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Abstract
Background Solid pseudopapillary tumors (SPTs) are rare, benign tumors of the pancreas that present as heterogeneous masses.
We sought to evaluate the short- and long-term outcomes of surgical resected SPTs. Patients managed via initial surveillance were
compared to those who underwent upfront resection.
Methods A prospectively maintained institutional database was used to identify patients who underwent surgical resection for a
SPT between 1988 and 2018. Data on clinicopathological features and outcomes were collected and analyzed.
Results Seventy-eight patients underwent surgical resection for SPT during the study period. Themean age was 34.0 ± 14.6 years
and a majority were female (N = 67, 85.9%) and white (N = 46, 58.9%). Thirty patients (37.9%) were diagnosed incidentally.
Imaging-based presumed diagnosis was SPT in 49 patients (62.8%). A majority were located in the body or tail of the pancreas
(N = 47, 60.3%), and 48 patients (61.5%) underwent a distal pancreatectomy. The median tumor size was 4.0 cm (IQR, 3.0–6.0),
nodal disease was present in three patients (3.9%), and R0 resection was performed in all patients. No difference was observed in
clinicopathological features and outcomes between patients who were initially managed via surveillance and those who
underwent upfront resection. None of the patients under surveillance had nodal disease or metastasis at the time of resection;
however, one of them developed recurrence of disease 95.1 months after resection. At a median follow-up of 36.1 months (IQR,
8.1–62.1), 77 (%) patients were alive and one patient (1.3%) had a recurrence of disease at 95.1 months after resection and
subsequently died due to disease.
Conclusions SPTs are rare pancreatic tumors that are diagnosed most frequently in young females. While a majority are benign
and have an indolent course, malignant behavior has been observed. Surgical resection can result in exceptional outcomes.
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Introduction

Solid pseudopapillary neoplasms (SPTs) are rare lesions of the
pancreas that comprise 1 to 2% of all pancreatic tumors and
were first described by Frantz in 1959.1,2 They are less

frequently referred to as solid pseudopapillary neoplasms,
Hamoudi tumors, Frantz tumors, solid and papillary tumors,
papillary cystic tumors, or solid cystic tumors, though the
definition was standardized as Bsolid pseudopapillary tumors^
by the World Health Organization in 1996.3,4

SPTs are frequently diagnosed in young females as large
heterogeneous (mixed solid and cystic features) pancreatic
masses.5 They typically present with vague non-specific symp-
toms including epigastric pain, dyspepsia, early satiety, and
nausea and vomiting.6 Radiographic evaluation demonstrates
cystic features, often accompanied with calcifications.7,8 On
histopathological examination, SPTs are found to be
surrounded by blood vessels, contain cystic degeneration, and
intracystic hemorrhage.6,8 They have an indolent course,
though malignant behavior has been observed in around 10%
of documented cases.1,5,9,10 Complete extirpation of both local
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disease and any metastatic disease is associated with favorable
outcomes and long-term survival.6,8,11

Given that SPTs are exceedingly rare, literature avail-
able on them is limited to case series, including our insti-
tutional series of 2, 7, and 37 cases.6,12,13 Herein, we
sought to report the largest single institution experience
of resected SPTs over a 30-year period. Furthermore, we
compared clinicopathological characteristics and out-
comes of patients who were managed via upfront resec-
tion with those who were initially managed via surveil-
lance followed by resection.

Methods

A prospectively maintained institutional database was used
to identify patients who underwent surgical resection for
SPT between 1988 and 2018. Data on clinicopathological
details and outcomes were extracted from the aforemen-
tioned database, and missing data were collected retrospec-
tively from the patients’ electronic medical records. Our
institutional definition of SPT incorporates the following
criteria: Ban epithelial neoplasm composed of discohesive
polygonal cells that surround delicate blood vessels and
form solid masses, with frequent cystic degeneration and
intracystic hemorrhage. These neoplastic cells have to have
uniform nuclei, finely stippled chromatin, and usually nu-
clear grooves. Abnormal nuclear labeling with antibodies
to β-catenin [is] considered to be strongly supportive of
the diagnosis of SPT .̂3,6 Postoperative complications were
defined as any complication occurring within 90 days of
the operation. Complications were graded according to the
Clavien-Dindo Classification index.14 Postoperative pan-
creatic insufficiency was defined as the need for chronic
pancreatic enzyme supplementation. A surveillance-first
approach was defined as routine surveillance of at least
6 months following diagnosis and prior to surgical
resection.

