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Abstract
Solid pseudopapillary neoplasm (SPN) is a rare tumor 
with malignant potential which is generally located in the 
tail of pancreas. The prevalence of SPN has increased with 
widespread use of cross sectional imaging. SPN is often 
misdiagnosed due to nonspecific clinical presentation and 
accurate diagnosis is essential for optimal management. 
Endoscopic ultrasound-FNA with immunohistochemistry can 
help in preoperative diagnosis. Surgery is the treatment of 
choice and a successful R0 resection is curative. Overall, 
SPN has a good prognosis. This review article focuses on 
pathogenesis, diagnosis and management of SPN.
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Core tip: Solid pseudopapillary neoplasm (SPN) is a rare 
pancreatic tumor that predominantly affects young females. 
SPNs are usually indolent but they do have malignant 
potential. The pathogenesis of SPN is not entirely clear. 
Accurate diagnosis is essential in the management of SPN. 
Endoscopic ultrasound guided fine needle aspiration with 
immunohistochemistry can help distinguish SPNs from 
other aggressive pancreatic tumors preoperatively. Surgical 
resection with clear margins is curative and should be 
offered whenever feasible. The prognosis of SPN is good 
even in the presence of metastasis.
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INTRODUCTION
Pancreatic cysts are diagnosed more frequently because 
of increasing use of computed tomography (CT) and 
magnetic resonance imaging (MRI). They are found 
incidentally in more than 2 percent of CT and MRI 
for unrelated reasons[1,2]. According to World Health 
Organization (WHO) classification, pancreatic cysts are 
classified based on histology into serous, mucinous cystic 
neoplasm, intraductal papillary mucinous neoplasm 
(IPMN) and solid pseudopapillary neoplasm (SPN)[3]. SPN 
had various names in the past including Frantz’s tumor, 
solid and papillary tumor, solid-cystic tumor, papillary 
cystic tumor as well as solid and papillary epithelial 
neoplasm[4]. SPN accounts for about 3% of resected 
pancreatic cystic tumors[5]. SPNs are more common in 
females who are in their second or third decade of life. 
Less than 10% of SPNs are diagnosed in men. They are 
commonly found in the tail of pancreas[7,8].

PATHOGENESIS 
The cellular origin of SPN is unclear. During normal pan-
creas development, beta-catenin signaling within the 
beta-catenin/Wnt pathway is necessary and in the adult 
organ this pathway is usually downregulated[9]. The 
majority (85%-90%) of SPN have exon-3 mutations and 
in 10%-15% mutations are present in other exons[10]. 
The aberrant protein expression in SPN is strongly 
correlated with mutations in beta-catenin gene[10]. 
Mutations in beta-catenin gene exon-3 lead to Wnt 
signaling activation which plays an important role in the 
development of SPN[11]. Cell cycle-associated proteins 
like cyclin D1 and cyclin D3 are overexpressed in SPN 
because of deregulation of cell cycle[12,13]. The role of 
genetic aberration of EWS/FLI-1 in SPN was studied. 
FLI-1 is identified in endothelial and mesodermal 
tissues[14] and it is the earliest marker of blood vessels 
during embryogenesis[15]. Although FLI-1 was expressed 
in SPN, it was not accompanied by CD 34 positivity or 
EWS/FLI-1 translocation[16]. Hence, the diagnosis of 
SPN is less likely if EWS/FLI-1 translocation is positive. 
Chromosome 11 is vulnerable to specific genetic 
changes as it harbors several genes for proteins (cyclin 
D1, FLI-1, progesterone receptor and CD56) which are 
overexpressed in SPN[17]. The low tumor growth rate in 
SPN is explained by the role of cyclin-dependent kinase 
inhibitors p21 and p27 in controlling the activated Wnt/
beta-catenin signaling pathway[17]. SPNs are considered 
hormone sensitive because they express progesterone 
receptor[18]. P21, P27 and cyclin D1 expression is 
influenced by estradiol and progesterone[19,20]. BCL9 and 
BCL9L play an important role in enhancing Wnt signaling 
by increasing beta-catenin transcriptional activity and 
tumorigenesis[21]. BCL9L is differentially expressed 
among various pancreatic neoplasms [overexpressed in 
pancreatic ductal adenocarcinoma (PDAC) but decreased 
in SPN] but BCL9 did not show any difference[22] (Figure 
1). 
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HISTOLOGY AND MORPHOLOGY 
Grossly, SPN appear as solid and cystic components with 
areas of hemorrhage, calcifications, with a rim of fibrous 
capsule[23]. They are well-demarcated and invasion of 
adjacent organs like spleen and duodenum is rare[4]. Cut 
sections of SPN show alternate solid and yellow areas 
with cystic, necrotic and hemorrhagic zones. The solid 
portions of the tumor are usually composed of uniform, 
polygonal epithelioid cells with vascularized stroma 
which are not cohesive in arrangement[24]. Hyaline 
globules are periodic acid-shiff (PAS) intracytoplasmic 
inclusions that are immunoreactive for alpha1. Hyaline 
globules  are classically associated with SPN. However, 
hyaline globules are positive in about 5% of pancreatic 
neuroendocrine tumors (PanNETs)[25]. Insidious pattern 
of invasion, clear cells and nuclear groove can help 
distinguish SPN from PanNETs[25]. Electron microscopy 
shows abundant mitochondria in polygonal cells and 
sparse endoplasmic reticulum. Tumor cells have round 
to oval nuclei with occasional indentation of eccen-
trically located nucleolus and peripheral clumping of 
chromatin[26]. Tumor cells contain membrane covered 
corpuscles are similar to zymogen granules about 8-1.2 
micro meter in diameter[27]. 

