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INTRODUCTION

Solid pseudopapillary tumors (SPT) of the pancreas, 
initially described by Frantz in 1959 [1], later included 
in the World Health Organization classification in 1996 
by Kloppel et al,  [2-4], are rare pancreatic neoplasms 
with uncertain potential for malignancy. These tumors 
are commonly found in women [5, 6], and have been 
traditionally recognized as having low malignant potential. 
Pooled data shows that overall 5-year survival is excellent 
(>95%), even in those patients with liver metastases (15-
20%) [7]. 

Despite the well-defined histopathological and 
immunohistochemical features of SPT, their pathogenesis 
and cellular derivation remains unclear [8]. The 
phenotypic characteristics are different from any other 
normal epithelial cell lines of the pancreas. In contrast to 
pancreatic adenocarcinomas, SPT do not show p53 or K-ras 
genetic alterations [9, 10] but rather their tumorigenesis 
seems to be associated with abnormalities in the Wnt 
signal transduction pathway with p120 catenin mutations, 

resulting in complete loss of membrane expression of 
E-cadherin and nuclear localization of β-catenin [11-14].

Factors that have been associated with increased risk 
of recurrence and metastases include the presence of 
perineural and lymphovascular invasion, high mitotic 
rate and cellular pleomorphism (originally described by 
Koppel et al. as solid pseudopapillary carcinoma) [2, 15]. 
Previously reported case series and systematic reviews of 
retrospective studies have evaluated the risk of recurrence 
in patients with SPT; however the retrospective nature of 
these studies limits the validity of the findings. Previously 
reported case-series and systematic reviews previously 
published in the literature have tried to evaluate the risk 
of recurrence in patients with SPT; however results are 
limited by the retrospective review of the studies and the 
small number of patients included in them [16-19]. 

The main objective of this study was to identify risk 
factors for disease recurrence in patients with SPT of the 
pancreas in order to help determine follow-up surveillance 
recommendations for this patient population. This study 
will provide one of the largest western series of patients 
with SPT treated at a single hepatopancreatobiliary 
tertiary care center.

MATERIALS AND METHODS
Selection of Participants and Data Collection

This study describes the clinic-pathological and surgical 
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specific-enolase, low molecular weight keratin (LMWK), 
somatostatin, pancreatic polypeptide, insulin, glucagon, 
estrogen receptors, CK7, CK19, CK20, TTF-1, CD-57, 
CD56, β-catenin, e-cadherin loss of staining, cyclin D1 and 
α-fetoprotein.

Standard evaluation of pathological specimens included: 
size and location of the tumor within the pancreas, 
presence of capsule and calcifications. Pathologic staging 
was reported according to the seventh edition of the TNM 
staging system supported by the International Union 
Against Cancer and American Joint Committee on Cancer 
(AJCC) for solid exocrine pancreatic tumors and correlated 
for the purposes of this study with the WHO classification 
of SPT by Kloppel, et al. [2, 23, 24]. Margin status, presence 
of lymphovascular and perineural invasion was also 
reported. Tumor size was defined as the maximum cross-
sectional diameter at the time of pathological evaluation.

Data analysis

Categorical variables were expressed as counts and 
proportions, while continuous variables were expressed 
as medians and range. Age has been presented as means 
and standard deviation. Differences between categorical 
variables were calculated using chi-square or Fisher’s 
exact test when appropriate. Non-parametric variables 
were compared using Kruskal-Wallis rank sum test. 
Disease-free survival (DFS) was defined as the time from 
complete surgical resection to local or distant relapse and 
was calculated using the Kaplan-Meier method. Date of 
recurrence was defined as the date of documentation by 
diagnostic imaging techniques of recurrent disease. Follow-
up was defined as time from diagnosis to last clinical visit 
at the end of the study period. A P value of less than 0.05 
was considered statistically significant. Calculations were 
performed using R, version 2.15.2.

RESULTS
Participant characteristics

Of 1254 pancreatic resections performed during the study 
period, there were 32 (2.5%) with a diagnosis of SPT and 
were included in this analysis. Most were females (26/32, 
81.25%). Mean age at diagnosis was 35.6 years (standard 
deviation: 12.26) (Table 1). A majority of patients had 
symptoms at presentation (20/32, 62.5%); most of these 
were non-specific abdominal (17/32, 53.13%) or back 
pain (3/32, 9.38%). None of these patients presented with 
jaundice, diabetes, weight loss or pancreatitis.