A Student’s t test or Mann-Whitney U test was utilized
for continuous variables as deemed appropriate while the
Pearson’s chi-squared test or Fisher’s exact test was uti-
lized for categorical variables. Categorical variables were
reported as frequencies and percentages while continuous
variables were reported as means and standard deviation
or median and interquartile range as deemed necessary.
Overall survival was calculated from the time of surgery.
A P value less than 0.05 was considered to be statistically
significant. All statistical analyses were performed using
R software version 3.3.3 (Vienna, Austria).

The study was approved by the Institutional Review Board
for Human Research and complied with all Health Insurance
Portability and Accountability Act regulations.

Results

During the study period, 78 patients underwent surgical resec-
tion for a SPT at our institution. A majority were female (N =
67, 85.9%) and white (N = 46, 58.9%). The mean age at re-
section was 34.0 ± 14.6 years. A majority of patients were
symptomatic at presentation (N = 54, 69.2%), with the most
common symptom being epigastric discomfort (N = 33,
42.3%) followed by nausea and vomiting (N = 11, 14.1%).
Baseline characteristics are detailed in Table 1.

After an initial evaluation via cross-sectional imaging and
diagnostic biopsy, the presumed diagnosis was SPT in 57
patients (73.1%). Radiologically, in 50 patients (64.1%), tu-
mors had heterogeneous (solid and cystic) features (Fig. 1a).
The radiological preoperative diagnosis was SPT in 49 pa-
tients (62.8%), cystic neoplasm in 24 patients (30.8%), and
neuroendocrine tumor in 5 patients (6.4%). Calcification was
observed in 13 patients (16.7%) (Fig. 1b). Endoscopic ultra-
sound with fine-needle aspiration (EUS/FNA) was performed
in 44 patients (56.4%). The results of these biopsies were
suggestive of SPT in 35 patients (79.5%), and neuroendocrine
tumor and chronic pancreatitis in 2 patients (4.5%) each re-
spectively. Preoperative cancer antigen 19–9 (CA19–9) and
carcinoembryonic antigen (CEA) values were within normal
limits in all patients. Tumors were most commonly located in

Table 1 Baseline characteristics of 78 patients with resected SPT

Sex

Male 11 (14.1)

Female 67 (85.9)

Age—years, mean ± standard deviation 34.01 ± 14.64

Race, n (%)

White 46 (58.9)

Black of African American 17 (21.8)

Asian 6 (7.7)

Other 9 (11.5)

Body mass index (BMI), median (IQR) 27.1 (22.5–32.4)

Hypertension, n (%) 9 (11.5)

Diabetes mellitus, n (%) 5 (6.4)

Hyperlipidemia, n (%) 4 (5.1)

Prior abdominal surgery, n (%) 10 (12.8)

History of smoking, n (%) 14 (17.9)

History of alcohol use, n (%) 18 (23.1)

Incidental SPT diagnosis, n (%) 30 (38.4)

Presenting symptoms, n (%)

Abdominal pain 33 (42.3)

Nausea/vomiting 11 (14.1)

Weight loss 3 (3.9)

Jaundice 1 (1.3)

CA19–9 at presentation—U/mL, median (IQR) 16.1 (8–34.3)

CEA at presentation—U/mL, median (IQR) 1.9 (1.5–2.4)
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the body or tail of the pancreas (N = 51, 65.4%) followed by
the pancreatic head (N = 27, 34.6%). Pancreatic duct dilatation
was observed in six patients (7.7%). Furthermore,
macrovascular involvement was observed in 26 patients
(33.3%). The portal vein and superior mesenteric venous
(PV/SMV) were the most commonly involved vessels (N =
12, 46.2%), followed by the splenic vein (N = 11, 42.3%). No
patients had metastatic disease at presentation (Figs. 2 and 3).
Data on clinical workup of these patients are detailed in
Table 2.

