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ABSTRACT 
 
Context Solid pseudopapillary tumour of the 
pancreas is an uncommon tumour, which 
predominantly occurs in young females and is 
of unknown origin. 
 
Case report We describe five cases with 
diverse clinical and/or histological features, 
including one unusually aggressive case 
resulting in early death. 
 
Conclusion There is great variability in the 
presentation and clinical course of these 
tumours with further research needed to 
define their histogenesis and biological 
behaviour. 
 
 
INTRODUCTION 
 
Solid pseudopapillary tumour (SPT) of the 
pancreas is an extremely rare epithelial 
tumour of low malignant potential affecting 
predominantly adolescent girls and young 
women. It was first described by Frantz in 
1959 [1] and has since then been referred to 
by a variety of terms, including Frantz’s 
tumour, solid-cystic tumour, papillary-cystic 
tumour, solid and papillary epithelial 
neoplasm and solid pseudopapillary tumour of 
the pancreas. The descriptive nature of the 
nomenclature reflects the uncertainty over the 

histogenesis of these tumours, which remains 
despite a growing body of literature. SPTs are 
characterized by unique clinical and 
pathological features. They are most common 
in females (90%) and occur predominantly at 
a young age (mean age 35 years with less than 
10% over 40 years) [2, 3]. They are more 
frequent in non-Caucasians with the highest 
incidence in Japan [3]. They are regarded as 
slow-growing relatively benign tumours, 
though metastasis has been reported. We 
report five cases which demonstrate the 
remarkable variability of SPTs in their 
clinical presentation, histological and 
immunohistochemical features and biological 
behaviour. 
 
CASE REPORTS 
 
Case 1 
 
A 34-year-old Caucasian lady presented 
acutely with epigastric pain of 24-hour 
duration, a two week history of jaundice and 
3.5 kg of weight loss. Laboratory findings 
were normal apart from a raised alkaline 
phosphatase (1,560 IU/L; reference range: 70-
300 IU/L) and total bilirubin (50 μmol/L; 
reference range: 5-21 μmol/L). Tumour 
markers (alpha-fetoprotein, CA 125 and CA 
19.9) were normal. Abdominal examination 
was unremarkable. Ultrasound (US) 
examination showed an echogenic mass in the 
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pancreatic head with intra- and extra-hepatic 
duct dilatation. On computed tomography 
(CT) the mass measured 11cm in maximum 
diameter, and was shown to displace but not 
infiltrate adjacent vascular structures. There 
was no evidence of metastasis. 
Laparotomy revealed a large tumour mass 

arising from the pancreatic head with the 
duodenum stretched over its surface. Pylorus-
preserving pancreaticoduodenectomy (PPPD) 
was performed. The tumour size was 
11x9.5x6.5 cm. Histologically, most parts of 
the tumour showed features characteristic of 
SPT. In addition, however, there were areas 
of diffuse, densely cellular tumour growth, 
with marked nuclear atypia, prominent 
mitotic activity, and extensive necrosis 
(Figure 1a). This atypical tumour component 
also showed an aberrant immunoprofile, with 
acquisition of epithelial (MNF116, CAM5.2, 
BerEP4, EMA), endocrine (synaptophysin) 
and melanocytic (HMB45) marker expression 
(Figure 1b; Table 1). There was lympho-
vascular tumour permeation and metastatic 
spread to 7 out of 28 lymph nodes. Adjuvant 
treatment was offered but the patient declined. 
Post-operative recovery was uneventful and 
the patient was discharged with a follow-up 
appointment after two months. However, 
nearly two months later she presented acutely 
with abdominal pain and general 
deterioration. CT then showed liver 
metastases and she died two weeks later. 
 
Case 2 
 
A 64-year-old Sudanese lady was found to 
have a right upper abdominal mass on routine 
examination. She was asymptomatic. 
Laboratory findings were all normal. US 
examination showed a 9 cm solid mass, which 
on CT appeared to originate from the uncinate 
process. US-guided biopsy was suggestive of  

Figure 1. a. Atypical component in aggressive SPT
(Case 1): solid tumour sheets with little intervening
stroma show extensive necrosis (upper right corner),
severe nuclear atypia and multiple mitotic figures
(arrows; H&E stain x200). b. The atypical tumour cells
show aberrant expression of HBM45, a melanocytic
marker (peroxidase immunostain x400). 

