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ABSTRACT
Introduction Pancreatic tumors are a rare entity, accounting for approximately 3% of cancers in the United States. Pediatric pancreatic 
tumors are an even rarer entity, with an incidence of 0.46 per million (under 30 years of age). The purpose of this article is to review 
the existing literature to give an overview of pediatric pancreatic tumors and to delineate current treatment strategies.  Materials and 
Methods A literature search was performed using the PubMed, MEDLINE, and Scopus databases. The primary forms of the articles were 
case series, case reports, and reviews. All articles in the English language literature with patients under the age of 18 years were included. 
Search terms included pediatric pancreatic tumor, pediatric pancreatic endocrine tumor, pediatric pancreatic primitive neuroectodermal 
tumor, and pancreatoblastoma. Results and Conclusions Solid pseudopapillary tumors and insulinomas are the most common type of 
pancreatic tumors in children with the most literature available reviewing surgical methodology.  Surgery remains the treatment for 
pediatric pancreatic tumors. Laparoscopic surgery is acceptable for benign lesions if negative margins can be achieved. Given the rarity of 
many pediatric pancreatic tumors, only a few case reports were available for review in many instances.  An international collaborative is 
necessary to facilitate development of adequate treatment strategies for rare pediatric pathology such as pancreatic tumors. 
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INTRODUCTION

A review of the National Cancer Institute SEER 
(Surveillance, Epidemiology, and End Results) Public-
use Database from 1973 to 2004 found an incidence of 
malignant pancreatic cancer in patients less than 30 years 
to be 0.46/million [1]. The numbers for pediatric pancreatic 
cancer and tumors are much smaller accounting for less 
than 0.2% of pediatric cancer-related deaths [2]. Needless 
to say, standard of care for pediatric pancreatic tumors has 
yet to be determined. 

METHODS
We performed an extensive review of the English 

Language literature focusing on pediatric pancreatic 
malignancies. We primarily used the PubMed search 
engine to access the Medline database but performed 
secondary searches using EMBASE, MEDLINE and 
SCOPUS. All articles in English, including case reports, 
involving patients under the age of 18 years were included. 

However we have not quoted extensively from such case 
reports focusing the review predominantly on data from 
larger case series. While this was sufficient in a majority 
of cases, in tumors such as Intraductal Papillary Mucinous 
neoplasms (IPMN) only two case reports were available 
for the pediatric population. While we have alluded to this 
for the sake of completeness, the management of these 
rare tumors should be multi disciplinary. The articles 
reviewed (Table-1) were not time limited as pathologic 
classification for these tumors have evolved, however 
priority was given to articles published after 1995. 

In this review we have held to the original basis 
of classification of pancreatic tumors based on cell of 
origin as Exocrine or Endocrine. Exocrine tumors were 
further classified as epithelial or non-epithelial. Epithelial 
pancreatic tumors, such as solid pseudopapillary tumor 
(SPT), pancreatoblastoma, acinar carcinoma, and ductal 
carcinoma arise from ductal and acinar cells or cells of 
unknown origin are more common than nonepithelial 
tumors such as lymphomas, primitive neuroectodermal 
tumors, and mesenchymal tumors [2]. Endocrine tumors 
are also known as Gastroenteropancreatic neuroendocrine 
tumors (GEP-NET) and are further sub-classified as 
insulinoma, gastrinoma, glucagonoma, and VIPOMA [2]. 

We have elaborated on the pathology and evaluation 
of these tumors and have tried to specifically address 
the controversies associated with management of these 
tumors including 1). Type of surgery: open or laparoscopic? 
2). Surgery as a diagnostic procedure 3). Should a biopsy 
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precede the complete excision? 4). If surgery is a distal 
pancreatectomy, should the spleen be preserved? 5). Are 
the chances of splenic conservation higher with an open 
versus laparoscopic procedure? 

