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Abstract
Purpose: Pancreatic neuroendocrine tumours (pNETs) are among the most frequent neuroendocrine
tumours. Although considered rare tumours, they have shown an increase in incidence and frequency
over the last several years. We aimed to evaluate the clinicopathological features, and determine whether
the location of the tumour has some impact on the difference in survival.

Methods: The present study retrospectively analyzed the clinicopathological characteristics and
outcomes of pNETs operated on between January 2007 to December 2019.

Results: 12 patients (46.2%) presented with non-functional symptoms, and 14 (53.8%) had functional
symptoms. The most frequent location of the tumour was the head (10) followed by the tail (9). No
correlation was found between the primary location of the tumour with age or tumour grade. Metastatic
disease was present in six patients, and liver was the commonest site. No correlation was observed
between the primary location of the tumour and metastasis at presentation. 16 (61.5%) belonged to grade
1, 8 (30.8%) to grade 2 and 2 (7.7%) to grade 3. Metastasis at presentation was most common with
grade-I tumours. Localised metastasis was more common in the body/tail group (9/13). There was no
statistical signi�cance between tumour grade or stage and the location of the tumour. The mainstay of
treatment was surgical resection with or without adjuvant chemoradiotherapy.

Conclusion: pNETs are a diverse group of tumors that exhibit heterogeneity in their pathologic,
functional and clinical features. These tumours require a multimodality diagnostic approach and surgical
resection is the mainstay of treatment. Histological grade was found to be the only independent
prognostic factor affecting long-term survival.

Introduction
Pancreatic neuroendocrine neoplasms (pNEN) are a diverse group of tumors that exhibit heterogeneity in
their pathologic, functional, and clinical features. pNEN account for 2–5% of all pancreatic cancers.
However, with an incidence of 1.01 per 100,000 persons, they are the most common (34.9–38.6%)
gastroenteropancreatic neuroendocrine tumours in Asian countries.1,2,3 Non-functioning tumours are
more common, accounting for approximately 60–90% of all pNEN.4 Patients with functional NENs have
symptoms consistent with the hormone over-released by the tumour. The most common functioning
pNEN is insulinoma, followed by glucagonoma, somatostatinoma, gastrinoma, and VIPoma. Although
pNEN are less aggressive compared to pancreatic ductal carcinoma, the �ve-year survival rate after
surgical resection is ~ 65–86%.5,6

The pathologic classi�cations were updated several times because the treatment response and prognosis
were not similar even in the same morphologic types. The more recent classi�cation system has
classi�ed well-differentiated pancreatic neuroendocrine tumours (pNETs) into three histological grades:
G1 with mitotic count < 2/10 high power �eld (hpf) and < 3% Ki-67 index; G2 with mitotic count 2–20/10
hpf and 3–20% Ki-67 index; G3 with mitotic number > 20/10 hpf and > 20% Ki-67 index. G3 tumours also
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include poorly differentiated pNEN. The present study was conducted to evaluate the clinical pro�le and
histopathologic features of pNEN.

Methods
This was a retrospective study and was approved by the hospital ethics committee (No.: 2018-210-MD-
EXP-4). Medical record data from patients who underwent surgical resection between January 2007 and
December 2019 (13 years duration) and were pathologically diagnosed as pNEN were retrieved from the
institutional database. From a total of 93 gastroenteropancreatic tumours, 26 cases of pNEN were
obtained. Cases included those in which biopsy or resected specimens were received by the pathology
department. Data included patient demographics, clinical presentation, anatomical location, and
treatment.

Clinical details

Patients presenting with serum or urine markers of hormone excess, as well as signs and symptoms
consistent with established clinical syndromes, were classi�ed as having “functional” tumours, whereas
tumours of patients without a recognizable clinical syndrome and with normal serum hormone levels
were classi�ed as "nonfunctional"(neuroendocrine carcinomas and benign islet cell neoplasms),
independent of immunohistochemistry of the tumour specimen. Clinical complaints like abdominal pain,
fever, loss of weight and appetite were recorded. The various imaging modalities included computed
tomography (CT), magnetic resonance imaging (MRI), ultrasonography and magnetic resonance
cholangiopancreatography (MRCP), done alone or in combination.

