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Abstract: Solid pseudopapillary neoplasms (SPNs) of the pancreas are very rare neoplasms. The present study is to 
summarize our experience of the diagnosis, surgical treatment and prognosis of SPNs. The clinical data of 19 cases 
that underwent surgery for pathologically confirmed SPNs, admitted in our hospital from Mar. 2007 to Mar. 2013, 
were analyzed retrospectively. The clinicopathologic feature, surgical treatment and prognosis were described in 
detail. The 19 patients were 17 females and 2 males, with a median age of 29 years. All patients had curative re-
sections, including eight distal pancreatectomies with splenectomy, four spleen-preserving distal pancreatectomies, 
two pancreaticoduodenectomies, two pylorus-preserving pancreaticoduodenectomies, two duodenum-preserving 
pancreatic head resections and one central pancreatectomy. The tumors were 6.3 cm in diameter on average, and 
were mostly located in the body or tail of the pancreas (63.2%). Pathologically, the tumors contained a mixture of 
solid, cystic, and pseudopapillary patterns in various proportions. None of the patients had lymph nodes metasta-
ses and local invasion. All patients were alive and disease-free at a median follow-up of 38.4 months. SPNs are rare 
neoplasms, typically affecting young women without notable symptoms, with a low malignant potential but excellent 
prognosis. Radical surgical resection with clear margins is the treatment of choice.
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Introduction

The solid pseudopapillary neoplasm (SPN) of 
the pancreas was first described by Frantz in 
1959 [1]. It is a rare neoplasm of low malignant 
potential, accounting for 0.17-2.7% of all pan-
creatic tumors [2]. The tumors have been given 
several different names such as a papillary epi-
thelial neoplasm, solid and cystic tumor, solid 
and papillary tumor, papillary cystic tumor, and 
solid and papillary epithelial neoplasm because 
of its typical histological features including cys-
tic, solid, and pseudopapillary structures [3]. 
The World Health Organization (WHO) defined 
these tumors as solid-pseudopapillary tumors 
(SPTs) in 1996 [4] and reclassified them as sol-
id-pseudopapillary neoplasms (SPNs), a low-
grade malignant neoplasm of the exocrine pan-
creas in 2010 [5]. SPNs primarily affect young 
women and are usually treated with surgical 

resection [6]. Recently, the number of cases 
reported in the literature has been steadily ris-
ing [7-10]; however, the pathogenesis and 
guidelines for SPNs treatment remain challeng-
ing and still enigmatic. Herein, we report the 
clinical, histopathological, immunohistochemi-
cal, therapeutic characteristics and outcomes 
of 19 cases of SPNs.

Materials and methods

The clinical data of 19 cases that underwent 
surgery for pathologically confirmed SPNs, 
admitted in the Department of General Surgery, 
Affiliated Hospital of Xuzhou Medical College 
from Mar. 2007 to Mar. 2013, were analyzed 
retrospectively. The clinical presentation, radio-
logical details, clinicopathologic feature, type of 
surgical procedure, operative time, postopera-
tive complications, and prognosis were collect-
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ed and described in detail. Pancreatic fistulas 
were defined according to the concept of 
International Study Group on Pancreatic Fistula 
[11]. Independent pathological assessments 
were made of tumor location, size, the resec-
tion margin status, pattern of growth, lympho-
vascular space invasion, perineural invasion, 
cellular atypia. Fourteen patients were asse- 
ssed by immunohistochemical staining to con-
firm the diagnosis. Pathologically, SPNs were 
defined as malignant if they demonstrated 
extrapancreatic invasion, distant metastases, 
pancreatic parenchymal invasion, or perineural 
or vascular invasion [12]. Long-term survival 
data and follow-up information were collected 
using the patients’ medical records and tele-
phone interviews. The study protocol was ap- 

history of pancreatic neoplasm or pancreatitis. 
The clinical features of the 19 patients were 
listed in Table 1.

Preoperative examination and diagnosis

All 19 patients underwent radiological investi-
gations before operation, including computed 
tomography (CT) in twelve patients, ultrasonog-
raphy (US) in eight patients, magnetic reso-
nance imaging (MRI) in four patients, and 
US-guided fine needle aspiration cytology 
(FNAC) in two patients. Figure 1 showed CT and 
MRI images of the SPNs, located in the head, 
neck and body or tail of pancreas. The charac-
teristic imaging findings included a well-encap-
sulated, heterogeneous mass with solid and 