Histological variants of SPN include clear cell, pleomor-
phic and oncocytic[24]. Clear cell variant contains multiple 
cytoplasmic vacuoles with solid and diffuse growth 
pattern. Pleomorphic variant contains polymorphism 
(variation in nuclear size, shape, hyperchromasia and 
multinucleate) in more than 20% of total tumor area. 
Oncocytic variant contains mostly oncocytic cells. 
Histological features suggestive of aggressive behavior 
of SPN include extensive necrosis, nuclear atypia, high 
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Figure 1  Pathogenesis of solid pseudopapillary neoplasm.
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mitotic rate and sarcomatoid areas[24]. Angioinvasion, 
perineural invasion and deep invasion of adjacent 
surrounding pancreatic parenchyma are considered 
potentially malignant features[4] (Figures 2 and 3). 

Immunohistochemistry
In general, the immunostaining of SPN is positive for 
beta-catenin (nuclear and cytoplasmic), vimentin, 
synaptophysin, progesterone receptor (nuclear), CD56, 
NSE (neuron-specific enolase), CD10, and E-cadherin 
(loss of membrane and nuclear)[10]. Nuclear betaca-
tenin expression and membranous E-cadherin loss are 
important immunoprofiles useful in distinguishing SPN 
from other pancreatic neoplasms[28]. E-cadherin is a 
transmembrane protein that mediates cell adhesion 
through interactions with catenins and it is linked to 
the actin skeleton. The exact mechanism for the loss of 
E-cadherin expression is not clear. Tang et al[29] proposed 
that loss of E-cadherin is a result of promoter silencing 
and overexpression of transcription repressors such 
as Snail. Pseudopapillary pattern of SPN is explained 
by loss of cell cohesiveness by loss of E-cadherin[30]. 
Enzyme histochemistry for trypsin, alpha-1 antitrypsin, 
chymotrypsin, amylase and lipase give inconsistent 
results and they are not useful in differentiating SPN 
from other pancreatic neoplasms. CD 10 is usually 
positive (80%) in the majority of SPN[10]. CD 10 is an 
endopeptidase which reduces the local concentration 
of biologic modulators by catabolizing them[31]. It is 
hypothesized that cell proliferation in SPN is from 
increased biologic modulators because of decreased 
CD10 expression[10]. 

CD 56 and CD10 are also positive in PanNET, acinar 
cell carcinoma (ACC), renal cell carcinoma (RCC) and 
malignant melanoma (MM). Progesterone receptor 
is positive in PanNET, ACC and MM. Synaptophysin 
is positive in PanNET and ACC. Yang et al[32] showed 
in their systematic study that Ki-67 index ≥ 4% was 
significantly associated with decreased recurrence 
free survival (RFS) and disease specific survival (DSS) 
in SPN. Ki-67 is a cell-proliferation marker used for 
evaluation of proliferative activity in tumors. Ki-67 is 
expressed in all phases of the cell cycle (G1, S, G2 and 
M)[33]. They concluded that Ki-67 should be routinely 
included in immunohistochemical staining of SPN. 

