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Abstract
BACKGROUND—Solid-pseudopapillary neoplasms (SPNs) are rare pancreatic tumors with
malignant potential. Clinicopathologic characteristics and outcomes of patients with SPN were
reviewed.

STUDY DESIGN—Longterm outcomes were evaluated in patients with an SPN who were
followed from 1970 to 2008.

RESULTS—Thirty-seven patients were identified with an SPN. Thirty-three (89%) were women,
and median age at diagnosis was 32 years. Most patients were symptomatic; the most common
symptom was abdominal pain (81%). Thirty-six patients underwent resection; one patient with
distant metastases was not operated on. There were no 30-day mortalities. Median tumor size was
4.5 cm. Thirty-four patients underwent an R0 resection, 1 had an R1 resection, and 1 had an R2
resection. Two patients had lymph node metastases, and one patient had perineural invasion. After
resection, 34 (94%) patients remain alive. One patient died of unknown causes 9.4 years after
resection, and another died of unrelated causes 25.6 years after operation. The patient with
widespread disease who didn’t have resection died 11 months after diagnosis. Thirty-five of the 36
patients having resection remained disease free, including those who died of unrelated causes
(median followup, 4.8 years). One patient developed a recurrence 7.7 years after complete
resection. She was treated with gemcitabine and remains alive 13.6 months after recurrence.
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CONCLUSIONS—SPNs are rare neoplasms with malignant potential found primarily in young
women. Formal surgical resection may be performed safely and is associated with longterm
survival.

Solid-pseudopapillary neoplasms (SPNs) of the pancreas are rare neoplasms, comprising
only 1% to 2% of all pancreatic tumors.1,2 There is a strong female preponderance, and most
SPNs present in the third and fourth decade of life.3 The first published description of an
SPN was by Frantz in 1959.4 This report consisted of a pathologic description of three
patients with SPN. Hamoudi and colleagues5 added an additional patient to the literature in
1970 and detailed the electron microscopic appearance of the tumor. The first report in the
surgical literature of an SPN was by Sanfey and associates in 1983.6 SPNs are also called
solid and papillary tumors, papillary cystic tumors, solid cystic tumors, Frantz tumors, and
Hamoudi tumors. SPN is synonymous with the preceding names and is the preferred
terminology.7

SPNs are defined by their gross and histologic appearance.7 They are composed of
discohesive polygonal cells that surround delicate blood vessels and form a solid mass, with
frequent cystic degeneration and intracystic hemorrhage. The neoplastic cells have uniform
nuclei, finely stippled chromatin, and nuclear grooves.7 Eosinophilic globules, foam cells,
and cholesterol clefts are often present.

Symptoms of SPN are often nonspecific and include abdominal pain, dyspepsia, early
satiety, and nausea and vomiting (41% to 64%).3,8 SPNs are usually localized pancreatic
neoplasms, although 10% to 15% of patients will develop metastases.1,9 These metastases
are often amenable to resection, and complete extirpation is associated with longterm
survival.1,10 Reported clinical and histopathologic features predictive of recurrence or
metastases include tumor size greater than 5 cm, venous invasion, nuclear grade, and
prominent necrobiotic nests,9,11 but these features are not consistently reported in all large
series.1,12,13

Because of the rarity of SPN, most of what is known about this disease is from small series
or case reports, which include our previous reports of two and, later, seven patients.14,15 So
the goal of this study was to determine the outcomes of a larger series of patients, from a
single institution, who are undergoing resection of SPN.

METHODS
A review of our institution’s pathologic and surgical pancreatic databases from April 1970
to October 2008 was performed. Clinical, operative, pathologic, and survival data were
obtained on all patients with a pathologic diagnosis of SPN. A pathologic review was
performed on all patients included in this study for the verification of diagnosis. For
purposes of inclusion in the study, SPN was defined as an epithelial neoplasm composed of
discohesive polygonal cells that surround delicate blood vessels and form solid masses, with
frequent cystic degeneration and intracystic hemorrhage.7 The neoplastic cells had to have
uniform nuclei, finely stippled chromatin, and usually had nuclear grooves. In cases in
which the diagnosis of SPN was unclear, immunolabeling was performed. Abnormal nuclear
labeling with antibodies to β-catenin was considered to be strongly supportive of the
diagnosis of SPN.