Table 1. Clinicopathologic features of 19 patients with SPNs

Parameter Patient number 
(n=19) %

Age (years, mean) 29 (15-70)
Sex 
    Female 17 89.5%
    Male 2 10.5%
Symptoms
    Abdominal dull pain 4 21.1%
    Abdominal discomfort 6 31.6%
    Abdominal distension 2 10.5%
    Vomiting 2 10.5%
    Asymptomatic 5 26.3%
Size (cm, mean) 6.3 (3.5-13)
Location
    Body or tail 12 63.2%
    Head 6 31.6%
    Neck 1 5.2%
Tumor feature
    Solid and cystic 16 84.2%
    Solid 3 15.8%
Surgical treatment
    Distal pancreatectomy with splenectomy 8 42.1%
    Spleen-preserving distal pancreatectomy 4 21.1%
    Duodenum-preserving pancreatic head resection 2 10.5%
    Pylorus-preserving pancreaticoduodenectomy 2 10.5%
    Pancreaticoduodenectomy (Whipple) 2 10.5%
    Central pancreatectomy 1 5.6%
Follow-up (months, mean) 38.4 (3-72)
Outcome
    Alive 19 100%
    Dead 0 0%

proved by the Institutional 
Review Board.

Results

Patient characteristics

The 19 patients included 17 
females and 2 males (fema- 
le: male=8.5:1), with a medi-
an age of 29 years (range 
15-70 years). The clinical 
presentation was unspecific 
including abdominal disco- 
mfort (6, 31.6%), abdominal 
dull pain (4, 21.1%), abdomi-
nal distension (2, 10.5%), 
and vomiting (2, 10.5%). Five 
patients (26.3%) were asy- 
mptomatic and their SPNs 
were found incidentally dur-
ing routine physical examina-
tions. The patients had medi-
an symptom duration of 2.6 
months (range 3 days to 12 
months). The tumors were 
6.3 cm in diameter on aver-
age (range 3.5 cm to 13 cm), 
and were located in the body 
or tail in twelve patients, the 
head in six patients, and the 
neck in one patients. The 
tumor markers (CA19-9, 
CEA, CA125 and AFP) detect-
ed in 15 of the 19 patients 
were normal. None of the 
patients has jaundice and 
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cystic lesions (16, 84.2%; Figure 1), only a solid 
component (3, 15.8%), calcification (6, 31.6%; 
Figure 1), hemorrhage or necrosis (5, 26.3%). 
None of the patients was found to have hepatic 
and lymph nodes metastases and portal vein 
invasion on imaging. MRI can help to identify 

intratumoral hemorrhage. A definitive preoper-
ative diagnosis was difficult and a correct diag-
nosis was made in 5 patients, suspected diag-
nosis in 2 patients. Two patients underwent 
preoperative US-guided fine needle aspiration 
cytology, which correctly diagnosed as SPNs. 

Figure 1. CT and MRI scans. Contrast-en-
hanced CT (A) and MRI (B) show a mixture-
density mass located in the head of the 
pancreas. Contrast-enhanced CT (C) shows 
a solid and cystic mass located in the neck 
of the pancreas. CT (D and E) shows a solid 
mass with an annula calcification located 
in the body tail of the pancreas.
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Misdiagnoses included pancreatic adenocarci-
nomas in 3 patients, cystadenomas in 3 pa- 
tients, islet cell tumors in 1 patient, pancreatic 
cysts in 3 patients and gastrointestinal stromal 
tumors in 2 patients.

Surgical data

All 19 patients underwent surgical exploration. 
The surgical procedures included distal pancre-
atectomy with splenectomy (8, 42.1%), spleen-
preserving distal pancreatectomy (4, 21.1%), 
pancreaticoduodenectomy (Whipple, 2, 10.5%), 
pylorus-preserving pancreaticoduodenectomy 
(2, 10.5%), duodenum-preserving pancreatic 
head resection (2, 10.5%) and central pancre-
atectomy (1, 5.6%). The mean operative time 
was 3.3 hours (range 2-5 hours). The intraop-
erative blood loss was estimated about 250 mL 
(range 100-1200 mL). Blood transfusion re- 
quirements were mean 2.8 units (range 2-4 
units) in five patients during surgery.

All the patients underwent R0 resections and 
there were no surgical mortalities. Postsurgical 
complications occurred in five patients. One 
patient had wound infection four days after sur-
gery. Another patient had been found to have a 
pseudocyst (3 cm in diameter) 3 months after 
surgery. Three patients had pancreatic fistula. 
These patients were conservatively managed 
with a successful outcome. The median post-
surgical stays were 10.5 days (range 7 to 19 
days). 

