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Abstract
Since solid pseudopapillary tumor of the pancreas (SP­
TP) was officially classified by the World Health Org­
anization in 1996, SPTP has recently received special 
attention in the literature. Studies have shown that SPTP 
is a heterogeneous tumor, with a small percentage of 
patients harboring aggressive behaviors. However, cri­
teria for malignancy grade in SPTP have not been well 
established. The prognosis of SPTP is generally good, with 
cases having a chance for long-term survival even with 
recurrence and/or metastasis after surgical resection. 
The current American Joint Committee on Cancer/Union 
for International Cancer Control tumor, node, metastasis 
staging system is not specific to SPTP. The lack of a pre­
dictive staging classification that accurately describes the 
heterogeneity of this disease hinders meaningful research 
into optimal individualized therapy. Here we summarize 
and discuss the associated factors proposed for appraisal 
of the malignant potential and adverse outcome of SPTP.

Key words: Pancreas; Recurrence; Solid pseudopapillary 
tumor; Malignancy; Metastasis
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Core tip: Solid pseudopapillary tumor of the pancreas 
(SPTP) is a heterogeneous tumor, with a small percen­
tage of patients harboring aggressive behaviors. Its 
prognosis is generally good, with cases having a chan­
ce for long-term survival even with recurrence and/or 
metastasis after surgical resection. The lack of a pred­
ictive staging classification that accurately describes the 
heterogeneity of this disease hinders meaningful research 
into optimal individualized therapy. Here we summarize 
and discuss the associated factors proposed for appraisal 
of the malignant potential and adverse outcome of SPTP.
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INTRODUCTION
Since solid pseudopapillary tumor of the pancreas (SPTP) 
was officially classified by the World Health Organization 
(WHO) in 1996, SPTP has been accepted worldwide. It 
had also been called Frantz tumor, papillary cystic tumor/
neoplasm/carcinoma, solid and papillary neoplasm, solid 
and papillary epithelial neoplasm, solid and cystic tumor, 
and solid and cystic papillary epithelial neoplasm. Most of 
the tumors are found in young women in their second or 
third decade while it is rare in male patients, accounting 
for 12.05% of all cases. More than half of the patients 
are under the age of 25 years[1]. Occasionally, it occurs 
in children[2]. There was no significant difference in age 
between male and female patients. Approximately one-
third of patients were asymptomatic, with the tumors 
incidentally discovered during physical examination or 
in work-up for unrelated diseases[1]. Although several 
genetic alterations such as somatic mutations in exon 
3 of CTNNB1, and upregulated genes activated in Wnt/
β-catenin, Hedgehog, and androgen receptor signaling 
pathways have been identified[3-5], the tumorigenesis of 
SPTP is still not clear. The incidence of SPTP seems to be 
increasing, and study of this rare tumor is thus of clinical 
significance.

Previously, SPTP was mostly considered as a benign 
tumor, but not until the 2010 version of the WHO cla
ssification was issued, all SPTPs are considered as low-
grade malignant tumors. Studies have shown that SPTP 
is a heterogeneous tumor, with a small percentage of 
patients harboring aggressive behaviors[6-8]. Even if the 
tumor has no evidence of malignant potential, such as 
perineural invasion, vascular invasion, invasion of pa
ncreatic parenchyma, and infiltration of peripancreatic 
tissue, it may metastasize to the liver or recur after 
surgery. Long-term survival can be achieved in SPTP 
patients with advanced or metastatic disease, which 
reveals that SPTP is a relatively indolent disease compa
red with other pancreatic carcinomas. It is difficult to 
elucidate the natural course of SPTP and to predict its 
malignancy and outcome after surgery due to limited 
follow-up studies. As such, SPTP remains a pancreatic 
surgical enigma and studies have failed to identify pro
gnostic factors predicting its malignant behavior. 

EPIDEMIOLOGIC TREND
The incidence of SPTP has increased markedly in recent 
years, possibly due to the ready use of modern imaging, 
diagnostic endoscopy, and physician awareness. Alth
ough epidemiologic trends have been documented for 

pancreatic cystic lesions[9-11], the true incidence and epid
emiologic trend for SPTP are less clear. An understanding 
of its epidemiology has been hampered by the pervasive 
tendency to report the incidence along with other pa
ncreatic tumors. 