Of note, one patient was explored at an outside hospital for
attempted curative resection but was aborted due to the exten-
sive vascular involvement of the porto-splenic confluence.

Upon review at our multidisciplinary clinic, a recommenda-
tion of neoadjuvant chemotherapy with a combination of a
WNT/β-catenin inhibitor and FOLFIRINOXwas made given
the extent of vascular involvement. After 6 months of therapy,
the patient underwent surgical resection.

The most common type of surgery was a distal pancreatec-
tomy (N = 48, 61.5%), followed by pancreaticoduodenectomy
(N = 27, 34.6%), total pancreatectomy (N = 2, 2.6%), and a
central pancreatectomy (N = 1, 1.3%) (Table 3). Vascular re-
section was performed in five patients (6.4%), all requiring a
primary repair of the PV/SMV confluence. The median length
of surgery was 340 min (IQR 235–406), and the median esti-
mated blood loss was 300 mL (IQR, 150–500).

Fig. 2 CT scan of a 50-year-old female who presented with epigastric
discomfort. CT demonstrated a lobular cystic mass with multiple
septations and central linear calcifications within the tail of the pancreas

as seen on the axial (a) and coronal (b) planes. The patient was recom-
mended surgical resection

Fig. 1 CTscan of a 19-year-old patient who presented with acute abdom-
inal pain. CT demonstrated a large, heterogeneous, well-circumscribed
mass originating from the pancreatic head and neck with minimal en-
hancement as seen on the axial (a) and coronal (b) planes. Abutment of

the portal vein and superior mesenteric vein was observed without any
invasion of other vessels. The patient was recommended surgical
resection
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The median tumor size was 4.0 cm (IQR, 3.0–6.0). Eight
patients (10.3%) had perineural invasion, while four (5.1%)
had lymphovascular invasion, and three patients (3.9%) were
found to have nodal disease. A negative margin was obtained
in all patients.

Data on postoperative complications are listed in
Table 3. In total, 29 (37.2%) patients experienced clini-
cally relevant postoperative complications. The most
common complication was a postoperative pancreatic fis-
tula (N = 15, 19.2%) followed by delayed gastric empty-
ing (N = 8, 10.3%). The median length of hospitalization
was 8 days (IQR, 5–11). Eight patients (10.3%) required
90-day readmission, and there were no 90-day
mortalities.

The median length of follow-up was 36 months (IQR,
8–62). During this period, seven patients (8.9%) had new
onset of diabetes mellitus and six patients (7.7%) devel-
oped pancreatic insufficiency. One patient (1.3%) devel-
oped a liver recurrence at 95.1 months after resection.
This was evaluated via ultrasound-guided biopsy which
revealed SPT with positive β-catenin staining. This pa-
tient was subsequently treated with gemcitabine, and the
post recurrence survival was 37.7 months (132.8 months
after resection). At the time of the last follow-up, 77 pa-
tients (98.7%) were alive and free of disease.

Five patients (6.4%) were initially managed via sur-
veillance. All five (100.0%) presented incidentally and
respective attending physicians and patients collectively
agreed on a surveillance-first approach. The median time
between diagnosis and resection was 12 months (IQR, 8
to 39). When compared to patients managed via an up-
front surgery, no difference was observed in clinicopath-
ological characteristics between the two groups.
(Table 4).

Fig. 3 CT scan of a 31-year-old female who presented with abdominal
pain. CT demonstrated a large heterogeneous mass with rim calcification
in the body and tail of the pancreas (a). Given the extent of vascular

involvement and the increasing size of the lesion on follow up imaging
the patient was recommended chemotherapy. The tumor remained stable
on therapy (b) and surgical resection was recommended

Table 2 Clinical workup of 78 patients with SPT

Imaging-based presumed diagnosis, n (%) 78 (100)

Solid pseudopapillary tumor 49 (62.8)

Cystic pancreatic neoplasm 24 (30.8)

Pancreatic neuroendocrine tumor 5 (6.4)

Biopsy based presumed diagnosis, n (%) 44 (56.4)

SPT 35 (79.5)