Pathological features

All the tumors were solitary and isolated mass 
with cystic and solid components. Grossly, the 
tumors were well encapsulated and well demar-
cated from the pancreas. The cut surface 
showed white-gray and large spongy areas of 
hemorrhage alternating with both solid and cys-
tic degeneration. Microscopically, the tumors 
contained a mixture of solid, cystic, and pseu-
dopapillary patterns in various proportions. 
There were fibrous capsules around the tumors 
and the lesions were sometimes accompanied 
by calcification like egg shell. The tumors con-
tained small and uniform tumor cells with round 
nuclei with both solid and cystic growth pat-
terns (Figure 2). The typical features included a 
pseudopapillary pattern with fibrovascular 
stalks, formed by several layers of tumor cells 
surrounding delicate vascular cores (Figure 
2A). Solid areas were composed of sheets and 
cords of discohesive tumor cells with extensive 
microcystic space formation and apparent hya-
line degeneration in the stroma (Figure 2B). 
Blood lakes were present at the periphery of 
the neoplasm. Tumor cell nucleus was relatively 
uniform and round-ovoid, with few mitotic fig-
ures. Neither invasive neoplastic components 
nor metastasis to lymph nodes was identified 
in all tumors. Figure 2 shows the histopatho-
logic image results.

Immunohistochemical studies were performed 
in 14 cases. Results were typically positive for 
vimentin (Vim, 11/11, 100%), progesterone 

Figure 2. Histopathology of SPN. (H&E × 100). A. The tumor showed papillary structures with intervening cyst-like 
spaces; B. Solid areas showed monotonous cell population with myxohyline stroma, arranged around delicate fibro-
vascular septa.
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receptor (PR, 14/14, 100%), synaptophysin 
(Syn, 12/12, 100%), CD56 (11/11, 100%), neu-
ronspecific enolase (NSE, 9/10, 90%), CD10 
3/3 (100%). In addition, chromaffin granule 
protein A (CgA) was detected in 9 patients and 
the positive rate was 2/9 (22.2%). Cytokeratin 
(CK) was detected in 2/3 (66.7%), CK8 in 4/6 
(66.7%), CK18 in 5/6 (83.3%), estrogen recep-
tor (ER) in 0/2 (0%), S100 in 0/2 (0%). Ki-67 
was detected in 5 patients without pancreatic 
parenchyma invasion and the index was < 1%. 
The immunohistochemical features of the 
tumors were characterized in 14 patients 
(Table 2).

Follow-up

Eighteen of 19 patients had been followed up, 
including clinical examination, routine labora-
tory tests, abdominal US, and CT or MRI every 3 
months. The follow-up time was for a mean 
duration of 38.4 months (range 3 to 72 months) 
and all patients were alive with no evidence of 
disease recurrence or metastasis. Adjuvant 
chemotherapy or radiotherapy was not given to 
any of the patients.

Discussion

SPNs represent exceedingly rare neoplasms, 
accounting for 1-2% of exocrine pancreas neo-
plasms and 3% of all cystic pancreas neo-
plasms [13, 14]. SPNs can be observed in 
patients of all ages, but usually affect young 
women at a mean age of 27.2 years with a 

cation. The mean size was 9.5 cm; however, 
tumors measuring 30 cm in size had been 
described [14, 18]. In our series, the largest 
tumor was 13 cm, the smallest was 3.5 cm, 
and the mean tumor size was 6.3 cm. The most 
common localization of SPNs was the tail and 
body of the pancreas (64%) [14]. Unusual pre-
sentations include multicentric tumors in the 
pancreas [19]. The current study found that all 
the tumors were solitary and isolated mass, 
and 63.2% tumors (12/19) were located in the 
pancreatic body or tail.

The origin of SPNs is unclear, some of the stud-
ies have suggested that they arise from pancre-
atic pluripotent stem cells [3, 20] or from cell 
lines of the female genital bud [21]. Beta-
catenin mutations, alterations of the Wnt path-
way and disorganisation of E-cadherin have 
been implicated in the occurrence of SPNs [22, 
23]. The common expression of progesterone 
receptor and the strong predilection for females 
suggest that they might be hormone-depen-
dent tumors [24]. However, estrogen receptors 
have not been demonstrated. Another hypoth-
esis is an extra pancreatic origin from genital 
ridge anlage related cells [25, 26]. Park M et al 
[27] provided a molecular mechanism for solid-
pseudopapillary neoplasm tumorigenesis. They 
proposed that SPNs were characterized by acti-
vation of Wnt/b-catenin, Hedgehog, androgen 
receptor signaling pathways and epithelial-
mesenchymal transition based on the signa-
ture of differentially expressed mRNAs in SPNs 

