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Solid pseudopapillary tumor of the pancreas in children:
15-year experience at a single institution with assays
using an immunohistochemical panel

Ji Young Park, Sang Geol Kim', Jinyoung Park’

Departments of Pathology and 'Surgery, Kyungpook National University Medical Center, Kyungpook National University School of
Medlicine, Daegu, Korea

Purpose: The aim of this study was to analyze the clinicopathological characteristics of solid pseudopapillary tumor (SPT)
of the pancreas and to utilize an immunohistochemical panel to identify specific markers of the disease.

Methods: Eleven patients diagnosed with and treated for SPT of the pancreas over the past 15 years were retrospectively
analyzed.

Results: The 11 patients consisted of 8 females and 3 males, of mean age at operation of 13.5 years (range, 10 to 18 years).
The most frequent presenting symptom was abdominal pain and/or mass. One patient was referred with hemoperitoneum
due to traumatic tumor rupture. The lesions were located in the body, head and tail of the pancreas in four, four, and
three patients, respectively. Mean tumor diameter was 7.9 cm (range, 2.5 to 15 cm). Surgical procedures included
distal pancreatectomy with splenectomy in four patients, pylorus preserving pancreaticoduodenectomy in four, distal
pancreatectomy in two, and subtotal pancreatectomy with splenectomy in one. Mean follow-up was 60.5 months (range,
15 to 126 months). All patients remain alive without tumor recurrence. Immunochistochemical staining showed that all
tumors were positive for B-catenin, progesterone receptor (PR], vimentin, and CD99. However, all tumors were negative
for E-cadherin and cytokeratin 7 expression.

Conclusion: Patients with SPT of the pancreas have an excellent prognosis after surgical excision. Immunohistochemically,
E-cadherin/B-catenin, PR, vimentin, and CD99 would help establish the diagnosis of SPT of the pancreas, although the
results of immunohistochemical staining were found to have an indistinct complex immunoprofile.
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of affected patients have metastases or invasion to the liver,
portal vein, and other organs [7].

INTRODUCTION

Solid pseudopapillary tumor (SPT) of the pancreas is a
rare clinical entity, with a reported incidence of 2%-3% of
all pancreatic tumors [1-6]. SPT of the pancreas is regarded
as having low-grade malignant potential, with most patients
showing good long-term survival after surgical resection [7].
Although SPT of the pancreas has a favorable prognosis, 19.5%

The number of studies of SPT of the pancreas has increased
markedly over the last 10 years, due to greater awareness
and greater availability of immunohistochemical stains. It is
imperative to differentiate SPT of the pancreas from other
pancreatic tumors which demonstrate a different biologic
behavior. Immunohistochemical study can provide valuable
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information to help in distinguishing SPT of the pancreas
from other pancreatic tumors. Several antibodies have been
utilized in the immunohistochemical evaluation of SPT of the
pancreas, but no single marker has yet been shown specific
to these tumors [8]. In this study, to further delineate the
natural history of SPT of the pancreas and to determine a
specific panel of immunohistochemical markers to identify
the disease, we describes the clinicopathologic features and
immunohistochemical expression profiles of 11 pediatric
patients with SPT of the pancreas treated at our institution.

METHODS

Eleven patients with a definitive pathological diagnosis of SPT
of the pancreas who underwent surgical treatment at Kyungpook
National University Medical Center during the 15-year period from
1995 to 2010 were included. The study was approved by the Ethics
Committee of Kyungpook National University Medical Center.
Patient demographics, clinical presentation, tumor localization
and size, diagnostic methods, surgical treatment, and follow-up
were reviewed from hospital records. SPT of the pancreas was
diagnosed based on its gross and microscopic appearance as well
as on immunohistochemical staining. Tumors were assumed
to be malignant if there was extrapancreatic or pancreatic
parenchymal invasion, lymph node involvement, perineural or
vascular invasion, or distant metastases.