A perioperative surgical complication was defined as 1 occurring within 30 days of
operation. A mortality occurring within 30 days of operation was considered a surgical
mortality. Complications were classified from Grade I to IV, as previously described.16

Pancreatic fistula was defined using the recommendations of the International Study Group
on Pancreatic Fistula.17 Longterm survival data and followup information were collected
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using the patients’ medical records and the US Social Security Death Index. Fisher’s exact
test and a t-test were used for categorical and continuous data, respectively. Differences
were considered significant if the p value was less than 0.05. This study was approved by
the Institutional Review Board for Human Research and complied with the Health Insurance
Portability and Accountability Act regulations.

RESULTS
Demographic characteristics

Thirty-seven patients with a diagnosis of SPN were identified from our pancreatic surgery
and pathology databases. Thirty-six underwent a resection. Thirty-four underwent resection
at our institution; this represents 0.9% of the total number of pancreatic resections at our
institution during the time interval used in the study. Two of the 36 patients underwent
resection elsewhere but were followed postoperatively at our institution. One patient had
disseminated disease and was not operated on. There were 33 (89%) women in the entire
cohort, yielding a female-to-male ratio of 8.25 to 1. The median age at presentation was 32
years (range, 13 to 75 years). Twenty-one patients were Caucasian, 12 patients were African
American, 3 patients were Asian, and 1 patient was Hispanic (Table 1).

Presentation and workup
Preoperative data were available for 31 patients. Twenty-seven (87%) patients presented
with symptoms. The most common presenting symptom was abdominal pain (n = 26; 84%),
followed by nausea and vomiting (n = 6; 19%). A pancreatic mass was discovered
incidentally on CT scan in two patients and during an open cholecystectomy in one patient.
None of the patients presented with jaundice, and only three had significant weight loss
(Table 2).

The typical CT appearance of an SPN is shown in Figure 1 and is characterized by a
heterogeneous pancreatic mass with cystic and solid components. The solid components
enhance on arterial phase. All 36 patients who underwent a resection had a preoperative CT
scan. Of these patients, 14 (39%) had a lesion in the pancreatic head alone, 7 (19%) patients
had a lesion in the body of the pancreas alone, 14 (39%) patients had a lesion in the
pancreatic tail alone, and 1 (3%) patient had multifocal disease (head and tail). Imaging
further demonstrated calcifications in 6 (17%) patients and a dilated pancreatic duct in 5
(14%) patients. One patient demonstrated possible vascular invasion into the portal vein,
but, at operation, no portal vein involvement was found. None of the patients was found to
have lymphadenopathy on imaging. One patient was noted to have hepatic metastases at
diagnosis. A preoperative percutaneous or endoscopic biopsy was performed in 13 patients
(36%). Based on the preoperative biopsy, the pre-operative diagnosis of SPN was correctly
made in 8 of 13 patients.

In this population of SPN patients, the majority were nutritionally replete, with a serum
albumin ranging from 3.3 to 5.1 g/dL (median, 4.35 g/dL). Median preoperative hemoglobin
was 12.8 g/dL (mean, 12.8 g/dL; SD 0.2 g/dL). Three patients had an elevated serum
amylase. Thirteen patients had CA-125, CA 19-9, or CEA levels drawn preoperatively, and
none was elevated.

Operative and postoperative courses
Thirty-six patients in this series underwent resection of their SPN. Fourteen patients had a
pancreaticoduodenectomy, 6 patients had a spleen-preserving distal pancreatectomy, 14
patients had a distal pancreatectomy with splenectomy, 1 patient had a total pancreatectomy,
and 1 patient had an enucleation of 2 lesions. Two of these patients underwent a distal
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pancreatectomy at other hospitals. For the patients operated on at our institution, other
procedures included transverse colectomy (n = 2), wedge gastrectomy (n = 1), Nissen
fundoplication (n = 1), and oopherectomy (n = 1).