Table 2. Immunohistochemical features of SPNs (n=14)

Antigen Total 
number Positive (%) Negative (%)

Neuron-specific enolase 10 9 (90%) 1 (10%)
Vimentin 11 11 (100%) 0 (0%)
Progesterone receptor 14 14 (100%) 0 (0%)
β-catenin 12 12 (100%) 0 (0%)
Synaptophysin 12 12 (100%) 0 (0%)
CD56 11 11 (100%) 0 (0%)
Cytokeratin 3 2 (66.7%) 1 (33.3%)
CK8 6 4 (66.7%) 2 (33.3%)
CK18 6 5 (83.3%) 1 (16.7%)
Estrogen receptor 2 0 (0%) 2 (100%)
Chromaffin granule protein A 9 7 (77.8%) 2 (22.2%)
CD10 3 3 (100%) 0 (0%)
S100 2 0 (0%) 2 (100%)
Ki-67 5 < 1%

female: male ratio of 8.37:1 [15]. In our 
series, the proportion of women was 
89.5% (17/19), and the female to male 
ratio was 8.5:1. The current study sug-
gested that SPNs occurred in patients 
between 15 and 70 years of age, and 
the median age at diagnosis was 29 
years. The clinical presentation of SPNs 
was nonspecific. Most patients have 
unclear clinical features including 
abdominal discomfort, mild abdominal 
pain and nearly one third of the patients 
were asymptomatic as presented in our 
cases. Other uncommon clinical symp-
toms are poor appetite and nausea, 
loss of weight, vomiting and (very rare-
ly) jaundice and hematemesis [16, 17]. 
Due to its slow growth and asymptom-
atic presentation, the tumors reached 
large proportions at the time of identifi-
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and the downregulated miR-200 family and 
miR-192/215 were related to the upregulation 
of genes belong to epithelial-mesenchymal 
transition in SPNs. 

Macroscopically, these tumors manifest both 
cystic and solid components with hemorrhagic 
areas, fibrous capsules and sometimes calcifi-
cation. On cross-section, the tumor is yellow-
brown in color with hemorrhagic areas. His- 
tologically, SPNs are commonly well-circum-
scribed and -encapsulated with irregular degen-
erative cystic cavities and hemorrhages. The 
tumors contain a mixture of solid, cystic, and 
pseudopapillary patterns in various propor-
tions. The solid portions of the tumors are com-
posed of uniform and polygonal epithelioid 
cells with well-vascularized stroma and a disco-
hesive arrangement [21]. The key histological 
hallmarks are solid and pseudopapillary prolif-
eration of homomorphous cells without incre- 
ased mitoses or cytological atypia [25, 26]. 
Immunohistochemically, SPNs include positive 
staining for β-catenin, vimentin, progesterone 
receptor, CD56, neuron-specific enolase, CD10, 
cyclin D1 and more recently, negative membra-
nous E-cadherin [28, 29]. In our cases, results 
were typically positive for vimentin (11/11, 
100%), progesterone receptor (14/14, 100%), 
β-catenin (12/12, 100%), synaptophysin (12/ 
12,100%), CD56 (11/11, 100%), CD10 (3/3, 
100%), neuronspecific enolase (9/10, 90%), 
chromaffin granule protein A (7/9, 77.8%). The 
Ki-67 index has been suggested as a potential 
indicator of malignant potential and poor out-
come of SPNs [30]. The low Ki-67 index (≤ 5%) 
indicates a slow growth of the tumors. Our 5 
patients displayed a low Ki-67 index of < 1%. 
Vassos N et al suggested that abnormal nucle-
ar and cytoplasmic β-catenin expression and 
presence of progesterone receptor were fairly 
common features of SPNs [31]. 

The preoperative diagnosis of SPNs is difficult. 
In our cases, only 7 patients were diagnosed as 
or suspected of SPNs, and the misdiagnosis 
rate was 63.2%. Imaging techniques are of 
great importance. Intratumoral hemorrhage 
and septa are characteristic features of SPNs. 
Ultrasound and CT/MRI-scans typically reveal a 
sharply well-circumscribed, heterogeneous ma- 
ss with varying solid and cystic components, 
generally demarcated by a peripheral capsule 
and occasional calcification. CT is the most fre-
quently used method for diagnosing SPNs, and 
shows the presence of a heterogeneously 

