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ABSTRACT 

Context Intraductal papillary mucinous neoplasms (IPMNs) are uncommon tumours which can be associated with 

pancreatic and extrapancreatic malignancies. The association of IPMN and neuroendocrine tumours of the pancreas has been 

reported previously but is exceedingly rare. Case report We report three cases of IPMN treated with total 

pancreatectomy/extended distal pancreatectomy. Histopathological analysis of the resected specimens revealed 

concomitant IPMN and neuroendocrine tumour. Two patients had adenocarcinoma as well. Conclusions The presence of an 

IPMN may place the entire pancreas at risk of developing other tumour types and vigilance during all stages of management 

is necessary to ensure optimal treatment. 

 

INTRODUCTION 

Intraductal papillary mucinous neoplasms 

(IPMNs) are mucin-producing tumours that 

comprise 0.5-9.8% of pancreatic exocrine tumours 

[1]. IPMNs are associated with other pancreatic and 

extrapancreatic malignancies (colorectal, gastric, 

lung, breast and cholangiocarcinoma) in 25-32% of 

cases [2]. We report three cases of concomitant 

IPMN and neuroendocrine tumour, a very rare 

association. Two of the three patients had 

adenocarcinoma as well. 

CASE REPORTS 

Case #1 

Abdominal CT in a 65-year-old man with 

malabsorption, obstructive jaundice and recent 

onset insulin dependent diabetes mellitus revealed 

a cystic mass in the head of the pancreas which was 

thought to be malignant, without evidence of 

metastatic disease. 

At operation he had a large cystic lesion in the 

head of pancreas with mucin in the pancreatic duct 

which was dilated to 1.9 cm (Figure 1). As frozen 

section showed a solid cystic lesion with invasive 

cancer at the tumour margin and IPMN, a total 

pancreatectomy was performed. The international 

consensus guidelines for the management of IPMNs 

suggest that when adenoma or low-grade 

pancreatic intraepithelial neoplasia (PanIN) lesions 

are found intra-operatively in a resection margin, 

no further resection is needed, but that the 

presence of borderline neoplasm, high-grade 

dysplasia or invasive carcinoma requires an 

extension of the surgical resection to a negative 

margin, up to a total pancreatectomy [3]. 

Histopathology demonstrated IPMN, positive for 

CDX-2 with oncocytic metaplasia, indicating mixed 

intestinal and oncocytic subtypes. There was 

invasive carcinoma arising from the IPMN with two 

distinct phenotypes (Figure 2). The first had 

atypical cells with a glandular architecture and 

mucin production with prominent invasive signet 

ring cell areas and foci of necrosis. This was positive 

for MUC1, CDX2 and CK20, consistent with an 

invasive signet ring cell and mucinous 

adenocarcinoma. 
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The second component had cells arranged in a 

trabecular architecture with eosinophilic cytoplasm 

and nuclei demonstrating prominent moulding with 

speckled chromatin. There was positive staining for 

synaptophysin and focal staining for chromagranin 

A (Table 1), diagnostic of a neuroendocrine 

carcinoma. The neuroendocrine carcinoma 

appeared to be arising from the IPMN. The 

background pancreatic parenchyma was highly 

atrophic and fibrotic with cystically dilated ducts. 

Molecular testing for K-ras showed that both 

tumours were wild type for K-ras. 

Case #2 

A 79-year-old man presented with obstructive 

jaundice and new onset diabetes mellitus. 

Transabdominal ultrasound and CT demonstrated a 

1.5 cm diameter common bile duct with no 

pancreatic or liver lesions. ERCP revealed a distal 

biliary stricture and biliary brushings showed 

adenocarcinoma cells. A biliary stent was placed at 

the time of ERCP. 

At operation, there was a mass in the head of the 

pancreas infiltrating through the transverse 

mesocolon without vascular involvement. As there 

were features suggestive of IPMN in the rest of the 

pancreas, a total pancreaticosplenectomy with 

excision of the involved transverse mesocolon in 

continuity was performed. 

Histology showed cholangiocarcinoma, IPMN of 

gastric subtype with low and high-grade dysplasia 

and low grade and in situ invasive neuroendocrine 

tumour of the tail of the pancreas (Figure 3). The 

IPMN showed focal positivity with Muc5AC, 

positivity with CK7 and stained negatively with 

CDX2, Muc2, CK20 and CEA (Table 2). The invasive 

carcinoma stained positively with CK7 and CEA. The 

neuroendocrine tumour stained positively with 

synaptophysin and chromogranin A. The Ki67 index 

of this tumour was less than 2% and testing for K-

ras showed wild type. 

