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Abstract
Objective We summarized the diagnosis, surgical strategies, and long-term follow-up outcomes in our large series of solid
pseudopapillary tumors (SPTs) of pancreas.
Methods In this retrospective analysis, we collected data pertaining to pancreatic SPTs diagnosed in 115 patients between July
2003 and February 2013.We analyzed the demographic characteristics, clinical presentations, operative strategies, perioperative
details, and follow-up outcomes.
Results Abdominal pain was the most frequent symptom (40.0 %). The most frequent location of SPT was pancreatic tail
(36.5 %). We performed 33 cases of pancreaticoduodenectomy, 15 cases of middle pancreatectomy, 19 cases of distal
pancreatectomy with spleen preservation, 28 cases of distal pancreatectomy with splenectomy, and 18 cases of enucleation.
Two patients suffered tumor recurrence and required a second resection of the recurrent tumor.
Conclusions Complete resection of the tumor is associated with good survival, even in patients with vessel involvement or
metastases. In patients with tumor recurrence, a second resection resulted in long-term survival.
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Introduction

Solid pseudopapillary tumor (SPT) is a rare primary neoplasm
of the pancreas, first described by Frantz1 in 1959. Accounting
for 1–3% of all pancreatic neoplasms, SPToccurs primarily in
young women.2 The clinicopathologic features of SPT are
unique: slow-growing, low-grade malignancy.3 The prognosis
after complete surgical resection is quite favorable. A 5-year
survival rate higher than 95 % has been reported in several
studies.4

To our knowledge, our series represents the largest number
of SPT cases from a single institution. We summarized the
demographic characteristics, clinical presentations, radiologic

features, pathology, surgical strategies, and long-term follow-
up outcomes of SPT for a better understanding of its natural
history and prognosis.

Materials and Methods

A total of 115 patients were diagnosed as pancreatic SPT
(PSPT) at our institution from July 2003 to February 2013.
Data were collected retrospectively by chart review. A surgical
complication was defined as perioperative if it occurred within
30 days of surgery. We conducted telephone interviews and/or
outpatient interview to follow up these patients. This study was
approved by the Ethics Committee of Sichuan University.

Results

Patient Characteristics

The demographic characteristics of patients included in our
study are shown in Table 1. Of the 115 patients diagnosed as
PSPT, 100 patients (87.0 %) were female, with a female-to-
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male ratio of 6.7:1. The mean age at diagnosis was 35 years
(range 13 to 63 years). Compared with other studies, most of
patients (38 cases, 33.1 %) in our series were diagnosed as
SPT in the fourth decade of life. The signs and symptoms
included upper abdominal pain in 46 patients (40.0 %), ab-
dominal discomfort in 19 patients (16.5 %), and palpable
abdominal mass in 17 patients (14.8 %). Only one patient
(0.9 %) was presented with jaundice. There were 32 (27.8 %)
asymptomatic patients with the diagnosis made by occasional
ultrasonography (US) or computed tomography (CT).

Preoperative Examination

Preoperative examination included tumor marker studies, US,
CT, or magnetic resonance imaging (MRI). Positron emission
tomography was carried out in one patient. Typical ultrasono-
graphic manifestations of PSPT include well-circumscribed
hypoechoic solid lesions, without main pancreatic duct dilata-
tion. The typical computed tomographic appearance of SPT
was well-circumscribed cystic and solid masses with heteroge-
neous enhancement (Fig. 1a). In patients with tumors smaller
than 3-cm diameter, the cystic portion was not apparent. SPT
usually appeared as pancreatic tumors without apparent pan-
creatic duct dilatation or parenchymal atrophy. Only three cases
of SPT presented dilatation of the bile duct and main pancreatic
duct. Calcification of mass appeared in 18 patients and large

cystic masses appeared in 7 patients. The SPT in MRI showed
low signal intensity in unenhanced T1-weighted images, high
signal intensity in T2-weighted images, and early heterogeneity
and progressive enhancement. Positron emission tomography
of one pat ien t in our ser ies showed increased
fluorodeoxyglucose uptake in SPT. The serum levels of carbo-
hydrate antigen 19-9 and carcinoembryonic antigen were in the
normal range in 113 patients. Only one patient presented ele-
vated total bilirubin and presented jaundice.

The clinical presentations of SPTare shown in Table 2. The
most frequent locations of SPTwere pancreatic tail (42 cases,
36.5 %) and pancreatic head (37 cases, 32.1 %), followed by
pancreatic neck and body (23 cases, 20.0 %), pancreatic body
(8 cases, 7.0 %) and the uncinate process of the pancreas (4
cases, 3.5 %). Only one patient (0.9 %) presented multiple
lesions of pancreatic head and tail. The mean size of the
tumors was 6.3 cm (range 1 to 25 cm).

