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Abstract

Background and Aims: Preoperative diagnostic imaging of pancreatic solid pseudopapillary 

neoplasms (SPN) is challenging. A few studies have investigated the role of endoscopic 

ultrasound-guided fine-needle aspiration (EUS-FNA) for the diagnosis of SPN. We investigated 

the diagnostic yield of cell blocks and immunohistochemistry (IHC) for SPN using EUS-FNA 

specimens without cytological evaluation.

Patients and Methods: We retrospectively analyzed the histopathology records of patients with 

suspected SPN, who underwent EUS-FNA biopsy between January 1997 and January 2020. 

Diagnosis based on cell blocks (hematoxylin-eosin staining with complementary IHC) was 

compared with the definitive surgical diagnosis.

Results: This study included 25 patients (24 were women). Patients’ mean age was 33.7 years 

(range 12–78 years). The most common symptom was abdominal pain. SPN was an incidental 

finding in 52% of the patients. The mean lesion size was 4.3 cm (range 1.2–11.4 cm), and the most 

common endosonographic features included solid-cystic (56%) or solid (40%) tumors. Final 

diagnoses included SPNs (23) and non-functioning neuroendocrine tumors (2). The overall 

accuracy of EUS-FNA was 80%. Tumor cells showed immunopositivity for beta-catenin, CD10, 

CD99, and progesterone receptor (PR) in 93.7%, 87.5%, 83.3%, and 66.6% of patients, 

respectively. No SPN showed immunopositivity for chromogranin A.

Conclusions: Intention-to-diagnose analysis showed that the diagnostic accuracy of EUS-FNA for 

SPNs using cell blocks and complementary IHC without cytological evaluation was fairly good. 

Evaluation of beta-catenin, CD 10, CD99, and PR expression must be included in the IHC panel 

for diagnostic confirmation of SPNs using EUS-FNA biopsy specimens.

Keywords: cell block, diagnosis, endosonography, needle biopsy, immunohistochemistry, solid 

pseudopapillary neoplasm.
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Introduction

A pancreatic solid pseudopapillary neoplasm (SPN) is a rare exocrine tumor (less than 

2800 cases are reported in the English literature) 1. Women are more commonly affected (> 90% 

of the cases), particularly between the second and fourth decades of life. Most patients are 

asymptomatic or present with nonspecific symptoms, and SPN is usually incidentally diagnosed. 

SPN commonly presents as a large, well-circumscribed solid mass with cystic areas 2,3,4. Surgical 

resection is the treatment of choice, and in contrast to ductal adenocarcinoma, the 5-year disease-

free survival rate is as high as 97% 1.

Preoperative diagnostic imaging of SPNs is challenging owing to considerable 

morphological overlap with pancreatic diseases of particular aggressiveness, treatment and 

prognosis, specifically non-functioning neuroendocrine tumors (np-NET), serous cystadenoma, 

and rarely, ductal adenocarcinoma 2,5,6. Therefore, histopathological evaluation of suspicious 

lesions is necessary. Considering its high diagnostic accuracy for the detection of ductal 

adenocarcinoma 7, endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) could be a 

useful minimally invasive and reliable diagnostic modality for SPN 2,8,9.

We investigated the role of cell blocks (CB) and complementary immunohistochemistry 

(IHC) without cytological evaluation for the diagnosis of SPNs in specimens obtained by EUS-

FNA.
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Patients and Methods

Study design

We retrospectively analyzed the histopathology records of patients with surgically 

confirmed SPNs that were preoperatively diagnosed based on EUS-FNA evaluation between 

January 1997 and January 2020 in the Endoscopy Unit, Hospital 9 de Julho, São Paulo, Brazil. 

Patients’ charts were reviewed to obtain demographic data, EUS findings, and histopathological 

and IHC findings. The study protocol was reviewed and approved by the Institutional Review 

Board (Approval number: 3.518.999), and all patients provided written informed consent for the 

EUS-FNA procedure. 