Immunohistochemical assays were performed using an
automated Benchmark platform (Ventana Medical Systems,
Tucson, AZ, USA) according to the manufacturer's recommen-
dations. Four-micrometer-thick sections were immunostained
with antibodies to chromogranin-A, synaptophysin, progester-

one receptor (PR), ckit, p-catenin, cytokeratin (CK), CK7, CD10,
E-cadherin, CD99 and vimentin using an UltraView universal
DAB detection kit (Ventana Medical Systems). All immuno-
histochemically stained slides were evaluated by a single
pathologist. For all antibodies, staining of more than 5% of the
tumor cells was regarded as positive,

For PR, cells showing nuclear staining were considered
positive. For B-catenin, cells showing cytoplasmic/nuclear
staining were considered positive. Cells were considered
positive for E-cadherin, CK, and CK7 when the cytoplasmic
membrane was stained and were considered positive for ckit
when cytoplasmic staining with or without nuclear staining
was observed. Tumor cells were considered positive for
chromogranin-A and synaptophysin when cytoplasmic granular
staining was observed and were considered positive for CD99
when a paranuclear dot-like pattern was present. Cells were
regarded as positive for vimentin and CD10 when cytoplasmic
staining was observed.

RESULTS

Clinical data
Table 1 summarizes the clinicopathological characteristics

of the 11 patients with SPT of the pancreas. The 11 patients
included eight females and three males, with a male-to-female
ratio of 1:2.7. Their mean age at the time of operation was 135
years (range, 10 to 18 years). Seven patients (64%) presented
with an abdominal pain and/or mass. Other symptoms included
nausea and vomiting. In two patients, tumors were detected
incidentally during routine work-up for fatty liver (patient 6) and
an ovarian mass (patient 8). One patient (patient 4) was referred

Table 1. Clinicopathologic data of solid pseudopapillary tumor of the pancreas

ol Presentation Location SIF Diagnosis Treatment Complication ralltor:
no. age (cm) up (mo)
1 F/13  Abdominal pain, mass Body 7 USsG, CT DP+S 120
2 M/10  Nausea, vomiting Body 8 USG, CT, MRl DP 82
3 F/13  Abdominal pain Tail 10  USG, CT DP +S 126
4 F/12  Hemoperitoneum Body 15 USG, CT 1st: bleeding control + CTX  Portal vein 97

2nd: SP + S + RFA + CTX obliteration
5 F/16  Abdominal mass Head 6 USG, CT, PET PPPD 48
6  M/13 Incidentally found Head 13 USG, CT PPPD 48
7 F/14  Abdominal pain Tail 5 USG, CT DP 43
8 F/13  Incidentally found Head 2.5 USG, CT, MRl PPPD 21
Right salpingo-oophorectomy
9 M/11  Abdominal pain Tail 3 USG, CT DP+S 36
10  F/16 Abdominal pain Body 7 USG, CT 1st: DP + S Pancreatic 30
2nd: cystogastrostomy pseudocyst
11 F/18  Abdominal pain, mass Head 10 USG, CT, MRl PPPD 15

USG, ultrasonography; CT, computed tomography; MRI, magnetic resonance image; PET, positron emission tomography; DP, distal
pancreatectomy; S, splenectomy; SP, subtotal pancreatectomy; PPPD, pylorus preserving pancreaticoduodenectomy; CTX,

chemotherapy; RFA, radiofrequency ablation.
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with hemoperitoneum due to traumatic tumor rupture. The
lesions were located in the body, head, and tail of the pancreas
in four, four, and three patients, respectively. Mean tumor
diameter was 79 cm (range, 2.5 to 15 cm). Preoperative serum
tumor markers were assessed in 10 of the 11 patients, including
o-fetoprotein (AFP) in seven patients, carcinoembryonic antigen
(CEA) in 9, carbohydrate antigen (CA) 19-9 in 10, and CA 125 in
5. AFP, CEA, and CA 125 concentrations were within normal
ranges in all patients tested. However, CA 19- was elevated in 3
of 10 patients (patient 8, 975 U/mL; patient 9, 40.6 U/mL; patient
10, 83 U/mL; normal range, <37 U/mL).