RESULTS
Solid Pseudopapillary Tumors

Solid Pseudopapillary Tumors (SPT) were first 
described in 1959 by Frantz and subsequently classified 

in 1996 by the WHO [3, 4]. These tumors were previously 
known as papillary cystic epithelial neoplasms, solid/
papillary neoplasms, papillary cystic tumors, and solid/
cystic tumors [5]. Typically, SPT are found in young 
females in the second or third decade of life [5]. Female to 
male ratio has been reported ranging from 2:1 to 10:1 [6]. 
Pathology reveals ovoid nuclei and eosinophilic granules 
arranged in sheets with pseudopapillary architecture [5]. 
In one case series, all tumors were positive for a particular 

Type of Tumor Article Reference Number of 
cases Surgery Performed Adjuvant Therapy Survival

Solid Pseudopapillary Tumors
Laje et al. 2013 6 H  2PDD NA 6 NED ( 0.5yr-15 yrs f/up)

B  2 DP
T  2 DP

Morita et al. 2014 5 H 1 PDD NA 1 DOD at 6 months, 4 NED
B  CP, DP  0.6yr - 6.6 yrs f/up
T 2 DP

Petrosyan et al. 2014 3 H 0 3 NED
B 1 LDP 1-3 yr f/up
T 2 LDP + S

Park et al. 2014 11 H  4 PPPD
1 chemotherapy 
+radiofrequency 
ablation

11 NED

B  1 DP, 3 DP +S f/up 1.2-10.5 years
T  1 DP, 1 DP+S

Namgoong et al. 
2014 22 H 0 NA 1 recurrence at 82 months  

requiring resection
B/T 14 LDP (10/14 spleen-preserving) f/up 1-17 years
8 DP (2/8 spleen-preserving)

Gastroenteropancreatic Neuroendocrine Tumors 
Insulinoma Padidela et al. 2014 9 H  2 subtotal, 1 lesionectomy NA No recurrence

U 1 partial, 1 lesionectomy, 2 lesionectomy 
with pancreaticojejunostomy f/up 1-12 years

B 1 subtotal
T 1 partial pancreatectomy

Peranteau et al. 2013 8 H  3 enucleation NA No f/up info reported
B  1DP
T  5 enucleation

Pancreatoblastoma Perez et al. 2009 10 information not included information not 
included information not included

Brennan. 2004 11 information not included information not 
included information not included

Bein et al. 2011 20 Stage 1: 6 RO resection 4 chemo, 2 radiation 6 complete remission
Stage 3: 5 biopsies 5 chemo, 1 radiation 3 complete remission, 2 DOD

Stage 4: 2 R0 resections,1 R1 resection,  
6 biopsies 9 chemo, 3 radiation

5 complete remission, 2 DOD,  
1 dead from toxicity, 1lost 
to f/up

Dall"igna et al. 2010 4 H 1 biopsy 3 chemo, 3 radiation 3 complete remission 
B 2 biopsy followed by 1 
complete/1incomplete resection ,  
1 complete resection

f/up 1-2 years  
1 dead from toxicity 

Intraductal Papillary Mucinous Neoplasm 
Jiao et al. 2014 1 H 1 PDD NA NED at 18 months
Fanjiang et al 2007 1 H 1PPPD NA NED > 3yrs

Primitive 
Neuroectodermal 
Tumor (PNET) of 
the Pancreas 

Mao et al. 2013

review of 
7 reported 
pediatric 
cases 
worldwide

H 4 PDD, 1 PPPD 5 chemo, 2 radiation 2 NED, 2 AWD

U 1 resection of uncinate process 2 DOD
   1 biopsy  1 lost to f/up

Table 1. Pancreatic tumors in the Pediatric age group, treatment and outcomes.
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dot-like staining pattern of CD-99. [8] They represent 2-3% 
of all pancreatic tumors [5]. There are no tumor markers 
specific to SPT. One series showed elevated alpha fetal 
protein (AFP), carcinoembryonic antigen (CEA), cancer 
antigen 19-9 (CA 19-9), and cancer antigen 125 (CA 125) 
in some patients with SPT but not all [5].