Preoperative diagnosis of SPT was made in 18/32, 56.25% 
of patients while the remainder had undergone resection 
for other presumed pathology including neuroendocrine 
tumors (4/32, 12.5%), mucinous cystic neoplasms 
(8/32, 25%) and pancreatic cancer (2/32, 6.25%). CT 
as the sole imaging test was used in 18/32, 56.25%, MRI 
in 5/32, 15.63% and both methods in 9/32, 28.12%. 
When preoperative diagnosis of SPT was not clear, other 
diagnostic modalities were used, including: octreotide 
scan, contrast enhanced ultrasound and preoperative 
biopsy either percutaneous or via endoscopic ultrasound.

characteristics of patients with a diagnosis of SPT of the 
pancreas at a single tertiary care Hepatopancreatobiliary 
center from 1999 to 2013. Records were obtained from 
the Performance Measurement Department database and 
the Hepatopancreatobiliary and Pathology database after 
obtaining approval by the institutional research ethics 
board. All patients undergoing pancreatectomy during 
this period were reviewed and those with a pathological 
diagnosis of SPT of the pancreas were included in the 
analysis. 

Data, including demographic, radiologic, perioperative and 
pathological variables were retrospectively collected from 
electronic medical records. All patients were followed at 
the oncology clinics every 6 months to 1 year with history, 
physical examination and imaging, either with computed 
tomography (CT), magnetic resonance imaging (MRI) or 
ultrasonography. The date and the cause of death were 
obtained from provincial vital statistic records.

Operative and post-operative management

All pancreaticoduodenectomies and central 
pancreatectomies were performed via open approach. 
For distal pancreatectomies, the decision to perform an 
open vs. laparoscopic technique was at the discretion of 
the operating surgeon. After the year 2005, a minimally 
invasive approach was chosen for distal pancreatectomies 
when the suspected preoperative diagnosis was SPT, 
neuroendocrine tumor or cystic neoplasm of the pancreas. 
In cases of suspected adenocarcinoma, an open approach 
was preferred. Intraoperative frozen sections were not 
routinely performed in all cases. Intraoperative peritoneal 
drain placement was variable and depended on surgeons’ 
preference. 

Post-operative complications were graded according to 
the Clavien-Dindo scale adapted for pancreas surgery [20]. 
Any complication of grade III or higher was classified as 
a major complication. The definition for pancreatic leak / 
fistula was adopted from the International Study Group on 
Pancreatic Fistula (ISGPF) [21]; specifically: any output of 
amylase rich fluid (amylase level 3 times the upper limit 
of normal) from a surgical drain (or subsequently placed 
percutaneous drain) on or after post operative day 3 was 
taken as evidence for a leak. Grade A pancreatic fistula has 
no clinical impact. Grade B fistula requires change in the 
management and the patient’s clinical course. Grade C is a 
significant fistula that results in major alteration of clinical 
course [21].

Pathologic analysis

The diagnosis of SPT was based on histopathologic 
and immunohistochemical evaluation. Details of 
institutional pathologic assessment for SPT have been 
published previously [12, 22]. In summary, most slides 
were stained with CD10, progesterone receptor, α1-
antitrypsin, synaptophysin, chromogranin and vimentin 
as part of the routine workup for these tumors. Additional 
stains, performed on a per-case basis included: EMA, 
p53, cytokeratin (AE1/AE3 and Cam 5.2), neuron-
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Operative interventions and postoperative outcomes

There were 8 pancreaticoduodenectomies, 2 central 
pancreatectomies, 7 spleen-preserving distal 
pancreatectomies, and 15 distal pancreatectomies with 
splenectomy. There were 11/21, 52.4% completely 
laparoscopic distal pancreatectomies. (Table 2.) There 
were 2 further laparoscopic distal pancreatectomies 
converted to open, one due to bleeding and another 
one because of invasion of stomach and colon. En-
bloc resection of adjacent extra-pancreatic organs was 
performed when direct invasion of the tumor was found; 
this included 3 partial colon resections, 1 partial stomach 
resection, 2 partial resection of retroperitoneal skeletal 
muscle, 2 partial resection of Gerota’s fascia and kidney 
and 1 resection of spleen due to direct involvement of the 
hilum. Two patients with adjacent extra-pancreatic organ 
invasion also had liver metastases (Tables 1 and 3).

Recurrent liver metastases developed in a total of 3 
patients; two patients had synchronous metastases while 
the third patient developed metastatic disease 6 years 
after primary tumor resection (margins and lymph nodes 
were positive at time of pancreatic resection) (Table 1). 