Kim et al[34] identified androgen receptor (AR), 
lymphoid enhancer-binding factor 1 (LEF-1) and 
transcription factor for immunoglobulin heavy-chain 
enhancer 3 (TFE3) as putative diagnostic markers of 
SPN in addition to beta-catenin. This study showed 
that the sensitivity and specificity of beta-catenin in 
SPN were 98.9% and 97% respectively. when beta-
catenin, LEF-1 and TFE3 were combined, the sensitivity 
and specificity of SPN diagnosis increased to 100% and 
91%, respectively[34]. They concluded that when these 
markers are incorporated in to immunohistochemical 
panel, they can help differentiate SPN from pancreatic 
adenocarcinoma and neuroendocrine tumor. LEF-1 is a 
member of the lymphoid enhancer binding factor 1/T-cell 
factor (LEF1/TCF) complex and it acts as a regulator 

of the Wnt/CTNNB1 signaling pathway. When LEF-1 
interacts with CTNNB1, it leads to upregulation of LEF-1 
in SPN. CTNNB1 is primarily located in the cytoplasmic 
plasma cell membrane and it plays a key role in the Wnt 
signal transduction pathway. Singhi et al[35] analyzed the 
immunohistochemical staining for LEF-1 and CTNNB1 
in pancreatic tumors. They concluded that abnormal 
CTNNB1 accumulation with nuclear LEF-1 expression 
was found in both SPN and pancreatoblastoma but with 
diffuse nuclear LEF-1 expression in SPN[35]. 

TFE3 is a member of the microphthalmia (MiT) family 
of transcription factors. MiT transcription factors regulate 
cellular proliferation, survival, motility, metabolism, mela-
nocyte development by binding to target promoters[36]. 
These are deregulated during oncogenic process. TFE3 
is expressed in 74.7% of SPN[34]. Park et al[37] showed 
activation of androgen receptor signaling pathway in 
SPN and they demonstrated increased AR expression 
at transcriptional and translational levels. This study 
confirmed high level of nuclear androgen receptor 
expression in all SPN (14/14). Kim et al[34] showed AR 
expression in 81.3% of SPN. 

SOX-11 is a member of the SOX (SRY-related 
HMG-box) family of transcription factors. They play an 

Figure 2  Histological appearance of solid pseudopapillary neoplasm. 
A hematoxylin and eosin (H and E) stain of a solid pseudopapillary 
neoplasm demonstrating eosinophilic neoplastic cells with vacuolated 
cytoplasm and pseudopapillary appearance.

Figure 3  Cytoplasmic and nuclear staining of beta-catenin.
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important role in cell differentiation, sex determination, 
development of the central nervous system, 
hematopoietic, and other organ systems by regulating 
lineage and tissue-specific gene expression[38]. SOX 
proteins have been shown to be key modulators of Wnt/
beta-catenin signaling pathway. However, the interaction 
between SOX-11 and Wnt/beta-catenin signaling is not 
reported so far. Harrison et al[39] showed a sensitivity 
and specificity of 100% and 84%, respectively in 
expression of SOX-11 in SPN. They concluded that 
immunohistochemistry with beta-catenin, SOX-11 and 
TFE3 should be combined to achieve optimal sensitivity 
and in diagnosing SPN. Foo et al[40] evaluated the nuclear 
reactivity of SOX-11 in SPN and they showed that the 
sensitivity and specificity was 100%, respectively in EUS-
FNA specimens. 

CLINICAL PRESENTATION AND 

DIAGNOSIS
Symptoms are nonspecific. SPNs can present with 
palpable abdominal mass, indigestion, abdominal 
discomfort, epigastric pain, nausea, vomiting, asthenia, 
itching, weight loss, back pain, early satiety, bloating, 
jaundice and pancreatitis[23,27,41,42]. SPN outside the 
pancreas can occur in the retro-peritoneum , liver, 
stomach, mesentery, duodenum, omentum, ovary or 
lung[43,44]. The most common manifestation of malignant 
acting SPN is peripheral parenchymal infiltration[45]. SPN 
can also be found in regional lymph nodes, portal vein, 
colon, spleen and blood vessels[24,46,47].

