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Abstract
BACKGROUND
Solid pseudopapillary neoplasm (SPN) is a rare tumor that was first described by Frantz in 1959. Although this tumor is benign, some may have malignant potential that can be predicted based on demographics, imaging characteristics, and pathologic evaluation. This case series presents 3 SPN cases with discussion on gender differences, preoperative predictors of malignancy, and a suggested algorithm for diagnostic approach as well as post-surgical follow up.

CASE SUMMARY
Three adult patients in a tertiary hospital found to have SPN, one elderly male and two young females. Each of the cases presented with abdominal pain and were discovered incidentally. Two cases underwent endoscopic ultrasound with fine needle aspiration and biopsy to assess tumor markers and immunohistochemical staining (which were consistent with SPN before undergoing surgery), and one case underwent surgery directly after imaging. The average tumor size was 5 cm. Diagnosis was confirmed by histology. Two patients had post-surgical complications requiring intervention.

CONCLUSION
Demographic and imaging characteristics can be sufficient to establish diagnosis for SPN, while malignant cases require pre-operative evaluation with endoscopic ultrasound fine needle aspiration/fine needle biopsy.
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Core Tip: Solid pseudopapillary neoplasm accounts for approximately 0.7% of pancreatic cystic tumors. It is benign in 85% of the cases, while 15% can have malignant behavior. The advancement of cross sectional imaging has led to increased detection. Demographic and characteristic imaging findings might be sufficient to make a diagnosis and predict malignant behavior, which can direct the need towards further testing or to proceed directly with surgery. Definitive treatment is surgical resection and the type of surgery depends on location and presence of peripancreatic invasion.


INTRODUCTION
Solid pseudopapillary tumor (SPN) of the pancreas is a rare tumor representing 1%-2% of all exocrine pancreatic neoplasms[1]. SPN occurs in females in the second or third decade of life in about 90% of cases, with a female to male ratio is (9.78:1)[2]. Its pathogenesis involves the activation of Wnt-β-catenin, Hedgehoc and Androgen signaling pathway. There is also an increased expression of CTNNB1 protein and other proteins that belong to the Wnt-β-catenin pathway (i.e., DKK4, Fine needle 1, SELENBP1, DDX5, YWHAZ, NONO and Fused in sarcoma)[3,4].
The most common symptom is abdominal pain, occurring in 65% of cases; other symptoms can be nausea and vomiting or a palpable abdominal mass. Of note, 15%-19% of cases are asymptomatic[2,5] and the tumor is discovered incidentally on imaging for other clinical reasons. The presence of cystic and solid components with hemorrhage without internal septation on computed tomography (CT) or magnetic resonance imaging (MRI) is characteristic for SPN[6]. 61% of cases are in the tail or body of the pancreas, while 34% are found in the head[2]. The main management is surgical with 5-year overall survival of 95%[2].
On macroscopic evaluation, the tumor is grossly well circumscribed or partially encapsulated. Color varies from tan to yellow. There are irregular cystic cavities lined by soft, friable tissue. Foci of hemorrhage is common. Microscopically, they demonstrate solid areas alternating with pseudopapillary formations, accompanied by innumerable capillary sized vessels. There is also evidence of cellular degeneration including cholesterol clefts and aggregates or foamy histocyte and nuclear grooves[7].
Most of the time, resection of the tumor carries a good prognosis[2]. However, these tumors can still have malignant tendency and risk of recurrence even after surgical resection, necessitating the need for post-surgical follow up[6,8,9].
The aim of this case series is to discuss malignant potential and gender differences of these tumors, and based on reviewed literature, propose a stepwise approach towards diagnosis and surveillance. The literature review was conducted from PubMed based on following criteria: Using SPN term and choosing peer reviewed English literature that has 10 or more reviewed case series of adults ≥ 18 years old based on relevance to our topic.

CASE PRESENTATION
Chief complaints
Cases 1 and 2: Abdominal pain.

Case 3: Flank pain. 

History of present illness
Case 1: A 30-year-old female who was seen in outpatient clinic because of right lower abdominal pain and vomiting several days after a night of moderate alcohol consumption.

