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Abstract
BACKGROUND 
Solid pseudopapillary neoplasms (SPN) of the pancreas represents approximately 
2% of non-endocrine tumors of the pancreas. It is described in the literature as a 
rare and predominant tumor in young women.

AIM 
To report a case series with SPN and analyzing clinical, surgical, anatomopatho-
logical characteristics, as well as the prognosis and review of literature.

METHODS 
Retrospective analysis of patients undergoing surgery, with histological diagnosis 
of SPN between 1998 and 2018, using standardized and prospectively completed 
forms, performed at the Surgery Service of the Upper Digestive System at 
Hospital São Rafael/Rede D’Or in Salvador - BA. Review of literature through a 
database search in MEDLINE/PubMed of retrospective articles.
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RESULTS 
Fourteen female patients with the average age of 31.6 years (range min-max) were 
selected. Twelve patients (85.7%) were asymptomatic, being an incidental 
diagnosis or due to screening for other reasons. One patient had abdominal pain 
due to gastric compression and another patient had jaundice. The 14 patients were 
staged with computerized tomography or magnetic resonance imaging. None had 
evidence of metastasis. In 8 patients (57.1%), the tumor was in the tail and body. 
The average size was 6.7 cm (range min-18). The type of surgery was according to 
the anatomical location of the tumor. There was no lymph node involvement. In 
two cases, vascular resection with the use of a prosthesis was required for 
reconstruction. The surgical margins were free. In all cases, postoperative 
immunohistochemistry confirmed that it was a solid pseudo-papillary neoplasia 
of the pancreas. There has been no disease recurrence in any case so far.

CONCLUSION 
The tumors had a benign, indolent and histopathological behavior compatible 
with the literature. Curative surgery is recommended in all cases.

Key Words: Frantz tumor; Malignancy; Solid pseudo-papillary tumor; Surgical treatment; 
Survival; Pancreas

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Surgery is the only curative treatment for solid papillary neoplasm of the 
pancreas. Even in cases of large tumors, wherein extensive resections of both the main 
tumor and the metastases are an absolute requirement, surgery can be curative and 
allow a long, disease-free survival. Some of the patients in the service studied 
underwent tumor resection more than 13 years ago, without relapse of the disease and 
maintaining a good quality of life. This type of neoplasm is considered rare, but in the 
present study most cases were discovered incidentally through imaging examinations, 
with the number of cases increasing since 2012.

Citation: Silano F, de Melo Amaral RB, Santana RC, Neves VC, Ardengh JC, do Amaral PCG. 
Yield of surgery in solid pseudopapillary neoplasms of the pancreas: A case series and 
literature review. World J Gastrointest Oncol 2021; 13(6): 589-599
URL: https://www.wjgnet.com/1948-5204/full/v13/i6/589.htm
DOI: https://dx.doi.org/10.4251/wjgo.v13.i6.589

INTRODUCTION
Solid pseudopapillary neoplasm (SPN) is a rare tumor of the pancreas, which was first 
described in 1959[1,2]. It represents approximately 1 to 2% of pancreatic tumors, but a 
higher incidence has been reported in recent years[3,4]. It occurs in young women, its 
natural history is unknown, and it exhibits an indolent behavior. However, SPN is 
potentially aggressive, particularly when large masses are present, and it may cause 
symptoms due to the invasion of nearby organs and vascular structures; it may even 
send distant metastases[3,5,6]. Surgery is the only curative treatment for SPN. Even for 
large tumors, for which extensive resection is imperative, including metastases, 
surgical treatment may be curative and allow long-term disease-free survival[5,7-9].

The authors present herein a case series from a single center with extensive 
experience in pancreatic surgery and assess the postoperative results in a long-term 
follow-up of SPN patients with curative intent.

MATERIALS AND METHODS
This study was approved by the Human Research Ethics Committee. The database 
from Surgery Service of the Upper Digestive System at the Hospital São Rafael/Rede 

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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D’Or, in Salvador- State of Bahia, Brazil, was retrospectively studied but with 
prospective data collection in a subsequent treatment by surgery. The authors 
identified all patients undergoing pancreatic resection for SPN between 1998 and 2018.

The clinical characteristics, perioperative, anatomopathological data, and long-term 
follow-up were analyzed. The occurrence of adverse events (AE) and the treatment 
was analyzed. The review of the literature, composed of retrospective articles, was 
conducted through a database search in MEDLINE/PubMed.