Histopathology: Tissues were collected from the surgical resection and biopsy specimens. Specimens
were received as enucleation, pancreatectomy with or without splenectomy, and
pancreaticoduodenectomy. The gross �ndings were recorded, including tumour location, size, centricity
and appearance. Serial 2–3 mm sections of the pancreatic tumour tissue from the specimen �xed in
formalin were obtained, and thereafter hematoxylin-eosin staining was done. The histology slides were
reviewed by two experienced pathologists and any discordance was resolved by mutual consensus. The
histological features that were recorded included: predominant architectural pattern, mitosis /per 10 high
power �elds, depth of invasion, presence or absence of necrosis, lymph node and distant organ
metastasis. Immunohistochemistry was performed for con�rmation of histopathological diagnosis and a
panel of markers including synaptophysin, chromogranin, neuron-speci�c enolase, CD56, cytokeratin and
Ki67 was applied in all cases.

Two of the pancreaticoduodenectomy specimens were initially rendered the histological diagnosis of
pNEN on small biopsies. In one case, the diagnosis was made by cytology from �ne-needle aspiration
(FNA) of the liver lesion and the patient was not operated on.

Grading and staging criteria
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Tumours were assigned a histopathological grade (G1, G2, or G3) based on Ki67 (monoclonal antibodies
against the ki67 antigen) and tumour stage (stage I or stage II) as per the World Health Organization
(WHO) 2017 classi�cation system and American Joint Commission on Cancer (AJCC) Eighth edition
criteria, respectively.

Follow up and survival

Routine follow up evaluation of the patients was done every 3–6 months. Over survival (OS) was
calculated as the time from the date of diagnosis to the last date of visit to the patient to the hospital or
the date of death as retrieved from the hospital records. Disease-free survival (DFS) was calculated as the
time elapsed from the date of the surgery to the date of diagnosis of recurrence. The �nal follow-up was
done on 31 August 2019.

Statistical analysis

Continuous data were reported as mean ± standard deviation (SD), whereas categorical variables were
expressed as numbers. The Kaplan-Meier method was used to analyse the OS and DFS. The Statistical
Package for the Social Sciences (SPSS) was used to conduct the statistical analysis (Version 20, SPSS
Inc., Chicago, IL, USA).

Results
Demographic characteristics: Of a total of 26 patients, the majority of patients belonged to the age group
of 41–60 years (53.8%). The median age at presentation was 45 years (range 16–67 years; mean 43.4)
with a male to female ratio of 1.4:1. The demographic and patient characteristics in the two subgroups of
pancreatic neuroendocrine neoplasms are enumerated in table-1. The most frequent location of the
tumour in the pancreas was the head (10) followed by the tail (9). The median age at presentation in the
pancreatic head/neck group was 42 years and that in the pancreatic body/tail group was 46 years and
there was no signi�cant difference between the two groups. No correlation was found between the
primary location of the tumour with age (p = 0.283) or tumour grade (p = 0.219).

Clinical characteristics

Of 26 patients, 12 (46.2%) presented with only non-functional symptoms, 14 (53.8%) had functional
symptoms. Abdominal pain was the most common symptom, seen in 11 patients. Of 14 patients who
had functional symptoms, recurrent hypoglycemia was the most common seen in 13 (92.8%) followed by
diarrhoea in 8 (57.1%). Among the non-functional group, abdominal pain was the most common
presenting symptom seen in 11 (91.7%) of cases followed by loss of appetite in 6 (50%). The group of
functional tumours included 12 cases of insulinomas and 1 case of VHL syndrome.

The tumour was located in the head/neck of the pancreas in 11 cases, and in the body/tail in 15 cases.
Pre-operative FNA from the pancreatic mass was performed in 6 cases, which were diagnosed as
neuroendocrine neoplasm in all except one case, which was reported as adenocarcinoma.
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Overall, six (23.1%) patients presented with metastasis on initial presentation. The most common site
was the liver (4, 15.4%), followed by the spleen (2, 7.70%). The location of the primary tumour in the
former was two cases each in body/tail and head/neck, and two cases in body/tail in the latter. No
correlation was noted between the primary location of the tumour and metastasis at presentation (p = 
0.085).