Case 2: A 64-year-old male who was evaluated in the hospital for severe diffuse abdominal pain, nausea and vomiting. 

Case 3: A 25 years old female who presented to the emergency department for evaluation of right flank pain after antibiotic treatment for urinary tract infection. 

History of past illness
Cases 1 and 3: Patients have no past medical problems.

Case 2: Patient is known to have a history of atrial fibrillation and chronic obstructive pulmonary disease as well as hyperlipidemia and tobacco dependence.

Physical examination
Case 1: Vital signs were normal and physical exam was unremarkable.

Case 2: Vital signs revealed a blood pressure of 161/129 mmHg and mild tachycardia of 97 beats per minute (bpm). On exam, abdomen was soft but diffusely tender.

Case 3: Patient was afebrile with stable vital signs. Abdomen was soft, without abdominal or flank tenderness.

Laboratory examinations
Cases 1-3: Labs including complete blood count, kidney function test, lipase, amylase, liver function test and Ca19-9 were normal.

Imaging examinations
Case 1: CT of abdomen/pelvis revealed a normal appendix but an incidental finding of a bi-lobed hypodense lesion in the tail of the pancreas, measuring 3.2 cm × 2.8 cm × 1.8 cm with superior and inferior components (Figure 1A). The superior component showed several punctate foci of calcification while the inferior component had a dense curvilinear calcification (Figure 1B). On post-contrast imaging there were several enhancing septations and faint amorphous enhancement. There was an involvement of splenic vein due to mass effect (Figure 1C). 
Magnetic resonance cholangiopancreatography (MRCP) also showed a bilobed exophytic lesion in the tail of the pancreas measuring 3.1 cm × 3.2 cm × 1.8 cm (Figure 1D and E). The superior component appeared cystic, T2 hyperintense and T1 hypointense with small punctate calcifications of the wall and on post-gadolinium imaging, it demonstrated central stellate shaped enhancement. The inferior component was heterogeneously hyperintense on T2 with central hypointensity corresponding to dense curvilinear calcifications. On post-gadolinium, it demonstrated peripheral enhancement. There was no evidence of metastasis.
Endoscopic Ultrasound (EUS) was performed next, which noted the mass to have both solid and cystic components (Figure 1F), and measuring 3.1 cm × 2.0 cm. Fine needle aspiration (FNA) and biopsy was performed using a 22-gauge biopsy needle. The differential diagnosis included mucinous or serous cystic neoplasm, SPN, and intrapapillary mucinous neoplasm. Cystic fluid carcinoembryonic antigen (CEA) was 1.4 ng/mL (normal < 4.7) making a mucinous neoplasm less likely. Additionally, fluid amylase was not elevated making a pseudocyst also less likely. Pathology showed morphologic features consistent with SPN (Figure 2A and B). The tumor was positive for CD10 (Figure 2C), CD56 (Figure 2D), CD117, vimentin (Figure 2E), and β-catenin, and negative for synaptophysin, chromogranin, CK7, and CD20 by immunohistochemistry, confirming the diagnosis of SPN.

Case 2: Initial concern was for ischemic colitis, hence an abdominal computed tomography angiography was obtained. The CT revealed patent vasculature but showed an incidental finding of 2.3 cm hypodense lesion in the pancreatic head (Figure 3A).
On MRCP, the mass measured 1.7 cm × 2.1 cm × 1.8 cm. It was bright on T2 suggesting a solid component (Figure 3B). On T1 the mass appeared dark (Figure 3C). Lipase, liver enzymes and Ca19-9 were all within normal levels.
The patient underwent EUS-Fine needle biopsy (FNB), which was notable for a 2.1 cm × 2.1 cm hypoechoic pancreatic head mass (Figure 3D). FNB using a 25-gauge needle was performed through a trans-duodenal approach and adequate tissue was obtained. The tumor showed histologic features consistent with SPN and was positive for CD10, CD56, vimentin, androgen receptor, and cyclin D1, and negative for pancytokeratin, PAX8, CK20, chromogranin, and synaptophysin by immunohistochemistry. Ki-67 demonstrated a low proliferative labeling index, 3%. The results were consistent with the diagnosis of SPN.