Figure 1. Total pancreatectomy and cholecystectomy showing 

solid cystic mass in the head of pancreas with cystic changes 

involving the body and tail of the pancreas (top). Total 

pancreatectomy showing solid cystic mass in the head of 

pancreas with cystic changes involving the body and tail of the 

pancreas. The image is formed by four mega blocks stained with 

haematoxylin and eosin x1 (bottom). 

* denotes sites of invasive carcinoma. 

 

Figure 2. a. Part of the lining of the cyst showing neoplastic 

glands with oncocytic changes (haematoxylin and eosin stain x5). 

b. Part of the lining of the cyst showing low branching epithelium 

with high grade dysplasia (haematoxylin and eosin stain x10). c.

Solid component of invasive carcinoma showing typical invasive 

ductal carcinoma (top right and carcinoma with neuroendocrine 

differentiation left) (haematoxylin and eosin stain x5). d. Solid 

cystic component of invasive carcinoma and IPMN showing focal 

positivity with chromogranin A in nests of neuroendocrine 

carcinoma (immunohistochemistry: chromogranin A stain x5). 

Table 1. Immunophenotype of three tumour components in Case #1. 

 Muc 1 Muc 2 Muc 5AC CDX-2 CK7 CK20 Synaptophysin Chomogranin A 

IPMN Positive Focal Negative Positive Focal Focal Positive Positive 

Adenocarcinoma Focal Focal Focal Positive Negative Focal Positive Positive 

Neuroendocrine Positive Focal Positive Positive Negative Focal Focal Focal 
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Case #3 

A 67-year-old woman presented with epigastric 

pain and vomiting. Initial investigations including 

upper gastrointestinal endoscopy and flexible 

sigmoidoscopy were normal. CT was suggestive of a 

pancreatic lesion, so EUS and FNA were performed. 

This revealed a lesion in the body and neck of the 

pancreas measuring 1 cm in diameter and FNA was 

suggestive of neuroendocrine tumour. There was no 

obvious disease elsewhere and she underwent 

surgical resection. 

At operation, the tumour was not visible or 

palpable. A frozen section specimen from the body 

of the pancreas revealed neuroendocrine 

hyperplasia and atypia in one section block. 

Therefore, extended distal pancreatectomy was 

performed. 

Histopathology demonstrated a well dif-

ferentiated pancreatic endocrine neoplasm in the 

body and tail of pancreas with no evidence of 

nuclear pleomorphism or mitoses (Figure 4). There 

was also focal IPMN at the margin of excision of the 

pancreas. On immunohistochemical analysis, the 

tumour stained positively with CD56, chromogranin 

A (Table 3) and glucagon. Ki67 index was less than 

1%. Therefore, this was a well differentiated 

glucagonoma with an associated incidental IPMN. 

DISCUSSION 

IPMNs usually occur in individuals aged 60-70 

years and arise from pancreatic ductal epithelium, 

with the production of atypical mucin and dilatation 

of the main pancreatic duct or its branches. They 

are classified as main duct, branch-duct or 

combined types [4]. Clinical presentation varies 

from non-specific symptoms like back pain, nausea, 

vomiting and weight loss to recurrent pancreatitis, 

malabsorption and diabetes mellitus. IPMNs 

progress to carcinoma slowly and generally have a 

good prognosis. 

Features suggesting malignant transformation 

are main duct type disease with main pancreatic 

duct dilatation of greater than 10-15 mm, branch 

duct type with tumour size greater than 3 cm and 

mural nodules [4]. Jaundice is more common in 

patients with an IPMN associated with pancreatic 

ductal adenocarcinoma (PDAC) than in non-invasive 

IPMN [5]. Concomitant PDACs occur more 

frequently in branch duct IPMNs, in males more 

than females and distal more than proximal 

tumours. Recent deterioration of diabetes and 

increase in CA 19-9 can also be predictors of the 

presence of PDAC in IPMNs. [6] Patients with PDAC 

arising in IPMN may present at an earlier stage and 

have a more favourable prognosis than classic 

PDAC. A recent study in 28 resected IPMNs showed 

a 78% 5-year disease-free survival [1]. In a review 

of existing literature, Heidt et al. suggested that 

IPMN should be treated with planned local 

resection for localised lesions with frozen section to 

ensure negative margins. If there is evidence of 

invasive disease or severe dysplasia at the resection 

margin, the resection should be extended up to and 

including total pancreatectomy. In diffuse, non-

invasive disease, total pancreatectomy should also 

be considered to reduce the risk of recurrent, 

invasive disease [7]. 

