
Solid-pseudopapillary Neoplasm of the Pancreas: A
63-Case Analysis of Clinicopathologic and
Immunohistochemical Features and Risk Factors of
Malignancy
Hongchun Chen 

Bengbu Medical College
Yuchen Huang 

First A�liated Hospital of Bengbu Medical College
Ningning Yang 

Bengbu Medical College
Ruxue Yang 

First A�liated Hospital of Anhui Medical University
Wentian Yan 

First A�liated Hospital of Bengbu Medical College
Shan Zhang 

Second People’s Hospital of Hefei
Panpan Yang 

Second A�liated Hospital of Anhui Medical University
Nan Li 

Bengbu Medical College
Zhenzhong Feng  (  fzz18297301626@163.com )

Bengbu Medical College

Research Article

Keywords: pancreatic tumor, solid-pseudopapillaryneoplasm, LEF1, risk factors

Posted Date: January 6th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-138184/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-138184/v1
mailto:fzz18297301626@163.com
https://doi.org/10.21203/rs.3.rs-138184/v1
https://creativecommons.org/licenses/by/4.0/


1

Solid-pseudopapillary Neoplasm of the Pancreas: A 63-Case Analysis of
Clinicopathologic and Immunohistochemical Features and Risk Factors of
Malignancy

Hong-Chun Chen1,2#, Yu-Chen Huang1,2#, Ning-Ning Yang1,2#, Ru-Xue Yang3,
Wen-Tian Yan1,2, Shan Zhang4, Pan-Pan Yang5, Nan Li 1,2, Zhen-Zhong Feng1,5*

1 Department of Pathology, Bengbu Medical College, Bengbu 233000, China

2 Department of Pathology, First Affiliated Hospital of Bengbu Medical College,
Bengbu 233000, China

3 Department of Pathology, First Affiliated Hospital of Anhui Medical University,
Hefei 230000, China

4 Department of Pathology, Second People’s Hospital of Hefei, Hefei 230000, China

5 Department of Pathology, Second Affiliated Hospital of Anhui Medical University,
Hefei 230000, China

#Co-first authors

Corresponding authors: *Professor Zhen-Zhong Feng, PhD

Department of Pathology, Bengbu Medical College, Bengbu 233000, China;
Department of Pathology, First Affiliated Hospital of Bengbu Medical College,
Bengbu 233000, China

Email: fzz18297301626@163.com



2

Abstract

Background: A solid-pseudopapillary neoplasm (SPN) of the pancreas, a rare tumor,
has low malignant potential. However, some patients develop metastasis and
recurrence after resection, with aggressive biological behaviors of SPNs. This study
aimed to explore the features and risk factors associated with the aggressive biological
behaviors of SPNs.

Materials and Methods: We retrospectively analyzed the clinicopathological and
long-term follow-up data of 63 patients with SPN diagnosed at the First Affiliated
Hospital of Bengbu Medical College between January 2007 and February 2019.

Results: The 63 patients presented with atypical clinical symptoms. The mean tumor
size was 7.2 cm (range, 2.4–17 cm), and imaging features were solid and cystic or
solid tumors with uneven density. Frequent and diffuse nuclear LEF1 expression
(94.2%) was observed with LEF1 having a higher sensitivity and specificity. Overall
survival significantly correlated with tumor size, Ki-67 index, and lymph node
metastasis (P < 0.05).

Conclusions: SPN is a rare low-grade malignancy with a specific pseudopapillary
structure. LEF1 is an effective biomarker of SPNs. Although SPNs generally display
indolent biological behavior, a large tumor size, high proliferation index and lymph
node metastasis may be risk factors for the aggressive behavior and poor prognosis of
an SPN.