 Diagnosis

SPT in children are typically found as incidental 
masses given the benign, indolent nature of these tumors 
[5]. Typical presenting symptom is abdominal pain 
[5, 7]. Though rare, there have been reported cases of 
hemoperitoneum secondary to traumatic or spontaneous 
rupture of SPT in children. Multiple imaging modalities 
have been used to identify these lesions, including 
abdominal ultrasound (US), computed tomography 
(CT), and magnetic resonance imaging (MRI). Ozcan 
and colleagues reported on 15 patients diagnosed with 
primary pancreatic tumors with imaging over a 22-year 
period from 1991 to 2013. 7 of the 15 patients had SPT 
seen on US, CT, or MRI. Tumor size ranged from 2 to 10 cm. 
On US, most tumors showed heterogeneity with a mixture 
of solid and cystic components with some vascularity. 6 of 
the 7 showed encapsulation. All tumors on CT had contrast 
enhancement. MRI for one of the tumors showed areas 
of possible hemorrhage inside the tumor. No metastases 
were seen on any modality of imaging.

Treatment

Biopsy of these tumors is generally not recommended 
given the risk of recurrence even after complete resection 
[3]. There is general consensus that surgical resection 
offers the only cure. The type of pancreatic resection 
is dependent on location of the tumor. Because these 
patients are children there is the dual purpose of complete 
excision of the tumor with functional preservation of the 
pancreas if at all possible. Enucleation for small SPT has 
been done in the past. Pathologic studies of SPTs reported 
in a case series by Morita et al. [4] show that despite 
well-circumscribed tumors seen on imaging, there was 
incomplete tumor capsule in 4 out of 5 SPTs, with local 
infiltration into surrounding parenchyma and pancreatic 
duct. Simple enucleation has a reported increased risk of 
local recurrence probably due to incomplete resection [7]. 
Ductal involvement with incomplete resection may also 
lead to the post-operative morbidity of a pancreatic fistula. 

Even though, the first laparoscopic distal 
pancreatectomy in a porcine model was described in 1994 
and the first adult case report was published two years 
later [8], it was not until 2003 that the first successful 
LDP in a 9-year old boy was reported from France [9]. The 
reasons for the delay in adopting laparoscopic technique 
for distal pancreatectomy in children are two-fold. First, 
given the rarity of the disease process, it is difficult for 
pediatric surgeons to acquire the numbers for the learning 
curve. Second, the delay in developing instruments and 
technology suitable for the children smaller physical size 
has led to a delay in adopting laparoscopic technique in 

the pediatric population compared to the adult population 
[8]. However, as tool are being developed, laparoscopic 
distal pancreatectomies for benign lesions in children 
are not so rare. Namgoong et al. [8] reports the largest 
case series of 22 patients with SPT who underwent 
distal pancreatectomies, 14 laparoscopic (LDP) and 8 
open (ODP). The data was collected from 1995 to 2012. 
From 2007 on, distal pancreatectomies were performed 
laparoscopically. The results of the case series showed 
that patients in the LDP group had shorter recovery time in 
terms of length of hospitalization and time to oral intake, 
shorter operative time, and less blood loss compared to 
the ODP group. However, there were larger tumors with 
a high incidence of metastases in the ODP group that 
could have adversely affected all the aforementioned 
outcomes. This study reported a higher incidence of spleen 
preserving distal pancreatectomies in the LDP group. Post-
operative morbidities were similar in each group with 
pancreatic fistulas being the more common one. None of 
the complications required re-operation. There was only 
one recurrence on the LDP at 82 months requiring re-
operation and resection and reconstruction of the portal 
vein. This study did not show superiority of LDP over ODP, 
but it did show that LDP is safe and feasible for children 
with SPT in the tail of the pancreas. 

Survival

SPT generally considered benign lesions. However, 
they do have low grade malignant potential with 
metastases found 19.5% of the time when discovered [5]. 
Adults with SPT have a higher percentage of malignancy 
than children diagnosed with SPT [9]. Greater than 95% 
of SPT are localized to the pancreas. Recurrence rate after 
resection has been reported to be approximately 10%.
[5] The 5-year survival rate has been reported to be 95-
98% after complete resection.[5] Prognosis for this type of 
tumor is generally considered very good with appropriate 
treatment.