Figure 3. a. Mega block showing cystic lesions of IPMN 

(haematoxylin and eosin stain x1). b. IPMN showing neoplastic 

epithelium with micropapillary formation and overlapping nuclei 

indicating high-grade dysplasia (haematoxylin and eosin stain 

x10). c. Early invasive neuroendocrine carcinoma and 

neuroendocrine carcinoma in situ with cystic change in the tail of 

the pancreas (haematoxylin and eosin stain x1.25). d) IPMN 

(pancreatic subtype) showing strong positive staining 

(immunohistochemistry: Muc5AC stain x10). 

Table 2. Immunophenotype of three tumour components in Case #2. 

 Muc 1 Muc 2 Muc 5AC CDX-2 CK7 CK20 Synaptophysin Chomogranin A 

IPMN Focal Negative Focal Negative Positive Negative Focal Focal 

Adenocarcinoma Positive Negative Positive Negative Positive Negative Positive Negative 

Neuroendocrine Negative Negative Negative Negative Negative Negative Positive Positive 

 

Figure 4. a. Well-circumscribed tumour mass surrounded by 

pancreatic tissue (haematoxylin and eosin stain x1.25). b. Diffuse 

staining of tumour and positive staining of islets of Langerhans in 

surrounding tissue (immunohistochemistry: chromogranin A 

stain x1.25). c. Higher power image showing positive staining of 

tumour and islets of Langerhans in surrounding tissue 

(immunohistochemistry: chromogranin A stain x10). d. IPMN 

showing papillary formation (haematoxylin and eosin stain x20). 
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IPMNs are divided into intestinal, 

pancreatobiliary, oncocytic and gastric types. In 

pancreatobiliary type, cells are positive for MUC1 

but negative for MUC2. MUC1 immunostaining is a 

sensitive and specific indicator of invasiveness in 

IPMN [8]. K-ras mutation is seen in IPMN and 

mucinous neoplasms and can differentiate 

neoplastic pancreatic cystic lesions (IPMN) from 

non neoplastic cysts [9]. PDAC is generally both CK7 

and CK20 positive and can also be faintly CDX-2 

positive [8]. There may be a component of 

neuroendocrine cells which will react with 

somatostatin, synaptophysin, chromogranin, or 

other neuroendocrine markers. Mucin evaluation 

may be useful in evaluating prognosis. Pancreatic 

neuroendocrine tumours (pNETs) can be grouped 

by the predominant secreted hormone (e.g. 

somatostatin, gastrin, glucagon). pNETs show 

intense staining for synaptophysin and 

chromogranin positivity correlates with the extent 

of granularity on electron microscopy [10]. PNETs 

also stain with various keratins, including CK8, 

CK18, and CAM 5.2. CK7 and CK20 are usually 

negative [8]. 

Two of the three cases reported describe a 

typical presentation of concomitant IPMN and 

invasive PDAC (jaundice and new onset diabetes-

mellitus). The finding of neuroendocrine tumour in 

association with IPMN is much less common. 

Previous reported cases of concomitant IPMN and 

neuroendocrine tumour presented with abdominal 

and back pain, as in the third case reported in this 

series, or non-specific symptoms such as weight 

loss [11]. 

Two series of IPMNs found associated 

neuroendocrine tumours in 2.8% [12] and 4.6% 

[13] of cases analysed. As both tumours are rare, 

there has been suggestion that the frequency of 

association is too large to be fortuitous [13, 14]. The 

mechanism by which these tumour types evolve 

concomitantly is not yet understood. Marrache et al. 

[13] hypothesised that they may have a common 

neoplastic progenitor or there may be 

transdifferentiation of one cell type into another. In 

our study, all three tumour types found in Case #2 

had weak, focal or positive staining for 

synaptophysin and chromogranin A suggesting that 

there may be neuroendocrine cells among the 

pancreatic ductal cells. Several molecular studies of 

IPMNs support the concept of a field defect. The 

presence of IPMN may place the entire pancreas at 

risk of developing other types of tumour. 

The three cases reported may represent a new 

subtype of IPMN which is associated with 

neuroendocrine carcinoma. Although a few cases of 

this association have previously been reported, it 

remains rare and conclusions about the associated 

prognosis and optimal management cannot yet be 

drawn. Vigilance during surgical resection, 

pathological and immunohistochemical 

examination is required to identify these unusual 

tumours for further study. 

 

 

Conflicts of interest None to declare 

Funding N.T. is funded by a fellowship from the 

CORE Foundation (London, United Kingdom) 

 

 
References 

1. Adsay NV, Conlon KC, Zee SY, Brennan MF, Klimstra DS: 

Intraductal papillary-mucinous neoplasms of the pancreas: an 

analysis of in situ and invasive carcinomas in 28 patients. Cancer 

2002, 94(1):62-77. 