Patient 1 was a 44 year-old female who underwent a right 
trisectionectomy for metastatic SPT 5 months following 
open distal pancreatectomy and partial colon resection for 
colon invasion [25]. On further follow-up, 7 years later there 
was recurrence in segment IV-a that was unsuccessfully 
treated twice with RFA, eventually undergoing segment 
IV-a wedge resection 9 years after initial operation. 
Unfortunately there was evidence of retroperitoneal and 
intra-hepatic recurrence 1½ years later, at which time an 
excision of retroperitoneal tumor and a wedge resection of 
segment III was performed. At the end of the study period, 
there was no evidence of disease recurrence. Patient 2 (33 
year-old, female) underwent a simultaneous segment II 
resection at the time of pancreaticoduodenectomy with 
subsequent right hepatectomy after 2months and a further 
wedge resection of segment III and IV 5 years later. This 
patient was disease free 5 years from last liver resection. 
The third patient (Patient 3, 26 year-old, female) was lost 
to follow-up after pancreaticoduodenectomy and found 
to have disseminated metastatic disease (retroperitoneal 
lymph nodes and extensive liver metastases) 6 years later 
and was not offered resection. Her original pancreatic 
tumor had lymphovascular and perineural invasion, 

Table 1. Patient demographics and tumor characteristics of all patients and those with disease recurrence. Age at time of diagnosis. STD: standard deviation, 
LN: lymph nodes, LVI: lymphovascular invasion. Asterisks and bolded numbers indicate statistically significant values.

Characteristic
Total Disease recurrence No disease recurrence P value
n =32 n = 3 n  = 29

n n n
Age, mean (STD) 35.6 (12.26) 32 (10.39) 36 (12.53) 0.581
Gender (female) 26 3 23 1
Size, median (range) 4.7 (1.5-14) 5.2  (5-12) 4.5 (1.5-8) 0.192
Presence of capsule 27 3 24 1
Calcifications 9 - 9 0.51
Solid 10 2 8 0.211
LN metastases 1 1 - 0.09
LVI 2 1 1 0.04 *
Perineural invasion 3 1 2 0.273
Synchronous metastases 2 2 - 0.006 *
Nuclear pleomorphism 8 2 6 0.172
Positive margins 3 1 2 0.329
Invasion to adjacent extra-pancreatic 
organs 8 2 6 0.142

Capsule invasion 14 3 11 0.07

Table 2. Operative patient characteristics according to location of tumor within the pancreas. OR: operating room. EBL: estimated blood loss. CDC: Clavien-
Dindo Classification of perioperative complications. LOS: length of hospital stay. Asterisks and bold indicate statistically significant values.

Characteristic
Head / neck Body / tail Total P value

n = 10 n=22 n = 32
n n n

Operation -
    pancreaticoduodenectomy 8 - 8
    distal pancreatectomy - 7 7
    distal pancreatectomy / splenectomy - 15 15
    central pancreatectomy 2 - 2
OR time, median (range) in minutes 374 (84-485) 215 (130-485) 237 (84-485) 0.02*
EBL, median (range) in mL 350 (50-800) 400 (150-880) 400 (50-880) 0.938
Drain placement 5 15 20 0.238
Morbidity 5 7 12 0.384
Major complication (CDC ≥ 3) 2 3 5 0.587
Pancreatic fistula 3 5 8 1
LOS, median (range) in days 9 (5-13) 6 (4-17) 7 (4-17) 0.02 *
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positive lymph nodes (2/16, 12.5%) and positive resection 
margins in the retroperitoneal skeletal muscle. She 
died 5 years later after undergoing different courses of 
chemotherapy including gemcitabine and erlotinib.

Overall complication rate was 38% (12/32) and the major 
complication rate was 16% (5/32) (Table 2). The most 
common complication was pancreatic fistula, seen in 8/32, 
25% patients; most of them were categorized as Grade A 
(5/8, 62.5%) without any Grade C. The remaining post-
operative complications were bleeding with need for re-
operative intervention (1/32, 3.13%), intra-abdominal 
abscess resolving with antibiotics and percutaneous 
drainage (2/32, 6.25%), pulmonary embolism (1/32, 
3.13%), urinary tract infections (2/32, 6%) and wound 
infections (2/32, 6%). 

Median follow-up was 43 months (range, 3-207). Last 
follow-up date for the patient who was followed up the 
longest was March 2013. Median follow-up from diagnosis 
to surgical resection was 3 months (range 1-83 months) 
and the mean follow up was 11.5 months (standard 

deviation 20.7). At the conclusion of the study, only one 
patient had died (Patient 3), the remaining were alive 
without evidence of disease recurrence. Median DFS was 
88 months (95% confidence interval: 64 – not reached). 

Pathology assessment and immunohistochemistry

There were three patients with positive resection margins, 
two of them the posterior retroperitoneal margin and 
the other one, the pancreatic resection margin. One 
of these patients with positive margins (Patient 3) 
developed disseminated metastatic disease 6 years after 
pancreaticoduodenectomy. Most tumors were large but 
totally or partially encapsulated within the pancreas. 
Invasion through the capsule into pancreatic or peri-
pancreatic fat was seen in 14/32, 43.75% patients. Final 
AJCC staging showed that most tumors (21/32, 65.63%) 
were Stage 1 and most belonged to a T2 stage, >2 cm and 
limited to the pancreas (20/32, 62.5%). Lymphovascular 
invasion was present in two patients; one of them (Patient 
3) also with lymph node metastases, eventually developed 
disseminated metastatic disease. The other patient 