Gastroenteropancreatic Neuroendocrine Tumors 
(GEP-NET)

GEP-NETs are slow growing tumors that represent 1-2% 
of all pancreatic tumors [10]. They were first described 
as carcinoid tumors in 1907 and can be associated with 
familial syndromes such as multiple endocrine neoplasia 
(MEN) 1/2, Von Hippel-Lindau (VHL), and tuberous 
sclerosis [10]. One-third of GEP-NETS are found in the 
pancreas. Functioning tumors can produce symptoms 
specific to the substance secreted such as hypoglycemia 
in insulinomas. Insulinomas are the most common type 
found in children. While there were two cases of VIPOMAs 
reported in children, in this review we will focus on 
insulinomas, the most common type of pediatric tumor. 

Insulinoma

Insulinomas have an estimated incidence of 1 in 4 million 
people. They are more often benign lesions with a 6% 
incidence of malignancy [11]. Ten percent are associated 
with multiple endocrine neoplasia-1 (MEN-1) [11].
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Diagnosis

Symptoms of Insulinoma are typical of hypoglycemia: 
hunger, sweating, anxiety, behavioral changes, seizures, 
palpitations. If Whipple’s triad (signs of hypoglycemia, low 
measured plasma glucose, and resolution of symptoms 
with glucose consumption) is present, insulinoma 
should be suspected. An important differential diagnosis 
is Congenital Hyperinsulinism (CHI) that is a cause of 
hyperinsulinemic hypoglycemia in children that occurs 
more commonly in infancy. Nesidioblastosis is the cause of 
CHI [11]. The annual incidence 1 in 50,000 births in sporadic 
forms and as high as 1 in 2500 births in familial disease 
[11]. Histopathologic findings are hypertrophic beta cells 
and islets [11]. There are diffuse and focal forms which 
determine whether treatment is partial or near-complete 
pancreatectomy [11]. If hypoglycemia symptoms arise later 
in childhood, insulinoma should be suspected. If diagnosis 
between CHI and Insulinoma is difficult, maximum hepatic 
venous insulin (mHVI) and relative hepatic venous insulin 
(rHVI) measurements after selective arterial calcium 
injection may help in distinguishing between the two 
[12]. Insulinoma in childhood is a rare entity with the two 
largest case series consisting of eight and seven patients 
[11, 13]. There is often a delay in diagnosis from onset 
of symptoms most likely because children are unable to 
dependably recognize and communicate their symptoms. 
In one series, younger children, 10 or younger, had a 
longer duration of symptoms before diagnosis compared 
to the older children with insulinoma [13]. Some children 
who were later diagnosed with insulinoma are initially 
diagnosed and treated for seizure disorders [13]. 

The most common imaging techniques utilized 
for localizing the insulinoma include CT, abdominal 
ultrasound, MRI, and PET-CT. The most successful non-
invasive imaging was MRI identifying 7/8 lesions in one 
series and 3/6 in another 9 [11, 13]. PET-CT was able 
to identify the missed lesion on MRI in one study [11]. 
In the other series by Peranteau et al. PET-CT identified 
3/3 lesions when used, while more invasive studies such 
as arterial stimulus with venous sampling (ASVS) and 
transhepatic portal venous sampling (THVS) identified the 
presence of insulinoma when non-invasive imaging had 
failed [13]. 

Treatment

All patients in the two large series that were 
reviewed underwent exploratory laparotomy [11, 13]. 
In the series by Peranteau et al. all except one lesion was 
identified by palpation [13]. Endoscopic ultrasound was 
able to identify the non-palpable lesion [13]. Surgery 
is the mainstay of treatment for insulinoma. Size of the 
tumors in both studies ranged from 0.7 cm to 2cm [11, 
13]. Insulinomas were not found to be predominantly 
in one section of the pancreas versus another [11, 13]. 
When possible enucleation was preferred given the 
benign nature of these lesions [13]. However, in the 
case series by Padidela et al. of patients with proximal 

lesions in the head or the uncinate process (6/9), only 
one underwent enucleation, while the others underwent 
subtotal pancreatectomy or lesionectomy with 
pancreatico-jejunostomy [11]. Three patients in these 
two series combined were positive for MEN-1 [11, 13]. 