More detailed operative and perioperative data were available only for patients who
underwent resection at our institution (n = 34). The median operative time, estimated blood
loss, and intraoperative transfusion requirements were 4 hours and 45 minutes, 325 mL, and
0 U, respectively. There were no perioperative deaths. Postoperative complication data were
available for 31 patients. The overall complication rate was 52% (n = 16). Grades I, II, IIIa,
IIIb, and IV complication rates were 29% (n = 9), 3% (n = 1), 20% (n = 6), 10% (n = 3), and
0% (n = 0), respectively. The most common complication was development of a
postoperative pancreatic fistula (n = 6, 20%) followed by delayed gastric emptying (n = 3;
10%) and pancreatitis (n = 3, 10%). Major therapeutic interventions for complications were
necessary in three patients and included drainage of a pancreatic pseudocyst with a
cystjejunostomy, a small bowel resection, and evacuation of an intraabdominal hematoma.
Another patient required endoscopic dilation of the duodenojejunostomy. The median
duration of postoperative hospital stay for all patients was 9 days (range, 5 to 48 days).

Pathology
The typical gross and microscopic appearance of an SPN is shown in Figure 2. The majority
of SPNs were well-demarcated masses and often demonstrated hemorrhagic areas. These
neoplasms were composed of uniform poorly cohesive polygonal cells surrounding delicate
blood vessels. Other common histologic findings included eosinophilic globules, foam cells,
and cholesterol crystals. Immunohistologic analysis was performed in a subset of specimens
for β-catenin, chromagranin, and synaptophysin. As expected, antibodies to β-catenin
abnormally labeled neoplastic nuclei. The membranous labeling of nonneoplastic cells in the
same slide served as an internal control (Fig. 2). Immunolabeling for chromogranin was
focally positive in 2 of 15 labeled cases, and synaptophysin was focally positive in 7 of 14
labeled cases.

The median tumor size of resected specimens was 4.5 cm (range, 0.3 to 12.0 cm). Thirty-
four patients underwent an R0 resection, 1 patient had an R1 resection, and 1 patient had an
R2 resection. The patient with the R2 resection underwent a total pancreatectomy for a 12-
cm body lesion with gross tumor left behind surrounding the superior mesenteric artery. The
patient with an R1 resection underwent a pylorus-preserving pancreaticoduodenectomy and
had microscopic disease at the pancreatic neck margin on final pathology. The median
number of lymph nodes examined was 10 (range, 0 to 40 nodes). Two patients had
metastatic spread to a single regional lymph node each. The histopathologic appearance of a
lymph node metastasis is shown in Figure 3. One patient had perineural invasion.

Survival and followup
Median followup for this study was 4.8 years (range, 0.8 months to 27.4 years). One patient
died of unknown causes 9.4 years after an R0 resection. This patient did not have a known
recurrence for at least 5.7 years after resection. Another patient died 25.6 years after an R2
resection (total pancreatectomy). She did not have a recurrence and died from diabetes-
related complications. A third patient who was not operated on because of widespread
metastases died of her disease 11 months after presentation. A single patient developed a
widespread intraabdominal recurrence of an SPN 7.7 years after pancreaticoduodenectomy
and transverse colectomy. Her original pathology was a 5.2-cm SPN invading the
duodenum. Perineural and duodenal invasion was identified, but all 14 lymph nodes were
negative for metastases. She underwent gemcitabine-based chemotherapy and remains alive
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13.6 months after recurrence. The remaining 33 patients remain alive and clinically disease
free, including the 1 with a microscopically positive margin.

DISCUSSION
SPN is a rare tumor of the pancreas that most commonly affects young women. The number
of reports about SPN has increased in the past decade, and, as of 2003, 718 cases had been
reported. One-half of these reports were published between 1995 and 2003.3,8 This increase
has also been seen at our institution, with 28 of our 37 patients with an SPN diagnosed after
1995.

The molecular events involved in the development of SPN have recently been reported. The
genetic profile associated with SPN is distinct from that of pancreatic adenocarcinoma.
Unlike pancreatic adenocarcinoma, SPNs typically do not harbor a KRAS gene mutation or
exhibit genetic silencing of the DPC4 gene. SPNs are characterized by the presence of
activating β-catenin gene mutations that interfere with phosphorylation of the protein
product.18,19 β-catenin is a known downstream regulator of wnt signaling. Either
physiologic signals or pathologic mutations that enhance β-catenin stability or disrupt
adenomatosis polyposis coli (APC) function result in the accumulation of β-catenin within
the cytoplasm. This results in the translocation of β-catenin into the nucleus, where it
functions as a transcriptional regulator by binding to DNA regulatory elements. Known
targets for this pathway include the growth regulatory genes cyclin D1 and c-myc. In
addition, abnormal β-catenin function may also explain the poorly cohesive nature of SPN.
It has been shown that β-catenin interacts with the cell adhesion molecule E-cadherin,
preventing the formation of normal cell-to-cell interactions.20

