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Abstract: Solid pseudopapillary neoplasm (SPN) of the pancreas is a rare tumor which typically affects young wom-
en without significant clinical symptoms. SPN usually shows an indolent behavior and only rare cases recur and/
or metastasize after complete resection. We report our experience with four cases of SPN of the pancreas. All four 
patients were female with an age range of 15-42 years (mean age: 24.5 years). Two patients presented with abdomi-
nal pain, one with abdominal mass and one with acute abdominal signs following blunt trauma. Tumor’s size ranged 
from 1 to 16 cm (mean size: 5.5 cm). Two tumors were diagnosed preoperatively through percutaneous core needle 
biopsy and two underwent surgery without preoperative diagnosis because of high suspicion of SPN based on 
clinical and radiological findings. By immunohistochemistry, all cases stained strongly for vimentin, progesterone-
receptor and beta-catenin (nuclear) and variably with pankeratin and neuroendocrine markers. The proliferation 
index (Ki-67) was <2% in all cases. After a median follow-up of 40 months (range: 24-57 months), all patients were 
alive with no evidence of recurrence or metastatic disease. In conclusion, SPN of the pancreas should be consid-
ered in the differential diagnosis of any solid and partly cystic pancreatic or upper abdominal mass, particularly in 
young females. SPN possesses a low malignant potential and complete surgical resection with clear margins is the 
treatment of choice. Following R0 resection, SPN has an excellent prognosis.
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Introduction

Solid pseudopapillary neoplasm (SPN) of the 
pancreas is a rare neoplasm, which represents 
0.2-2.7% of pancreatic cancers [1-3]. The name 
of this entity dates back to 1959 when Virginia 
Frantz first described a “papillary cystic tumor 
of the pancreas” in the Armed Forces Institute 
of Pathology (AFIP) band on tumors of the pan-
creas. The patient was a 2-year-old boy who 
died during an attempted pancreatic-duode-
nectomy [4]. In 1970 Hamoudi et al described 
the ultrastructural features of the tumor, which 
led to its acceptance as a separate clinicopath-
ological entity [5]. Until its inclusion in the World 
Health organization (WHO) classification of 
pancreatic tumors in 1996 as ‘‘solid pseudo-
papillary tumor’’ of the pancreas [6], this entity 
has been described by different names in the 
literature such as “papillary epithelial neoplasm 
of pancreas”, “solid and cystic tumor of the 
pancreas”, “adenocarcinoma of pancreas of 

childhood”, “papillary-cystic tumor” and “solid 
and papillary epithelial neoplasm” [7], all 
reflecting histogenesis and biology of this lesion 
as well. In the current WHO classification [8], 
SPN is defined as a low-grade malignant neo-
plasm of the exocrine pancreas. The term SPN 
gained wide acceptance and is currently the 
most frequently used name for this entity [9]. 

To date, around 700 cases have been reported 
[1], more than two-thirds of them in the last 10 
years [10, 11]. This probably reflects the 
increasing awareness of the clinicopathologic 
and radiographic features of SPN and the uni-
formity of the nomenclature used for SPN in the 
last years. However, the etiology and the differ-
entiation status of SPN remained challenging 
and still enigmatic [9]. Herein, we present the 
clinical, histopathological, immunohistochemi-
cal and therapeutic characteristics of four SPN 
cases (Table 1) and discuss them together with 
a review of the literature. 
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Case descriptions

Case 1 

A 23-year-old woman presented with upper 
abdominal swelling for 2 months. She was 
admitted to hospital due to an acute onset of 
pain. On physical examination, a 10 cm well 