The Karnofsky Performance Status Scale was used in the initial evaluation of the 
patients, correlating the disease symptoms with physical impairment and self-care, on 
a scale of 10%-100%. A score ≥ 80% indicates an ability to perform daily activities 
without special care, despite the presence of symptoms of the disease. All surgeries 
were performed by surgeons experienced in pancreatic surgery. Pylorus-preserving 
pancreaticoduodenectomy (PPD) was the surgical technique of choice for tumors of 
the head of the pancreas, whereas distal pancreatectomy (DP) was performed for 
tumors of the body and tail of the pancreas. All patients who underwent DP were 
vaccinated against encapsulated bacteria 15 d before the procedure, including those 
whose spleen was preserved.

The Enhanced Recovery After Surgery protocol was used, except in DPs that were 
systematically drained, because reliable predictors for pancreatic fistula are lacking in 
the literature. The drain was removed on the third day after surgery if amylase was ≤ 
5000 U/L in the drained fluid[10]. The amount of pancreatic tissue removed was 
determined in the DPs and related to the appearance of diabetes mellitus (DM). The 
mean size of the surgical specimens collected in all the DPs performed in center (8 cm) 
was used. The occurrence of fistulas was classified according to the criteria of the 
International Study Group on Pancreatic Fistula[11]. A fistula was defined as an 
amylase level in the drainage fluid that is more than 3 times the upper normal limit of 
serum amylase persisting beyond 3 wk.

The Clavien–Dindo classification was used to classify AEs, whether related to the 
surgery site or not, with the aim of categorizing them into minor events, which 
required the use of analgesics and prokinetics (Clavien–Dindo I) or blood transfusion 
associated with parenteral nutrition (Clavien–Dindo II), and major events, which 
required intervention ranging from endoscopy to surgery (Clavien–Dindo III)[12]. 
Surgery-related mortality was considered up to 90 d after the procedure[13].

The microscopic criterion for malignancy, as defined by the World Health 
Organization (WHO), was the invasion of perineural, angiolymphatic, capsular, or 
peripancreatic adipose tissues[14].

The patients were followed up on an outpatient basis for at least 5 years, except one 
case, which was followed for only one year. The following parameters were analyzed: 
tumor relapse, appearance of DM, and pre- and postoperative quality of life as 
perceived by the patient (Karnofsky score).

RESULTS
Sample characteristics
Fourteen patients with SPN submitted to curative surgery over a 20-year period were 
identified, all of them female. The mean age was 31.5 years (range: 20-55); 11 patients 
(78.6%) were aged 35 years or younger. Twelve patients (85.7%) were asymptomatic. 
The diagnosis was made through abdominal ultrasound (US), which had been 
requested due to other causes. One patient (7.1%) had abdominal pain along with 
nausea and vomiting due to an 11 cm tumor that affected the body and head of the 
pancreas and caused gastric compression (Figure 1A). Another patient presented with 
jaundice and weight loss due to a 9 cm mass in the head of the pancreas (Figure 1B). 
All cases had a Karnofsky score ≥ 80%.

Imaging examinations and staging
All patients were staged using either computed tomography (CT) or abdominal 
magnetic resonance imaging (MRI). None had any evidence of liver, peritoneum, or 
lymph node metastases. Endosonography was performed in one of the patients (7.1%) 
and SPN was confirmed. The mean size of the tumors identified by the preoperative 
imaging examinations was 6.72 cm (range: 1.5-18 cm). The most common locations 
were the body and tail of the pancreas (Table 1).
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Table 1 Preoperative demographic data and clinical radiological characteristics

Demographic data (n = 14) n (%)

Gender

Female/male 14 (100)/0 (0)

Mean age (yr); (range) 31.6 (20-55)

35 yr 11 (78.6)

Symptoms

Asymptomatic 12 (85.7)

Abdominal pain and vomiting 1 (7.1)

Jaundice/weight loss 1 (7.1)

Radiological characteristics

Largest injury (cm) 18

Minor injury (cm) 1.5

Average lesion size (cm); (range) 6.7 (1.5-18)

Tumor location

Head 6 (42.8)

Body/tail 8 (57.1)

Metastasis

Yes 0

No 14 (100)

Lymph node enlargement 0

Vascular invasion 2 (14.3)

Figure 1 Heterogeneous tumor and massive lesion in the head of the pancreas. A: Heterogeneous tumor, with cystic areas, solid components, 
rejecting the gastric wall upwards; B: Massive lesion in the head of the pancreas.