Differential diagnosis of SPN include cystic tumors 
like cyst adenoma, cystadenocarcinoma, microcystic 
adenoma, PanNET, lymphangioma, sarcoma, cystic islet 
cell tumors, acinar cell cystadenocarcinoma, discogenic 
cysts, pseudocysts and hydatid cysts[48].

Ultrasonographic (US) examination of SPN shows 
homogeneous, hypoechoic mass with hyperechoic 
rim and contrast enhanced ultrasound (CEUS) shows 

hyperenhancement of the rim in the arterial phase[49]. 
CEUS can identify the cystic areas of the tumor and the 
peripheral rim of SPN better than US which improves the 
diagnosis of SPN[49]. Contrast CT and MRI are superior 
to US in identifying capsule and intramural hemorrhage 
which are more specific characteristics for diagnosing 
SPN[50].

CT features of SPN include encapsulated mass 
with varying solid and cystic components secondary 
to hemorrhagic degeneration (Figure 4). At the 
periphery of the mass, calcification and solid areas can 
be identified[51]. On multiphasic CT scan appear as a 
solid pancreatic mass with sharp borders[52]. During CT 
pancreatic phase, there is weak enhancement when 
compared to the surrounding pancreatic parenchyma 
and in hepatic venous phase there is gradual increase in 
enhancement of small SPNs[52]. Typical SPN on CT has 
surrounding capsule with demarcation between solid 
and cystic components and hypoattenuation during 
pancreatic phase[50,51]. Atypical SPNs on CT have no 
surrounding capsule, solid or cystic component with 
hyper attenuation during pancreatic phase and dense 
internal calcification with no defined margin[52]. Park 
et al[53] studied CT imaging features of SPNs in males 
and females. The results showed that lobulated shape 
is more common among males and oval shape in fe-
males[53].

MRI is considered superior to CT in terms of 
correlation of clinicopathological and radiological findings 
of SPN[54]. It has advantage over CT especially when 
the patient has contrast allergy or renal insufficiency. 
SPN is identified on MRI as an encapsulated lesion 
with both solid and cystic component as well as 
hemorrhage without septation[54]. Yu et al[54] proposed 
three MRI features (Type 1, Type 2 and Type 3) that 
correlated with clinicopathological features. Type1 
image in SPN is completely solid, homogeneously 
hypointense on T1W1 image and slightly hyperintense 
when compared to surrounding pancreatic parenchyma 
on T2W1 image. Type 2 image in SPN has both solid 

Figure 4  Computed tomography appearances. A: A pancreatic tail solid pseudopapillary neoplasm. Note the characteristic enhancing solid spaces at the periphery 
of an encapsulated SPN, accompanied by centrally located cystic space; B: Pancreatic tail solid pseudopapillary neoplasm with septation. The cystic component of 
SPN with degeneration is characterized by a heterogenous hypoattenuation on CT; C: Abdominal metastatic lesions of SPN. SPN: Solid pseudopapillary neoplasm; 
CT: Computed tomography.

A B C
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mass and hemorrhage, hypointense with surrounding 
heterogeneously hyperintense area on T1W1 image and 
hyperintense areas on T1W1 appear more hyperintense 
on T2W1 image. Type 3 image in SPN has massive 
hemorrhage, mainly hyperintense with intermediate 
and hypointense area on T1W1 image and hyperintense 
areas on T1W1 appear more hyperintense on T2W1 
image. 

The F-18 fluorodeoxy glucose (FDG) uptake of SPN 
on positron emission tomography (PET) is not well 
studied. Dong et al[55] showed that FDG uptake of SPN 
on PET is related to tumor cellularity, proliferative index 
or histological malignancy. SPN with a greater proportion 
of solid component has more FDG uptake than with 
cystic or hemorrhagic component (Figure 5). Small 
SPN has more FDG uptake because they have less 
cystic component. Hence, increased FDG uptake does 
not necessarily correlate with malignancy. Sato et al[56] 
suggested that high FDG uptake should be appropriately 
correlated by use of clinical, lab and radiologic findings. 
Nakamoto et al[57] evaluated the usefulness of delayed 
FDG-PET scanning in distinguishing between benign and 
malignant pancreatic lesions. False positives were seen 
in patients with acute pancreatitis and autoimmune 
pancreatitis, but clinical information helped distinguish 

benign from malignant. They concluded that delayed 
FDG-PET scanning at 2 h post injection can help 
differentiate benign from malignant pancreatic lesions 
when interpreted carefully[57]. 