The median age at diagnosis in our group was 32 years, which was comparable to other
experiences reported in the US1 but older than those seen in several Asian series (median
age in the range of 26 years).21–23 Although our findings were consistent with the previous
notion that this entity is a disease of younger women, it should be noted that there was a
wide age distribution among the women. Additionally, four of our patients were men. A
recent study from Brazil described a difference in age at presentation between the genders,
with men presenting at a younger age.13 Men in our series were actually older than the
women, but we had fewer men to make a statistically meaningful comparison (40 years
versus 32 years; p = 0.55).

The preoperative diagnosis of an SPN is often made based on clinical suspicion. Most of the
patients in our series presented with abdominal pain or discomfort. In contrast to other
reports, none of the patients in our study, even those with lesions in the head of the pancreas,
had jaundice. The CT appearance of SPN can range from mostly solid to mostly cystic (Fig.
1). SPNs often display peripheral arterial enhancement and a central calcification. The
differential diagnosis of a predominantly cystic SPN should include mucinous or serous
cystic neoplasms and cystic degeneration of a typically solid neoplasm, such as a pancreatic
neuroendocrine tumor, lymphoma, or acinar cell cancer. Of course, the possibility of
pancreatic adenocarcinoma arising in a cystic neoplasm (intraductal papillary mucinous
neoplasm or mucinous cystic neoplasm) must always be considered, particularly in an older
patient. The utility of preoperative biopsy is not clearly defined by our study. Based on fine-
needle aspiration, a correct diagnosis was made in only 62% of patients in our series.

The majority of patients in our study, and in other reports, are cured of their disease. But
despite the indolent reputation of SPN, the potential for aggressive behavior exists. In our
series, a total of 4 (11%) of the 37 patients presented with or developed metastases. These
included 2 patients with lymph node metastases, a single patient who presented with a liver
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metastasis, and a patient who developed systemic disease nearly 8 years after a potentially
curative resection. Similarly, other groups have reported that 10% to 15% of patients with
SPN have metastases at the time of resection or develop metastases at some point in their
course.1,9 In addition, several reports describe patients with locally advanced SPN, and we
had one patient with involvement of the superior mesenteric artery and a second with
invasion of the duodenum.

In light of the potentially aggressive behavior of SPN, it would be of interest to determine
clinicopathologic factors that might predict outcomes. But this goal remains elusive.
Because all but three patients in our series remain alive, statistical evaluation of risk factors
is not possible. Two patients died of unknown causes and did not have evidence of
recurrence near the time of their deaths. Additionally, a qualitative evaluation of potential
risk factors lends little further insight into this issue. Two of the 36 surgically resected
patients in our series had lymph node metastases present at the time of resection, and neither
patient has evidence of recurrence at 6 months and 2.5 years after operation. One patient
underwent an R2 resection and remained alive for more than 25 years after operation
without evidence of recurrence. A single patient was found to have a microscopically
positive margin on final pathology and has no evidence of recurrence 18.9 years later. The
single patient who suffered recurrence, but remains alive, had node-negative disease and a
margin-negative resection. She did have perineural invasion. Other investigators have
reported clinical and histopathologic features predictive of recurrence or metastases that
include tumor size greater than 5 cm, venous invasion, nuclear grade, and prominent
necrobiotic nests.9,11 In our series, 14 of the 35 patients whose tumor sizes were available
had lesions ≥ 5 cm, and only 1 of these had a recurrence. Other groups have found no
relationship between clinicopathologic features (mitotic rate, nuclear pleomorphism, and
vascular and perineural invasion) with patient survival.24

Various outcomes have been reported for patients with locally advanced or metastatic SPN.
In the series from Memorial Sloan-Kettering, two patients were determined to be
unresectable as a result of large-vessel invasion. Interestingly, both of these patients were
alive at the time of publication of their series, with 1 having survived at least 13 years.
Patients in that series were treated with 5-fluorouracil, doxorubicin, and streptozocin or
interferon, cisplatin, and topotecan.1 Other investigators have reported longterm survival in
patients undergoing synchronous or metachronous resection of liver metastases for SPN,
with survival ranging from as many as 10 years25,26 to as few as 6 months.27 In the
Memorial Sloan-Kettering series, four patients underwent simultaneous resection of their
primary SPN and liver metastases. Two of these patients have no evidence of recurrence,
and 1 is alive with recurrence at 6 years and another died of disease in 8 months. The single
patient in our series with gross residual tumor left at the superior mesenteric artery survived
more than 25 years without evidence of recurrence. She was not treated with adjuvant
therapy.