Table 3. Clinical and pathological features of resected solid pseudopapillary tumors (SPT) of the pancreas. Pt: patient number Age Dx: age in years 
at diagnosis of SPT. Sex: F: female, M: male. Distal/spleen: distal pancreatectomy and splenectomy. Distal: distal pancreatectomy. Central: central 
pancreatectomy. Whipple: pancreaticoduodenectomy. Invasion: adjacent extra-pancreatic organ invasion.  Retroperit: retroperitneum. Gerota: Gerota’s 
fascia LVI: lymphovascular invasion. PNI: perineural invasion. Capsule invasion: tumor capsule invasion into the pancreas and/or peripancreatic fat. LN: 
lymph nodes. DOD: died of disease. A: Alive. Plus sign (+): present.

Pt Age Dx Sex Type of 
operation Invasion Synchronous

Liver metastasis LVI PNI Margin Capsule 
invasion Recurrence Follow-up 

(months)
1 44 F distal/spleen colon + + liver 142
2 33 F Whipple + liver 207
3 26 F Whipple retroperit + + (retroperit) + liver / LN 129
4 52 M distal/spleen + 67
5 20 M distal + + 90
6 53 F distal/spleen stomach + + 57
7 64 F distal 15
8 42 F distal/spleen Gerota + 67
9 31 F distal/spleen + 43

10 30 M distal/spleen 44
11 44 F distal/spleen 29
12 39 F distal/spleen 6
13 16 F central 32
14 36 F distal/spleen 54
15 39 F distal/spleen 114
16 36 M distal 22
17 28 F Whipple + 28
18 21 F Whipple 63
19 33 F distal/spleen (pancreas) 148
20 35 F distal 51
21 41 F Whipple 35
22 23 F Whipple 98
23 46 F central + 10
24 13 F Whipple 56
25 57 F distal/spleen + 8
26 39 F Whipple colon + 10
27 28 F distal retroperit (retroperit) 10
28 48 M distal/spleen Gerota + 5
29 40 F distal/spleen 13
30 29 F distal spleen + 14
31 44 M distal 77
32 18 F distal 4
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has had no evidence of recurrence at the conclusion of 
the study (follow up: 90 months). For all patients, the 
median number of lymph nodes collected was 7 (range, 
2-59). Perineural invasion was present in three patients, 
including Patient 3; the other two patients are still alive 
129 and 90 months later without evidence of recurrence 
or metastases. There were no major histopathological 
differences between patients with and without invasion of 
tumor capsule or adjacent extra-pancreatic organs (data 
not shown). Patient who developed disease recurrence 
however, more commonly presented with lymphovascular 
invasion (P=0.04), synchronous metastases (P=0.006) 
and invasion of tumor capsule into the peri-pancreatic fat 
(P=0.07).

Histologically, SPT are characterized by a distinctive 
appearance of solid and cystic areas with the formation 
of pseudopapillary structures. The solid areas consist 
of uniform polygonal cells with eosinophilic cytoplasm, 
round to oval nuclei with finely stippled chromatin and 
frequent grooves admixed with thin delicate capillaries 
without gland formation. These cells commonly have intra-
cytoplasmic vacuoles or eosinophilic hyaline globules. The 
cystic areas are had of prominent degenerative changes 
with pseudopapillae characterized by loosely cohesive cells 
surrounding delicate capillary-sized blood vessels. (Figure 
1) [26] Areas with foamy macrophages, hemorrhage and 
cholesterol crystals were seen. All tumors were diffusely 

positive for neuron specific enolase, progesterone receptor, 
α-1 antitrypsin, α-1 antichymotrypsin, CD10, CD56, CD57 
and cyclin D1. Immunoreactivity for β-catenin was found 
in the cytoplasm and the nuclei of almost all tumor cells. 
There was loss of e-cadherin staining in all analyzed 
slides. All but one patient (Patient 3) were positive for 
vimentin. Epithelial markers were less commonly positive, 
cytokeratin Cam 5.2 (2/7, 28.5%), cytokeratin AE1-AE2 
(2/8) and low molecular weight keratin (LMWK) (3/7, 
42.85%). Endocrine markers varied, with synaptophysin 
being positive in 12/20, 60% and chromogranin was 
focally positive (dot-like) in two patients (2/20, 10%).