As the incidence of pancreatic tumors in China in
creases year by year[12], the number of patients with pa
ncreatic diseases admitted to Huashan Hospital affiliat
ed to Fudan University, Shanghai, China has continued 
to grow, so has the number of surgical procedures pe
rformed during the last decade. The number of patients 
with SPTP also increased during these years, with an 
average of more than six patients with this disease ha
ving been confirmed each year. Literature related to 
SPTP and the number of patients reported have rapid
ly grown since 1996 (Figure 1). A total of 390 cases 
were described in a previous systematic review of SPTP 
cases reported in China between 1996 and 2006[1]. 
Law et al[13] conducted a systematic review of English 
literature concerning SPTP published up to 2012, and 
identified 2744 cases of SPTP. A nationwide survey fr
om South Korea showed that SPTP ranked as the third 
most common pancreatic cystic tumors (18.3%)[14]. Th
ese figures indicate that SPTP is not uncommon now 
worldwide. Given the population trend and the paucity 
of studies available to guide management of patients 
with SPTP, further research is imperative. 

NATURE HISTORY AND TUMOR 
BIOLOGY
The origin, biological behavior and nature history of 
SPTP are not fully understood until now, leaving it as 
an enigmatic entity. SPTP was regarded as a borderline 
malignant tumor initially due to lack of evidence-based 
demonstration of true benign tumor. The WHO used the 
term “low-grade malignant” instead of “benign” in 2010. 
SPTP has a wide variability of tumor features from co
mpletely solid to almost completely cystic. Imaging st
udies have shown that smaller SPTPs usually appear as 
completely or mostly solid, while larger SPTPs typically 
appear as a large well-encapsulated heterogeneous ma
ss with varying solid-cystic components due to necrosis, 
hemorrhage and degeneration[15]. A recent report re
vealed that evolution of liver metastasis from SPTP was 
relatively slow, with the metastatic lesions having a si
milar growth pattern of primary tumor characterized by 
a solid-cystic mass with pseudopapillary structures[16]. 

Parallel to the controversy regarding its histogenet
ic derivation, assessment of the malignant potential of 
SPTP remained a major controversial issue for decades. 
Although SPTP is considered as a tumor of low-grade 
malignancy, patients with this disease occasionally pre
sent with invasion into the portal/splenic vein (Figure 2) 
and/or adjacent organs or liver metastasis, mimicking 
pancreatic ductal adenecarcinoma. The prognosis of 
SPTP is generally good, with cases having a chance for 
long-term survival even with recurrence and/or meta
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stasis after surgical resection. Up to 10% of patients 
experienced a recurrence and/or metastasis of the dis
ease after years of follow-up, and only a small subset 
of patients eventually died of this disease[6-8,17-37] (Table 
1). 

DIAGNOSIS OF MALIGNANT SPTP
Studies showed that tumor markers such as carbohy
drate antigen 19-9 (CA19-9) and carcinoembryonic an
tigen (CEA) were usually within normal ranges in patients 
with this disease. Thus, routine tumor markers are of no 
value to predict malignant SPTP[1]. Radiologically, SPTP 
typically appears as a well-capsulated heterogeneous 
mass with solid and cystic components, while small 
SPTP commonly represents a solid mass. Capsule and 
intratumoral hemorrhage are important clues to the dia
gnosis as they are rarely detected in other pancreatic 
neoplasms. In some cases, calcification may be present, 
whereas pancreatic duct dilatation is rarely found. Yang 
et al[16] reported that the liver metastatic lesions from 

SPTP increased in sizes gradually with cystic change. 
The relatively slow evolution of liver metastasis indicates 
its classic growth pattern. Although the proportion of 
solid component[38] and incomplete capsule[39,40] were sh
own to be associated with malignancy by a few reports, 
no consistent results were demonstrated. Rastogi et 
al[41] reported that tumors with greater enhancement 
assessed by contrast-enhanced computed tomography 
(CT) had aggressive characteristics. However, no corre
lations between malignancy and other radiological fe
atures including calcification were found. These findings 
indicate that diagnosis of malignant SPTP is difficult 
with imaging studies. Endoscopic ultrasound-guided fi
ne needle aspiration (EUS-FNA) has been shown to be 
useful for preoperative definite diagnosis[42]. However, it 
may cause rupture of tumor and seeding of the needle 
tract by tumor cells during the procedure[43,44]. Although 
EUS-FNA has been used more frequently than ever in 
SPTP[13], its malignant nature is still difficult to confirm 
because of lack of specific markers. 