Table 1. Immunohistochemistry. 
Antibody Case 1 Case 2 Case 3 Case 4 Case 5 
Vimentin +/+ a + + + + 
NSE +/+ + + + + 
alpha-1-anti(chymo)trypsin +/+ + + + + 
Epithelial markers (MNF116, CAM5.2, BerEP4, EMA) +/+ - - - + 
Synaptophysin -/+ + - - - 
Chromogranin A -/- - - - - 
Progesterone receptor protein -/- - + - + 
Oestrogen receptor protein -/- - - - - 
S100 -/- - - - - 
HMB45 -/+ - - - - 
Melanin A -/- - - - - 
Ki67 index 2%/42% 2% 5% 7% - 
a Results stated separately for the poorly differentiated, atypical tumour component
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a neuroendocrine tumour (Figure 2). 
Magnetic resonance imaging (MRI) showed a 
mass with high signal intensity on T2 and a 
relatively low signal on T1 (Figure 3). 
Exploration revealed a huge hypervascular 
tumour arising from the head of the pancreas. 
A PPPD was performed. The tumour was 
well-circumscribed and measured 
12.5x9.5x6.5 cm. The tumour showed diffuse 
haemorrhage and a central area of necrosis 
with cavity formation (Figure 4). Histology 
was consistent with SPT with no lymph node 
metastasis (Figure 5). Immunohistochemistry 
was unusual in that the majority of tumour 
cells stained for the endocrine marker 
synaptophysin (Table 1). The patient is well 
at 18-month follow-up. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. US-guided biopsy in Case 2. Solid growth
pattern, minimal cytological atypia (a.) and 
immunostaining for synaptophysin (b.) resulted in an
erroneous pre-operative diagnosis of a neuroendocrine
tumour (residual pancreas in lower part of micrograph;
x200). 

Figure 4. Cross-section of a large SPT (Case 2) with 
extensive haemorrhage and necrosis. 

Figure 3. MRI with gadolinium enhancement in Case
2. Tumour in the head of the pancreas (A). Portal vein
(B). 

Figure 5. Microscopic appearance of SPT (Case 2): 
characteristic pseudopapillary growth pattern with gap-
like spaces and delicate fibrovascular stalks lined by a 
single row of tumour cells (H&E stain x100).
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Case 3 
 
A 12-year-old Caucasian boy presented 
acutely after falling over and landing on a 
hockey ball which he had been carrying in his 
hands. He complained of epigastric pain and 
vomiting. A mass was palpable in the left 
upper abdomen. All laboratory findings were 
normal apart from an elevated total bilirubin 
(31 μmol/L) and amylase (129 IU/L; 
reference range: 0-110 IU/L); serum beta-
HCG and alpha-fetoprotein were normal. 
Haemaglobin fell from 12.5 to 11.5 g/dL 
(reference range: 13.5-18.0 g/dL) within 24 
hours of admission. US and CT examination 
showed a large, well-circumscribed round 
mass in intimate relationship to the body and 
tail of the pancreas, suggestive of a pancreatic 
tumour possibly with internal haemorrhage 
(Figure 6). 
At laparotomy, there was a large, tense, and 
solid, partly cystic tumour in the body of the 
pancreas. There was evidence of 
retroperitoneal rupture of the tumour with 
haemorrhage into the transverse mesocolon 
and retroperitoneum around the duodenum. 
The liver appeared normal and there was no 
intra-abdominal lymphadenopathy. There was 
evidence of portal hypertension with dilated 
mesenteric and splenic veins related to 
compression by the tumour. Complete 
resection was achieved by a distal 
pancreatectomy (DP). The tumour measured 
7x7x4 cm and at the site of rupture of the 

tumour capsule, there were signs of 
haemorrhage but no extracapsular tumour 
growth. Histology was consistent with SPT. 
Post-operative recovery was uneventful and at 
six years he remains disease free. 
 
Case 4 
 
A 28-year-old Caucasian lady presented with 
a 24-hour history of epigastric and right upper 
abdominal pain associated with vomiting and 
fever. Laboratory findings were normal apart 
from an elevated CRP (62 mg/L; reference 
range: 0-10.0 mg/L). US revealed a mass in 
the head of the pancreas and CT confirmed a 
4 cm mixed attenuation lesion of either 
neoplastic or inflammatory nature. CT 
repeated six weeks later showed a 3.5 cm 
cystic lesion without signs of inflammation. 
Subsequent MRI demonstrated a well-defined 
spherical mass within the pancreatic head 
which on endoscopic US was shown to have 
solid and cystic components. The acute 
presentation was assumed to be precipitated 
by a bleed into the tumour, while the observed 
decrease in size was thought to reflect 
resolution of the haematoma. 
Laparotomy revealed a well-circumscribed 
tumour in the pancreatic head and neck which 
abutted onto but did not involve the portal 
vein. Complete resection was achieved by 
PPPD. The tumour was partially encapsulated 
and measured 2.2x1.8x1.4 cm. Histology 
confirmed SPT. There was focal perineural 
tumour permeation but no lymph node 
metastasis. Post-operative recovery was 
uneventful and at five-year follow-up the 
patient remains disease free. 
 