SPN is characterized on EUS as a well circumscribed, 
hypoechoic, heterogeneous solid mass with cystic, 
hemorrhagic and calcified components found predo-
minantly on the body and tail of pancreas (Figure 6). 
EUS-Fine needle aspiration (EUS-FNA) can help in more 
definitive diagnosis of SPN (Figure 7). It is safe, reliable 
and can provide cytological specimens preoperatively 
which can guide targeted surgical approach[58]. Stoita et 
al[58] showed that a preoperative diagnosis of SPN was 
achieved from EUS-FNA cytology in 83% (5/6, 1/6 had 
insufficient sample) of cases. Jani et al[59] conducted a 
multicenter study on the role of EUS-FNA in preoperative 
diagnosis of SPN. Results showed that EUS-FNA had 
75% (21/28) accuracy. Two/28 had insufficient EUS-
FNA sample or acellular for accurate diagnosis. Five/28 
were preoperatively misdiagnosed as panNET because 
of immunostaining results. This study recommends 
immunohistochemical staining with vimentin, CD10 and 
beta-catenin for more definitive diagnosis of SPN. EUS-
FNA sample with immunohistochemical staining can 
differentiate SPN, panNET and acinar cell carcinoma[60]. 

Figure 5  F-18 fluorodeoxy glucose avid solid pseudopapillary neoplasm metastases and metastatic solid pseudopapillary neoplasm to mesentery. A: FDG 
avid SPN metastases to mesentery; B: FDG avid metastatic SPN to mesentery; C: CT appearance of the FDG avid lesion. SPN: Solid pseudopapillary neoplasm; CT: 
Computed tomography; FDG: F-18 fluorodeoxy glucose.

A B C

Figure 6  Endoscopic ultrasound appearances. A: SPN adjacent to the gastric wall. SPN demonstrates heterogenous echogenicity on EUS, with hyperechoic 
foci representing solid areas with surrounding hypoechoic cystic spaces; B: A pancreatic head SPN. EUS: Endoscopic ultrasound; SPN: Solid pseudopapillary 
neoplasm.

BA
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SPN is positive for beta-catenin, vimentin, CD10 and 
CD56. PanNET is positive for chromogranin [50%-70% 
of PanNET (functioning and non-functioning)] and 
synaptophysin. Acinar cell carcinoma is positive for 
trypsin and chymotrypsin.  

EUS-Fine needle biopsy (EUS-FNB) has advantage 
of providing adequate tissue sample for more accurate 
diagnosis of SPN. Maimone et al[61] showed that 
preoperative diagnosis of SPN was achieved in all 5/5 
patients. This study concluded that EUS-FNB with 
ProCore needle (biopsy needle with side fenestrations 
19G or 22G) provides good quality and quantity of 
sample which can increase the yield of preoperative 
diagnosis of SPN. EUS-FNA can lead to tumor seed-
ing along the needle tract especially in pancreatic 
adenocarcinoma[62]. Micames et al[63] evaluated the 
frequency of peritoneal carcinomatosis in non-metastatic 
pancreatic cancer patients diagnosed with percutaneous 
FNA vs EUS-FNA.  EUS-FNA has lower likelihood of tract 
seeding compared to percutaneous FNA because of 
the shorter needle tract. They concluded that EUS-FNA 
should be the preferred method to obtain tissue sample 
for potentially resectable localized pancreatic cancer[63]. 
However, no case reports of tumor seeding with EUS-
FNA of SPN were published so far. 