Pathologic features

The tumour size varied from 0.8 to 13 cm and most of them were well-circumscribed lesions (Fig. 1). The
overall mean tumour size was 3.4 cm (range 1–13 cm) and a median of 2.5 cm. 6 (23.1%) of tumours
were larger than 2 cm in size in the pancreatic head group. In a case of Von-Hippel Lindau syndrome, the
tumour was located at the uncinate process and bilateral adrenals also showed greyish-white growths,
diagnosed as pheochromocytoma (Fig. 2). In one case, a specimen from the liver showed a metastatic
lesion from a tumour in the head of the pancreas. The predominant histological pattern that was noted in
all the cases was nested, followed by trabecular, cord and diffuse. Necrosis was seen in two cases only.
The mitosis was < = 2/10 HPF in half of the cases. The majority of these tumours were well-differentiated
(WHO grade-I). Lymph node and distant organ metastasis were noted in 3 and 4 patients respectively.

Of the well-differentiated grade-I tumours, �ve belonged to the head and neck group, while 11 belonged to
the body and tail group. Out of grade II (total 8), 4 belonged to the head and neck group, while 4 belonged
to the body and tail group. Grade III tumours comprised two cases in the head and neck (one of each well-
differentiated G3 and poorly differentiated G3) (Fig. 3). There was no statistical signi�cance between
tumour grade and the location of the tumour (p-value 0.219).

Out of 26 patients, 16 (61.5%) belonged to grade 1, 8 (30.8%) to grade 2 and 2 (7.7%) to grade 3.
Metastatic disease at presentation was most common with grade-I. But this value may not be clinically
signi�cant for any de�nite conclusion as the majority of cases in our study belonged to grade I. Localised
metastasis was more common in the body/tail group (9/13). Distant metastasis at presentation was
more common in the body/tail group (4/6) as compared to the head/neck (2/6) group. There was no
statistical signi�cance between the tumour stage and the location of the tumour (p-value 0.085).

Treatment and follow-up

All 26 patients were treated according to the standard modality of treatment. 23 patients underwent
curative surgical resection in the form of either enucleation, pancreatectomy (median, distal or total) or
pancreaticoduodenectomy. Four patients received adjuvant chemotherapy. Adjuvant chemotherapy and
radiotherapy were required in four patients, all of whom had liver metastasis. Two received Sandostatin
chemotherapy, one received lutetium radiotherapy cycles and the patient who developed metastasis on
follow-up was treated with adjuvant chemotherapy and radiotherapy both. Of 26 patients, 24 were alive at
a median follow-up of 35.5 months (range 3 months to 120 months, mean 40.2 months) and six (23.1%)
patients had distant metastatic disease.
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Discussion
Neuroendocrine tumors (NETs) are a distinct group of neoplasms that arise from cells in the diffuse
neuroendocrine system. At least 17 different types of neuroendocrine cells are found in the pancreas and
gastrointestinal tract, and in the pancreas, they are located in the islets of Langerhans.9 pNETs �rst
described in 1869, are a subset of NENs that exhibit relatively distinct biologic behaviour and clinical
management compared to pancreatic adenocarcinoma. pNETs account for less than 10% of all NETs and
have an approximate incidence of 0.5 per 100,000 people per year.10,11Although they represent only 1–2%
of pancreatic neoplasms, their incidence is increasing.12 The proportion of pNETs out of
gastroenteropancreatic tumours in our study was found to be 27.8%.

Originally described by Nicholls in 1902 as tumours arising from the pancreatic islet cell line, these
tumours are often associated with the clinical syndrome associated with the hormone secreted by the
tumour.13 These neoplasms are known as functional pNETs and include insulinomas, gastrinomas,
glucagonomas, and somatostatinomas. Non-functioning pNETs (NF-pNETs) are not associated with any
functional syndrome, therefore their symptoms at presentation are due to the tumour and include
abdominal pain (35–55%), jaundice (25–40%), weight loss (30–45%) and/or an abdominal mass (10–
40%).14,15,16 Owing to their non-speci�c symptoms, NF-pNETs are usually diagnosed late in their disease
course with large primary tumours, with most having metastatic disease to the liver (40–90%).14,15,16 The
term NF-pNETs is a misnomer as these tumours secrete many peptides that do not cause clinical
syndromes, including pancreatic polypeptide (25–70%) (also known as PPomas), chromogranin-A (60–
100%), neuron-speci�c enolase (31%), ghrelin, neurotensin and subunits of human chorionic
gonadotropin (20%).14,15,16