Endoscopic ultrasound-guided fine-needle aspiration technique

All procedures were performed by two experienced endosonographers (JCA and CVL) 

using curvilinear array echoendoscopes. The patient was placed in the left lateral position, and 

deep propofol sedation was administered by an anesthesiologist. EUS-FNA was performed using 

22- or 19-gauge aspiration needles (Cook Medical, Bloomington, IN, USA), as well as 20-gauge 

core biopsy needles (ProCore needle, Cook Medical, Bloomington, IN, USA) depending on the 

availability of these needles and endoscopist’s preferences. A cytopathologist was not present 

during the procedures. Following puncture of the lesion, negative suction pressure (10 mL) was 

applied to the needle before performing multiple to-and-fro movements. Non-hemorrhagic small 

tissue filaments or tissue core samples obtained with this maneuver were considered satisfactory 

specimens. 
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Preparation of specimens for histopathological evaluation 

Specimens obtained using EUS-FNA were fixed in a 10% formaldehyde solution and 

subjected to centrifugation. The cell pellet was immersed in a liquid agarose solution and re-

centrifuged. Once solidified, the agarose cell block was embedded in paraffin and processed as a 

routine tissue block. Thin (3 mm) sections were cut from cell blocks and stained with 

hematoxylin-eosin (HE) 10-12. Specimens showing histopathological features suspicious for SPN 

were subjected to IHC evaluation using the avidin-biotin peroxidase method in a fully automated 

system for IHC staining (BenchMark ULTRA, Roche Tissue Diagnostics). The subset of 

antibodies selected for analysis included beta-catenin, CD 10, CD99, progesterone receptor (PR), 

chromogranin A (CG), and Ki-67. Histopathological evaluation of all specimens was performed 

by a single experienced gastrointestinal pathologist (FEV). 

Diagnostic criteria for solid pseudopapillary neoplasms

The classical histopathological findings of SPNs facilitate rapid diagnostic confirmation. 

SPN typically presents as loosely cohesive cells interspersed with solid nests showing a 

pseudopapillary arrangement of uniform epithelioid cells surrounding small blood vessels. 

Eosinophilic cytoplasm may contain hyaline globules and perinuclear microvacuoles. Mitotic 

figures are rare. Cystic degeneration of the stroma is represented by foamy macrophages, 

cholesterol clefts, and hemorrhage in varying degrees of organization. Despite these characteristic 

morphological findings, SPNs may mimic other pancreatic tumors. Therefore, IHC evaluation is 

also performed. We adopted a concise antibody panel consisting of beta-catenin, CD10, CD99, 

PR, CG, and Ki-67 to overcome the limitation of inadequate aspirates. The tumor cell nuclei in 

nearly all SPNs showed strong immunopositivity for beta-catenin, CD10 was primarily expressed 

in the cytoplasm together with dot-like accentuation, CD99 was observed in the cytoplasm 

represented by perinuclear dots, and PR expression was observed as a faint dot-like nuclear 

pattern. We observed Ki-67 expression in < 2% of the tumor cells 13-17.

Statistical analysis

Statistical analysis was performed using the SPSS software, version 20.0 (IBM, New 

York, USA). Numerical variables were expressed as mean ± standard deviation, and categorical A
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variables were expressed as simple percentages. The significance level was set to 5% for all 

statistical procedures.
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Results

We investigated 25 patients with suspicious SPNs by image analysis (24 [96%] were 

women). The mean age of patients in this study was 33.7 years (range 12–78 years). Abdominal 

pain was the most common symptom among the 12 (48%) patients who were symptomatic. SPN 

was an incidental finding in 13 (52%) patients. The mean size of the lesions was 4.3 cm (range 

1.2–11.4 cm), and the most common endosonographic features included solid-cystic and solid 

lesions in 14 (56%) and 10 (40%) patients, respectively (Figure 1). A single patient had two 

synchronous lesions in the pancreatic body and tail. Most lesions showed well-defined borders. 