Hirooka et al[64] described a case report of peritoneal 
dissemination after EUS-FNA of IPMN located in 
pancreatic body. They concluded that pancreatic 
lesions located in the body/tail have more risk because 
of needle passage through lesser sac. Kita et al[65] 
described another case report of needle tract seeding 
(NTS) in posterior wall of stomach after EUS-FNA of 
pancreatic cancer located in pancreatic body. They 
concluded that NTS is rare in pancreatic head lesions as 
the needle passage is through duodenum and usually 
they undergo pancreaticoduodenectomy which includes 
needle tract (duodenal bulb). However, pancreatic 
lesions located in body/tail have higher risk of NTS as 
the needle passage is through transgastric (lesser sac) 
and they usually undergo distal pancreatectomy which 
doesn’t include needle tract (lesser sac)[65]. Hence, there 
is more risk of peritoneal dissemination or NTS with 

transgastric than transduodenal approach. 
Sakamoto et al[66] described a case report of NTS 

after EUS-FNA of pancreatic adenocarcinoma located 
in pancreatic tail. Also, application of low suction during 
EUS-FNA decreases the blood contamination and 
increases the diagnostic accuracy[67]. The technique 
involves the stylet where it is slowly withdrawn from 
the needle and in and out motion is performed with in 
the target lesion. During needle strokes, if the needle is 
pulled out too far, and/or because of difficult recognition 
of the sidehole on EUS images, the tissue collected can 
exit out of the needle hole and there is potential for NTS. 
Hence, they concluded that slow-pull technique with 
side-hole needle should be avoided in cases scheduled 
for resection of pancreatic body/tail cancer to prevent 
NTS[66].

MANAGEMENT 
Surgical resection is the treatment of choice for SPN 
and organ preservation is advocated if feasible[68]. 
Distal pancreatectomy with spleen preservation is 
recommended for SPN located in corpus and tail of 
the pancreas[69]. Central pancreatectomy with distal 
pancreatojejunostomy or pancreaticogastrostomy 
is preferred for SPN located in the neck of the 
pancreas[70,71]. However, central pancreatectomy is 
associated with pancreaticoenteric anastomotic leak 
because of the oversewn proximal pancreatic remnant 
and distal pancreaticoenteric anastomosis site yielding 
two potential sources of pancreatic leakage and hence 
it should be performed in only experienced centers[72]. 
Pylorus preserving pancreaticoduodenectomy (PPD) is 
recommended for SPN located in the head of pancreas to 
decrease dumping syndrome, diarrhea, delayed gastric 
emptying and marginal ulceration[73]. Enucleation can 
be done for small SPN distant from pancreatic duct, but 
it is associated with high risk of pancreatic fistula[70,74]. 
Spleen preservation is contraindicated if there is 
splenomegaly, vascular (splenic artery and vein) and hilar 
involvement[69]. Incidence of lymph node metastasis is 
very rare in SPN and hence routine lymphadenectomy is 
not indicated[75]. Enbloc resection with microscopic clear 
margins is advocated especially when SPN involves portal 
vein, superior mesenteric vein/artery, spleen, duodenum 
and for locally progressed[70,76]. 

Metastasectomy of the liver is advocated at the 
time of primary resection or even for the recurrences 
when feasible[68,70,74]. The role of chemotherapy and 
radiation in SPN is not clear. Surgical treatment of 
metastasis in SPN is not standardized but debulking can 
be performed[77]. Hah et al[78] reported an unresectable 
SPN treated effectively by surgical resection of the 
primary tumor with preoperative chemotherapy 
(cisplatinum, ifosfamide, etoposide, and vincristine) 
followed by intraoperative radiofrequency ablation of 
metastatic liver lesions. Preoperative chemotherapy with 
fluorouracil and radiation followed by gemcitabine can 
be attempted in unresectable SPN to decrease the size 

Figure 7  Endoscopic ultrasound guided fine needle aspiration of solid 
pseudopapillary neoplasm located in body/tail pancreas (Transgastric 
approach).
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of the tumor before definitive surgery[79]. Morikawa et 
al[80] reported patient treated with paclitaxel after she 
had recurrent liver and lymph node metastasis 3 mo 
after surgery. This patient was previously treated with 
partial liver resection and chemotherapy with S-1 and 
gemcitabine. The patient was alive after 20 mo of follow 
up without disease progression[80]. SPN is considered 
radiosensitive and radiotherapy can be attempted in 
tumors considered unresectable[81]. Peritoneal carcino-
matosis (PC) can occur with intra operative rupture of 
SPN. Honore et al[82] showed that PC can be successfully 
treated with complete cytoreductive surgery (CCRS) 
and hyperthermic intraperitoneal chemotherapy 
(HIPEC) with irinotecan and oxaliplatin. Extensive liver 
metastasis from SPN can be treated with trans arterial 
chemoembolization (TACE). Prasad et al[83] showed 
TACE with gemcitabine and lipoidal followed by gelfoam 
embolization is effective in treatment of multiple liver 
metastasis in SPN.