enhanced solid and cystic mass [32]. 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 [33]. Therefore, 
a radiologic diagnosis would be helpful when 
surgery is planned. The preoperative histologi-
cal diagnosis can be made definitely by an 
endoscopic ultrasound scan (EUS) with fine-
needle aspiration (FNA) biopsy [34, 35] or per-
cutaneous core needle biopsy with ultrasound 
or CT-guidance [36]. The US-guided FNAC was 
used in 2 of our 19 patients without any compli-
cations and preoperative  diagnosis could be 
confirmed. The differential diagnosis of SPNs is 
wide and includes in particular solid and cystic 
lesions such as serous microcystic adenoma, 
cystadenocarcinoma, mucinous cystic neopl- 
asms, cystic neuroendocrine tumors, cystic aci-
nar cell carcinoma, teratoma, pancreatoblasto-
ma as well as a variety of congenital and ac- 
quired dysontogenetic, post-inflammatory and 
infectious cysts [37]. According to our experi-
ence, the typical constellation of a pancreas-
associated solid and cystic mass in a young 
woman should always alert to the possibility of 
SPNs. FNAC should be performed when preop-
erative diagnosis need to be confirmed.

SPNs usually behave in an indolent fashion, but 
certainly have low malignant potential. Ma- 
lignant behaviors were observed in about 10- 
15% of the cases; some of them had been 
treated with aggressive resection [31]. Cur- 
rently, complete aggressive surgical resection 
is the treatment of choice for SPNs, even with 
local invasion or metastasis [38]. The surgical 
approach depends on the location, size, and 
nature of the neoplasms, as well as the time of 
surgery [39]. In our study, distal pancreatecto-
mies with/without splenectomy (12, 63.2%) 
were the most common surgical procedures 
because the tumors were frequently located in 
the body and tail of the pancreas. Tumor enu-
cleation and incomplete excision should be 
avoided due to the risk of tumor dissemination, 
development of a pancreatic fistula [40] and 
the higher recurrence rate [31]. Surgeons 
should always aim for complete en-bloc resec-
tion including adjacent structures preferably 
with microscopically clear margins. Intrao- 
perative frozen section may be helpful to ascer-
tain the adequate of the resection margins 
[10]. Extensive lymphatic dissection or resec-
tion of adjacent structures is not warranted, 
due to the rare incidence of lymph node metas-
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tasis (< 2%) [41, 42]. In our cases, all the 
patients underwent R0 resections and all histo-
logically examined lymph nodes were negative. 
Unlike other pancreatic tumors, the stage of 
the disease does not play any role for the treat-
ment of SPNs [41]. If veins were infiltrated, vas-
cular en-bloc resection and reconstruction with 
vein grafts had been proposed and the results 
were encouraging [41]. Resection of distant 
metastases should be performed at the time of 
primary resection or even for recurrences.

There is no consensus of treatment plan for the 
unresectable SPNs. Other therapeutic options 
such chemotherapy and radiotherapy had been 
applied in some cases [43], Fried et al observed 
substantial shrinkage of an unresectable tumor 
after 6 weeks of radiotherapy [43]. A favorable 
response to radiotherapy in locally advanced 
unresectable disease had also been reported 
[44]. The role of neoadjuvant chemotherapy 
was described in a case of advanced disease 
with local invasion and unresectable SPNs with 
good response [45, 46]. S. Krug et al reported 
that the selective internal radiotherapy (SIRT) 
was a suitable approach for inducing long-term 
remissions of the strongly vascularized liver 
metastases, and the patient was in a good con-
dition without any evidence for hepatic recur-
rence four years after SIRT [47]. In our cases, 
none of the tumors had local invasion or metas-
tasis. Adjuvant chemotherapy or radiotherapy 
was not given to any of the patients.

The prognosis of SPNs patients even with local 
recurrence and metastasis or invasion is gener-
ally excellent. The overall 5-year survival rate of 
SPNs is about 95% [2]. Although the malignant 
potential of SPNs is low, approximately 10-15% 
of patients develop metastatic disease, most 
often involving the liver or peritoneum [20]. 
Therefore, all SPNs patients need long-term 
follow-up. In our cases, all patients were alive 
with no evidence of disease recurrence or 
metastasis for a mean duration of 38.4 mon- 
ths (range 3 to 72 months).

In conclusion, SPNs are rare neoplasms of 
unclear histogenesis that typically affects 
young females without notable symptoms, with 
a malignant potential, but an excellent progno-
sis. Appearance on imaging is fairly characteris-
tic and may suggest diagnosis, but in unclear 
cases preoperative diagnosis should be accom-
plished by percutaneous CT/US-guided core 

needle biopsy. Adequate surgical resection is 
the only effective treatment option and is war-
ranted even in the presence of local invasion or 
metastases as patients demonstrate excellent 
long-term survival. The role of adjuvant therapy 
remains to be studied.
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