DISCUSSION
SPT are uncommon neoplasms, accounting for less than 
1-2% of all pancreatic tumors and are mostly encountered 
in females in the body or tail of the pancreas. [27] This 
study analyzed one of the largest single institution series 
of resected SPT and showed the clinical and pathological 
characteristics of this patient population. Similar to 
previously reported studies [28], we showed that prognosis 
is excellent and the risk for recurrence is small. [29-32] 
Although patients usually present with vague abdominal 
complaints or symptoms, none presented with weight 
loss, jaundice or diabetes even if large or located in the 
head/neck of the pancreas, distinguishing them from truly 
malignant tumors [33, 34]. Very few patients presented as 
an incidental finding, in contrast to most pancreatic cystic 
neoplasms [35]. 

a. H&E stain solid areas b. H&E stain cystic areas

c. β-catenin staining d. Vimentin staining 
Figure 1. Histopathology and immunohistochemistry of SPT. a. Hematoxylin and eosin (H&E) stain of solid tumor areas demonstrating 
uniform polygonal cells with eosinophilic neoplasm, round nuclei with finely stippled chromatin and frequent groves admixed within 
capillaries. b. H&E stain of cystic tumor areas demonstrating mixed cysts characterized by degenerative changes with formation of 
pseudopapillary structures. c. Immunoreactivity for β-catenin shows cytoplasmic and nuclei positivity in most tumor cells. d. Vimentin 
staining is positive in almost all tumor cells.
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Even though SPT have typical radiological features, 
including a large encapsulated mass with solid and cystic 
components and intra-tumoral hemorrhage [30, 36, 37], 
more than 40% of were not appropriately diagnosed 
preoperatively, with most being mistaken for pancreatic 
cystic neoplasms. It is not possible to predict aggressive 
behavior on the basis of imaging findings. These results 
are somewhat different from the findings by Salvia, et al 
in which most SPT were diagnosed preoperatively with 
diagnostic imaging [30, 38]. Accuracy of imaging modalities 
(especially CT and MRI) has improved tremendously over 
the past two decades [39]. In our study, most SPT were 
mistaken for other cystic neoplasms of the pancreas. 

Irrespective of their location, most tumors were large, 
encapsulated and contained within the pancreas; almost 
all of them had a final AJCC stage 1 (21/32, 65.6%) or 2, 
(8/32, 25%) with the vast majority being the former.  
SPT are usually well demarcated with a soft white-grey 
to yellow solid component and often a central cavity, 
containing friable necrotic material and areas of recent 
or remote hemorrhage. Less frequently they can show 
an infiltrative pattern of growth with invasion into 
the surrounding pancreatic tissue [27]. Margins were 
positive in three patients, two of them had invasion to 
retroperitoneal structures. Frank malignant behavior with 
metastases to other organs or lymph nodes was seen in two 
of these patients that had extra-pancreatic organ invasion. 
Lymphovascular invasion was also another feature that 
suggested malignancy while perineural invasion was not 
consistently associated with metastases or recurrence. 

Most SPT can be readily diagnosed by routine histologic 
examination, although immunohistochemical studies are 
frequently performed to confirm diagnosis. Consistently, 
SPT are vimentin, CD10, CD56 and progesterone receptor 
positive and have nuclear β-catenin expression [11, 16, 22]. 
Interestingly, the only patient in our series that died from 
disseminated metastatic disease was vimentin-negative. 
None of these immunohistochemical characteristics 
were associated with malignant behavior. SPT neoplastic 
cells have bland cytological appearance and low mitotic 
activity, even in the presence of metastatic disease. This 
compares to the findings by Tang et al. where 5 of the 7 
patients with SPT and liver metastases did not exhibit 
significant increased cellularity, nuclear pleomorphism or 
high (>30%) Ki-67 and mitotic rate (35-70/50 HPF).

Due to their malignant potential, surgical resection remains 
the standard treatment for SPT [40, 41]. The overall and 
major complication rate is not trivial, independent of 
the location and type of surgery performed. The rate of 
pancreatic fistula, the most common complication seen, was 
higher than most published series [42] of pancreatectomies 
(pancreaticoduodenectomy and distal pancreatectomy) 
including our own institutional experience over the same 
period (12%, data not shown). Even though large, SPT do 
not usually obstruct the pancreatic duct, therefore most 
cases have a soft gland texture and a small pancreatic 

duct size, classic risk factors for postoperative pancreatic 
fistula [43, 44]. Since the majority of SPT do not invade 
other organs, laparoscopic distal pancreatectomy is a 
safe and attractive option for resection. Most cases where 
preoperative diagnosis was not clear were thought to be 
pancreatic cystic neoplasms for which laparoscopy is the 
general approach at this institution. 

Pancreatic sparing resections, including central 
pancreatectomy is also a reasonable option as these 
tumors tend to be encapsulated and well defined within 
the pancreas even in those where invasion beyond the 
capsule and into surrounding pancreatic parenchyma 
was found. [45] Positive margins were not associated 
with risk of recurrence after resection of SPT. Extended 
lymphadenectomy does not seem to be an important 
component of the management of these tumors as the risk 
of lymph nodes metastases is very low. 