Two pancreatic fistulas and one take back for missed 
insulinoma in the splenic hilum were reported as post-
operative complications [13]. Both fistulas required 
ERCP and pancreatic stent placement. One failed that 
management and required a distal pancreatectomy and 
over sewing of the resection line [13]. The other series 
out of the United Kingdom did not report post-operative 
complication [11].

Survival

The majority of insulinomas are benign with only a 
6% incidence of malignancy, and long term survival for 
nonmalignant disease following surgical resection is 
around 80-90% in adults and is estimated to be the same 
in children. Post-operative surveillance is important, 
especially for the patients with MEN-1. In adults, the risk 
of recurrence is higher in patients with MEN-1 at ten years 
than without (21% vs. 5%) [11, 13]. 

Summary

 For localization of insulinoma, MRI should be used as 
first-line imaging with or without endoscopic ultrasound. 
If lesions are not identified on MRI, PET-CT scans may 
successfully identify the location of the Insulinoma. Given 
the benign nature of these lesions, pancreas-sparing 
surgery is the preferred operative technique. Given the 
small numbers of cases in the literature reviewed, it was 
difficult to assess the development of post-operative 
pancreatic fistulas with use of enucleation technique over 
partial/subtotal pancreatectomy. Protocols to decrease 
post-operative pancreatic fistula formation include use 
of tissue sealants and mattress sutures to reinforce the 
site of enucleation [13]. If there is a concern for ductal 
involvement at the time of surgery, partial pancreatectomy 
should be performed [13].

Pancreatoblastoma (PBL)

PBL is the most common malignant pancreatic tumor 
in children. PBL was first coined in 1977. Prior to that 
it was known as infantile carcinoma of the pancreas or 
juvenile adenocarcinoma of the pancreas [14]. It typically 
affects younger children, ages 1-8 with a mean age of 5 
[14].  These tumors are thought to arise from persistent 
embryonic pancreatic acinar cells [14].

Diagnosis

Common presenting symptoms of PBL are abdominal 
pain and palpable epigastric mass, while jaundice and emesis 
from obstruction is less common [14-18]. Neonatal cases are 
often associated with Beckwith-Wieddemann Syndrome 
or Familial Adenomatous Polyposis [14]. Cross sectional 
imaging is important to exclude porta hepatis and vascular 
invasion that would contraindicate surgical intervention.
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Surgery

While the majority of PBL has been reported as single 
case reports, there have been a few case series published 
over the last 15 years to give an idea of the rarity of the 
disease and an overview of treatment and prognosis 
[14-18]. The largest case series has come out of the 
European Cooperative Study Group for Pediatric Rare 
Tumors (EXPeRT) with 20 cases of PBL over a nine-year 
review period from 2000-2009 [16]. There were 10 and 
11 PBL cases from the North American population based 
Surveillance, Epidemiology and End Results (SEER) database 
from 1973 to 2004 and the United Kingdom National Registry 
of Childhood Tumours, respectively [17, 18].

Surgical resection is the mainstay of treatment for 
PBL whether at initial diagnosis or after chemotherapy 
[16]. If at initial laparotomy, complete resection is 
deemed unfeasible, an open biopsy must be performed for 
diagnosis. Characteristics of unresectable disease include 
invasion of one of two structures of the porta hepatis: 
the portal vein or hepatic artery, metastatic disease, local 
invasion into nearby major vasculature: the aorta, inferior 
vena cava, or celiac artery [16, 18].

Survival

In the EXPeRT case series all cases of complete 
resection at time of initial laparotomy without previous 
chemotherapy survived at the end of the review period 
[16]. Metastatic disease that had response to chemotherapy 
allowing for subsequent complete resection, even some 
cases with metastatectomy included, had good prognosis 
[16]. For the whole series, 5-year event-free survival and 
overall survival were 58.8% and 79.4%, respectively. 
Outcome did not correlate with tumor site and size, but was 
strongly influenced by the feasibility of tumor complete 
resection. Survival was not related to size of the tumor, but 
to complete resection [16, 18].