Key words: pancreatic tumor, solid-pseudopapillary neoplasm, LEF1, risk factors
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Introduction

Solid-pseudopapillary neoplasm (SPN) of the pancreas, an extremely rare exocrine
pancreatic tumor, that accounts for approximately 1–3% of all exocreatic tumors,
usually occurs in young women [1]. Most patients have nonspecific symptoms,
including subtle abdominal pain and abdominal discomfort, or nonspecific signs such
as the presence of an abdominal mass, while a few patients present with back pain,
nausea, vomiting, and jaundice [2]. The most common site for an SPN is the distal
pancreas, followed by the retroperitoneal area [3]. An SPN is composed of poorly
cohesive monomorphic epithelial cells that form a heterogeneous growth pattern of
solid and pseudopapillary and pseudocystic structures, usually along with
hemorrhagic degeneration [4]. Microscopically, an SPN is similar to other pancreatic
neoplasms such as well-differentiated pancreatic neuroendocrine tumors (NETs) and
pancreatic ductal adenocarcinomas (PDACs). Thus, pathological diagnosis is difficult
when limited to only morphological characteristics [5]. Clinically, several biomarkers,
including CD56, CD99, β-catenin, Ki-67, and progesterone receptor (PR), are used
for a comprehensive cancer diagnosis [6,7]. However, there are currently no
diagnostic biomarkers specifically for SPNs.

Most SPN tumors have an inert or low-grade malignant potential, and the overall
prognosis is good [8]. However, up to 20% of SPNs show local recurrence or distant
metastasis after complete surgical resection [9,10]. It has been shown that a small
number of SPNs have aggressive biological behaviors. However, there are no definite
clinicopathological parameters to predict the malignant biological behavior of SPNs
[11]. Thus, the purpose of this study was to explore the clinicopathological features of
SPNs and identify risk factors and new effective markers associated with the
aggressive biological behavior of SPNs to understand and predict the malignancy of
SPNs.

Results

Clinical features

A total of 63 SPN patients with a mean age of 33 years (range, 13–67 years) were
included (Table 1). Of these patients, 51 were female (mean age: 34 years [range,
14–66 years]) and 12 were male (mean age: 27 years [range, 13–67 years]). The
patients presented with nonspecific clinical symptoms, including abdominal mass (n =
15, 23.8%), abdominal pain (n = 11, 17.5%), and abdominal pain with abdominal
distension (n = 7, 11.1%). Overall, 30 patients (47.6%) were asymptomatic.
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Computed tomography (CT) mainly showed well-defined mixed density nodules or
mass shadows with varying degrees of internal bleeding and cystic degeneration. With
respect to location, the most common was the body and tail (n = 22, 34.9%), followed
by the tail (n = 17, 27.0%), head (n = 16, 25.4%), and body (n = 5, 7.9%) of the
pancreas. In three patients (4.8%), the tumor was located in the retroperitoneum
outside the pancreas.

Pathological characteristics

The mean tumor size was 7.3 cm (range, 2.4–17 cm). Visually, the SPN appeared as a
well-defined mass, usually large in size, round or quasi-round, and solid or cystic.
Most tumors had fibrous soft capsules, while some were jelly-like. The solid
components with a gray-red or gray-white fish-like appearance were soft and fragile
and were hemorrhagic in the cystic region. Histologically (Figure 1 a-c), most SPNs
were composed of solid and pseudopapillary arrangements surrounded by
hemorrhagic and necrotic areas (Figure 1 d-e). The solid structures had mixed
small-sized and medium-sized tumor cells, without obvious atypia. In the
pseudopapillary area, the tumor tissues formed a radial pseudopapillary structure with
fine fibrous vessels as the axis, and the surface cells were mostly arranged in layers.
Tumor focal necrosis and calcification occurred in 31 (49.2%) and 36 (57.1%) cases,
respectively. In total, 15 patients (23.8%) and 12 patients (19.0%) showed infiltration
of the peripancreatic fat and invasion of the pancreatic parenchyma (Figure 1f),
respectively. Ten patients (15.9%) had mitotic figures in > 1/10 high-power field,
seven patients (11.1%) had vascular tumor thrombus, and five patients (7.9%) had
lymph node metastasis.