Position emission tomography/computed tomogra

186WJGO|www.wjgnet.com

Figure 1  Publications concerning solid pseudopapillary tumor of the pancreas in PubMed, and number of pancreatectomies and patients undergoing 
surgery for solid pseudopapillary tumor of the pancreas in Huashan Hospital affiliated to Fudan University. Literature retrieved from PubMed (March 1, 2018) 
with the search terms “frantz tumor”, “solid and cystic papillary epithelial neoplasm”, “solid and cystic tumor”, “papillary cystic tumor”, “solid and papillary neoplasm”, 
“papillary cystic carcinoma”, “papillary and cystic tumor”, “papillary and solid neoplasm”, “solid and papillary epithelial neoplasm”, “papillary cystic neoplasm”, “solid 
pseudopapillary tumor”, “pancreas”, and “pancreatic” in “all fields”. SPTP: Solid pseudopapillary tumor of the pancreas.
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Figure 2  Solid pseudopapillary tumor of the pancreas presenting with invasion into the portal splenic confluence. A: Enhanced computed tomography scan 
revealed intraluminal filling defect in the portal splenic confluence (arrow); B: An abnormal signal of the pancreatic head (arrow) and high signal foci in the right anterior 
lobe of the liver (yellow arrow) can be readily delineated from the coronal magnetic resonance imaging (MRI) section; C: Splenic vein tumor thrombus was noted by 
hematoxylin-eosin staining (× 100).
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even in those with advanced or metastatic disease. 
It is interesting to note that patients who underwent 
limited resection with microscopically positive margins 
had similar outcomes as those who underwent exten
sive surgery with R0 resection[7]. The generally good 
prognosis of SPTP attributes to its relatively low mali
gnant biological behavior. Therefore, aggressive surgic
al intervention is the optimal therapy for patients with 
advanced SPTP, even with metastasis. Wang et al[48] 
reported four patients with liver metastases undergoing 
aggressive surgery. All the patients received surgical 
resections for both the primary and metastatic lesions 
as completely as possible, and had good clinical outc
omes during follow-up. 

Adjuvant therapies such as chemotherapy (5-fl
uorouracil and gemcitabine as the main chemothera
peutic drugs) and radiotherapy have been reported in 
a few patients with a mean survival of 51.1 mo[13]. Sp
oradic reports found that neoadjvant chemotherapy 
or radiation therapy could benefit some patients with 
unresectable tumors[49-51]. Other therapeutic methods 
including radiofrequency ablation[52], transcatheter arte
rial chemoembolization[53], selective internal radiothe
rapy (SIRT)[54] and liver transplantation[55] have also 
been reported to achieve good results for patients with 

phy (PET/CT) is a useful modality in the detection of 
malignant tumors and has been widely used in patients 
with pancreatic disease[45]. Limited data are available on 
PET/CT characteristics of SPTP, making the value of this 
modality controversial. It has been reported that SPTP 
has significantly higher tumor size-adjusted metabolic 
tumor volume and total lesion glycolysis compared with 
pancreatic ductal adenocarcinoma[46], which leads to a 
high rate of false positivity in F-18-fluorodeoxyglucose 
PET/CT when diagnosing this disease (Figure 3). Howev
er, this feature suggests that PET/CT may be helpful in 
detecting metastases of SPTP. Kang et al[47] categorized 
SPTP into five types according to the PET images and 
found no association between the fluorodeoxyglucose 
uptake and malignant potential. Until now, no definitive 
conclusions can be drawn about the clinical significance 
of PET/CT in SPTP due to limited cases reported. Thus, 
the clinical application value of PET scan in SPTP needs 
further investigation.