Surgery and Postoperative Complications

The surgical details and postoperative complications of our
patients are shown in Table 3. All the 115 patients except for
one underwent complete surgical resection including 33 cases
of pancreaticoduodenectomy, 15 cases of middle pancreatec-
tomy, 19 cases of distal pancreatectomy with spleen preserva-
tion, 28 cases of distal pancreatectomy with splenectomy, and
18 cases of enucleation. Among the patients undergoing distal
pancreatectomy, six cases were performed laparoscopically.
Enucleation of pancreatic head lesion and distal pancreatecto-
my with splenectomy of pancreatic tail lesion was carried out
in a patient with simultaneous pancreatic head and tail SPT.
We pe r f o rmed t umo r f i n e ne ed l e b i op sy and
cholangiojejunostomy in a patient with a 9-cm SPT in the
pancreatic head, and extensive portal vein and superior mes-
enteric vein involvement and multiple liver metastases. Inter-
estingly, we successfully performed distal pancreatectomy
with splenectomy and pancreaticoduodenectomy with portal
vein resection in two patients, respectively, diagnosed as
unresectable SPT by laparotomy elsewhere. Distal pancrea-
tectomy with splenectomy and wedge resection of the liver
metastases were conducted in another patient with pancreatic

Table 1 Demographic
characteristics of patients
(n=115)

n (%)

Age at diagnosis (years)

≤20 19 (16.5 %)

20–30 28 (24.3 %)

30–40 38 (33.1 %)

40–50 21 (18.3 %)

≥50 9 (7.8 %)

Age, median (range) 35 (13–68)

Sex

Female 100 (87.0 %)

Male 15 (13.0 %)

Fig. 1 a CT image of solid
pseudopapillary tumor (SPT) of
pancreatic head (white arrow). b
Gross tumor appearance after
pancreatoduodenectomy
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body SPTand two isolated liver metastases in the left lobe and
right posterior lobe. Distal pancreatectomy with splenectomy,
subtotal gastrectomy and wedge resection of the liver metas-
tases were carried out in a case involving SPT of pancreatic
body, with gastric body involvement and liver metastases.
Simultaneous resections of SPT and liver metastases were
done with another three patients. Two patents suffering from
SPT with transverse colon involvement underwent resection
of SPTand colectomy.

The operative time and estimated blood loss varied with the
tumor size and surgical strategies. The mean operative time
was 235 min (range 155 to 420 min), and the mean estimated
blood loss was 317 ml (range 50 to 1,500 ml). The overall
complication rate was 19.1 % (n=22), with no perioperative
deaths. Complications included postoperative pancreatic fis-
tula (13 cases, 11.3 %), followed by pulmonary infection and
fluid collection (3 cases, 2.6 %), incision infection (2 cases,
1.7 %), and alimentary tract hemorrhage (1 case, 0.9 %).
Pancreatic fistula was treated with percutaneous drainage.
Alimentary tract hemorrhage required emergency laparotomy
and discharge on the eighth postoperative day after the second
surgery. A month after discharge, the patient suffered from
abdominal pain andwas diagnosed as abdominal infection. He
was cured by percutaneous drainage and antibiotics.

Pathological Features

Gross Appearance

The gross appearance of SPT varies with the size of the tumor.
Typically, SPT is well capsulated and demarcated from the
pancreas, with a mixture of solid, cystic, and pseudopapillary
patterns in various proportions (Fig. 1b). However, the smaller
tumors may be less likely to show cystic changes and often
appear as uncapsulated solid masses with varying degrees of
fibrosis.

Histology

Microscopically, SPT is remarkably uniform, with a combi-
nation of solid pseudopapillary or hemorrhagic pseudocystic
structures in various proportions.5 The histologic appearance
varies across different regions of the tumor.6 Typically, the
solid area of SPTappears microscopically as uniform, poorly
cohesive polygonal cells surrounding delicate blood vessels
(Fig. 2a).7 The SPT cells usually manifest decreased mitotic
activity, and true necrosis is uncommon. However, cystic

Table 2 Clinical presentations of solid papillary tumor of pancreas

Initial signs and symptoms, n (%)

Abdominal pain 46 (40.0 %)

Abdominal discomfort 19 (16.8 %)

Palpable abdominal mass 17 (14.5 %)

Jaundice 1 (0.9 %)

Without any symptoms 32 (27.8 %)

Locations of tumors, n (%)

Head 37 (32.1 %)

Neck and body 23 (20.0 %)

Body 8 (7.0 %)

Tail 42 (36.5 %)

Head and tail 1(0.9 %)

The uncinate process 4(3.5 %)

Size of the tumors in the largest diameter (cm)

Mean 6.3

Range 1.0–25

Radiographic appearance, n (%)

Solid and cyst 65 (56.5 %)

Solid 43 (37.4 %)

Cyst 7 (6.1 %)

Calcifications 18 (15.7 %)