Immunohistochemical profile

The immunohistochemistry findings are summarized in Table 2. Tumors showed
nuclear expression of LEF1 (94.2%), β-catenin (98.4%), vimentin (97.5%), CD10
(66.7%), CD56 (88.8%), Syn (66.7%), and CD99 (7.1%) (Figure 2). Most tumors had
a low Ki-67 index (< 5%), and nine cases (14.3%) had a proliferation index ≥ 5%.
LEF1 protein expression was detected in SPNs, NETs, PDACs, pancreatoblastomas,
and the normal pancreatic tissue. The results showed that LEF1 was positively
expressed in 49 of the 52 cases of SPN. Meanwhile, in the control group, only five
pancreatoblastomas stained positive for LEF1, while all others stained negative.
However, there were obvious differences in the histomorphology between SPNs and
pancreatoblastomas. Pancreatoblastomas are rich in epithelial cells and have a
"map-like" appearance under a low-power microscope, with characteristic squamous
bodies. The results showed that LEF1 has a high sensitivity (94.2%), specificity
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(93.8%), positive predictive value (90.7%), and negative predictive value (96.2%) for
SPNs.

Risk factors and follow-up

All patients were followed up until January 2020, and the median follow-up time was
42 months (range, 11–126 months). Among the 63 patients, 5 were lost to follow-up
and complete data were obtained for the remaining 58 SPN patients. There were nine
patients with aggressive SPN biological behavior, including three patients (4.8%) with
local recurrence and six patients (9.6%) with metastasis (4, liver metastasis; 1, pelvic
metastasis; and 1, liver with omentum, ovary, and cervix metastasis). Among them, 3
patients died, while the remaining 49 patients were generally in good condition and
survived without a recurrence or metastasis before the end of the follow-up. Of the 63
patients, 9 (14.3%) had a Ki-67 index ≥ 5%, 22 (34.9%) had a tumor diameter ≥ 8 cm,
and 5 (7.9%) had lymph node metastasis.

Of the 58 patients with complete follow-up data (Table 3), only 9 patients (15.5%)
had Ki-67 index ≥ 5%, 22 patients (37.9%) had a tumor size ≥ 8 cm, and 4 patients
(6.9%) had lymph node metastasis. We found that the Ki-67 index (P < 0.001), tumor
size (P = 0.010), and lymph node metastasis (P = 0.011) significantly correlated with
overall survival (OS) (Figure 3). However, sex, age, tumor location, tumor infiltration,
presence of mitotic figures, atypia, vascular invasion, and necrosis did not influence
OS (P > 0.05).

Discussion

SPN is a rare neoplasm, accounting for only 1%–3% of all pancreatic tumors, and
most have low malignant potential and inert biological behavior [11-13]. The
characteristics of SPNs are similar to those of other pancreatic neoplasms; thus,
pathological diagnosis can be difficult. Further, there are currently no diagnostic
biomarkers specific for an SPN.

SPNs can occur at any age and mainly in young women in their 30s [14]. Similarly,
51 patients in this study were women, and their average age was 33 years. While
SPNs have no specific symptoms, the most common one is abdominal pain [13].
Further, approximately 1% of SPNs are located in the pancreatic head, and these
patients often present with jaundice [3]. In our study, one patient presented with
jaundice as the first symptom, which may have been related to the tumor located in
the head of the pancreas. The preoperative diagnosis of SPN is mainly dependent on
an imaging examination [15]. Approximately 80% of patients have typical CT or
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magnetic resonance imaging features of solid and cystic or solid tumors with uneven
density within the capsule. Further, most tumors have been found to be round, with
lobulated tumors being rare [16]. While an SPN can occur anywhere in the pancreas,
it has a predilection for the tail [17]. In the present study, 17 SPNs (27.0%) were
located in the pancreatic tail and 22 (34.9%) in the pancreatic body and tail. After
ruling out the possibility of tumor metastasis, three patients (4.8%) had primary SPNs
in the retroperitoneal region.

SPN has a large tumor volume, complete capsule, and clear boundary within the
surrounding tissues [18]. It is composed of solid, pseudopapillary, and cystic areas.
The cells in the solid region are similar in size and shape and are arranged in clusters
around the blood vessels. The pseudopapillary area comprises pseudopapillary
structures around the central small vessels of tumor cells. Hemorrhage and necrosis
are common in the cystic areas. Hematoxylin and eosin staining commonly shows an
eosinophilic tumor cell cytoplasm and a round and centered nucleus, with nuclear
mitosis and atypia being rare.