Abdominal ultrasonography (USG) and computed tomography
(CT) scan were utilized to detect the mass in all 11 patients.
Three patients underwent additional magnetic resonance
imaging (MRI) and one underwent positron emission tomo-
graphy.

Only one patient (patient 6) underwent preoperative USG-
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guided fine needle aspiration cytology (FNAC), which confirmed
the diagnosis of SPT of the pancreas.

Surgical procedures included distal pancreatectomy with
splenectomy in four patients, pylorus preserving pancreatico-
duodenectomy in four, distal pancreatectomy in two, and
subtotal pancreatectomy with splenectomy in one. One patient
(patient 4) who presented with hemoperitoneum due to tumor
rupture underwent an initial exploratory laparotomy and
bleeding control because the mass was unresectable, followed by
postoperative 3 cycles of chemotherapy (ifosfamide, etoposide,
cisplatinum). Following tumor shrinkage, as shown by a repeat
abdominal CT scan, this patient underwent a second exploratory
operation 3 months later, during which subtotal pancreatectomy
with splenectomy was performed. During follow-up, portal vein
thrombosis and liver metastasis were observed, for which this
patient underwent radiofrequency ablation and chemotherapy. At
present, 97 months later, this patient is disease free, although she

Fig. 1. High power view, showing that the tumor cells have
uniform round nuclei with eosinophilic cytoplasm and
central microvascular core forming a pseudopapillary pattern
(H&E, x200).

Table 2. Immunohistochemical staining

Caseno.  C-kit p-catenin CK CD10 PR
1 - + + - +
2 + + - - +
3 - + + + +
4 - + + + +
5 + + + + +
6 + + - - +
7 + + + + +
8 + + + + +
9 + + + + +

10 + + + - +
11 - + + + +

CK, cytokeratin; PR, progesterone receptor.

Synapto-

Fig. 2. CD99 immunohistochemical staining of solid pseudo-
papillary tumor of the pancreas. Tumor cells are stained in a
paranuclear dot-like pattern (arrows) (x200).
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has portal vein obliteration and cavernous transformation.

All patients showed pathological findings typical of SPT of
the pancreas. The tumors were composed of uniform cells with
ovoid nuclei and eosinophilic granules, arranged in sheets with
pseudopapillary architecture (Fig. 1). One patient (patient 4) was
diagnosed with malignant SPT of the pancreas due to portal
vein thrombosis and liver metastasis.

There were no perioperative deaths. Postoperative compli-
cations occurred in two patients. Patient 4 experienced portal
vein obliteration and cavernous transformation, whereas
patient 10 had a pancreatic pseudocyst, which was treated by
cystogastrostomy 5 months after the initial operation. There
was no recurrence at a mean follow-up of 60.5 months (range,
15-126 months). All 11 patients remain alive with no evidence
of tumor recurrence.

Immunohistochemical results
The detailed immunohistochemical results are listed in Table

2. Cytokeratin profiles (CK, CK7) characterize ducts and ductular
cells of the pancreas. Chromogranin A and synaptophysin are
considered neuroendocrine markers. Immunohistochemical
analysis was performed on samples from all 11 patients. All were
positive for vimentin, B-catenin, PR, and CD99. CD99 was stained
as the intracytoplasmic paranuclear dotlike pattern (Fig. 2). Ten
patients (91%) were positive for chromogranin A, 9 (82%) were
positive for CK, 7 (64%) each were positive for ckit and CD10, and
4 (36%) were positive for synaptophysin. All 11, however, were
negative for E-cadherin and CK7 expression. All 11 displayed the
characteristic cytoplasmic/nuclear immunoreactivity of p-catenin
and loss of membranous E-cadherin.

DISCUSSION

SPT of the pancreas is a rare primary neoplasm of the
pancreas, accounting for 2%-3% of all primary pancreatic
neoplasms in all age groups [1-5]. Although up until a decade
ago there were few studies of these tumors, the number of
studies has increased markedly since that time due to improved
awareness of these tumors. This has resulted from the
standardization of the nomenclature and the greater availability
of immunohistochemical stains [5-7].