Given the relatively low incidence of these tumors, 
guidelines for clinical and radiological follow-up have 
not yet been clearly defined. Despite the relatively 
low number of patients of this cohort, there were 
three patients with disease recurrence; two of them 
had synchronous metastases at diagnosis. Recurrence 
occurred 5 to 7 years following complete surgical excision. 
Recurrence was distant (liver) in all three patients and 
local (retroperitoneum / pancreatic bed) in two of the 
three. Surgical resection of disease recurrence provided 
good long-term results for one of the patients (Patient 
2), the other (Patient 1) has undergone three further 
surgical excisions of recurrent disease at 7, 2 and 1.5 years 
apart. Previous published reports have found similar late 
recurrence patterns [8, 28, 29]. This seems to indicate that 
> 5-year clinical follow-up is warranted after resection 
of SPT with high-risk features (lymphovascular invasion, 
synchronous metastases and perhaps invasion of tumor 
capsule). Since this is a slow growing tumor, resection 
of recurrences and metastases can offer good long-term 
survival. Even with metastatic disease to the liver, these 
patients have better survival rates than other types of 
pancreatic cancer. 

Due to the low but real malignant potential, all SPT 
should be resected open or laparoscopically, with no 
oncological disadvantages found in the latter group for 
distal pancreatectomies. Lymphovascular invasion and 
synchronous metastases represent a high-risk group for 
recurrence. Since all recurrences occurred more than 5 
years after curative resection, patients in this high-risk 
category should undergo > 5-year follow-up surveillance 
with routine imaging, especially considering that resection 
of recurrences (either distal or local) can offer long-term cure.

Acknowledgements
There are no conflicts of interest to disclose for this study. 
We attest that we have herein disclosed any and all financial 
or other relationships that could be construed as a conflict 
of interest and that all sources of financial support for 



567JOP. Journal of the Pancreas–http://www.serena.unina.it/index.php/jop–Vol. 15 No. 6 – Nov 2014. [ISSN 1590-8577]

JOP. J Pancreas (Online) 2014 Nov 28; 15(6): 561-568

this study have been disclosed and are indicated in the 
acknowledgements.

Conflict of Interest
Authors declare to have no conflict of interest. 

References
1.	 VK F. Tumors of the pancreas. In: Atlas of tumor pathology Washington, 
DC: Armed forces Institute of Pathology. 1959; 32-33.

2.	 Kloppel G LD, Capella C, Sobin LH. Histological typing of tumours 
of the exocrine pancreas. World Health Organization International 
Classification of Tumours. 1996. 

3.	 Flejou JF. [WHO Classification of digestive tumors: the fourth edition]. 
Ann Pathol. 2011; 31: S27-31.[PMID: 22054452].

4.	 Morohoshi T, Held G, Kloppel G. Exocrine pancreatic tumours and 
their histological classification. A study based on 167 autopsy and 97 
surgical cases. Histopathology. 1983; 7: 645-661.[PMID: 6313514].

5.	 Klimstra DS, Wenig BM, Heffess CS. Solid-pseudopapillary tumor of 
the pancreas: a typically cystic carcinoma of low malignant potential. 
Semin Diagn Pathol. 2000;17: 66-80.[PMID: 10721808].

6.	 Kosmahl M, Seada LS, Janig U, Harms D, Kloppel G. Solid-
pseudopapillary tumor of the pancreas: its origin revisited. Virchows 
Arch. 2000; 436: 473-480. [PMID: 10881741]

7.	 Papavramidis T, Papavramidis S. Solid pseudopapillary tumors of the 
pancreas: review of 718 patients reported in English literature. J Am Coll 
Surg. 2005; 200: 965-972. [PMID: 15922212]

8.	 Matsunou H, Konishi F. Papillary-cystic neoplasm of the pancreas. A 
clinicopathologic study concerning the tumor aging and malignancy of 
nine cases. Cancer. 1990; 65: 283-291. [PMID: 2295051]

9.	 Lee WY, Tzeng CC, Chen RM, Tsao CJ, Tseng JY, Jin YT. Papillary cystic 
tumors of the pancreas: assessment of malignant potential by analysis 
of progesterone receptor, flow cytometry, and ras oncogene mutation. 
Anticancer Res. 1997;17: 2587-2591. [PMID: 9252685]

10.	Brozzetti S, French D, Polistena A, Di Marzo L, Pisani T, Marchese R, et 
al. Papillary solid and cystic pancreatic tumor. Genetic prediction factors 
for malignancy: report of three cases. Anticancer Res. 2002; 22: 2341-
2346. [PMID: 12174924]

11.	Serra S, Salahshor S, Fagih M, Niakosari F, Radhi JM, Chetty R. Nuclear 
expression of E-cadherin in solid pseudopapillary tumors of the pancreas. 
JOP. 2007; 8: 296-303. [PMID: 17495358]

12.	Chetty R, Jain D, Serra S. p120 catenin reduction and cytoplasmic 
relocalization leads to dysregulation of E-cadherin in solid 
pseudopapillary tumors of the pancreas. Am J Clin Pathol. 2008; 130: 71-
76. [PMID: 18550473]

13.	Min Kim S, Sun CD, Park KC, Kim HG, Lee WJ, Choi SH. Accumulation 
of beta-catenin protein, mutations in exon-3 of the beta-catenin gene and 
a loss of heterozygosity of 5q22 in solid pseudopapillary tumor of the 
pancreas. J Surg Oncol. 2006; 94: 418-425[PMID: 16967453]. 