Large-bore 19-gauge aspiration needles were used for sampling in 64% of patients, with a median 

of 2.5 passes (range 1–5) for every lesion. Baseline characteristics of patients and the EUS 

findings are shown in Table 1. The definitive surgical diagnoses included SPNs (23) and np-NETs 

(2). 

EUS-FNA could accurately diagnose 19 SPNs and a single case of np-NET; cell block-

based evaluation was inconclusive, and specimens obtained were inadequate for IHC evaluation in 

4 patients. Based on HE staining alone, SPN was diagnosed in 4 cases, but surgical excision 

confirmed a SPN in only 3 of these cases; the other patient was a np-NET. Complementary IHC 

evaluation was performed on the EUS-FNA specimens in 17 (68%) of 25 patients; SPNs were 

diagnosed in 16 (69.5%) of 23 patients, and np-NETs in 1 of 2 patients. IHC evaluation findings 

are shown in Table 2. The diagnostic yield of CB for SPNs was 82.6% (19/23), and the overall 

diagnostic accuracy of EUS-FNA was 80% (20/25). The remaining patient diagnosed with np-

NET was based on HE and IHC evaluation and surgically confirmed.  

In regard to the IHC evaluation, SPNs showed immunopositivity for beta-catenin, CD10, 

CD99, and PR in 93.7% (15/16), 87.5% (14/16), 83.3% (10/12), and 66.6% (8/12) of the patients, 

respectively. Tumor cells were immunonegative for CG in all 16 patients, and Ki-67 expression 

was < 2% in all patients. EUS-FNA confirmed the diagnosis of SPNs in 19 (82.6%) of 23 patients; 

16 patients were diagnosed using HE staining with complementary IHC, and 3 patients were 

diagnosed using only HE staining (Figure 2).

Intention-to-diagnose analysis showed that the diagnostic accuracy of EUS-FNA for SPNs 

using cell blocks and complementary IHC without cytological evaluation was good at 69.5% 

(SPNs were definitively diagnosed in 16 of 23 patients). However, our analysis excluded 8 A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

patients in whom EUS-FNA specimens were insufficient for IHC evaluation. Diagnosis based on 

cell blocks and IHC evaluation matched the surgical diagnosis in the remaining 17 patients, of 

which 16 showed SPNs and a single patient showed np-NET.
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Discussion

Our findings in this study concur with those reported by previous studies; SPNs typically 

occur in young women, the lesions are distributed in the pancreatic body and tail, and 

histopathologically show a characteristic solid-cystic pattern. We suspected SPNs based on this 

pattern of clinical presentation, and a definitive diagnosis was established after correlation with 

morphological and IHC findings. However, a few patients in this case series presented with 

atypical findings. SPN was detected in one man, and 26% of our patients were aged > 40 years. 

SPN was located in the pancreatic head in 26% of patients, and a solid lesion was observed in 40% 

of the patients in this study. These unusual presenting features have been previously reported in 

the literature 1,18,19, which emphasizes that in some patients, SPNs cannot be suspected based on 

demographics and imaging findings. Microscopic evaluation of tissue specimens is the only 

method for diagnostic confirmation in such cases.

In this study, we performed EUS-FNA in 25 patients with suspected SPN by image 

analysis. Satisfactory specimens were obtained for cell blocks in all patients; however, final 

diagnosis using complementary IHC could be established in only 17 (68%) patients. The 

diagnostic accuracy of EUS-FNA without cytological evaluation was 80%. The diagnostic 

accuracy for SPNs was 69.5% in patients in whom histopathological and IHC evaluation of 

specimens could be appropriately performed. 