Pancreatic neuroendocrine tumor 2 (4.6)

Pancreatitis 2 (4.6)

Pseudocyst 1 (2.3)

Non-diagnostic 4 (9.2)

Tumor location

Head 27 (34.6)

Body 18 (23.2)

Tail 33 (42.3)

Radiographic appearance, n (%)

Heterogeneous 50 (64.1)

Solid 12 (15.2)

Cystic 16 (20.5)

Dilated main pancreatic duct, n (%) 6 (7.7)

Vascular involvement, n (%) 26 (33.3)

Portal vein/superior mesenteric vein (PV/SMV) 12 (46.2)

Splenic vasculature 11 (42.3)

Gastroduodenal artery 2 (7.7)

Renal vein 1 (3.8)

Management

Surveillance followed by resection 5 (6.4)

Upfront resection 73 (93.6)

Neoadjuvant therapy, n (%) 1 (1.3)
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Discussion

First documented in 1959 by Frantz, SPTs are rare tumors of
the pancreas.2 Both literature and the current series suggest
that these tumors have a strong preference for younger
females.15 Reddy et al. reported that the rate of diagnosis of
SPT is on the rise.6 Indeed, two-thirds of their series were
diagnosed in the last one-third of the study period. This notion
holds true in the present study, which added 41 cases in the
subsequent 10-year period. This is, perhaps in large part, due
to improvements in diagnostic modalities and an increased

utilization of cross-sectional imaging and endoscopic biop-
sies. Of note, the incorporation of EUS/FNA significantly
increases the diagnostic yield of pancreatic cysts over CT
alone.16,17 A systemic review by Law et al., in 2012, identified
484 studies in English literature reporting a total of 2744
SPTs.15 Interestingly, in their study spanning five decades
(1961–2012), 87.8%were diagnosed between 2000 and 2012.

In the aforementioned meta-analysis, 87.8% of cases were
young females. Similarly, a recent systemic review by Bender
et al. identified 135 studies reporting 523 SPTs in pediatric
patients.18 Among this pediatric cohort, 83% of patients were
female. Similar trends were observed in the current series;
however, SPTs were also observed inmales and older females.
Various studies have reported that males who present with
SPTs have a tendency to present at an older age as compared
to their female counterparts.10,19

Similar to other studies, a significant number of patients in
this study (38.4%) were diagnosed incidentally.15,20 When
symptomatic patients typically present with vague and non-
specific symptoms including abdominal discomfort, nausea,
and vomiting, resulting in a delay in diagnosis.6,15

Interestingly, in this study, while 34.6% of tumors were locat-
ed in the head of the pancreas, only one patient (1.3%) pre-
sented with jaundice. The differential diagnosis of SPT in-
cludes mucinous cystic neoplasms (MCN), serous cystic neo-
plasms (SCN), and cystic pancreatic neuroendocrine tumors.
When considering older patients, the possibility of a solid
invasive cancer developing in the setting of a cystic neoplasm
must be considered.6 SPTs are frequently diagnosed accurate-
ly using cross-sectional imaging, though definitive diagnosis
relies on immunohistochemical analysis.21 However, a cyto-
logical diagnosis will likely not change the management of
these tumors.

SPTs are genetically distinct from pancreatic ductal adeno-
carcinoma (PDAC). Whereas KRAS mutations are a hallmark
of PDAC, this oncogene is rarely, if ever, mutated in
SPTs.22,23 In contrast, one of the earliest studies investigating
the molecular mechanisms of development of SPT identified
alterations to the tumor suppressor gene, adenomatosis
polyposis coli (APC), and β-catenin protein.23 Notably,
APC/β-catenin mutations are not considered to be implicated
in ductal neoplastic development. Downstream, the cell-cycle
regulator cyclin D1 has been reported to be overexpressed in
10 to 70% of SPTs.23,24 In line with β-catenin mutations,
another study identified WNT signaling as a key driver in
the tumorigenesis of SPTs.24 Recently, a bioinformatics anal-
ysis of SPTs provided unprecedented access to the genetic
drivers of the development of SPT and identified mutations
in the EGFR, FYN, JUN, GCG, MYC, and CD44 genes.
Additionally, the ErbB and GnRH signaling pathways were
identified as possible drivers of progression in SPTs.25