TREATMENT OF MALIGNANT SPTP
Surgical resection is curative in most of the patients with 
SPTP resulting in a five-year disease-specific survival 
rate of 98.5%[8]. Long-term survival can be achieved 

WJGO|www.wjgnet.com

Table 1  Reported series (> 20 cases) of solid pseudopapillary tumor of the pancreas in the English literature

Ref. Country Centers F/M Age (yr) Size (cm) Malignant, n  (%) Follow up (mo) R/M (n) Alive (n )

Peng et al[17], 2006 China Single 25/0      33 (11-65)      9.3 (2.5-25)   3 (12) 3-111 0     25
Yu et al[18], 2007 China Single 25/1   25.2 (13-57)      7.5 (3.8-15)      9 (34.6)         66 (10-237) 2     24
Machado et al[19], 
2008

Brazil Single 27/7      23 (10-72)         7 (1.5-15)     13 (38.2)       84 (3-170) 2     33

Lee et al[20], 2008 South Korea Multi 57/5    30 (8-63)      6.5 (1.5-14)      9 (14.5) 47.5 (5.1-240.4) 2     62
Matos et al[21], 2009 United States/

Germany
Multi 20/1      33 (13-60)         5.5 (2.5-19.3)      3 (14.3)       55 (7-176) 0     21

Nguyen et al[22], 2011 Australia Multi 30/4         33.3 (19.6-42.3)       6 (4.5-9)      9 (26.5)         70 (48-178) 2     32
Kim et al[23], 2011 South Korea Single   98/16      36 (11-75)      4.2 (1.2-15)    26 (22.8)         57 (11-177) 4    114
Butte et al[24], 2011 United States Single 38/7      38 (10-63)      4.9 (1.4-20)   9 (20)       44 (1-250) 5    381

Cai et al[25], 2013 China Single 30/3   29.2 (12-59)   4.9 (2-15)    17 (51.5)       45 (4-118) 1     32
El Nakeeb et al[26], 
2013

Egypt Single 22/2 24.83 (12-52)   9.2 (3-25)   6 (25)    71.6 (1-180) 2     22

Raman et al[27], 2013 United States Single 43/8         29.3 (12.2-74.8)         5.3 (1.7-11.1)     11 (21.6)       37 (0-122) 1     50
Serrano et al[28], 2014 Canada Single 26/6      36 (13-64)      4.7 (1.5-14)    15 (46.9)       43 (3-207) 3     31
Suzuki et al[29], 2014 Japan Single 29/5   37.1 (15-68)   4.3 (1-11)    3 (8.8)       67 (3-326) 0     34
Kim et al[30], 2014 South Korea Single   85/21      36 (10-65)   4.5 (1-15) 17 (16)       56.9 (37-93.4) 2   105
Kang et al[6], 2014 South Korea Multi 317/34 36.8 ± 12.4 5.7 ± 3.3    98 (27.9) > 6 9 3162

Estrella et al[7], 2014 United States Single   54/10    33 (9-62)         5 (1.4-20)    49 (76.6)       76 (2-203) 10   533

Yu et al[31], 2015 China Multi 93/4   31.2 (16-57)      5.9 (1.5-14)    16 (16.5) 70.2 (3.5-221.5) 3     96
Zhang et al[32], 2015 China Single 56/6    26 (8-66)   7.2 (3-15)    3 (4.8)       46 (2-135) 0     62
Yang et al[8], 2016 China Single   58/13      31 (12-64)      5 (1-13)    13 (18.3)       45 (3-118) 3     70
Irtan et al[33], 2016 France Multi   41/10       13.1 (8.7-17.9)      7 (2-12)    22 (43.1)          65 (0.3-221) 7     51
Marchegiani et al[34], 
2016 

Italy/United 
States

Multi 113/18    33 (7-68)         4 (0.7-20)    16 (12.2)         62 (12-304) 2 1054

Xu et al[35], 2017 China Single   93/28   33.7 (11-68)      5 (1-13)    35 (28.9)  42.7 (6-97) 3 1005

Song et al[36], 2017 China Single 46/7   35.4 (14-67)   6.4 (2-14)    10 (18.9)       48 (3-123) 2   456

Lubezky et al[37], 
2017 

Israel Single 29/3 28.4 ± 12.2      5.9 (0.9-14)    13 (40.6)    49.2 (1-228) 4     31

Note: We included data from the latest or most complete study in the case of duplicate reports on overlapping patients from the same institutions; 1Three 
patients died of SPTP, and four patients died of other causes; 2317 patients with more than 6 mo follow-up were reported for evaluation of oncologic 
outcome; 3Follow-up information was available for 59 patients; 4Follow-up information was available for 105 patients; 5Follow-up information was available 
for 103 patients; 6Follow-up information was available for 48 patients. F: Female; M: Male; R/M: Recurrence and/or metastasis.
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liver metastasis from SPTP. However, despite a better 
understanding of this disease, individual treatment of 
unresectable or metastatic SPTP requires further study.