Case 3: CT of abdomen showed normal kidneys and ureters but an incidental finding of a large mass in tail of pancreas with rim of calcification measuring 8.6 cm × 6.8 cm × 6.2 cm (Figure 4A and B).
A follow up MRCP showed a well-defined and encapsulated rounded mass measuring 7.5 cm × 5.8 cm × 8 cm. No evidence of metastasis was seen. There was a bright T1 hyperintense signal and T2 heterogenous signal, both T1 and T2 appearance likely representing hemorrhage (Figure 4C and D) with a few scattered peripheral nodular lesions with faint enhancement. The nodule along outer margin measured 2.5 cm × 2.3 cm while the inner margin nodule measured 3.3 cm × 1.8 cm.
An EUS-FNA/FNB was planned but was not performed due to consensus agreement for a surgical approach to diagnosis and treatment. 

FINAL DIAGNOSIS
SPN.

TREATMENT
Case 1: The patient underwent an uncomplicated distal pancreatectomy with spleen preservation and regional lymph node resection. SPN diagnosis was confirmed on pathologic evaluation, with the mass measuring 5.2 cm × 3.2 cm × 3.2 cm. There was retroperitoneal soft tissue invasion and perineural invasion. No peripancreatic lymph nodes involvement was identified.

Case 2: Patient subsequently underwent an elective robotic pancreaticoduodenectomy (“Whipple”) with regional lymph node resection. Pathologic evaluation confirmed the diagnosis of SPN (Figure 2A and B). The tumor measured 1.7 cm × 1.5 cm × 1.3 cm in size. Peripancreatic adipose tissue and perineural invasion were noted. There was no lympho-vascular or peripancreatic lymph node involvement. Immunohistochemical stains were positive for CD 56 (Figure 2C), CD 10 (Figure 2D), vimentin (Figure 2E) and negative for CK7, CK20, Pankeratin, synaptophysin and Chromogranin.

Case 3: The patient underwent a laparoscopic spleen preserving distal pancreatectomy and regional lymph node resection. The size of the tumor was 8.5 cm in greatest dimension. Histologic findings were consistent with SPN (Figure 2A and B). 
Tumor was positive for CD 10 (Figure 2C), CD56 (Figure 2D), vimentin (Figure 2E), Cyclin D1, and negative for CEA and chromogranin A by immunohistochemical staining. No peripancreatic adipose tissue invasion or perineural invasion was identified. There was no regional lymph node involvement. Patient had an uneventful hospital course.

OUTCOME AND FOLLOW-UP
Case 1: Patient had no post-surgical complications during the hospitalization or after discharge.

Case 2: Post-operatively, peritoneal fluid amylase and bilirubin from the surgical drain were persistently elevated. An anastomotic leak was seen on imaging, and the patient was taken back to the operating room for laparoscopic surgical repair of an inadvertent bowel injury. He was eventually discharged with surgical drains, which were removed 40 d after discharge.

Case 3: Three weeks after discharge, the patient presented to the emergency department with abdominal pain due to a peripancreatic fluid collection seen on imaging (Figure 4E). The collection was drained, revealing a high amylase content. The patient had no complications afterwards. She had a regular post-operative follow up as outpatient with oncology (due to the large tumor size) and surgery at 3 and 9 mo. She had a full recovery 4 mo after surgery without chemotherapy treatment.
All patients had a regular follow up at 2 wk post discharge from hospital, 3 mo and 9 mo after surgery.
Given the large tumor size in the case 3 patient, the patient had a follow up CT scan at 3 and 6 mo after surgery, both negative for recurrence. An MRI was also performed 9 mo after the operation and no recurrence was seen. She will have another follow up in 6 mo after last visit and will continue to be followed for the next 5 years at minimum.