defined, non-tender, non-pulsatile mass was 
palpable in the epigastrium and right hypo-
chondrium. Apart from a slightly elevated white 
cell count, haematological and biochemical 
studies were unremarkable. The tumor markers 
(CA19-9, CEA and AFP) were normal. Abdominal 
ultrasound (US) (Figure 1A) and computed 
tomography (CT) (Figure 1B) showed a circum-
scribed encapsulated heterogeneous mass 
with solid and cystic areas arising from the 
head of pancreas, measuring 12 x 12 x 13 cm. 
No lymphadenopathy or other pathological find-
ings were seen. US-guided percutaneous core 
needle biopsy was consistent with SPN of the 
pancreas. The immunohistochemistry was pos-
itive for vimentin, progesterone-receptor, beta-
catenin (nuclear/cytoplasmic) with variable 
mostly focal expression of pankeratin, synapto-
physin and neuron-specific enolase (NSE). The 
staining for Islet-1 und TTF1 was negative. The 
Ki67 index was <2%. Laparotomy confirmed a 
pancreatic head tumor (Figure 2) without evi-
dence of intraabdominal metastasis. The 
patient underwent a Kausch-Whipple operation 

Table 1. Clinicopathological features of 4 patients with SPN
Case Age Sex Clinical 

presentation
Location 
(pancreas)

Size 
(cm)

Therapy Recurrence 
Metastases

Follow-up 
(months)

1 23 F abdominal pain head 16 duodenal-panreatectomy no 24
2 18 F abdominal pain head 2.5 distal pancreatectomy and 

splenectomy
no 28

3 15 F pain following blunt  
trauma

corpus/tail 1 local excision yes (local  
recurrence)

51

4 42 F abdominal mass head 2.5 duodenal-pancreatectomy no 57

Figure 1. A. Ultrasonography of abdomen showing a circumscribed encapsulated tumor of the upper abdomen. B. 
Computed tomography of abdomen demonstrating a well-encapsulated, heterogenous mass with solid and cystic 
lesions arising from the head of pancreas.

Figure 2. Laparotomy revealing a tumor arising from 
the head of pancreas.
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(Figure 3A). The resection margins were free of 
tumor and none of the 11 lymph nodes recov-
ered was positive for malignancy. On cross sec-
tion, the tumor measured 16 cm in maximum 
diameter. It was composed of cystic and solid 
components with haemorrhagic areas (Figure 
3B). The final histological report confirmed SPN 
(Figure 4). The patient is currently disease-free 
24 months after surgery.

Case 2

A 18-year-old girl, in a good overall health, pre-
sented with a history of abdominal pain of 
6-month duration. She reported nausea, diar-
rhoea and headache. Her past medical and sur-
gical history was unremarkable. Clinical exami-
nation revealed no fever, pallor, icterus, 
lymphadenopathy or a palpable mass. All labo-
ratory investigations including tumor markers 
were within normal limits. Gastroduodenoscopy, 
coloscopy, electroencephalography and mag-
netic resonance imaging (MRI) of the cranium 
(performed because of her headache) showed 
no abnormalities. Initial abdominal ultrasound 
was inconclusive. On abdominal CT, a solid 
mass, 2 cm in diameter, was observed in the 
pancreatic body and tail, with no evidence of 
invasion into surrounding tissues but with irreg-
ular peripheral calcifications. There was no evi-
dence of abdominal lymph node metastases. 
On MRI, the mass was well-delineated, mainly 
solid but with cystic components and had a low 
signal intensity on T1 and a high intensity on 
T2. Under the clinical/radiological diagnosis of 
‘‘probable Frantz tumor’’, decision was made 
for immediate tumor resection without a preop-

erative biopsy. A left pancreatectomy and sple-
nectomy was performed. The lesion was 2.5 
cm in size and it was removed with clear mar-
gins (R0). Seven biopsied lymph nodes were 
negative for tumor. Histological and immuno-
histochemical findings were similar to Case 1. 
Necrosis, vascular invasion and perineural 
invasion were absent. She is currently disease-
free 28 months after surgery. 