pNETs are generally grossly well-demarcated and range in colour from grey-white to yellow and have a
solid, homogenous appearance. They can be vascular and congested, with areas of haemorrhage. They
can be cystic in rare cases, and radiologically, can be mistaken with other non-neoplastic, benign, and
neoplastic cystic lesions in the pancreas.17 All tumours in our series were well-circumscribed and solid in
gross appearance. Multiple tumours could be seen in genetic syndromes. In our case of Von-Hippel
Lindau syndrome, the tumour was located at the uncinate process with bilateral pheochromocytoma.

Several studies have discussed the clinical and pathological features, surgical management, and
adjuvant radionuclide chemotherapy of pNEN, which have led to continuous changes in histological
classi�cation and hence treatment protocols. The 2017 WHO classi�cation introduced some changes to
the classi�cation of pNEN. The �rst was the introduction of well-differentiated pNEN grade-3 (G3) for
well-differentiated pNEN with high proliferation indices (Ki-67 > 20% and/or mitotic rate > 20/10 hpf). This
change has in turn led to confusion regarding terminology and the distinction between pNEN-G3 and
pancreatic neuroendocrine carcinoma (pNEC). A second important point was that instead of the previous
Ki-67 cutoff of 2%, less than 3% cutoff is now used for G1 pNETs.18 A third change was the introduction
of the term 'neuroendocrine-non neuroendocrine neoplasm' for mixed neoplasms that may occasionally
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contain well-differentiated components and non-neuroendocrine components in addition to
adenocarcinoma.18

Pancreatic NETs G3 are well-differentiated pNEN with a mitotic count greater than 20/10 hpf or a Ki-67
index greater than 20% according to 2017 WHO classi�cation. The histological features of pancreatic
NET G3 are comparable to those of well-differentiated NET G1/G2, although these tumours are not pNEC.
A higher Ki-67 index is considered a determining factor when the Ki-67 index and the mitotic count are
inconsistent. According to Basturk et al, patients with a G2 mitotic count and a G3 Ki-67 index had a
longer survival time than patients with poorly differentiated pNEC, but a shorter survival time than
patients with G2.19 Poorly differentiated pancreatic NECs are histologically divided into small and large
cell types.

Despite the histomorphological differences between NETs G3 and NECs, they are sometimes di�cult to
distinguish. Loss of nuclear expression for DAXX and ATRX and retention of expression for Rb and p53
help identify NETs G3 and NECs, respectively. Somatostatin receptors are commonly expressed in well-
differentiated pNET.20 The liver was the most common site of distant metastases according to several
studies.21,22,23 This was seen in four of our cases. Apart from the WHO 2017 classi�cation of pNEN, TNM
staging is also important for management.

Treatment of pNET is a multidisciplinary effort that includes surgery, somatostatin analogues (SSAs),
targeted therapy, and chemotherapy. Several recent studies have greatly added to the therapeutic options,
and treatment guidelines are constantly evolving. Surgery is the mainstay of treatment for pNET.24

Resection is often curative for patients with localized disease, and even patients with distant metastases
may bene�t from surgical debulking in terms of symptom control and survival.24 The surgical approach
to pNET depends on the size and location of the tumour, functional status, and the presence or absence
of distant metastases. Distal pancreatectomy, pancreaticoduodenectomy, central pancreatectomy,
enucleation, or observation are the treatment modalities in cases where pNET are limited to the pancreas
and regional lymph nodes. All pNET larger than 2 cm and functional tumours, regardless of size, should
be resected.24