DISCUSSION
SPN is an uncommon tumor of the pancreas. It was first described by pathologist Virginia Frantz in 1959 as “Papillary Tumors of The Pancreas”. She reviewed three cases of cystic tumors that were resected from the pancreas in two young women and a child[10]. It was noted that these tumors were rounded with smooth borders and areas of calcification with cavities that may contain debris or blood. In 2010, the World Health Organization defined SPN as benign tumors with low malignant potential[1]. SPN is included under the entity of pancreatic cystic tumors accounting for approximately 1%-2% of all exocrine pancreatic tumors[1].
SPN has a strong gender association, with nearly 90% of cases occurring in adult females[11]. The tumor usually presents at a young age, in the second or third decade of life[2,11]. Interestingly, males with this condition tend to present at an older age in the fifth decade of life[12,13]. Abdominal pain is the most common symptom and other symptoms include nausea, vomiting, weight loss and less often a palpable abdominal mass. About one-third of patients are asymptomatic, with a mass incidentally identified on imaging ordered for other clinical reasons[5,9,11]. The location can be anywhere in the pancreas, but most commonly found in the body and tail[2,5,14]. Only, 1% of these tumors can have extrapancreatic localization[2]. Metastasis is seen in 19% of cases, with predilection to the liver and lymph nodes[2].

Preoperative diagnosis and malignant potential
Different imaging modalities, including CT, MRI, and EUS can be used for diagnosis. On CT, the tumor usually appears well demarcated and encapsulated with mixed solid and cystic components[14]. Calcification can be present in some cases[15]. In the Yang et al[16] study, calcification was found in two of the 26 cases[16]. On MRI, there is often a heterogeneous appearance both on T1 and T2. Hyperintensity on T1 and hypointensity on T2 correlate with areas of hemorrhage, which is characteristic for SPN (Figure 4C and D). Additionally, the presence of solid and cystic components on MRI with hemorrhage but without internal septation should highly raise suspicion for SPN. SPN can sometimes have a completely solid or cystic component. In a review of 26 cases, seven had a completely solid component and two had a completely cystic component on imaging (CT or MRI)[17]. In Jani et al[15] 50% of cases were completely solid and 11% were cystic. Endoscopic ultrasound with FNA and biopsy is often performed to differentiate SPN from other cystic lesions should the diagnosis remain unclear after initial evaluation with CT and/or MRI[9,18] (Figure 5). If the presentation and evaluation is classic for SPN, surgical resection may be considered without prior biopsy (as in case 3).
Immunohistochemical staining of neoplastic cells from FNB sample can pre-operatively confirm the diagnosis. Almost all SPN tumors express β-catenin (CTNNB1 gene), CD10 (Figure 2C) and CD56 (Figure 2D), vimentin (Figure 2E), and most express CD99, α1-antitrypsin, neuron specific enolase and progesterone receptors (Figure 2). Some express synaptophysin but usually do not express chromogranin A[19-21]. Males have a stronger expression of androgen receptors[22]. Serum CEA and Ca9-19 levels are usually within normal limits but can be slightly elevated in a minority of cases[16,23].
Many studies have investigated different pre-operative clinical features and molecular markers that can classify pancreatic cysts pre-operatively and detect malignant potential[24]. Springer et al[25] identified  molecular markers in cystic fluid samples. In 10 SPN samples, genome sequencing detected the presence of CTNNB1 mutation while KRAS, GNAS, RNF43 mutations and loss of heterozygosity were absent. This composite was noted to have a sensitivity and specificity of 100% as it was detected in all 10 SPN, which was confirmed by pathologic evaluation after resection. 
Cohen et al[26] assessed prognostic factors associated with systemic metastasis. Among clinical features, a larger tumor size was seen in patients with metastasis compared to localized tumors (8.13 ± 1.03 cm in metastatic tumors and 5.20 ± 3.78 cm in localized tumors, range 7–9 cm, P < 0.012). Larger tumor size was also associated with a higher likelihood of malignant pathology and recurrence[27]. This finding was also seen in the Estrella et al[5] study, which again noted that larger tumor size (mean 10.5 cm) was significantly associated with metastasis and risk of recurrence (P < 0.002)[5]. Moreover, the study found that muscular vessel invasion (presence of tumor cells in the luminal spaces of blood vessels with circumferential smooth muscle layers), invasion to adjacent organs, and presence of metastasis regardless of T or N category findings were significant independent predictive factors of disease specific survival on univariate analysis (P ≤ 0.001)[5].
Histological features in Cohen and Estrella et al[5] including invasiveness (cellular atypia, peripancreatic fat invasion, lymph node metastasis, capsular invasion, perineural or lymphovascular invasion) and immunohistochemical stains were not associated with metastatic disease[5,26]. However, WHO suggest that perineural behavior, angioinvasion and deep invasion into surrounding tissue can predict malignant behavior[1]. In addition, Kang et al[28] found that pancreatic fat tissue invasion, capsular invasion, cellular atypia, perineural invasion, and lymph node metastasis define malignant behavior of SPN tumors. Yu et al[6], reviewed 26 cases from 1981 to 2005, 9 of these were considered malignant based on invasion of surrounding tissue. Of these nine cases, 4 developed duodenal invasions, two had portal venous invasion and one had both portal venous and superior mesenteric artery invasion. The tendency of these malignant tumors to be located in the head of pancreas was also noted (6 of 9 cases).
On a molecular level, there was a higher expression of certain microRNAs (miR-10a, miR-887, and miR-184) in metastatic tumors, which can potentially be used to predict tumor behavior[26]. However, larger studies are needed to confirm this finding. One study investigated the relationship of inflammatory marker neutrophil to lymphocyte ratio (NLR) with malignant potential in a retrospective review of 113 patients with SPN in a single center[29]. The study found that NLR above 3.22 is a significant predictive factor of a malignant SPN (OR 6.871, 95%CI: 1.482-31.864, P = 0.014). Furthermore, in another study Wang et al[30] demonstrated a tumor size > 7 cm (P = 0.003), high Ki-67 ≥ 5% (P = 0.044) and negative progesterone receptor (PR) result were significantly associated with recurrence and distant metastasis (P = 0.001). Of note, tumor size > 7 cm and PR negative were also associated with a worse survival (P < 0.001)[30].