Case 5 
 
A 10-year-old Asian girl was referred with a 
one year history of mild, fluctuating jaundice 
and intermittent central abdominal pain. She 
had been born to consanguineous parents and 
had required treatment for unconjugated 
hyperbilirubinaemia in the neonatal period. 
During an admission for a febrile convulsion 
at 18 months of age her total bilirubin was 54 
μmol/L. 

Figure 6. Abdominal CT in Case 3 showing a large,
well-circumscribed round mass in intimate relationship
to the body and tail of the pancreas, suggestive of a
pancreatic tumour possibly with internal haemorrhage.
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Examination revealed no abnormal physical 
signs apart from mild jaundice. Investigations 
included the following: an elevated plasma 
total bilirubin of 84 μmol/L (conjugated 
fraction 4 μmol/L) but otherwise normal 
biochemical liver function, normal full blood 
count, reticulocyte count, and blood film. She 
was considered to have either Crigler-Najjar 
type 2 or Gilbert disease as a cause of her 
unconjugated hyperbilirubinemia. An 
abdominal ultrasound scan revealed a 5.5 cm 
well-defined heterogeneous retroperitoneal 
mass in the region of the head of the pancreas 
displacing but not obstructing the common 
bile duct. Colour Doppler flow studies 
showed the mass to be relatively avascular. 
Abdominal CT confirmed a well-demarcated 
mass related to the head of the pancreas 
immediately anterior to the inferior vena cava. 
The pancreas appeared otherwise normal and 
there was no associated lymphadenopathy. 
Other investigations included a normal 
plasma amylase, serum human chorionic 
gonadotrophin, alpha-fetoprotein, lactate 
dehydrogenase, and chest radiograph. 
At laparotomy, she was found to have a large 
pancreatic head tumour which was firm, 
encapsulated, and not associated with 
evidence of local invasion or intra-abdominal 
metastases. She underwent a PPPD with 
complete macroscopic excision of the tumour. 
She made an uneventful postoperative 
recovery and four years later remains well 
with normal pancreatic function and no 
evidence of recurrent disease. 
 
Immunohistochemistry 
 
The summary of immunohistochemistry for 
all five tumours is presented in Table 1. 
 
DISCUSSION 
 
SPTs are uncommon, accounting for 1-2% of 
all exocrine pancreatic tumours [2]. They 
present mainly in the second and third decade 
of life, being rare in the first decade and 
occurring in less than 10% above the age of 
40 years [3]. 

SPTs are often found incidentally on routine 
examination in an asymptomatic individual or 
as an incidental finding. Other patients may 
present with abdominal pain, palpable mass, 
dyspepsia, bloating or obstructive jaundice 
[4]. There may be no abnormal laboratory 
findings, and typically serum amylase and 
tumour markers (CA 19.9, CA 125, CEA, and 
alpha-fetoprotein) are normal. 
US, CT and MRI have all been used to 
investigate these masses. US and CT usually 
show a well-demarcated multilocular cystic 
mass with internal septa, fluid-filled areas and 
solid portions [5, 6]. MRI may demonstrate 
haemorrhage into the tumour [7]. None of 
these appearances are diagnostic and need to 
be considered in the clinical context. 
Macroscopically, SPTs are usually large 
tumours at the time of presentation (mean 
diameter 10.3 cm), often with extensive 
haemorrhage and pseudocystic degeneration 
[3]. SPTs are well-demarcated, often 
surrounded by an (incomplete) capsule, and 
only rarely do they invade adjacent organs. 
They are usually solitary tumours which are 
evenly distributed throughout the pancreas 
[3], though unusual multicentric [8] or 
extrapancreatic (mesocolonic, retroperitoneal, 
omental, hepatic) [9, 10] presentations have 
been reported. 
Histologically, most SPTs show a solid-
monomorphous growth in peripheral parts, 
whereas in the centre, tumour cells become 
dyscohesive and form pseudopapillae 
surrounded by empty gap-like spaces. 
Branching papillary fronds, cytological 
monotony and nuclear grooving are 
characteristic features that allow confident 
cytological diagnosis [11]. Degenerative 
changes feature prominently and lead not only 
to tumour cell vacuolization and the 
formation of characteristic pseudopapillae, 
but can also result in extensive fibrosis with 
focal calcification and occasional ossification, 
collections of foamy macrophages, and 
haemorrhage with cholesterol clefts and 
foreign body giant cell reaction. There is 
usually a delicate and endocrine-like tumour 
vasculature. 
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SPTs need to be differentiated from endocrine 
tumours, which morphologically can be very 
similar, but have a poorer prognosis. While 
endocrine tumours usually lack the 
widespread degenerative features, 
pseudopapillary growth and nuclear grooving 
of SPTs, immunohistochemistry is invaluable 
to solve the differential diagnosis. SPTs 
exhibit diffuse strong labelling for vimentin 
and neuron-specific enolase (NSE), whereas 
immunostaining for epithelial markers is 
usually absent. Staining for alpha-1-
antitrypsin and alpha-1-antichymotrypsin 
shows a characteristic pattern of strongly 
positive tumour cells scattered as singletons 
or small clusters within a background of 
negative tumour cells. Positivity for 
chromogranin A and synaptophysin has been 
reported in some SPTs and underscores the 
importance of a broad panel of markers upon 
which to base the diagnosis. In Case 2, 
positive immunostaining for synaptophysin in 
solid parts of the tumour sampled by US-
guided biopsy had resulted in an erroneous 
pre-operative diagnosis of neuro-endocrine 
tumour. Many SPTs express progesterone 
receptors, while oestrogen receptors are 
usually absent. Other differentials to consider 
are acinar cell carcinoma, and in children 
under 10 years of age, pancreatoblastoma. 
Acinar cell carcinoma has a male sex 
predilection, lobulated and ill-demarcated 
gross appearance, lack of pseudopapillary 
changes and positive immunostaining for 
pancreatic enzymes and cytokeratins. 
Pancreatoblastoma lacks a prominent 
pseudopapillary pattern and expression of 
vimentin. 
With a five-year survival rate of 97% after 
complete resection, often involving a radical 
procedure (PPPD or distal/partial 
pancreatectomy), the prognosis of SPTs is 
usually excellent [12]. Metastasis develops in 
up to 15% of patients, after an average 
disease-free interval of 8.5 years [3, 13]. 
Metastasis occurs mainly in the liver (often as 
a solitary deposit which may be amenable to 
surgical resection) and peritoneum, and rarely 
affects the regional lymph nodes. Even in the 
presence of metastatic disease at initial 