14.	Abraham SC, Klimstra DS, Wilentz RE, Yeo CJ, Conlon K, Brennan M, et 
al. Solid-pseudopapillary tumors of the pancreas are genetically distinct 
from pancreatic ductal adenocarcinomas and almost always harbor beta-
catenin mutations. Am J Pathol. 2002; 160: 1361-1369.[PMID:  11943721] 

15.	Sclafani LM, Reuter VE, Coit DG, Brennan MF. The malignant nature of 
papillary and cystic neoplasm of the pancreas. Cancer. 1991; 68: 153-158. 
[PMID: 2049737] 

16.	Tang LH, Aydin H, Brennan MF, Klimstra DS. Clinically aggressive 
solid pseudopapillary tumors of the pancreas: a report of two cases 
with components of undifferentiated carcinoma and a comparative 
clinicopathologic analysis of 34 conventional cases. Am J Surg Pathol. 
2005; 29: 512-519. [PMID: 15767807].

17.	Ansari D, Elebro J, Tingstedt B, Ygland E, Fabricius M, Andersson B, 

Andersson R. Single-institution experience with solid pseudopapillary 
neoplasm of the pancreas. Scand J Gastroenterol. 2011; 46:1492-1497. 
[PMID: 22050136]

18.	Lee SE, Jang JY, Hwang DW, Park KW, Kim SW. Clinical features and 
outcome of solid pseudopapillary neoplasm: differences between adults 
and children. Arch Surg. 2008;143:1218-1221. [PMID: 19075175]

19.	Kang CM, Kim KS, Choi JS, Kim H, Lee WJ, Kim BR. Solid pseudopapillary 
tumor of the pancreas suggesting malignant potential. Pancreas. 2006; 
32: 276-180. [PMID: 16628083]

20.	DeOliveira ML, Winter JM, Schafer M, Cunningham SC, Cameron 
JL, Yeo CJ, Clavien PA. Assessment of complications after pancreatic 
surgery: A novel grading system applied to 633 patients undergoing 
pancreaticoduodenectomy. Ann Surg. 2006; 244: 931-937.[PMID: 
17122618]

21.	Bassi C, Dervenis C, Butturini G, Fingerhut A, Yeo C, Izbicki J, et al. 
Postoperative pancreatic fistula: an international study group (ISGPF) 
definition. Surgery. 2005; 138: 8-13.[PMID: 16003309]

22.	Serra S, Chetty R. Revision 2: an immunohistochemical approach and 
evaluation of solid pseudopapillary tumour of the pancreas. J Clin Pathol. 
2008; 61: 1153-1159. [PMID: 18708424]

23.	Sobin LH GM, Wittekind C. TNM Classification of Malignant Tumours. 
7th ed. Oxford, UK: Wiley & Sons; 2010.

24.	Edge SB BD, Compton CC. Exocrine and endocrine pancreas. IN: AJCC 
Cancer Staging Manual. 2010; 7th ed. New York, NY(Springer):241-249.

25.	Vollmer CM, Jr., Dixon E, Grant DR. Management of a solid 
pseudopapillary tumor of the pancreas with liver metastases. HPB 
(Oxford). 2003; 5: 264-267.[PMID: 18333000]

26.	Tang WW, Stelter AA, French S, Shen S, Qiu S, Venegas R, et al. Loss 
of cell-adhesion molecule complexes in solid pseudopapillary tumor of 
pancreas. Mod Pathol. 2007; 20: 509-513.[PMID: 17334348]

27.	Matos JM, Grutzmann R, Agaram NP, Saeger HD, Kumar HR, Lillemoe 
KD, Schmidt CM. Solid pseudopapillary neoplasms of the pancreas: a 
multi-institutional study of 21 patients. J Surg Res. 2009;157(1):e137-
142. [PMID: 19818965]

28.	Kim CW, Han DJ, Kim J, Kim YH, Park JB, Kim SC. Solid pseudopapillary 
tumor of the pancreas: can malignancy be predicted? Surgery. 2011; 149: 
625-634. [PMID: 21300390]

29.	Butte JM, Brennan MF, Gonen M, Tang LH, D'Angelica MI, Fong Y, et al. 
Solid pseudopapillary tumors of the pancreas. Clinical features, surgical 
outcomes, and long-term survival in 45 consecutive patients from a single 
center. J Gastrointest Surg. 2011; 15: 350-357. [PMID: 20824369]