PREDICTORS OF MALIGNANCY
Malignant SPTP occurs in 18.3% of adult patients and 
in 43.1% of pediatric patients[8,33]. Preoperative diffe
rential diagnosis between benign and malignant SPTP 
is usually very difficult except in patients with tumor 
invasion to adjacent organs or with distant metastasis. 
There has been no consistency about the diagnostic 
criteria of malignant SPTP until today. Criteria for ma
lignancy in SPTP have not been well established. Many 
researchers used the WHO-defined criteria for clas
sification of solid pseudopapillary carcinoma, such as 
angioinvasion, perineural invasion, or deep infiltration 
into the surrounding tissue or metastasis to confirm the 
diagnosis of malignant SPTP[30]. Butte et al[24] defined 
malignant SPTP as locally unresectable tumor with ma
crovascular invasion, metastatic disease to regional or 
distant sites, or recurrence of disease after surgery. Ye 
et al[56] considered SPTP with incomplete capsules as 
malignant. 

Due to the arbitrary criteria of malignancy used, 
and rarity of the disease with small proportion of mal
ignancy, conflicting results have been reported about 
factors associated with malignant potential across in
stitutions[8,20,23,24,26,27,30,31,35,36,38,39,56-58] (Figure 4). Butte 
et al[24] found that patients with malignant SPTP pres
ented with larger tumor size (P < 0.005). Chung et al[39] 
explored differential imaging features between mali
gnant and benign SPTP, and found that malignant SPTP 
more frequently had focal lobulated margins (P = 0.027) 
and focal discontinuity of capsule (P = 0.005). The study 
by Ye et al[56] revealed that SPTP with incomplete capsu
le had larger tumor size (P=0.0015) and mainly exophyt
ic growth pattern (P = 0.0194). Yu et al[31] and Xu et 
al[35] showed that positive status for Ki-67 correlated 
with malignancy of SPTP, while Yang et al[8] did not dem
onstrate any association between the Ki-67 index and 
malignant SPTP. Most other studies[20,23,26,27,57,58] found no 
significant differences between benign and malignant 

SPTP, including age, sex, symptomatology, laboratory 
data, tumor marker, tumor size and location, tumor 
composition, growth pattern, and histopathology. Thus, 
malignancy cannot be easily predicted on the basis of pr
eoperative findings and immunohistochemical patterns.

PREDICTORS OF ADVERSE OUTCOME
Most of the patients with SPTP have a good prognosis, 
while some have a less favorable prognosis because of 
recurrence and/or metastases. Studies on SPTP were 
characterized by case reports and small case series 
lacking of long-term follow-up. Kang et al[6] reported 
a low recurrence rate (2.8%) and excellent disease 
free survival and overall survival for SPTP after surgical 
resection in South Korea. The patients had a 5-year 
disease free survival of 95.4% and an overall survival of 
98.8%. In a recent systematic review, the 5-year and 
10-year recurrence free survival was 89.5% and 86.3%, 
respectively, with the 5-year and 10-year disease sp
ecific survival of 92.3% and 86.5%, respectively[8]. It is 
unclear whether factors associated with malignant po
tential are statistically significant predictors of adverse 
outcomes. Although a few recent studies have gathered 
significant series of SPTP, results are inconclusive with 
regard to predictors of prognosis[3,6-8,28,33-38,59,60] (Figure 
5).