The diagnostic yield of EUS-FNA for the diagnosis of SPNs ranges between 69.5% and 

82.4% 1,2,8. The results of our intention-to-diagnose analysis based only on histopathological 

findings were identical to those reported by Law et al.1 in the largest SPN review published to date 

(484 studies that investigated 2744 patients). However, several studies have shown that cytological 

evaluation improves the diagnostic yield for SPNs because cytomorphological and 

histopathological findings are complementary 2,8,20. Notably, the diagnosis of suspected SPNs 

based only on cytological findings without histopathological confirmation can misdiagnose np-

NETs as SPNs in up to 36% of the cases. Such misdiagnosis is commonly observed in clinical 

practice owing to considerable overlap between the radiological and even microscopic features of 

SPNs and np-NETs 9,17. Therefore, in addition to both cytological and histopathological 

evaluation, complementary IHC is widely recommended for the diagnosis of SPNs. 

There is lack of consensus regarding the optimal IHC panel for suspicious SPNs. 

However, the immunoreactivity of some markers is well established; SPNs typically show strong A
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nuclear staining of beta-catenin with 90%–100% immunopositivity in contrast to np-NETs in 

which this pattern is extremely uncommon, although cytoplasmic immunopositivity is detected in 

most cases 3,21-25. CD10, CD99, and PR are among the other markers used for this purpose. Among 

the neuroendocrine markers, immunonegativity to CG is common. We observed that EUS-FNA 

specimens showed beta-catenin immunopositivity in 93.7% of patients, and these findings were 

similar to those previously reported in the literature 3,21-25. CD10 immunopositivity was observed 

in 87.5% of the patients in this study; previous studies have reported immunopositivity rates of 

CD10 ranging between 83% and 100% for SPNs 13,14,26. CD99 immunopositivity was observed in 

83.3% of our patients. Guo et al.15 first reported the expression of CD99 in SPNs, and observed 

immunopositivity of this marker in all 55 patients investigated in the study. Another study that 

investigated 37 patients with SPNs reported the same pattern of CD99 expression 27. With regard 

to PR, its immunopositivity rates in patients with SPNs range between 79% and 100%, and the 

prognostic value of PR has recently been recognized 3,4,23,28. We observed PR immunopositivity in 

66.6% of our patients. No SPN showed immunopositivity to CG, which concurs with findings of 

previous studies reported in the literature 21,28. However, 4 previous studies have reported CG 

expression in patients with SPNs (immunopositivity in 16 [23.9%] of 67 patients) 14,27,29,30. Ohara 

et al.31 reported the expression of this marker in 6 patients with SPNs, typically with a distinct dot-

like staining pattern. These data indicate that CG cannot be used as a single specific IHC marker 

for the diagnosis of np-NETs to avoid the risk of misdiagnosis of an SPN as a NET. 

Following are the strengths of our study: (a) All specimens were obtained from surgically 

confirmed SPNs using EUS-FNA, which is a well-established safe method for pancreatic sampling 

in ambulatory settings. (b) This is one of the largest single-center studies that reports the 

usefulness of this diagnostic method for SPNs. (c) Despite the limited aspirate obtained from 

SPNs, cell blocks could be appropriately prepared for histopathological evaluation, and 

complementary IHC could be performed in almost 70% of patients. 

Following are the limitations of the study: (a) The small sample size is the most important 

drawback of the study. However, considering the rarity of this condition, it might not be possible 

to recruit a large number of patients, except in multicenter studies with a thorough review of 

patients’ histopathological records. Therefore, most knowledge regarding SPNs is based on a 

limited number of case reports and small case series available in the literature. (b) This case series 

included the sole use of cell blocks without any cytological evaluation, and adequate cell block A
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samples for complete IHC evaluation were unavailable in 30% of the patients in this study. In fact, 

the IHC panel included a limited number of markers owing to an inadequate aspirate, and the 

markers were selected based on their relevance reported in the literature and at the pathologist’s 

discretion. 