There are no specific immunohistochemical biomarkers for SPNs at present, and
β-catenin, Vim, Syn, CD10, and PR are usually combined to improve the diagnosis
rate [17]. LEF1 plays a key role in the transcriptional activation of the Wnt/CTNNB1
signaling pathway, and the mutation of the third exon in CTNNB1 is related to the
occurrence of an SPN, suggesting that the LEF1 protein may play an important role in
the diagnosis of an SPN [19]. In this study, the LEF1 protein was positively expressed
in 49 of the 52 SPN cases, whereas it was negatively expressed in all 25 cases of NET,
25 cases of PDAC, and 25 cases of normal pancreatic tissue in the control group.
Although LEF1 was positive in five cases of pancreatoblastomas, there were
significant differences in their histomorphologies. A recent study reported that the
CD99 protein yields unique paranuclear spots in SPNs and can be used as a diagnostic
biomarker [20]. However, only 4 of the 56 patients in this study tested positive for
CD99. The difference in results may be related to the clone numbers and sensitivities
of different antibodies. Meanwhile, we found that LEF1 was a specific biomarker for
the diagnosis and differential diagnosis of an SPN.

In general, SPNs have good prognosis after surgery, with a recurrence rate of only
10–15% and a mortality rate of only 2% [8]. The most common metastatic target
organ of an SPN is the liver, while other rare sites include the greater omentum,
inguinal lymph nodes, and lungs [11,21]. Among the 63 patients with SPN in this
study, six had distant metastases, of whom three died and three had local recurrence
after surgery. In this study, the incidence of SPNs with aggressive behavior was
14.3%, and the associated mortality rate was 4.8%, consistent with most reports.
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The risk factors for the malignant behavior and poor prognosis of SPNs have not been
fully elucidated to date, and the results have varied markedly among studies. Some
reports have suggested that microscopic pathological characteristics, such as cell
pleomorphism, prominent necrosis, perineural invasion of the surrounding tissue, and
multiple mitotic figures, can predict the malignant potential of SPNs [8,22]. There are
also reports that male sex, incomplete capsules, a young age (< 13.5 years), positive
surgical margins during the initial tumor resections, and large tumor sizes may be
associated with SPN recurrence [23-27]. However, one study indicated that there was
no significant correlation between the malignant potential of SPNs and tumor size
[28]. The difference may be related to the number of samples, particularly the small
sample size of the patients with aggressive SPN biological behaviors and poor
prognosis. In the current study, nine patients showed aggressive SPN biological
behavior, of whom three had local recurrence and six had metastases. Three of the six
patients with metastases died. Tumor diameter ≥ 8 cm, a Ki-67 index ≥ 5% and lymph
node metastasis significantly correlated with OS, whereas sex, age, location,
peripheral invasion, mitotic figures, and focal necrosis did not.

This study had some limitations. The sample size of aggressive SPN cases was small,
and five patients were lost to follow-up. However, it provided a direction for future
research, a reference for clinicians to diagnose SPNs and predict their malignant
behavior, and a reminder to doctors to follow-up on these patients closely.

In conclusion, SPNs tend to occur in young women. They lack specific clinical
manifestations and have low malignant potential. They present with an inert process;
however, a few patients display invasive behaviors and have poor prognosis. The
pathomorphology of an SPN consists of a uniform morphology with round or oval
tumor cells comprising a solid area, pseudopapillary area, and cystic area. LEF1 is a
novel effective immune marker for an SPN. A large tumor size, high proliferation
index, and lymph node metastasis may be risk factors for the aggressive behavior and
poor prognosis of an SPN.

Methods

Study design and patients

This retrospective study was approved by the Ethics Committee of the First Affiliated
Hospital of Bengbu Medical College (No. 2020056) and was conducted according to
the tenets of the Helsinki Declaration. Written informed consent was obtained from
the patients or their families.
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Sixty-three patients diagnosed with SPNs at the Department of Pathology between
January 2011 and February 2019 were included in the study. We also included an
immunohistochemical control group comprising 80 patients (5 with
pancreatoblastoma; 25, well-differentiated pancreatic NET (G1 or 2); 25, pancreatic
ductal adenocarcinoma; and 25, normal pancreatic tissue). Three pathologists
reviewed patient data to confirm the diagnosis. All patients were followed up
telephonically using outpatient records.