Liver metastases 5 (4.3 %)

Bile duct dilatation 3 (2.6 %)

Main pancreatic duct dilatation 3 (2.6 %)

Table 3 Operative details and postoperative complications

Operative strategies, n (%)

Pancreaticoduodenectomy 33 (28.7 %)

Middle pancreatectomy 15 (13.0 %)

Distal pancreatectomy 19 (16.5 %)

Distal pancreatectomy with splenectomy 28 (24.3 %)

Enucleation 18 (15.7 %)

Enucleation + distal pancreatectomy 1 (0.9 %)

Cholangiojejunostomy without tumor resection 1 (0.9 %)

Vessels involvement and metastases, n (%)

Splenic vessels 21 (18.3 %)

Superior mesenteric vein or/and portal vein 11 (9.6 %)

Adjacent organs’ compromise 3 (2.6 %)

Liver metastases 5 (4.3 %)

Operative time (min)

Mean 235

Range 155–420

Estimated blood loss (ml)

Mean 317

Range 50–1,500

Complications, n (%)

Pancreatic fistula 13 (11.3 %)

Incision infection 2 (1.7 %)

Fluid collection 3 (2.6 %)

Pulmonary infection 3 (2.6 %)

Alimentary tract hemorrhage 1 (0.9 %)

Total 22 (19.1 %)
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degeneration is common in “papillary-cystic” or “solid and
cystic” SPT, especially in tumors larger than 3 cm.

Immunohistochemistry

Generally, the neoplastic cells are stained positive for
vimentin in all tumors, and most cases express α1-
antitrypsin, α1-antichymotrypsin, and neuron-specific
enolase.5 Immunohistochemical staining was performed in
selected cases. CD56 was positive in all 74 cases, beta-
catenin was positive in all 63 cases (Fig. 2b), neuron-
specific enolase was positive in 26 out of 27 cases, vimentin
was positive in all 34 cases,α1-antichymotrypsinwas positive
in six out of seven cases, and progesterone receptor was
positive in all eight cases.

Follow-Up and Survival

All patients underwent US or CT every 6 months to
1 year after surgery. Follow-up data were collected by
telephone or outpatient interview. The mean follow-up
period was 58 months (range 6 to 121 months). The
overall survival was 98.3 % (113 out of 115 cases), and
the survival of patients with combined pancreatic and
liver/gastric resection was 75 % (6 out of 8 patients).
The survival curve is shown in Fig. 3. The patient who
underwent distal pancreatectomy with splenectomy, sub-
total gastrectomy, and wedge resection of the liver me-
tastases died of arrhythmia 3 months after surgery. The
patient who underwent cholangiojejunostomy died of
liver failure 18 months after surgery. The tumor-free
survival was 96.6 %. Two patients (1.7 %) suffered
tumor recurrence. One patient who underwent distal
pancreatectomy and splenectomy developed local recur-
rence at the pancreatic stump 3 months after surgery
and underwent a second laparotomy for recurrent tumor.

This patient who was followed up for 21 months never
presented with tumor recurrence again. Another patient
who underwent pancreaticoduodenectomy developed iso-
lated liver metastases 11 months after the first surgery.
Resection of the liver metastases resulted in a 38-month
tumor-free period. Seven patients presented with post-
surgical dyspepsia and two patients suffered from
insulin-dependent diabetes.

Discussion

The SPT diagnostic and therapeutic guidelines remain
unclear.8 Our study represents the largest number of patients
with SPT from a single institution and summarizes its diag-
nosis, surgical strategies, and long-term outcomes.

The molecular events associated with the development of
SPT have recently been reported.9 Genetic profile of SPT
differs from that of pancreatic adenocarcinoma. SPT is char-
acterized by activating β-catenin gene mutations, which in-
terfere with protein phosphorylation.10 Translocation of β-
catenin into the nucleus regulates the transcription of the
growth regulatory genes cyclin D1 and c-myc.9 Furthermore,
β-catenin interacts with E-cadherin, preventing normal cell-
to-cell interactions.11

Compared with other pancreatic tumors, SPT is most com-
monly present in females in their third or fourth decade. The
mean age of patients at diagnosis in our series was 35 years,
which was higher compared with several other series.5,12,13

Abdominal pain was the most frequent symptom, probably
due to tumor compression. Jaundice was rare, occurring only
in one patient in our series, even in the presence of a huge SPT
associated with pancreatic head. The proportion of asymp-
tomatic patients (27.8 %) was higher in our series compared
with other studies. Pancreatic tail and head were the most
common locations of SPT, consistent with other studies. The

Fig. 2 a Hematoxylin–eosin
stain shows loosely cohesive and
epithelioid neoplastic cells
supported by blood capillaries. b
Immunohistochemistry of β-
catenin shows abnormal nuclear
accumulation in >90 % tumor
cells
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tumor markers, such as carbohydrate antigen 19-9 and
carcinoembryonic antigen, were always normal. Only two
patients in our series presented a slight elevation of carbohy-
drate antigen 19-9.