Interestingly, in a study of five metastatic SPTs, Amato et al.
found that KDM6A and BAP1 expression were significantly

Table 3 Clinicopathological characteristics and outcomes of 78 patients
with resected SPT

Type of surgical resection, n (%) 78 (100)

Distal pancreatectomy 48 (61.5)

Pancreaticoduodenectomy 27 (34.6)

Total pancreatectomy 2 (2.6)

Central pancreatectomy 1 (1.3)

Main pancreatic duct size—mm, median (IQR) 2.0 (1.0–2.0)

Vascular reconstruction, n (%) 5 (6.4)

Length of operation—min, median (IQR) 340 (235–406)

Estimated blood loss—mL, median (IQR) 300 (150–500)

Tumor size—cm, median (IQR) 4.0 (3.0–6.0)

Perineural invasion, n (%) 8 (10.3)

Lymphovascular invasion, n (%) 4 (5.1)

Resection margin status, n (%)

R0 78 (100)

R1 –

Nodal disease, n (%)

Present 75 (96.2)

Absent 3 (3.8)

Postoperative complicationsa

Postoperative pancreatic fistula 15 (19.2)

Delayed gastric emptying 8 (10.3)

Intra-abdominal fluid collection 8 (10.3)

Respiratory complications 7 (8.9)

Length of hospitalization—days, median (IQR) 8 (5–11)

90-day readmission, n (%) 8 (10.3)

Postoperative new onset diabetes, n (%) 7 (8.9)

Postoperative chronic pancreatic insufficiency, n (%) 6 (7.7)

Follow-up—months, median (IQR) 36 (8–62)

Recurrence of disease, n (%)

Liver 1 (1.3)

Death status, n (%)

Alive 78 (98.7)

Deadb 1 (1.3)

a Clavien-Dindo Classification > grade 2
b The patient found to be dead at the time of the last follow upwas the one
that experienced recurrence of disease. Post recurrence survival was
37.7 months
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reduced in metastatic SPTs.26 These findings suggest that
KDM6A and BAP1 may function as a barrier to SPT progres-
sion and/or metastasis.26

A number of studies have discussed the immunohisto-
chemistry findings of SPTs. Recently, Lanke et al. summa-
rized these findings.21 Commonly, SPTs stain positive for β-
catenin (both nuclear and cytoplasmic), vimentin,
synaptophysin, progesterone receptor, CD56, neuron-
specific enolase (NSE), CD10, and E-cadherin (loss of both
membrane and nuclear).21,27 Kim et al. also identified the
androgen receptor (AR), lymphoid enhancer-binding factor 1
(LEF-1), and transcription factor for immunoglobulin heavy-
chain enhancer 3 (TFE3) as putative diagnostic markers of
SPTs.28

Though SPTs are generally benign, those with malignant
potential have been reported.1,5,9 Similarly, in this series, four
patients displayed metastatic behavior; three had positive nod-
al disease at the time of resection and one developed liver
recurrence after surgery. Of note, the three patients with nodal
disease were free of disease at 2.1, 82.7, and 136.1 months
after resection. Interestingly in addition to nodal disease, mar-
gin positivity was not found to be a predictor of poorer
outcomes.29,30 Furthermore, in literature, patients who pre-
sented with metastatic disease at the time of diagnosis
achieved excellent long-term outcomes after resection of their
disease.6,8,11,31 Based on these data, it is clear that surgical
resection of disease even in the presence of distant disease is
recommended.20,32

Based on current literature, the role of chemotherapy and
radiotherapy for SPTs is unclear. In a meta-analysis, Law et al.
reported 47 patients (6.3%)who received adjuvant chemother-
apy using either Fluorouracil (5FU)-based and Gemcitabine-
based regimens.15 Follow-up was available for 24 of these
patients. Six (25.0%) died from their disease while the remain-
ing patients were alive with a mean follow up of 51.1 ±