Postoperative complications include wound infection, 
bleeding, delayed gastric emptying, pseudomembra-
nous colitis, pneumonitis, steatorrhea, pseudocyst, 
intestinal obstruction, pancreatic fistula, abscess, portal 
vein thrombosis and recurrence of the tumor[70,71,75,84,85]. 
Recurrence of SPN is not uncommon after surgery and 
it is variable. Papavramidis showed that 31/467 (6.6%) 
had recurrence after 1-10 years of follow up and the 
most common sites of metastasis were liver and lymph 
nodes[47]. Tipton et al[75] showed 2/14 (14%) had 
recurrence after a median follow up of 3 mo to 20 years. 
Machado et al[70] showed 2/34 (6%) had recurrence 
after a mean follow up of 84 mo. Tang et al[24] showed 
that most commonly metastasize to the liver and 
peritoneum.

Overall 5-year survival for SPN is about 97%, even 
in the presence of metastasis[24]. Pathological features 

indicative of aggressive behavior include diffuse growth 
pattern, high mitotic activity, nuclear atypia, tumor 
necrosis and component of sarcomatoid carcinoma[24]. 
There are no specific guidelines for follow up after 
surgery but SPN with pathologic features indicative of 
aggressive behavior may require extended period of 
follow up. Estrella et al[86] showed that muscular vessel 
invasion (tumor cells in the luminal spaces of blood 
vessels with circumferential smooth muscle layers), 
tumor (T) stage by European Neuroendocrine tumors 
society (ENETS) classification, ENETS stage grouping 
and stage grouping by the American joint committee 
on cancer (AJCC) were important predictors in disease 
specific survival of patients with SPN after surgical 
resection[86]. Recurrence rate was 5/39 (13%) after a 
median follow up of 76 mo. Ten-year disease specific 
survival was 96% and metastatic/recurrent disease 
was significantly associated with large tumor size (P 
< 0.001)[86]. Butte et al[7] showed that tumor size at 
presentation in SPN is associated with malignancy. 
Kato et al[87] showed that tumor doubling time of SPN 
according to the formula of Schwartz and coworkers is 
765 d.

To our knowledge, we came across one review 
article from our literature search, which summarized 
the molecular pathogenesis and clinical features of 
SPN[88]. In our review article, we proposed algorithms 
for pathogenesis and management in addition to 
histology and morphology, immunohistochemistry, 
clinical presentation and diagnosis of SPN using currently 
available literature. We discussed  EUS-FNA and EUS-
FNB in preoperative diagnosis of SPN. SOX11, LEF1, 
TFE3, and AR that can be putative diagnostic markers 
in SPNs are discussed. Overall, this review article is 
comprehensive and guides in the management of SPN 
(Figure 8).

Figure 8  Proposed algorithm for the diagnosis and management of solid pseudopapillary neoplasm.CT: Computed tomography; MIR: Magnetic resonance 
imaging; SPN: Solid pseudopapillary neoplasm; EUS-FNA: Endoscopic ultrasound-fine needle aspiration. 
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CONCLUSION
Over the last decade, there has been a tremendous 
increase in the number of SPN cases reported in the 
literature. A diagnosis of SPN inferred from imaging 
studies can be adequate to guide surgical resection 
without preoperative pathological assessment. None-
theless, EUS-FNA with immunohistochemistry helps in 
establishing a preoperative diagnosis. A multidisciplinary 
team approach involving the radiologist, endoscopist, 
pathologist, oncologist as well as the surgeon improves 
treatment accuracy and helps in effective management 
of SPN. Surgical resection should be offered when 
feasible. Referral to experienced centers for surgery 
can minimize complications. Future studies should 
standardize the follow up duration, and the frequency as 
well as type of diagnostic imaging for surveillance after 
surgical resection. Overall prognosis of SPN is excellent 
even in the presence of metastasis.
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