Advances in imaging strategies have improved the accura-
cy of the preoperative diagnosis of SPT.14 The radiological
presentations of SPT are unique.15 The typical CT presenta-
tion of SPT is a heterogeneous pancreatic mass with cystic and
solid components. The solid portion of SPT was typically
enhanced similar to pancreatic parenchyma in arterial and
venous phases.16 Calcification may be present in some cases,
whereas dilation of pancreatic duct is rare. MR imaging, with
superior contrast resolution, displays intratumoral hemor-
rhage, and the capsule of the SPT is better than CT.17

Contrast-enhanced US is another useful modality to establish
an accurate diagnosis, with a typical peripheral rim enhance-
ment in the early dynamic phases.18 A percutaneous or endo-
scopic fine needle aspiration may establish an accurate preop-
erative diagnosis.19 However, the procedure may cause tumor
cell dissemination.20 Furthermore, Kim et al.21 reported in
their study that only 11 of the 24 (46 %) patients who
underwent fine needle aspiration were correctly diagnosed.
Radiologic diagnosis is adequate, especially for surgery. Over-
all, the diagnosis of SPTshould always be suspected in young
women with a solid or cystic pancreatic mass. The final
diagnosis is based on pathology and immunohistochemistry.

Surgery is the first choice of treatment once the diagnosis
of PSPT is established.22 Recurrence rate is estimated in 10–
15 % of patients after resection,23 whereas only two patients
(1.7 %) suffered from tumor recurrence in our series.
Pancreatoduodenectomy, distal pancreatectomy (with or with-
out splenectomy), middle pancreatectomy, or enucleation de-
pends on tumor location, size, and invasive potential. Distal
pancreatectomy with or without splenectomy is performed for

tumors located in the pancreatic body or tail. Tumors located
in the neck or body of pancreas, without vessel involvement,
require middle pancreatectomywith distal pancreatojejunostomy
to preserve the rim of the head, the uncinate process, and the tail
portion. For tumors located in the pancreatic head or uncinate
process, a classic or pylorus-preserving pancreatoduodenectomy
is indicated. Due to low-grade malignancy and the surrounding
dense fibrous capsule, enucleation is indicated for smaller tumors
distant from the main pancreatic duct, without affecting long-
term survival. Extensive lymphadenectomy is not necessary due
to infrequent nodal metastases.24 No patient in our series suffered
from lymph nodemetastases. Tumorswith vessel involvement or
metastases are not always unresectable.8 Our series showed 32
cases of vessel involvement including 21 cases of splenic vessels
and 11 cases of superior mesenteric vein or/and portal vein. Only
one case of SPTwas unresectable due to extensive involvement
of superior mesenteric vein and portal vein and multiple
liver metastases. Surgical resection is indicated for
metastases.25 Our series included one case of gastric
involvement, two cases of transverse colon involvement,
and five cases of liver metastases. Except for one (de-
scribed above), we performed complete tumor resection
plus wedge resection of the liver metastases, gastrectomy, or
colectomy resulting in good survival. Chemotherapy25 or
radiotherapy26may be of value in patients with unresectable SPT.

The first laparoscopic distal pancreatectomy was reported
in 1996.27 Compared with open surgeries, laparoscopic distal
pancreatectomy offers advantages in terms of earlier oral
intake, limited blood loss, shorter posthospital stays, and
higher spleen preservation.28 Six patients successfully
underwent laparoscopic spleen preservation, and distal pan-
createctomy in our series, without perioperative complica-
tions. During the follow-up, no tumor recurrence or metasta-
ses were detected. Laparoscopic surgery is safe and feasible in
the selected cases.

Patients with SPT undergoing surgical resection
achieved good long-term survival. Only two patients
(1.7 %) suffering from local recurrence or liver metas-
tases underwent second resection, with a 21 and
38 months disease-free period during the follow-up,
respectively. Only two patients (1.7 %) died during the
follow-up: one patient with tumor resection died of
arrhythmia, and one patient without tumor resection
died of liver failure. No local recurrence or metastases
occurred in the other patients.

In conclusion, SPT is a rare pancreatic tumor, with a
low-grade malignancy and strong female preponder-
ance. Complete resection is associated with good sur-
vival, even in patients with vessel involvement or me-
tastases. Patients with tumor recurrence also showed
long-term survival, after a second resection. As a minimal
invasive procedure, laparoscopic surgery for SPTis a promising
approach in selected cases.

Fig. 3 Survival curve of patients with SPT. Group 1: Patients with SPT
resection only. Group 2: Patients with combined SPT and liver/gastric/
colon resection (including the patient underwent palliative surgery)
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