diagnosis, long-term survival is often the rule 
[14]. At present, there are no established 
histological criteria to predict the biological 
behaviour of SPTs. While invasion of blood 
vessels, perineural clefts or adjacent organs, a 
high degree of cellular pleopmorphism and an 
elevated mitotic rate are suggested to be 
associated with metastasis and recurrence, 
absence of these features does not preclude 
malignant behaviour. Thus, all patients 
require long-term follow-up. The poorly 
differentiated tumour component with an 
aberrant immunoprofile in Case 1 may relate 
to the unusually aggressive behaviour of this 
tumour. A recent study of two similarly 
aggressive cases also observed a tumour 
component with unusual histopathological 
features. There was a diffuse growth pattern, 
extensive tumour necrosis, significant nuclear 
atypia and an unusually high mitotic rate, and 
in one a component of sarcomatoid 
carcinoma. Immunoprofiles were similar to 
conventional SPTs except there was abnormal 
beta-catenin distribution and markedly 
increased MIB1 expression [15]. 
The benefit of chemotherapy or radiotherapy 
for patients with SPT is unknown. There is 
one documented case of radiosensitivity [16], 
and pre-operative chemotherapy has been 
reported as rendering the tumour resectable in 
at least two cases, using cis-platinum and 5-
fluoruracil [17] or gemcitabine [18]. There is 
also a report of post-operative use of 
ifosfamid, cisplatin and VP16 in a 
metastasising SPT [19]. 
More than four decades after its initial 
description, the histogenesis of SPTs is still 
controversial. An acinar cell, endocrine, 
ductal, extrapancreatic and recently, based on 
expression of a melanocytic marker 
(HMB45), a neuroectodermal origin has been 
proposed [20]. In view of the diverse 
immunohistochemical expression pattern, 
derivation from a pancreatic stem cell has also 
been suggested. However, none of these 
hypotheses explain the strongly sex-linked 
occurrence of the SPTs. Recent molecular 
studies revealed that SPTs are genetically 
different from pancreatic ductal 
adenocarcinoma and almost always harbour 
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beta-catenin mutations [21]. This finding 
raises the possibility that the reported 
association of SPTs with familial 
adenomatous polyposis (FAP) and FAP 
manifestations such as colon cancer and 
papillary thyroid carcinoma may not be 
merely coincidental [13, 22]. Deregulation of 
cell cycle proteins has recently been 
demonstrated, however, further studies are 
needed to correlate molecular aberrations with 
the biological behaviour of SPTs [23]. 
 
CONCLUSION 
 
SPT is a rare tumour predominantly occurring 
in young females and thought to be of low 
malignant potential. We have described five 
very diverse cases. Case 1 was particularly 
unusual given its rapid fatal outcome, atypical 
morphology and aberrant immunoprofile. 
Case 2 was unusual because of the patient’s 
advanced age at presentation. Cases 3 and 5 
were exceptional given their very young age. 
In conclusion, it is clear that there is great 
variability in the presentation and clinical 
course of SPTs. Further research is required 
to elucidate their histogenesis and to predict 
their biological behaviour. 
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