Case 3 

A 15-year-old girl was initially admitted to a 
peripheral hospital for acute epigastric pain, 
presented after a fall. The MRT scan showed an 
intraabdominal hematoma, involving the pan-
creas. A diagnostic laparoscopy revealed a necr 
otic tumor in the upper abdomen between less-
er curvature and lobe of the liver. Because a 
needle biopsy could not be performed and the 
organ primarily involved was not clear, a lapa-
rotomy was performed with local excision (enu-
cleation) of the tumor from the pancreatic head. 
Pathologic examination of the specimen con-
firmed SPN with positive margins (R1). Five 
months later, MRI scan demonstrated a 3.5 x 
2.4 cm encapsulated cystic and solid tumor of 
low and high signal intensity on T1 and T2, 
respectively. The pancreatic duct was dilated. 
Endosonography confirmed these findings. An 
explorative laparotomy was carried out and a 
distal pancreatectomy combined with splenec-
tomy was performed. Histological review of the 
specimen revealed multiple recurrent SPN nod-
ules, measuring from 0.5 to 1.5 cm in diameter, 
which were removed in toto (R0). There were no 
mitoses, atypia, vascular invasion or lymph 

Figure 3. A. Intraoperative specimen. B. Cross section of specimen, showing a tumor composed of mixed cystic and 
solid components, with haemorrhagic areas.
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node metastasis (0/22). On immunohisto-
chemical study, the tumor cells showed similar 
marker profile as other cases. The patient 
remains disease free at last follow-up 51 
months after surgery.

Case 4

A 42-year-old woman presented with a mass in 
the upper abdomen since 2 months, which has 

been gradually increasing in size. There was a 
previous history of biliary pancreatitis and a 
cholecystectomy due to cholecystitis. All labo-
ratory investigations, including tumor markers, 
were within the normal ranges. CT-guided per-
cutaneous core needle biopsy was consistent 
with SPN of the pancreas. Pancreaticoduod- 
enectomy was performed by a Kausch-Whipple 
procedure. The lesion measured 2.5 cm and 
showed a yellowish cut-surface with hemor-

Figure 4. Pathological features of SPN. A. the tumors showed papillary structures with intervening cyst-like spaces. 
B. solid areas showed monotonous cell population with myxohyline stroma. Immunohistochemistry revealed strong 
and diffuse expression of vimentin (C), scattered positivity for pankeratin (D) and chromogranin A (E) and strong 
nuclear and cytoplasmic reactivity for beta-catenin (F).
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rhagic and necrotic areas admixed with solid 
areas. There was no invasion into the peripan-
creatic fat or involvement of regional lymph 
node (0/11). The surgical margins were free of 
tumor tissue. Histological and Immunohistoc 
hemical findings were similar to other cases. 
The postoperative course was uneventful. The 
patient is currently alive without evidence of 
disease 57 months after surgery. 

Discussion

The spectrum of cystic and solid and cystic 
neoplasms of the pancreas is wide and encom-
passes at least 14 different tumor types [12]. 
However, the most commonly encountered cys-
tic neoplasms of the pancreas may be classi-
fied into five categories: serous microcystic 
adenoma, mucinous cystic neoplasms (cystad-
enoma or cystadenocarcinoma), intraductal 
papillary mucinous neoplasm (IPMN), cystic 
neuroendocrine neoplasms and solid pseudo-
papillary neoplasm of the pancreas (SPN). 
Among these uncommon pancreatic tumors, 
SPN represents an exceedingly rare entity. 

SPN usually affects young women at an aver-
age age of 28 years with a female: male ratio of 
10:1 [13]. About 20-25% of the cases are seen 
in pediatric patients [1]. One of our patients 
(case 4), presented at a relatively higher age 
(42 yrs) compared to most reported cases [9]. 
However, sporadic rare cases in men and in the 
elderly have also been reported [9, 14]. 
Certainly, our case series illustrates many of 
the salient features of this tumor, such as high-
er frequency in females, indolent clinical course 
and potential curability after complete surgical 
removal (R0). 

The clinical presentation of SPN is nonspecific. 
Most of patients present with non-specific 
symptoms including abdominal discomfort, 
mild abdominal pain or palpable abdominal 
mass [15]. Due to its slow growth, SPN often 
remains asymptomatic, until the tumor has enl- 
arged considerably. Accordingly, many are dete- 
cted incidentally on diagnostic imaging for unre- 
lated diseases or after a blunt abdominal trau-
ma [16] - as presented in our case 3. Other unc- 
ommon clinical symptoms are poor appetite 
and nausea, loss of weight, vomiting and (very 
rarely) jaundice and hematemesis [15, 17]. 