Three patients previously misdiagnosed with nonfunctioning
islet cell tumors were shown in 1959 to be a new entity, called
Frantz's tumors [2]. These tumors have been given many names
such as papillary cystic epithelial neoplasms, solid and papillary
neoplasms, papillary cystic tumors, solid and cystic tumors,
solitary cystic tumors, solid and papillary epithelial neoplasms,
solid and cystic papillary epithelial neoplasms, solid papillary
cystic tumors [2,3]. Recently, however, the World Health
Organization recognized that all were SPTs of the pancreas [9].

Although SPT of the pancreas can affect patients at any age,

most occur in young women in their second or third decade of
life [10]. A large review reported that the mean age of patients
with SPT of the pancreas is 21.97 years and that the male-to-
female ratio is 1:9.78 [7]. Another review, of 292 patients with
SPT of the pancreas, reported that mean patient age was 23.9
years, with a male-to-female ratio of 1:9.4 [11]. We observed a
male-to female ratio of 1:2.7, similar to ratios reported in other
pediatric case series, including 1:2 [12], 1:3.6 [13], 1:65 [14], 1:1.75
[15], and 1:45 [16]. Although each pediatric case series included
only a small number of patients, taken together they show that
female prevalence was lower in children than in adults.

The clinical presentation of SPT of the pancreas has been
found to range from vague gastrointestinal symptoms such as
upper abdominal fullness or discomfort to epigastric or left
upper quadrant abdominal pain caused by an enlarged and
often palpable abdominal mass [16]. A large literature review
[7] reported that the most common clinical findings were
abdominal pain (46.5%) and mass (34.84%), comparable with
symptoms in our patients. However, presentations in adults
and children have been reported to differ [14], with a palpable
mass being the most common presenting symptom in children
(60.0%) and an incidentally detected pancreatic mass the most
common in adults (383%). Due to their slow growth, SPTs of the
pancreas often remain asymptomatic until they have enlarged
considerably and therefore may be detected incidentally during
routine examination for unrelated diseases. Indeed, tumors in
two of our patients were identified incidentally during abdominal
USG or CT evaluation for fatty liver (patient 6) and an ovarian
teratoma (patient 8). Occasionally, tumors may rupture due to a
traumatic or unidentifiable cause, resulting in hemoperitoneum
[710,11]. Indeed, one of our patients (patient 4) experienced
hemoperitoneum secondary to traumatic tumor rupture.

Previous reviews [7,11] have found that 32%-34% of these
tumors were located in the head of the pancreas, 26.2%-359%
in the tail, 13.8%-14.8% in the body, 10.3%-24% in the body
and tail, and 3.05%-4% in the head and body, findings was
consistent with our result, in which 36.4% of the tumors were
located in the head, 36.4% in the body, and 27.2% in the tail of
the pancreas. In contrast, the most common frequent tumor
location was reported to differ in children and adults, being the
pancreatic head (66.7%) in children and the body or tail (80.9%)
in adults [14]. While most of these tumors arise in the pancreas,
others have been found in extrapancreatic locations, such as
the retroperitoneum [17], mesocolon [18], and liver [19].

Preoperative serum tumor markers are usually within normal
ranges [15,16,18]. Interestingly, we found that 3 of 10 patients
(patients 8, 9, and 10) had elevated CA 19-9, although AFP,
CEA and CA 125 concentrations were within normal ranges.
Similarly, serum CEA concentration was elevated in 1 of 12
patients and serum CA 19-9 in 1 of 11 [20].

A variety of imaging modalities, including abdominal USG,
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CT, and MRI, have been used to characterize pancreatic masses
preoperatively [21]. In addition, FNAC under radiological
guidance, either USG or CT, has been used for preoperative
diagnoses. Diagnostic cytological features include the presence
of intracytoplasmic inclusions, multinucleated giant cells, and
nuclear folds or grooves. Based on the preoperative FNAC,
preoperative diagnosis of SPT of the pancreas was correctly
made in 10 of 18 patients (55.6%) [22]. However, this procedure
is invasive.