Surgery
Nine patients (64.3%) underwent open surgery and 5 (35.7%) had laparoscopic 
surgery. Splenectomy was performed in 7 patients (50%), and one patient (7.1%) 
required a transverse colon resection and a partial gastrectomy due to SPN invasion of 
these organs. Because of the tumor location, DP was the most common procedure (8 
patients, 57%), while PPD was performed in 6 patients (43%). The mean intraoperative 
time was 346.6 minutes for PPD and 228.12 minutes for DP (Table 2).
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Table 2 Intraoperative surgical data

Intraoperative characteristics (n = 14) n (%)

Access way

Laproscopic 5 (38.4)

Open Laparotomy 9 (64.2)

Type of surgery

Duodenopancreatectomy 6 (42.8)

Distal pancreatectomy 8 (57.1)

Vascular resection

Yes 2 (14.2)

No 12 (85.7)

Resection of other organs

Yes 8 (57.1)

Spleen (7)

Transverse colon (1)

Stomach (1)

No 6 (42.8)

Blood transfusion

Yes 2 (14.2)

No 12 (85.7)

AEs
One PPD procedure (7.1%) required intraoperative vascular resection of the hepatic 
artery and superior mesenteric vein (Figure 2A), with the surgery lasting 17 h and the 
need for blood transfusion. The patient developed ascites and liver failure, caused by 
massive hypoperfusion of the liver due to the long period of ischemia. This patient’s 
treatment was conservative (Clavien–Dindo I). Another segmental resection of the 
superior mesenteric vein (Figure 2B) was necessary during a DP, with the surgery 
lasting 9 h and the need for blood transfusion. The patient had a satisfactory evolution.

Two patients (14.3%) submitted to PPD had AEs classified as Clavien–Dindo grade 
II (urinary and surgical wound infections, both treated with antibiotic therapy). Two 
patients (14.3%) who underwent DP developed fistulas, one had a gradeB fistula 
(Clavien–Dindo II) and the other had a gradeC fistula (Clavien–Dindo III) (Table 3).

Surgical specimen size
In 2 patients (14.3%) among the 8 patients submitted to DP, the surgical specimen 
measured less than 8 cm, and in 85.7% of the patients, the specimen measured more 
than 8 cm, with a 9-18 cm range. Two patients (14.3%) submitted to DP developed DM 
at 18 mo and 4 years after surgery. These two patients had 9 cm and 15 cm of the 
pancreas resected, respectively. They did not have comorbid conditions, including 
obesity.

Pathological characteristics
In the present study, the evaluation of the resected surgical specimens according to the 
WHO criterion did not show any features predictive of recurrence, except in one 
patient who had invasion of the peripancreatic adipose tissue and who was operated 
in 2012 with no subsequent relapse. In all surgeries, resection with free margins (R0) 
was achieved. No lymph node metastases were found in any case. The immunohisto-
chemical analysis confirmed the SPN diagnosis in all surgical specimens (Table 4).

Follow up
The mean follow-up period was 56.6 mo (12-156 mo). Ten patients were followed up 
for 5 years; 3 patients with less than 5 years since the surgery are still under follow-up. 
There were no cases of relapse. The 5year survival and disease-free survival rates were 
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Table 3 Postoperative characteristics, adverse events (classification and treatment), readmission, and deaths

Postoperative characteristics (n = 14) n (%) Clavien-Dindo

Abdominal drain 14 (100) -

Surgical site (adverse events) 4 (28.5) -

Surgical wound infection (PD) 1 (7.1) II (Antibiotic)

Transient liver failure/ascites (PD) 1 (7.1) I

Grade C pancreatic fistula (CCP); Grade B pancreatic fistula (CCP) 1 (7.1); 1 (7.1) III (EL); II (abdominal drain)

Surgical site (adverse events outside) 1 (7.1)

Urinary infection (PD) 1 (7.1) II (Antibiotic)

Readmission 1 (7.1) Grade C fistula (EL)

Death up to 90 d 0

EL: Exploratory laparotomy; PD: Pancreaticoduodenectomy.