Immunohistochemistry

Tissue specimens were fixed in 10% neutral buffered formalin and incubated at 60°C
for 1 h after being sliced into 4-µm thick sections. EnVison’s two-step method was
adopted for immunohistochemical staining. The primary antibody was replaced with
phosphate-buffered saline as the negative control, and the known positive tissue was
used as the positive control. The primary immunohistochemical markers were LEF1
(Abcam Biotech, Inc. Cambridge, UK), cytokeratin, β-catenin, vimentin, CD10,
α1‑antichymotrypsin, chromogranin A, synaptophysin (Syn), carcinoembryonic
antigen, CD99, neuron-specific enolase, CD56, PR, and Ki-67 (Maixin Biotech, Inc.
Fuzhou, China). All immunohistochemical labeling was performed using the
streptavidin-peroxidase system (KIT-9720; Ultrasensitive TM S-P, Maixin Biotech,
Inc.). Diaminobenzidine tetrahydrochloride substrate was used as the chromogen in
DAB staining, which was performed using a DAB kit (Maixin Biotech, Inc.).

Statistical analysis

The Kaplan–Meier method was used for the univariate disease-free survival analysis,
and the survival time between groups was compared using the log-rank test. OS was
defined as the period from diagnosis to recurrence, metastasis, death, or the end of
follow-up. All statistical analyses were performed using SPSS 22.0 software for
Windows (IBM, New York, USA). All P-values were two-sided, and P < 0.05 was
considered statistically significant.
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FIGURE LEGENDS

Fig 1. Histopathological characteristics of SPN on H&E staining. a. The tumor cells
have various shapes, forming clusters of different sizes with hemorrhage, cystic, and
pseudopapillary structures (magnification, ×100). b. The tumor is mainly a solid area,
with less interstitial components (magnification, ×200). c. The tumor cell cytoplasm is
eosinophilic or lightly stained, the nucleus is oval, the chromatin is fine, and mitotic
images are rare (magnification, ×400). d. The tumor has a wide hemorrhagic area with
cystic degeneration (magnification, ×200). e. The cells distant from the blood vessels
degenerate and fall off, and the tumor cells around the blood vessels surround the
blood vessels to form pseudopapillary structures (magnification, ×200). f. The tumor
infiltrates surrounding normal pancreatic tissue (magnification, ×100).

Fig 2. Immunohistochemical staining of an SPN (EnVision Method). a-b. LEF1 is
positively expressed in the nucleus of the tumor cells at ×100 and ×400 magnification,
respectively. c. β-catenin is positively expressed in the nucleus and cytoplasm of the
tumor cells (magnification, ×400). d. Vim is positively expressed in the cytoplasm of
tumor cells (magnification, ×200). e. CD99 is negatively expressed in the tumor cells
(magnification, ×200). f. The Ki-67 proliferation index of tumor cells is low, and the
nucleus is positively expressed (magnification, ×200).

Fig 3. Kaplan–Meier disease-free survival curves according to the (a) tumor size (P =
0.010), (b) Ki-67 index (P < 0.001) and (c) lymph node metastasis (P = 0.011).
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Table 1. Clinicodemographic patient characteristics (n = 63)

Characteristic Value

Sex Male 12 (19.0%)
Female 51 (81.0%)

Age (years), mean (range) Male 33 (13-67)
Female 29 (13-67)

Location, n (%) Head 16 (25.4%)
Body 5 (7.9%)
Tail 17 (27.0%)
Body and tail 22 (34.9%)
Outside the pancreas 3 (4.8%)

Symptomatic, n (%) Yes 33 (52.4%)
No 30 (47.6%)

Recurrence/metastasis, n (%) 9 (15.4%)
Follow-up (months), median
(range)

42 (11-126)

Tumor size (cm), average (range) 7.3 (2.4-17)
Tumor infiltration No invasion 36 (57.1%)

