonfunctioning pNETs, in which the pre-
test probability of a G1 tumour is high, the bioptic find-
ing of higher grade should be weighted together with 
other clinical and radiological information (size, loca-
tion, distance from Wirsung, acute pancreatitis), and it 
should be discussed with the patient in a multidisci-
plinary team whether to perform surgical resection or 
not. Although the fanning technique is routinely used 
to obtain material, the EUS biopsy may not always be 
representative of the most mitotically active tumour ar-
eas, as compared to a histological specimen that 
represents the whole tumour, on which the pathologist 
can determine the area of higher nuclear labelling and 
count the minimum number of neoplastic cells. Since 
G2 pNETs are a heterogeneous group of tumours, in 
which Ki-67 ranges between 3 and 20%, some authors 
have suggested using a 5% cut off for distinguishing be-
tween G1 and G2 [20]. Applying the suggested cut off 
of 5%, our preoperative grading of pNETs was equal to 

the grading evaluated in the resected material in 95.8% 
of cases.

The same results were obtained by Hasegawa et al. 
[21]. The authors demonstrated a concordance of 74% 
between EUS-FNA and resected specimens when they 
used the mean Ki-67 index in EUS-FNA, while concor-
dance rose to 77.8% when they used the higher Ki-67 in-
dex. Moreover, when they excluded EUS-FNA samples 
with less than 2,000 tumour cells (26% of EUS-FNA), 
concordance rose to 90%. On the contrary, Laskiewicz et 
al. [22] obtained 84.6% concordance in the evaluation of 
grading between FNA and tumour resection specimens, 
including 26.9% of FNA samples with less than 1,000 
cells.

In 1 patient, the histological diagnosis after EUS bi-
opsy (pNET with a low proliferative index) was not con-
firmed after surgery and the final diagnosis was a solid 
variant of serous cystadenoma. The possibility of false 
positive in EUS biopsy is well known, and a previous ret-
rospective study [23] described a false positive rate of 
1.1% in a cohort of patients who underwent EUS-guided 
biopsy for pancreatic masses.

The role of EUS stands out in the evaluation of small 
tumours (< 2 cm). Thanks to the improvement of high-
resolution imaging diagnostic capabilities, pancreatic 
masses smaller than 2 cm are often detected during rou-
tine cross-imaging studies. Several studies have shown 
that parenchymal-sparing surgery is effective and safe for 
patients with G1 and G2 pNETs, and the key to the ther-
apeutic decision is an accurate pre-operative evaluation 
(location, relationships with nearby structures, diagnosis 
and grading) [16, 17]. This therapeutic approach is in ac-
cordance with ENET guidelines that encourage paren-
chymal-sparing surgery, specifying how EUS is funda-
mental to therapeutic planning [18]. In this setting, EUS 
can provide detailed information on lesion relationships 
with surrounding structures, such as the main pancreatic 
duct and vessels, becoming an instrument of surgical 
enucleation [15]. EUS biopsy is a powerful tool for ob-
taining samples from small lesions, as reported in the re-
sults of a study carried out by Jhala et al. [24], where a 
mean of 2.5 passes was needed to obtain adequate sam-
ples from lesions ≤25 mm, whereas a mean of 4.5 passes 
was needed to obtain adequate samples from lesions > 25 
mm. The rationale is that small masses have fewer ne-
crotic areas, and fewer passes are necessary to obtain ad-
equate material for final diagnosis [25]. In our study, if we 
consider the patients with very small lesions (≤10 mm), 
the adequacy of the EUS biopsy was 94.1%, and no more 
than 2 passes were needed to reach adequacy.
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We also acknowledge some limitations. First, this is a 
retrospective case series and we recognize that prospec-
tive trials are the methodological reference standard for 
investigating the diagnostic yield of EUS-guided biopsy 
in the management of pNETs. Second, different needle 
types and sizes were used. As pointed out by Larghi et al. 
[26], the use of a 19G needle in patients with nonfunc-
tioning pNETs is safe, feasible and accurate. With this 
large-gauge needle, the adequacy of the specimens for 
histological examination was obtained in 93.3% of cases, 
and Ki-67 determination was made in 92.9% of cases 
with histological specimen (86.6% overall). Our results 
did not show statistical differences in terms of final ad-
equacy, Ki-67 evaluation and correlation with surgery 
according to type of needle. This is in contrast to a recent 
pilot study [27] comparing SharkCore needle with stan-
dard Echotip needle in patients with known or suspected 
PNETs: the study concluded that the SharkCore® needle 
shows better results in obtaining tissue suitable for ancil-
lary tests with fewer passes. Probably, the small sample 
size and the non-prospective randomized design ham-
pered the value of our data, so further studies are needed 
to clarify the role of new EUS-guided biopsy needle in 
the evaluation of NET. Literature data show that most 
pNETs are found in young and asymptomatic subjects, 
and the variability of the biological behaviour of these 
cancers suggests the need for accurate diagnosis and 
grading even in the case of small lesion size. The main 
point of discussion regarding pNET management is 
small tumours, especially if they are asymptomatic and 
if found in young people. Current guidelines [8] stated 
that appropriate management of pancreatic NETs < 2 cm 
is still debated and ENETS proposed a “wait and see” ap-
proach for small non-functioning pNETs. Results from 
large studies such as Asymptomatic Small Pancreatic En-
docrine Neoplasms will help to choose the best strategy 
(NCT03084770). The Ki-67 index evaluation could lead 

to personalized management of these patients in a mul-
tidisciplinary approach. As our results showed, the EUS 
biopsy gave a very high concordance with the final his-
tological grade, but undergrading and overgrading were 
both described, and this should be taken into consider-
ation in a multidisciplinary team when surgery is pro-
posed for a patient. In cases of EUS undergrading, the 
timing intercurred between EUS and surgery could play 
an important role, although other data are needed to 
clarify this point.

In conclusion, according to the results of the present 
study, EUS biopsy may be considered an accurate tool for 
the diagnosis and grading of pNETs based on the WHO 
Ki-67 labelling scheme. It should be proposed as a com-
plementary test to aid in stratifying patients according to 
tumour grade and determining the best therapeutic ap-
proach or follow-up.
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