Table 4 Pathological characteristics (n = 14)

Pathological characteristics n (%)

Free surgical margins 14 (100)

Average of resected lymph nodes 6.5

Lymph node metastasis 0

Perineural invasion 0

Angiolymphatic invasion 0

Microscopic extension of the tumor 1

Peripancreatic adipose tissue 1

Invasion of the capsule 0

Figure 2 Resection of the hepatic artery and partial resection of the superior mesenteric vein. A: Resection of the hepatic artery and superior 
mesenteric vein with placement of polytetrafluoroethylene (PTFE) prosthesis; B: Partial resection of the superior mesenteric vein using a PTFE vascular prosthesis. 
HA: Hepatic artery; PV: Portal vein; SMV: Superior mesenteric vein; IVC: Inferior vena cava.

both 100% (Table 5). The mortality rate from causes related to the surgery was 0% in 
the group. There was one death from bronchopneumonia 12 mo postoperatively. 
However, one patient reported worsened quality of life, with a Karnofsky score < 80%.
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Table 5 Follow-up of patients with solid pseudopapillary neoplasm of the pancreas

Year of surgery n Follow-up (yr) Disease free Conduct

1998 1 13 Yes MD

1998 1 1 Yes Death1

2012 4 5 Yes MD

2013 1 5 Yes MD

2014 2 5 Yes MD

2015 2 5 Yes MD

2017 1 3 Yes SG

2018 2 2 Yes SG

Mean follow-up: 4.7 years (range 1-13 years). Medical discharge: 10 patients; 3 patients still under follow-up, and one died a year after surgery.
1Patient remained free of disease and died 1 year later from pneumonia, unrelated to the underlying pathology.
CD: Conduct; SG: Follow-up; MD: Medical discharge.

Literature review
Table 6 shows several series of SPN cases described in the literature.

DISCUSSION
SPN occurs in young women, with a prevalence ratio of 9.7:1 relative to men[15-25]. 
The mean age varies from 21.9 to 41.2 years[6,15-21], which is similar to that observed 
in our case series (31.5 years). Two patients in our study were aged 47 years or older, a 
finding that corroborates the statement that SPN does not occur exclusively in young 
individuals of reproductive age. β-estrogen and progesterone receptors found in SPN 
may be the cause of the predominance of the disease among young women, including 
tumor growth in a favorable hormonal environment such as pregnancy[26,27]. In the 
present study, a 20-year-old woman in the 8th week of pregnancy with an incidental 
diagnosis of SPN (6 cm) in the head of the pancreas during an evaluation of urinary 
infection underwent PPD without harm to the pregnancy. However, the occurrence of 
SPN in men suggests that the disease is not exclusively hormone-dependent[27,28].

The presence of symptoms in patients with SPN is related to the size of the 
abdominal mass, which compresses adjacent organs, and with the location of the mass, 
a tumor in the head of the pancreas may cause abdominal pain and jaundice[15,17,20,
21]. Two patients (14.3%) in the present study had epigastric pain and nausea (one 
patient) and jaundice associated with weight loss (one patient). The former patient’s 
symptoms resulted from the compression of the stomach by an 11 cm SPN in the body 
of the pancreas, while the latter patient had a 9.5 cm SPN resting on the head of the 
pancreas. Most patients with SPN are asymptomatic and have an incidental diagnosis, 
similar to the cases of 85.7% of patients in the present study (Table 1)[20]. Torres et al
[19], in a retrospective multicenter study of 16 patients with SPN located in the head of 
the pancreas, did not observe any case of jaundice, even for lesions ≥ 10 cm in 
diameter.

SPN is malignant but indolent when compared to other pancreatic tumors. Tumor 
aggressiveness occurs in 10%-15% of the cases and is detected either at diagnosis or 
during disease progression[16,25]. Characteristics of aggressiveness include invasion 
of nearby organs or of vascular structures, hepatic metastasis, and relapse after 
treatment[5,15,16,20,21]. There are reports in the literature that an incomplete capsule 
and solid components larger than cystic components on imaging exams are related to 
greater aggressiveness[25,29]. Tumor size appears to have a stronger association with 
aggressive SPNs. Butte et al[5] suggest that SPNs ≥ 7.8 cm have a greater correlation 
with malignancy (P < 0.005). Kang et al[23] studied 351 patients and multivariate 
analysis showed a correlation between tumors > 8 cm and relapse (P < 0.0018). In the 
present study, 42.8% of patients had SPN ≥ 9 cm but this characteristic was not found 
to be correlated with the presence of distant or lymph node metastases or with disease 
recurrence, including the two cases with vascular invasion.
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Table 6 Incidental and symptoms in patients with solid pseudopapillary neoplasms (literature data)