The most common localization of SPN is the tail 
of the pancreas, followed by the head and the 

body. Unusual presentations include multicen-
tric tumors in the pancreas and extrapancreat-
ic sites, such as the mesocolon, retroperitone-
um, omentum, liver and duodenum, possibly 
representing synchronous tumor spread [1, 
14]. 

SPN has been postulated to arise from primi-
tive pancreatic cells (e.g. acinar cells, ductal 
epithelium or endocrine cells) [18] or from cell 
lines of the female genital bud [2]. The key his-
tological hallmarks are solid and pseudopapil-
lary proliferation of homomorphous cells with-
out increased mitoses or cytological atypia [19, 
20]. Beta-catenin mutations, alterations of the 
wnt pathway and disorganisation of E-cadherin 
have been implicated in the development of 
SPN [21, 22]. CyclinD1, a downstream tran-
scriptional target of Beta-catenin, is over 
expressed in most cases [20]. The common 
expression of progesterone receptor and the 
strong predilection for females suggest that it 
might be a hormone-dependent tumor [23]. 
However, estrogen receptors have not been 
demonstrated. Another hypothesis is an extra-
pancreatic origin from genital ridge anlage-
related cells [19, 20]. 

Concerning diagnostics, routine laboratory 
parameters and tumor markers are of no help. 
Ultrasound and CT/MRI-scans typically show a 
large well-circumscribed, heterogeneous mass 
with varying solid and cystic components, gen-
erally demarcated by a peripheral capsule and 
occasional calcification. MRI is superior to CT in 
distinguishing certain tissue characteristics, 
such as haemorrhage, cystic degeneration or 
the presence of a capsule and may suggest 
correct diagnosis [24]. Angiography usually 
demonstrates an avascular or hypovascular 
tumor and may help delineate the mass from 
other involved adjacent structures [24]. Given 
the good prognosis after adequate resection, 
preoperative diagnosis would be helpful in sur-
gical planning. The diagnosis can be confirmed 
by an endoscopic ultrasound scan (EUS) with 
fine-needle aspiration (FNA) biopsy [25, 26] or 
percutaneous core needle biopsy with ultra-
sound or CT-guidance [27]. The latter method 
was used in 2 of our four patients without any 
complications and definite preoperative diag-
nosis could be made in these cases.

Histologically, SPN are commonly well-circum-
scribed and -encapsulated with irregular degen-
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erative cystic cavities and hemorrhages. The 
tumor contains a mixture of solid, cystic, and 
pseudopapillary patterns in various propor-
tions [28]. The diagnosis can be confirmed by 
immunohistochemical analysis [28-30]. In 
some cases, reactivity with epithelial markers 
and S-100 was described [28], but the expres-
sion of epithelial markers (AEI/AE3, CAM 5.2) is 
usually focal and weak. SPN cells may also 
reveal focal immunoreactivity for synaptophy-
sin and other neuroendocrine markers. abnor-
mal nuclear and cytoplasmic beta-catenin 
expression and presence of progesterone 
receptor are fairly common features of SPN. In 
addition, SPN express galectin-3 and CD10, all 
of which are useful in differentiating SPN from 
pancreatic neuroendocrine tumors. APC/ beta-
catenin pathway and cyclin-D1 alterations are 
observed in over 90% of cases [30]. The low 
Ki-67 index (≤5%) indicates a slow growth of 
the tumor. 

The differential diagnosis of SPN is wide and 
includes in particular solid and cystic lesions 
such as serous microcystic adenoma, cystade-
nocarcinoma, mucinous cystic neoplasms, cys-
tic neuroendocrine tumors, cystic acinar cell 
carcinoma, teratoma, pancreatoblastoma as 
well as a variety of congenital and acquired dys-
ontogenetic, post-inflammatory and infectious 
cysts [31]. However, the typical constellation of 
a pancreas-associated solid and cystic upper 
abdominal mass with or without calcifications 
in a young woman should always alert to the 
possibility of SPN.