In conclusion, the preoperative diagnostic accuracy of EUS-FNA for SPNs using cell 

blocks and IHC without cytological evaluation was 69.5%. We hypothesize that the addition of 

cytopathological evaluation would result in higher diagnostic accuracy. We propose that beta-

catenin combined with CD10, CD99, and PR must be included in the diagnostic IHC panel for 

SPNs. 
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Tables

Table 1. Patient characteristics and endoscopic ultrasound-guided fine-needle aspiration 

biopsy findings in suspected solid pseudopapillary neoplasms

n %

Sex

    Female 24 96

    Male 1   4

Symptoms * 12 48

    Abdominal pain 10 40

Weight loss 6 24

Nausea/vomiting 4 16

Jaundice 3 12

Lesion location

    Neck/Body 13 52

    Head/uncinate 6 24

    Tail 6 24

Echogenicity

    Solid-cystic 14 56

    Solid 10 40

    Cystic   1   4

Borders

    Well-defined 22 88

    Infiltrative   3 12

Dilated main pancreatic duct   2   8

Needles

19 G aspiration needle 16 64

22 G aspiration needle   7 28

22 G core biopsy needle   2 8

Surgery

Distal pancreatectomy with 

splenectomy 13 52A
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Pancreaticoduodenectomy 6 24

Distal pancreatectomy 2 8

Uncinectomy 2 8

Enucleation 2 8

* 5 patients with more than one symptom.
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Table 2. Immunohistochemical profile of pancreatic tumors

Pcte Sex Age Needle (G) HE Beta-catenin CD10 CD99 PR CG Surgery

1 F 20 22 SPN NA NA NA NA NA SPN

2 F 35 22 SPN NA NA NA NA NA SPN

3 F 35 22 SPN + + NA NA - SPN

4 F 57 22 SPN + + NA NA - SPN

5 F 15 19 SPN + + NA NA - SPN

6 F 55 22 INC NA NA NA NA NA SPN

7 F 12 22 SPN + + NA NA - SPN

8 F 26 22 SPN + + + + - SPN

9 F 23 22 SPN NA NA NA NA NA SPN

10 F 23 22 INC NA NA NA NA NA SPN

11 F 32 22 SPN + + + + - SPN

12 F 32 22 SPN + - + - - SPN

13 F 61 19 INC NA NA NA NA NA SPN

14 F 34 19 np-NET - + - - + np-NET

15 F 39 22 SPN + + + + - SPN

16 F 15 19 INC NA NA NA NA NA SPN

17 F 18 19 SPN + - + + - SPN

18 F 49 22 SPN + + + + - SPN

19 F 27 19 SPN + + + - - SPN

20 F 58 20 SPN + + + + - SPN

21 F 25 20 SPN + + + + - SPN

22 F 16 19 SPN NA NA NA NA NA np-NET

23 F 74 22 SPN + + - - - SPN

24 M 38 22 SPN + + + + - SPN

25 F 23 22 SPN - + - - - SPN

SPN: solid pseudopapillary neoplasm; INC: inconclusive; HE: hematoxylin-eosin; PR: progesterone 

receptor; CG: chromogranin A; np-NET: non-functioning neuroendocrine tumor; NA: non-available
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Figure Legends

Figure 1. Endosonographic images showing a suspected SPN: A) Solid-cystic morphology. B) A 

solid lesion with well-defined borders.

SPN: solid pseudopapillary neoplasm

Figure 2: Histopathological findings of SPNs: A) Pseudopapillae formed by loosely cohesive, 

short columnar cells with eosinophilic cytoplasm and intracytoplasmic hyaline globules 

surrounding delicate vessels (HE ×400). 

Image showing immunohistochemical markers for SPNs: B) beta-catenin (×200), C) CD10 

(×200), D) CD99 (×200) and, E) progesterone receptor (×200).

HE: hematoxylin-eosin, SPN: solid pseudopapillary neoplasm
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