Estrella et al[7] showed that recurrent/metastatic 
SPTP was significantly associated with larger tumor 
size, invasion of muscular vessels, and the European 
Neuroendocrine Tumour Society (ENETS) tumor stage, 
but not with other clinicopathologic factors. In addition, 
muscular vessel invasion, ENETS T4 disease, and stage 
Ⅳ were important predictors of poor disease-specific 
survival after surgical resection. Kang et al[6] demons
trated that tumor size larger than 8 cm, microscopic ma
lignant features, and stage Ⅳ were significant prognostic 
factors for tumor recurrence by multivariate analysis. 
Irtan et al[33] confirmed that the significant risk factors 
for recurrence in pediatric cases of SPTP were age < 
13.5 years at diagnosis and positive surgical margins at 
initial tumor resection. It is interesting to note that many 
other studies[6-8,22,28,34,60] have shown that patients who 
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A B C

Figure 3  High uptake of F-18-fluorodeoxyglucose in a patient with solid pseudopapillary tumor of the pancreas. SPTP in a 25-year-old female patient with 
a T2 stage tumor. A: CT scan revealed a 5-cm isodense mass in the pancreatic head. B and C: Transaxial PET/CT (B) and PET (C) showed a hypermetabolic lesion 
with the maximum standardized uptake value of 33. She was disease free for 32 mo after surgical resection. SPTP: Solid pseudopapillary tumor of the pancreas; PET/
CT: Position emission tomography/computed tomography.
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underwent limited resection and those with R1 resection 
had the same clinical outcomes as those who receiv
ed more extensive resection with negative margin. 
Serrano et al[28] clarified that patients with stage Ⅳ or 
lymphovascular invasion more commonly developed rec
urrence. Both studies of Marchegiani et al[34] and Hwang 
et al[38] revealed that recurrence was more common 
in patients with malignant SPTP which fulfilled the WHO 
criteria. The study by Zhang et al[59] indicated that re
currence in malignant SPTP correlated with family ma
lignant tumor history. 

Several studies[3,57,61,62] have proposed Ki-67 as an 
additional support to histology for predicting tumor 
outcome, but conflicting results do exist. Yang et al[8] 
identified the most discriminating value of Ki-67 index 
using receiver operating characteristic curve analysis 
and demonstrated that the prognostic value of Ki-67 
was maintained in both the Huashan cohort and the 
new historical cohort from literature. The result was 
consistent with a latest study by Kim et al[3]. However, 
similar to most studies, multivariate analysis could 
not be performed due to the small number of events. 
Nevertheless, a much larger number of patients is nee
ded to validate the prognostic relevance of Ki-67. 

CHALLENGES AND PERSPECTIVES
Recent studies have analyzed the biological behavior 
of SPTP, however reliable data on long-term follow-up 
are still needed. Case reports, small retrospective case 
series, and subjective views rather than facts domin
ate the available data. These studies have limitations 

including a small number of cases or events, no uniform 
parameters studied, lack of a gold standard for judging 
malignancy, and short length of follow-up. Although 
some studies adopted the WHO definition of malignan
cy, a considerable number of studies did not specify the 
proportion of malignant patients. The excellent prognosis 
makes overall survival difficult to be assessed, even if 
several studies have evaluated disease/recurrence free 
survival. In the light of these limitations, multicenter la
rge-scale studies with long-term follow-up are needed to 
determine prognostic factors.

To date, no staging systems have been used to stratify 
patients in any international guidelines for management 
and follow-up of SPTP[63-65]. The American Joint Comm
ittee on Cancer (AJCC)/Union for International Cancer 
Control (UICC) tumor, node, metastasis (TNM) staging 
system is a generally accepted standard for cancer st
aging with the principal aim of facilitating a uniform and 
standardized analysis of malignant tumors. While the 
current TNM staging system applies well to pancreatic 
carcinoma, it is not specific to SPTP. Tumors considered 
for the TNM system have potentials of local invasiveness 
(T-categorization) and spread via the lymphatic and bl
ood vessels (N- and M-categories). In view of the rarity 
of lymphatic and hematogenous metastasis from SPTP, 
its usefulness in this condition was evidently limited. 

The relative rarity of SPTP has delayed the develo
pment of evidence-based treatment guidelines. Patients 
with benign SPTP are still at risk of tumor recurrence 
or metastasis after surgical resection. Contemporary 
evidence supports surgery as the primary treatment 
for patients with operable metastatic SPTP[48,66]. One ob
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Figure 4  Factors associated with malignant solid pseudopapillary tumor of the pancreas by univariate analysis.
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into classification systems, will emerge in future.
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