Tumor recurrence
Machado et al[8] reviewed 34 patients with SPN (27 females and 7 males). Recurrence after resection occurred in 2 patients (1 female and 1 male). One patient underwent systemic chemotherapy with combination of 5-FU and cisplatin, and he remained alive 39 mo after initial operation. The other patient (whose initial surgery was subtotal pancreatectomy with resection of the portal vein) developed disseminated liver metastasis and died of the disease 24 mo after the initial procedure. In Yu et al[9], three hundred and five patients were followed for a mean time of 49.2 mo after radical resection. The mean disease free survival was 45.1 mo. Of these 11 patients (3.6%) had local recurrence and 8 underwent a second resection. Hepatic metastasis occurred in 2 patients at 3 and 46 mo after surgery. The estimated 1-, 3-, and 5- year survival rate was 99.4%, 97.5% and 96.9% respectively. 
In another study, 26 patients were followed for a median of 32.5 mo. 25/26 patients survived, two developed local recurrence and liver metastasis. These two were found to have a high Ki-67 immunoreactivity (> 25%) when compared with other patients (< 5%)[16]. 
Finally, in a study of 467 cases, 31 patients (6.6%) developed recurrence. Metastasis to the liver and lymph nodes were most common[2].

Gender differences
Studies also evaluated differences between male and female presentations. Two studies evaluated differences between gender based on imaging (MRI and CT) and found that there is a significant difference in tumor shape, as the tumors in males are noted to be more lobulated vs tumors in females, which are noted to be more oval[12]. In addition, tumors in males tend to have more solid component and calcification[12]. On the other hand, there was no significant difference in tumor margin, capsule, pancreatic duct dilation, parenchymal atrophy, MR T1 and T2 signal intensities, tumor site or clinical manifestations. There was discrepancy of whether there is difference in tumor size as one study showed no difference[12], another showed a smaller median diameter in males while another showed a larger diameter in males (6.3 cm vs 4.6 cm, P = 0.0413). Also, the age of presentation for males was significantly older than females in multiple studies, with average age noted to be 40 to 50 years old for males[12,13,31]. Finally, men may have a greater propensity for aggressive behavior (portal vein involvement) and conservative surgery (i.e. spleen preserving distal pancreatectomy, central pancreatectomy and enucleation) was less likely in the male population[24].