30.	Raman SP, Kawamoto S, Law JK, Blackford A, Lennon AM, Wolfgang 
CL, et al. Institutional experience with solid pseudopapillary neoplasms: 
focus on computed tomography, magnetic resonance imaging, 
conventional ultrasound, endoscopic ultrasound, and predictors of 
aggressive histology. J Comput Assist Tomogr. 2013; 37: 824-833. [PMID: 
24045264]

31.	Reddy S, Cameron JL, Scudiere J, Hruban RH, Fishman EK, Ahuja N, 
et al. Surgical management of solid-pseudopapillary neoplasms of the 
pancreas (Franz or Hamoudi tumors): a large single-institutional series. J 
Am Coll Surg. 2009; 208: 950-957. [PMID: 19476869]

32.	Machado MC, Machado MA, Bacchella T, Jukemura J, Almeida JL, Cunha 
JE. Solid pseudopapillary neoplasm of the pancreas: distinct patterns of 
onset, diagnosis, and prognosis for male versus female patients. Surgery. 
2008; 143: 29-34. [PMID: 18154930]

33.	Porta M, Fabregat X, Malats N, Guarner L, Carrato A, de Miguel A, et al. 
Exocrine pancreatic cancer: symptoms at presentation and their relation 
to tumour site and stage. Clin Transl Oncol. 2005; 7: 189-197. [PMID: 
15960930]

34.	Chari ST, Leibson CL, Rabe KG, Ransom J, de Andrade M, Petersen GM. 
Probability of pancreatic cancer following diabetes: a population-based 
study. Gastroenterology. 2005; 129: 504-411.[PMID: 16083707]

35.	Gaujoux S, Brennan MF, Gonen M, D'Angelica MI, DeMatteo R, Fong 
Y, et al. Cystic lesions of the pancreas: changes in the presentation and 



568JOP. Journal of the Pancreas–http://www.serena.unina.it/index.php/jop–Vol. 15 No. 6 – Nov 2014. [ISSN 1590-8577]

JOP. J Pancreas (Online) 2014 Nov 28; 15(6): 561-568

management of 1,424 patients at a single institution over a 15-year time 
period. J Am Coll Surg. 2011; 212: 590-600. [PMID: 21463795]

36.	Wang DB, Wang QB, Chai WM, Chen KM, Deng XX. Imaging features 
of solid pseudopapillary tumor of the pancreas on multi-detector row 
computed tomography. World J Gastroenterol. 2009; 15: 829-835. [PMID: 
19230043]

37.	Choi JY, Kim MJ, Kim JH, Kim SH, Lim JS, Oh YT, et al. Solid pseudopapillary 
tumor of the pancreas: typical and atypical manifestations. AJR Am J 
Roentgenol. 2006; 187: W178-186. [PMID: 16861508]

38.	Salvia R, Malleo G, Marchegiani G, Pennacchio S, Paiella S, Paini M, 
et al. Pancreatic resections for cystic neoplasms: from the surgeon's 
presumption to the pathologist's reality. Surgery. 2012;152: S135-142. 
[PMID: 22766364]

39.	Shrikhande SV, Barreto SG, Goel M, Arya S. Multimodality imaging 
of pancreatic ductal adenocarcinoma: a review of the literature. HPB 
(Oxford). 2012; 14: 658-668. [PMID: 22954001].

40.	Salvia R, Bassi C, Festa L, Falconi M, Crippa S, Butturini G, et al. Clinical 
and biological behavior of pancreatic solid pseudopapillary tumors: 

report on 31 consecutive patients. J Surg Oncol. 2007; 95: 304-310. 
[PMID: 17326131]

41.	Yoon DY, Hines OJ, Bilchik AJ, Lewin K, Cortina G, Reber HA. Solid and 
papillary epithelial neoplasms of the pancreas: aggressive resection for 
cure. Am Surg. 2001; 67: 1195-1199.[PMID: 11768829]

42.	Adham M, Chopin-Laly X, Lepilliez V, Gincul R, Valette PJ, Ponchon T. 
Pancreatic resection: drain or no drain? Surgery. 2013; 154: 1069-1077. 
[PMID: 23876363]

43.	Cameron JL, Riall TS, Coleman J, Belcher KA. One thousand consecutive 
pancreaticoduodenectomies. Ann Surg. 2006; 244: 10-15. [PMID: 
16794383]

44.	Lillemoe KD, Kaushal S, Cameron JL, Sohn TA, Pitt HA, Yeo CJ. Distal 
pancreatectomy: indications and outcomes in 235 patients. Ann Surg. 
1999; 229: 693-698. [PMID: 10235528]

45.	Shikano T, Nakao A, Kodera Y, Yamada S, Fujii T, Sugimoto H, et al. 
Middle pancreatectomy: safety and long-term results. Surgery. 2010; 
147: 21-29. [PMID: 19682717]