Ref. Year n Study Incidental (%) Ap (%) Other findings (%)

Papavramidis et al[15] 2006 718 R 15.5 46.5 Mass 34.8

Lubezky et al[16] 2017 32 R 28 48 Unspecific 24

Song et al[17] 2017 53 R 39.6 37.7 Mass 30.2

Wright et al[6] 2019 78 R 30.7 42.3 Nauseas 14.1

Lin et al[18] 2019 60 R 65 31.7 Strain 2.2

Torres et al[19] 2019 16 R - 87.5 Mass 12.5

Liu et al[20] 2019 243 R 63.4 19 Unspecific

Farhat et al[21] 2020 10 R 20 40 Mass 40

R: Retrospective study; Ap: Abdominal pain.

Surgery is the treatment of choice for SPN and over 95% of tumors can be resected 
(R0). Surgery can be curative even with distant metastases[20]. Despite the indolent 
behavior seen in the present study, this neoplasm can invade nearby structures and 
organs. All patients in our study were treated with primary surgery (R0 resection), 
even the cases that required extensive resection of blood vessels (common hepatic 
artery and superior mesenteric vein) and of organs such as the transverse colon, 
stomach, and spleen, and the surgical treatment was effective. In a meta-analysis of 
highly heterogeneous retrospective studies, Yepuri et al[30] observed an SPN recur-
rence of 2% after surgical resection. Additionally, it was found that factors such as R1 
resection, positive lymph nodes, and the male gender were associated with increased 
recurrence risks. The mean time for recurrence was 41 mo, with a rate of 71% in the 
first 5 years, 25% between 5-10 years, and 4% (two cases) after 10 years. In the present 
study in which all patients were female, there was no disease recurrence during 
follow-up (Table 5), not even in the case of one patient who was followed up for 13 
years. The disease-free survival of > 5 years in 100% of the patients may be attributed 
to the absence of compromised lymph nodes, affected lymphatic vessels or perineural 
involvement (Table 4), and particularly to the thorough preoperative staging, which 
made surgeries with R0 margins possible, even when those margins were extensive 
and included the resection of large vessels.

The development of DM after DP is debatable. Studies have shown a low incidence 
of DM in these patients, between 4.8 and 8%[30]. The risk for DM appears to increase 
40%-50% seven years after surgery, which may be correlated with the amount of 
resected pancreas tissue[31]. However, obesity appears to also influence the risk. It is 
not known how much remaining pancreas tissue is required for normal glucose 
metabolism to be maintained. In our study, 25% of the patients who underwent DP 
had DM; they had 9 to 15 cm of their pancreas resected and were not obese.

For years SPN has been described as rare, representing approximately 3% of all 
pancreatic tumors[20]. An increase in the number of diagnosed cases has been 
reported in specialized centers. In the literature, the incidence varies from 2.5% to 5.1%
[16,21,32]. In the present study, the incidence was 6.3%, i.e., a significant increase in 
notified cases. In a series of cases from 1988 to 2008 at the Johns Hopkins Hospital, 41 
out of the 78 patients were diagnosed in the last 10 years of the series[6]. Other studies 
indicate a recent increase in the number of diagnoses, with over 60% of cases reported 
in the last decade[15,22,23]. In the present study, 2 patients were diagnosed and 
treated before 1998 and the others were diagnosed after 2012 (Table 5). The authors 
indicate some factors that may contribute to the appearance of new cases, including 
greater access to specialist physicians, radiologists specialized in diseases of the 
pancreas, and advances in imaging methods such as CT, MRI, and endosonography. 
Social programs such as women’s health programs — in which screening exams, e.g., 
US — are performed, explain the finding of pancreatic tumors in asymptomatic 
patients.
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CONCLUSION
In this study, SPN occurred in young women, most of which were asymptomatic. 
Surgery was curative for all patients and the tumors exhibited an indolent behavior in 
all cases.
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