Pancreatic parenchyma 12 (19.0%)
Peripancreatic fat infiltration 15 (23.8%)

Mitosis (1/10 HPF) Absence 53 (84.1%)
Present 10 (15.9%)

Cellular atypia Absent 61 (96.8%)
Present 2 (3.2%)

Vascular invasion Absent 56 (88.9%)
Present 7 (11.1%)

Lymph node metastasis Absent 58 (92.1%)
Present 5 (7.9%)

Necrosis Absent 32 (50.8%)
Present 31 (49.8%)

Calcification Absent 27 (42.9%)
Present 36 (57.1%)
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Table 2. Immunohistochemistry findings

Marker Total (n) Positive (%)
LEF1 52 49 (94.2)
β-catenin 63 62 (98.4)
Vimentin 40 39 (97.5)
CD10 33 22 (66.7)
CD56 27 24 (88.9)
Syn 36 24 (66.7)
CD99 56 4 (7.1)
PR 28 21 (75)
AACT 35 34 (97.1)
CK 38 24 (62.1)
CgA 33 3/33 (9.1)
CEA 3 1/3 (33.3)
NSE 28 19/28 (67.9)
Ki-67

< 5% 63 54/63 (85.7)
≥ 5% 63 9/63 (14.3)
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Table 3. Comparison of clinicopathological features between cases with
aggressive behavior (n = 9) and indolent behavior (n = 49)

Factor Aggressive (n
= 9)

Indolent (n = 49) P value

Sex Male 2 10
Female 7 39 0.879

Age (years) < 35 5 30
≥ 35 4 19 0.574

Location Head 3 11
Body 1 4
Tail 2 15
Body and tail 3 16
Outside the
pancreas

0 3 0.799

Symptoms Present 6 26
Absent 3 23 0.622

Tumor size (cm) < 8 2 34
≥ 8 7 15 0.01

Ki-67 index < 5% 4 45
≥ 5% 5 4 < 0.001

Tumor infiltration Present 6 19
Absent 3 30 0.354

Mitosis Present 2 8
Absent 7 41 0.363

Cellular atypia Present 0 1
Absent 9 48 0.650

Vascular invasion Present 2 4
Absent 7 45 0.148

Lymph node metastasis Present 2 2
Absent 7 47 0.011

Necrosis Present 4 25
Absent 5 24 0.749

Calcification Present 4 29
Absent 5 20 0.353
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Figure 1

Histopathological characteristics of SPN on H&E staining. a. The tumor cells have various shapes,
forming clusters of different sizes with hemorrhage, cystic, and pseudopapillary structures
(magni�cation, ×100). b. The tumor is mainly a solid area, with lessinterstitial components
(magni�cation, ×200).c.The tumorcell cytoplasm is eosinophilic or lightly stained, the nucleus is oval, the
chromatin is �ne, and mitotic imagesarerare
(magni�cation,×400).d.Thetumorhasawidehemorrhagicareawith cystic degeneration (magni�cation,
×200). e. The cells distant from the blood vessels degenerate and fall off, and the tumor cells around the
blood vessels surround the blood vessels to form pseudopapillary structures (magni�cation, ×200). f. The
tumor in�ltratessurroundingnormalpancreatictissue(magni�cation,×100).



Figure 2

Immunohistochemical staining of an SPN (EnVision Method). a-b. LEF1 is positivelyexpressed
inthenucleus ofthetumorcellsat×100and ×400magni�cation, respectively. c. β-catenin is positively
expressed in the nucleus and cytoplasm of the tumor cells (magni�cation, ×400). d. Vim is positively
expressed in the cytoplasm of tumor cells (magni�cation, ×200). e. CD99 is negatively expressed in the
tumor cells (magni�cation, ×200). f. The Ki-67 proliferation index of tumor cells is low, and the
nucleusispositivelyexpressed(magni�cation,×200).



Figure 3

Kaplan–Meier disease-free survival curves according to the (a) tumor size (P= 0.010),(b)Ki-
67index(P<0.001)and(c)lymphnodemetastasis(P=0.011).