Surgical excision remains the only possible curative treatment for people with pNET in the majority of
cases. Several guidelines (NCCN, ENETS, Chinese Society of Clinical Oncology, and NANETS) recommend
surgical resection for all functioning pNET and localized NF-pNETs (without extensive metastases), with
surgical options including simple enucleation, central pancreatectomy, distal pancreatectomy with or
without splenectomy and pancreatoduodenectomy depending on tumour location.25 Tumours of the
head of the pancreas are resected by pancreaticoduodenectomy, whereas tumours located in the body or
tail with or without spleen preservation are performed by distal pancreatectomy.24

A treatment algorithm for pNET based on functionality and localized or metastatic disease was proposed
by Akirov et al.26 Liver metastases are found in approximately 40–45 percent of pNETs,   but they are not a
contraindication for surgical excision. Indeed, if a comprehensive examination reveals no sites of
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metastasis other than the liver, surgical resection is indicated based on the pNET grade and the surgical
resectability of liver metastases. In the case of pNET G1-G2 with resectable liver metastases, a prior
surgical approach is advocated and G3 pNETs are treated. Although controversial, a palliative debulking
operation can be considered in inoperable liver metastases, especially if life-threatening and/or
obstructive consequences (bleeding, severe pancreatitis, jaundice or gastric obstruction). are present.27

Conclusions
Surgical resection is the mainstay of treatment. The histological grade was found to be the only
independent prognostic factor affecting long-term survival. There was no statistical signi�cance between
tumour grade and the location of the tumour or between the tumour stage and the location of the tumour.
Our study comprises the largest Indian series of patients with pNEN reported to date, analyzing the
clinicopathologic features of the disease, the impact of treatment modality and survival rates.
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Table 1: Demographic and patient characteristics in the two subgroups of pancreatic neuroendocrine
neoplasms 

Parameter   Total Head and neck
group

Body and tail
group

p-
value

Age (years)   26 11 15 0.283

  <40 10 5 5  

  >40 16 6 10  

Sex         0.452

  Male 15 7 8  

  Female 11 4 7  

Clinical         1.129

  Functional 14 4 10  

  Non-functional 12 7 5  

Grade         0.219

  Well differentiated G1 16 5 11  

  Well differentiated G2 8 4 4  

  Well differentiated G3 1 1 0  

  Poorly differentiated
G3

1 1 0  

Tumour size         0.552

  <2 cm 9 4 5  

  2-4cm 9 4 5  

  >4cm 5 2 3  

Tumour
stage

Metastasis        0.085

  Localized 13 4 9  

  Regional 7 5 2  

  Distant 6 2 4  

Group stage  Stage I/II 14 5 9 0.306

  Stage III/IV 9 5 4  
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Figures

Figure 1

A Pancreaticoduodenectomy specimen from a case of pancreatic NEN, WHO G1. The mucosal surface
shows a homogeneous, grey-white growth measuring 4x3.5 cm. B. Photomicrograph showing nests and
trabeculae of monomorphic, polygonal cells with salt & pepper-like chromatin and inconspicuous nucleoli
(H&E, x200). C. Synaptophysin immunohistochemical stain showing granular, cytoplasmic, dot-like
positivity in the tumour cells (H&E, x200). D. Chromogranin immunohistochemical stain showing granular,
cytoplasmic, dot-like positivity in the tumour cells. Ki-67 index <1% (inset)



Page 13/14

Figure 2

A Gross image of a pancreatic neuroendocrine neoplasm (2x1.8x1 cm, at uncinate process) from 26
years female, case of VHL Syndrome, who presented with recurrent hypoglycaemia, hypertension,
headache and seizures. B Bilateral adrenal lesions from the same patient associated with VHL syndrome,
diagnosed as Pheochromocytomas, (Right- 50 x 45 mm, Left- 50 x 25 mm)
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Figure 3

A Alveolar arrangement of tumour cells, in a case of Well-differentiated pancreatic neuroendocrine
tumours WHO Grade 2. (H&E, x200). B: Brisk mitosis (30-40/10 HPF in a case of poorly differentiated
pancreatic neuroendocrine carcinoma, NEC WHO (G3). (H&E, x400). C Areas of extensive necrosis in a
case of pancreatic neuroendocrine carcinoma, NEC WHO (G3). (H&E, x200). D Ki-67 index is 30-40%