Because longterm survival can be achieved after resection of metastatic SPN, it would seem
prudent to take an aggressive surgical approach aimed at resection of the primary and all
metastatic disease if possible. Some have argued that the low malignant potential of SPN
and the increased morbidity of formal resection make enucleation the favorable operation
for this disease.3 But the relative effectiveness of enucleation versus formal resection in the
treatment of SPN is uncertain. The patient in our study who underwent enucleation has
survived for at least 2 years.

The role of chemotherapy or chemoradiotherapy in the treatment of SPN is also unclear. A
single case report noted radiation response in a locally advanced lesion involving the portal
vein.28 One of our patients developed a recurrence, with widespread disease in her abdomen
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and lung. She has been treated with gemcitabine-based chemotherapy and remained alive at
13.6 months. Interestingly, Maffuz and coworkers29 reported a patient with successful
reduction in tumor size using gemcitabine therapy who went on to resection. Small series or
case reports have documented other successful regimens. For example, Rebhandl and
associates30 demonstrated a response to ifosfamide, cisplatin, and VP16 in a patient who had
an incomplete resection and a recurrence. Finally, a single case report of a 14-year-old girl
with unresectable SPN demonstrated a significant response to a regimen consisting of
cisplatin, ifosfamide, etoposide, and vincristine, but her SPN never became resectable.31

In conclusion, SPN is a rare neoplasm that is found primarily in young women. These
lesions present with abdominal pain but not jaundice. Formal surgical resection may be
performed safely and should be favored for patients with SPN. It is clear that although some
SPNs behave aggressively, most do not, and we currently cannot predict outcomes for these
patients.
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Figure 1.
Cross-sectional imaging of a solid-pseudopapillary neoplasm (SPN). (A) Axial CT image of
an SPN. (B) The same lesion but from a coronal view. Note that in the arterial phase, this
particular lesion is mainly solid. A characteristic central calcification is clearly visible in
both views. (C) A coronal CT image of an SPN that is mainly cystic. Note again the
calcifications (white arrow).

Reddy et al. Page 9

J Am Coll Surg. Author manuscript; available in PMC 2011 June 7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Gross and histopathologic appearance of solid-pseudopapillary neoplasm (SPN). (A) Gross
appearance of an SPN. Note the well-delineated mass with spaces (cysts) containing friable
pale tan to yellow material. Hemorrhagic areas can be seen (arrow). (B) On microscopic
examination, pseudopapillae are formed by loosely cohesive, monotonous short columnar
cells surrounding delicate blood vessels. (C) Histologic patterns are variable. This particular
example of an SPN exhibits islands of foamy macrophages (arrow), scattered cholesterol
clefts with intracytoplasmic periodic-acid Schiff-diastase resistant hyaline globules. (D)
Immunolabeling of the neoplasm for β-catenin exhibits both nuclear and cytoplasmic
staining pattern (white arrow). Adjacent normal pancreas exhibits membranous pattern only
(black arrow).

Reddy et al. Page 10

J Am Coll Surg. Author manuscript; available in PMC 2011 June 7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Solid-pseudopapillary neoplasm metastatic to a lymph node. (A) This lymph node contains
metastatic solid-pseudopapillary tumor, leaving only a small contingent of lymphocytes
(hematoxylin and eosin). (B) Resident lymphocytes stain pale blue with the counterstain
(lower part of field); neoplastic cells exhibit nuclear and cytoplasmic labeling with an
antibody for β-catenin.
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Table 1

Demographic Information

Characteristic n (n = 37) %

Age, median, y 32

Female 33 89

Race

 Caucasian 21 57

 African American 12 32

 Asian 3 8

 Hispanic 1 3
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Table 2

Presenting Symptoms

Characteristic n (n = 31) %

Symptomatic 27 87

 Abdominal pain 26 84

 Jaundice 0 0

 Fevers/chills 1 3

 Nausea/vomiting 6 19

 Pancreatitis 3 10

 Weight loss 3 10
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