Management 
Surgical resection remains the mainstay of treatment for SPN with an excellent prognosis, as 5-year survival is 95%[2]. The most common post-operative complication is pancreatic fistula. Other complications including pancreatitis, steatorrhea, wound infection, biliary fistula, prolonged gastric emptying, gastrointestinal bleeding, diabetes mellitus and ileus were less common[9,14].
At our institution, we perform partial pancreatectomy for solid pseudopapillary tumor with standard lymph node dissection.
The patients in cases 1 and 3 underwent distal pancreatectomy with spleen preservation since the tumor was located in tail of the pancreas. The patient in case 2 underwent a Whipple surgery. Enucleation surgery rather than resection was considered in all cases. However, enucleation is generally reserved for cystic tumors of small size < 3.5 cm[32-35]. The tumor size in case 1 and 3 precluded enucleation. While the tumor size was small in case 2, other factors (age, male, smoker) were concerning for malignancy, so more aggressive surgical management was recommended. 

Stepwise approach to diagnosis and follow up
Based on the demographic and imaging characteristics of the SPN tumors, we created an algorithm for the diagnosis, management, and post-surgical follow-up in order to avoid unnecessary testing and misdiagnosis of a malignant neoplasm in preoperative evaluation (Figures 5 and 6).
From the previous literature review, a young female patient [2,24] without significant risk factors for pancreatic cancer (tobacco use, heavy alcohol use, chronic pancreatitis, obesity, diabetes[36,37]) and without unintentional weight loss, along with a CT/MRI showing solid and cystic mass with hemorrhage[18], size ≤ 5 cm[5,26-28] without invasion or metastasis can be considered a classic presentation for SPN and less likely to have a metastatic potential. This population can undergo surgical resection depending on location of tumor without undergoing EUS with FNA/FNB.
On the contrary, the presence of any of the following characteristics is concerning for either SPN with malignant potential or malignant neoplasm and will require an EUS-FNA/FNB prior to surgery in order to determine a histologic diagnosis: Male gender or elderly (> 40 years), risk factors for pancreatic cancer, imaging showing only a solid component, focal hypoattenuation, double duct sign or pancreatic duct dilation[38-40], large tumor size > 5 cm[28] (especially if > 8 cm[5,26,28]), invasion to surrounding tissue or metastasis. Should it found to be malignant (i.e., ductal adenocarcinoma) on biopsy, early oncologic consultation should be considered for neoadjuvant chemotherapy[41].
The paradigm of pancreatic adenocarcinoma has changed in the last decade, with neoadjuvant chemotherapy most often now recommended. The importance of neoadjuvant chemotherapy stems from the fact that one-third of patients with pancreatic cancer were found to have metastasis at the time of the operation[42], but up to one-half of these patients had not received neoadjuvant chemotherapy[43-45]. Neoadjuvant chemotherapy, even in patients with stage 1 pancreatic adenocarcinoma, was found to confer a significant advantage for overall survival compared with upfront surgery alone (HR: 0.784, P = 0.002) and showed a trend toward improved survival when compared to post-operative chemotherapy[41]. Pancreatic ductal adenocarcinoma can develop cystic changes due to central necrosis, which can sometimes be mistaken for SPN[46].
There have been concerns that FNA-FNB of pancreatic cysts might cause dissemination and peritoneal seeding[47]. However, in the Yoon et al[48] study, 175 patients with intraductal papillary neoplasm who underwent resection with previous sampling by EUS-FNA (EUS-FNA group) were compared to 68 patients who underwent resection with no previous sampling (no sampling group). Four patients (2.3%) in the EUS-FNA group developed peritoneal seeding, whereas three patients (4.4%) developed peritoneal seeding in the no sampling group (P = 0.403), a finding that was not statistically significant.
Regarding surveillance, the few studies in the literature suggest long-term surveillance is important[2,5,6,9,16]. Therefore, we suggest that patients be followed for a minimum of 5 years, with longer follow up for SPN showing malignant behavior[1,18,28] (i.e., Peripancreatic invasion, cellular atypia, vascular invasion, metastasis) on pathology. 