2. Calculli L, Pezzilli R, Brindisi C, Morabito R, Casadei R, 

Zompatori M: Pancreatic and extrapancreatic lesions in patients 

with intraductal papillary mucinous neoplasms of the pancreas: a 

single-centre experience. Radiol Med 2010, 115(3):442-452. 

3. Tanaka M, Fernandez-del Castillo C, Adsay V, Chari S, Falconi 

M, Jang JY, Kimura W, Levy P, Pitman MB, Schmidt CM et al: 

International consensus guidelines 2012 for the management of 

IPMN and MCN of the pancreas. Pancreatology 2012, 12(3):183-

197. 

4. Shi C, Hruban RH: Intraductal papillary mucinous neoplasm. 

Hum Pathol 2012, 43(1):1-16. 

5. Schnelldorfer T, Sarr MG, Nagorney DM, Zhang L, Smyrk TC, 

Qin R, Chari ST, Farnell MB: Experience with 208 resections for 

intraductal papillary mucinous neoplasm of the pancreas. Arch 

Surg 2008, 143(7):639-646; discussion 646. 

6. Ohtsuka T, Kono H, Tanabe R, Nagayoshi Y, Mori Y, Sadakari 

Y, Takahata S, Oda Y, Aishima S, Igarashi H et al: Follow-up study 

after resection of intraductal papillary mucinous neoplasm of the 

pancreas; special references to the multifocal lesions and 

development of ductal carcinoma in the remnant pancreas. Am J 

Surg 2012, 204(1):44-48. 

7. Heidt DG, Burant C, Simeone DM: Total pancreatectomy: 

indications, operative technique, and postoperative sequelae. J 

Gastrointest Surg 2007, 11(2):209-216. 

8. Geller SA, Dhall D, Alsabeh R: Application of 

immunohistochemistry to liver and gastrointestinal neoplasms: 

liver, stomach, colon, and pancreas. Arch Pathol Lab Med 2008, 

132(3):490-499. 

9. Wu J, Matthaei H, Maitra A, Dal Molin M, Wood LD, Eshleman 

JR, Goggins M, Canto MI, Schulick RD, Edil BH et al: Recurrent 

GNAS mutations define an unexpected pathway for pancreatic 

cyst development. Sci Transl Med 2011, 3(92):92ra66. 

10. Strosberg JR, Nasir A, Hodul P, Kvols L: Biology and 

treatment of metastatic gastrointestinal neuroendocrine tumors. 

Gastrointest Cancer Res 2008, 2(3):113-125. 

Table 3. Immunophenotype of two tumour components in Case #3. 

 Muc 1 Muc 2 Muc 5AC CDX-2 CK7 CK20 Synaptophysin Chomogranin A 

IPMN Negative Negative Positive Focal Positive Negative Focal Negative 

Neuroendocrine Negative Negative Negative Negative Negative Negative Positive Positive 

 



JOP. J Pancreas (Online) 2013 July 10; 14(4):423-427. 

JOP. Journal of the Pancreas - http://www.serena.unina.it/index.php/jop - Vol. 14 No. 4 – July 2013. [ISSN 1590-8577] 427 

11. Ishida M, Shiomi H, Naka S, Tani T, Okabe H: Concomitant 

intraductal papillary mucinous neoplasm and neuroendocrine 

tumor of the pancreas. Oncol Lett 2013, 5(1):63-67. 

12. Goh BK, Ooi LL, Kumarasinghe MP, Tan YM, Cheow PC, Chow 

PK, Chung YF, Wong WK: Clinicopathological features of patients 

with concomitant intraductal papillary mucinous neoplasm of 

the pancreas and pancreatic endocrine neoplasm. Pancreatology 

2006, 6(6):520-526. 

13. Marrache F, Cazals-Hatem D, Kianmanesh R, Palazzo L, 

Couvelard A, O'Toole D, Maire F, Hammel P, Levy P, Sauvanet A et 

al: Endocrine tumor and intraductal papillary mucinous 

neoplasm of the pancreas: a fortuitous association? Pancreas 

2005, 31(1):79-83. 

14. Gill KR, Scimeca D, Stauffer J, Krishna M, Woodward TA, Jamil 

LH, Wallace MB, Nguyen JH, Raimondo M: Pancreatic 

neuroendocrine tumors among patients with intraductal 

papillary mucinous neoplasms: real association or just a 

coincidence? JOP 2009, 10(5):515-517. 

 
 