56.2months after diagnosis. One interesting case was reported
by Tajima et al., where the patient presented with liver metas-
tasis who underwent resection of the primary tumor followed
by adjuvant gemcitabine and an oral fluoropryrimidine
derivative.31 This patient progressed on this regimen and
was switched to hepatic arterial infusion chemotherapy of
gemcitabine with good disease response. Transarterial tumor
embolization (TAE) and metastasectomy were performed
successfully.31 At the time of last follow up, the patient was
under monthly observation and was receiving maintenance
chemotherapy. In another case report, a patient was diagnosed
with locally advanced disease due to extensive portal vein
invasion and was treated solely with radiotherapy achieving
a complete radiographic response.33 This case highlights that
SPTs may be radiosensitive and begs the question of whether
or not radiation therapy could serve as an effective treatment
for smaller SPTs. Lastly, another case report presented a pa-
tient with a large 13 cm SPT that was managed successfully
with gemcitabine-based chemotherapy.34 This patient was di-
agnosed with a locally advanced tumor with local invasion of
the mesocolon, porta hepatis, and gastrocolic ligament. The
patient was initially treated with 5-FU-based chemotherapy
and standard radiation (50*4 Gy) though no tumor response
was appreciated. The patient was switched to gemcitabine-
based chemotherapy and experienced a 69.2% reduction in
tumor size followed by successful surgical resection. The pa-
tient was alive without recurrence at 36 month follow-up. In
our series, one patient received chemotherapy due to vascular
involvement and subsequently underwent successful
resection.

Favorable outcomes and long-term survival have been re-
ported for nearly all patients undergoing resection for SPTs. In
fact, the rate of 5-year survival approaches 100% in most
studies even in the presence of metastatic or recurrent
disease.15,32,35–37 While data are limited, it can be suggested

Table 4 Initial surveillance
versus upfront surgical resection
approach for SPT

Initial surveillance Upfront Surgery P value*

Age, years ± standard deviation 29.52 ± 19.16 34.3 ± 14.12 0.48

Incidental diagnosis, n (%) 4 (80.0%) 25 (34.25%) 0.06

Tumor Size, cm—median (IQR) 3.8 (3–4.5) 4.0 (3–6.3) 0.31

Tumor location, n (%) 0.37
Head/Neck 3 (60.0%) 27 (36.99%)

Body/Tail 2 (40.0%) 46 (63.01%)

Perineural invasion, n (%) 1 (20.0%) 7 (9.59%) 0.43

Lymphovascular invasion, n (%) 0 (0.0%) 4 (5.48%) 0.99

Nodal disease, n (%) 0 (0.0%) 3 (4.11%) 0.99

> Grade 2 complication, n (%)a 1 (20.0%) 28 (38.36%) 0.65

Median survival, months—median (IQR) 18.17 (16.69–60.29) 36.93 (9.92–62.72) 0.70

Disease recurrence, n (%) 1 (20.0%) 0 (0.0%) 0.99

a Clavien-Dindo classification system

*P < 0.05 was considered significant
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that young asymptomatic patients with an incidental diagnosis
of SPTs can be managed initially via surveillance. Patients
with benign SPTs are still at risk for disease recurrence; there-
fore, it is important to maintain long-term follow-up.15,36 Data
available on predictors of metastatic spread or recurrence of
disease are heterogeneous. Some reports have identified tumor
size > 5.0 cm, the presence of lymphovascular and perineural
invasion, and nuclear grade as predictive factors.6,36,38 Kang
et al. reported a rate of recurrence of 2.6%; large tumor size,
microscopic malignant features, and metastatic disease at pre-
sentation were independently predictive of recurrence.37

Common biomarkers including CA19–9 and CEA have not
shown to be of diagnostic value for SPTs. Rastogi et al. re-
cently reported that increased enhancement during the delayed
phase of a contrast-enhanced computed tomography is sug-
gestive of aggressive tumor biology.39

In conclusion, SPTs are rare tumors of the pancreas that are
identified most frequently in young females. While a majority
are benign, malignant behavior has been observed. In younger
asymptomatic patients with incidental tumors, initial surveil-
lance may be feasible but needs further study. Surgical resec-
tion of SPTs, even in the presence of metastatic disease, can
result in exceptional outcomes.
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