CONCLUSION
SPN is a tumor of low malignant potential that is generally found in young females, but can also be seen in males (with more aggressive behavior in males). Factors that predict malignancy preoperatively have been studied and when combined with demographic characteristics, the tumor can be diagnosed based solely on age, gender, presence of risk factors along with imaging features without undergoing EUS-FNA/FNB. Tumors that are suspicious for a malignant behavior should be worked up with EUS-FNA/FNB, and might require longer follow up after discharge.
The relatively rare occurrence of SPN makes it challenging to develop consensus guidelines on diagnosis and work up of these tumors. Most studies are either single-center or a review of previous literature, as opposed to randomized, controlled trials. In the future, a multi-center randomized controlled trial would be helpful in developing such guidelines.
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Figure 1 Complex, cystic and solid mass in the pancreatic tail. A: Axial computed tomography with IV contrast showing a bilobed hypodense lesion with superior and inferior components with peripheral thick rim of enhancement. Blue arrow: Showing solid component. Yellow arrow: Inferior cystic component; B: Blue arrow: Calcification within tumor; C: Red arrow: Compression of splenic vein by mass effect from tumor; D: Arterial phase magnetic resonance imaging (MRI) image. Blue arrow: Showing the tumor. Yellow arrow: Normal pancreatic tissue; E: MRI post gadolinium study, blue arrow: Thick peripheral solid enhancing component with central non-enhancing cystic component with internal septation; F: Solid and cystic mass on endoscopic ultrasound.
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Figure 2 Pathological phenomena. Histology shows solid areas with poorly cohesive cells forming cuff around blood vessels resulting in a pseudopapillary architecture. Tumor cells show uniform nuclei with finely textured chromatin, inconspicuous nucleoli and occasional longitudinal grooves. A: × 20 magnification; B: × 40 magnification; C: CD 10 positive; D: CD 56 positive; E: Vimentin positive.
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Figure 3 Abdominal computed tomography angiography. A: Computed tomography angiography showing 2.3 cm hypodense lesion in head of pancreas; B: Magnetic resonance imaging (MRI) axial view, T1. Arrow: Mass appears as a hypointense lesion; C: Coronal MRI T2 tumor is hyperintense and solid; D: Endoscopic Ultrasound showing hypoechoic mass in pancreatic head.
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Figure 4 Magnetic resonance imaging. A: Large mass with rim of calcification; B: Axial T1 image. Blue arrow: Solid enhancing component of the tumor; C: Magnetic resonance imaging (MRI) T1 post gadolinium image, yellow arrow: Large mass with bright T1 hyperintense signal; blue arrow: Changes inside mass appear as hypointense; D: Axial T2 MRI blue arrow: Heterogenous T2 signal in conjunction with the bright T1 signal (yellow arrow in image C) is consistent with internal hemorrhage; yellow arrow: T2 hyperintense in conjunction with hypointense appearance (blue arrow in image C) correlates with a cystic component of the mass; E: 6 cm hypodensity with rim enhancement and central hyperdense contents representing post-surgical fluid collection.
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Figure 5 Endoscopic ultrasound with fine needle aspiration and biopsy is often performed to differentiate solid pseudopapillary neoplasm from other cystic lesions should the diagnosis remain unclear after initial evaluation with computed tomography and/or magnetic resonance imaging. CT: Computed tomography; EUS: Endoscopic Ultrasound; FNA: Fine needle aspiration; FNB: Fine needle biopsy; MRCP: Magnetic resonance cholangiopancreatography; SPN: Solid pseudopapillary neoplasm; CEA: Carcinoembryonic antigen.
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Figure 6 Based on the demographic and imaging characteristics of the solid pseudopapillary neoplasm tumors, we created an algorithm for the diagnosis, management, and post-surgical follow-up in order to avoid unnecessary testing and avoid misdiagnosing a malignant neoplasm in preoperative evaluation. SPN: Solid pseudopapillary neoplasm; CT: Computed tomography.
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