The exact cellular origin of SPT of the pancreas remains
unclear [23]. Acinar, ductal, endocrine, and multipotential
stem cells have been proposed as precursors of these tumors,
with many attempts to correlate the immunoprofile of SPT
of the pancreas with precursor cell types [3,8,15,21]. Immuno-
histochemically, SPTs of the pancreas have been found to
variably express exocrine, endocrine, mesenchymal, and even
epithelial cell markers. SPTs of the pancreas were found to
have an indistinct complex immunoprofile, with 93% positive
for neuron-specific enolase and 0% for chromogranin A [23],
not consistent with pancreatic neuroendocrine cell types. Our
patients’ immunoprofiles were similar to those in previous
reports [15,21-23], with only 36% and 91% of the tumors
positive for the neuroendocrine markers synaptophysin and
chromogranin A, respectively. Intracytoplasmic paranuclear dot-
like CD99 expression was shown recently to differentiate SPT of
the pancreas from other tumors [8], consistent with our results.

The pathogenesis of SPT of the pancreas is unclear. Wnt
signaling associated with a B-catenin (CTNNBI) mutation,
which leads to diffuse cytoplasmic and aberrant nuclear
expression of B-catenin and a lack of membranous E-cadherin,
plays a major role in the tumorigenesis of the SPT of the
pancreas [24,25]. A hormonal influence in its pathogenesis has
been suggested because of its female predominance.

Surgery is the mainstay of treatment. In contrast to pan-
creatic ductal carcinomas, large tumor size or vascular
involvement, including involvement of the portal vein or
superior mesenteric artery, does not preclude surgical resection
[7]. Extensive lymphatic dissection and more radical local
approaches are not indicated [7]. Moreover, in contrast to
other pancreatic malignancies, surgical debulking should be
performed for metastases. Therefore, the ideal treatment of
SPT of the pancreas is complete resection of the tumor while
preserving as much pancreatic tissue as possible. Although SPTs
of the pancreas are generally benign and indolent tumors, local
recurrence and metastases have been reported. Metastases

usually occur in the liver, regional lymph nodes, mesentery,
omentum, and peritoneum. Metastases in childhood are
extremely rare [14]. In general, patient prognosis is excellent
with high long-term survival rates, even in patients with local
invasion and recurrence as well as metastases.

Several studies have attempted to delineate predictive features
of malignant SPT of the pancreas. Venous invasion, high
nuclear grade, and prominent necrobiotic nests characterized
by aggregates of cells with pyknotic nuclei and eosinophilic
cytoplasm have been reported to be useful indicators of
malignancy [26]. In addition, tumor size >5 cm was found to be
a significant predictor of malignant potential [27]. In contrast,
preoperative features, including age, sex, tumor size, tumor
location, elevated CEA levels, and elevated CA 19-9 levels, were
not predictive of malignant SPT of the pancreas [14]. Malignant
behavior such as recurrence or metastasis could not be completely
excluded even in the absence of pathological features suggesting
malignant potential, and aggressive tumor behavior was not
predictive. Therefore, all patients with SPT of the pancreas should
be monitored carefully, regardless of malignant potential [14].

The roles of adjuvant chemotherapy and radiotherapy in
the treatment of SPT of the pancreas are currently unclear.
However, very few case reports or case series have described
success with chemotherapy and radiotherapy [28-30]. However,
it is hard to determine whether longterm patient survival was
due to chemotherapy or the natural disease progression of SPT
of the pancreas.

In conclusion, SPT of the pancreas is a rare indolent tumor
with low-grade malignant potential that usually affects young
females. Radical surgical resection should be performed to
enhance long-term survival, even in patients with metastases,
invasion of adjacent organs, or lymph node involvement.
Adjuvant chemotherapy or radiotherapy should be considered
in patients with recurrent or unresectable tumors, although
the efficacy of these methods has not yet been established.
Immunohistochemically, cytoplasmic/nuclear immunoreactivity
of B-catenin and loss of membranous E-cadherin, PR, vimentin,
and CD99 would help establish the diagnosis of SPT of the
pancreas, although the results of immunohistochemical staining
were found to have an indistinct complex immunoprofile.
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