Unlike most other pancreatic tumors, SPN usu-
ally behaves in an indolent fashion, but certain-
ly has a low malignant potential with generally 
excellent prognosis. Malignant behavior is 
observed in about 10-15% of the cases; some 
of them have been treated with aggressive 
resection. Metastases were described in 
regional lymph nodes, liver and peritoneum/ 
omentum [1]. Given their low malignant poten-
tial and the excellent overall prognosis, surgical 
resection has been the standard of care in the 
management of SPN [32]. Tumor enucleation 
and incomplete excision should be avoided due 
to the risk of tumor dissemination, develop-
ment of a pancreatic fistula [33] and the higher 
recurrence rare, as shown in our case 3. 
Extensive lymphatic dissection or resection of 
adjacent structures is not warranted since 
lymph node metastasis are found in <2% [9, 

34]. In our cases, all histologically examined 
lymph nodes were negative for metastatic dis-
ease. Tumor size should not be regarded as a 
predictor of unresectability because lesions as 
large as 30 cm may be resected without prob-
lems [35]. Unlike other pancreatic tumors, the 
stage of the disease does not play any role for 
the treatment of SPN [9]. If veins are infiltrated, 
vascular en-bloc resection and reconstruction 
with vein grafts has been proposed and the 
results were encouraging [9]. 

Other therapeutic options such chemotherapy 
and radiotherapy have been applied in some 
cases [36], but they basically have no place 
with this entity The role of neoadjuvant chemo-
therapy is described in a case of advanced dis-
ease with invasion of the superior mesenteric 
vein with good response [37], which is however 
a clear sign of non-indicated treatment. To 
avoid this kind of overtreatment, preoperative 
core needle biopsy should be taken, which is a 
safe procedure in an experienced center and 
clearly enables the true diagnosis of this entity 
Certainly, there is no need for neoadjuvant che-
motherapy like some experimental regimes 
which have been used including 5-fluorouracil, 
doxorubicin, streptozocin, cisplatin, topotecan, 
iphosphamide and etoposide, however without 
significant clinical response [9]. A favorable 
response to radiotherapy in locally advanced 
unresectable disease has also been reported 
[38]. Fried et al observed substantial shrinkage 
of an unresectable tumor after 6 weeks of 
radiotherapy [36].

Overall 5-year survival approaches 97% in 
patients undergoing surgical resection [9, 39]. 
Death ascribed directly to the tumor is rare and 
long-term survival (years to decades) has been 
described even in the presence of asymptom-
atic disseminated disease [39]. Clear-cut crite-
ria of malignancy have not been established 
and it is difficult to predict the behavior of SPN 
on histomorphological grounds. The Ki-67 
index has been suggested as a potential indica-
tor of malignant potential and poor outcome of 
SPN [29]. Features that may indicate an aggres-
sive clinical behavior are venous invasion, dif-
fuse infiltrative growth pattern, extensive tumor 
necrosis, significant nuclear atypia, high mitotic 
count, nuclear pleomorphism, dedifferentia-
tion, DNA aneuploidy, double loss of X chromo-
somes, trisomy of chromosome 3 and unbal-
anced translocation between chromosomes 13 
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and 17 [28, 29]. SPN affecting elderly males 
have been associated with increased likelihood 
of malignancy [20, 40].

Conclusion

In conclusion, SPN is a rare pancreatic neo-
plasm of unclear histogenesis that typically 
affects young females without significant symp-
toms. Appearance on imaging is fairly charac-
teristic and may suggest diagnosis, but in 
unclear cases preoperative diagnosis should 
be accomplished by percutaneous CT-guided 
core needle biopsy in order to avoid not indi-
cated preoperative chemotherapy or radiother-
apy. Complete surgical resection of the tumor is 
the only effective treatment option. Whenever 
possible, surgery seems to be justified for local 
recurrence or metastasis. SPN should be con-
sidered in the differential diagnosis of any solid 
and partly cystic pancreatic or upper abdomi-
nal mass, particularly in young females. 
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