Intraductal Papillary Mucinous Neoplasm (IPMN)

IPMN is a premalignant lesion of the pancreas [19]. It 
typically occurs in males in the sixth decade of life and at 
the head of pancreas and has been reported with greater 
frequency after the 1990’s. Presenting symptoms are usually 
a history of recurrent pancreatitis. At time of discovery, 50% 
of the patients present with invasive carcinoma. 

Diagnosis and Surgery 

There have been only two case reports of IPMN in 
pediatric patients. The first case report was of a 14-year old 
male who originally presented with epigastric pain for one 
year. Initial computed tomography (CT) of the abdomen 
showed an enlarged pancreatic head. Evaluation one 
year later for persistent symptoms with ERCP showed 
a characteristic fish-eye appearance of the ampulla for 
IPMN. Repeat CT showed a 13 mm hypodense lesion 
in the head of the pancreas. The patient underwent a 
pylorus-preserving pancreatoduodenectomy. He has 
done well for over three years without evidence of 
recurrence [20]. 

The youngest reported patient with IPMN was a newborn 
full-term female infant reported by Jiao and colleagues in 
2015 in Pancreatology [21]. Presenting symptoms were 
hypoglycemia one day after discharge from the hospital after 
birth. Ultrasound showed a cystic mass next to the left kidney. 
MRI revealed a 2.2x3.7x3.9 cm cystic mass in the head of the 
pancreas. The neonate underwent a Whipple procedure for 
surgical resection. Pathology confirmed a 4.0cm IPMN with 
high grade dysplasia and enlarged islets of Langerhans. 
KRAS mutation was found only in the tumor cells, and a de 
novo germline SKIL mutation was also found upon further 
investigation. This was the first case of IPMN and concurrent 
congenital hyperinsulinism in an infant.

Survival

Survival reports can only be extrapolated from adult 
case series as no substantial pediatric data is available. 
3-year survival after surgical resection is reported to be 
60-80%. It is decreased to 21% with invasive cancer.

Primitive Neuroectodermal Tumor (PNET) of the 
Pancreas 

PNETs are small round cell tumors that were first 
described in 1918 in association with peripheral nerves. 
They are part of the Ewing sarcoma family of tumors and 
typically found in soft tissue of the pelvis or extremities. 

Diagnosis and Surgery

Mao et al. reported the first case of pancreatic PNET in 
Asia and the 14th case reported in the literature [22]. Age range 
for all 14 patients was from 6-31 years of age, with 7 of the 
14 under the age of 18 years [22]. These patients presented 
more commonly with jaundice from biliary obstruction or 
abdominal pain from mass effect. Tumors from the pediatric 
patients were typically CD99/O13 + and positive for the t 11; 
22(q24;q12) chromosomal translocation [23]. Treatment 
should be aggressive with complete surgical resection if 
possible. Chemotherapy and radiation therapy may extend 
survival than just surgical resection alone [22].

Survival 

PNET tumors are highly aggressive with very poor 
prognosis [22, 25, 26]. Five year survival for PNET is reported 
to be 50%. In the series reported above, longest follow-up 
was 50 months and probably the longest survival as well [22].

Pancreatic Ductal and Acinar Carcinoma

Acinar cell carcinoma typically affects men in their 
fifth decade of life, while ductal carcinoma is rare in 
patients under the age of 40 [1]. Pediatric cases have 
been reported for both types of cancers but are extremely 
rare [1, 26]. Most reported cases of ductal carcinoma in the 
pediatric population have been before pathologic diagnosis 
of SPT or pancreatoblastoma, so many cases were likely 
misidentified as ductal carcinoma [26]. Surgery is still 
the mainstay of treatment, regardless of type of tumor. 
Evaluation and surgical treatment needs to be individualized 
and no recommendations can be given based on the sparse 
pediatric literature on this topic. Complete resection of acinar 
carcinoma has led to survival without recurrence [1].
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 CONCLUSIONS
SPT and insulinomas are the common pediatric 

pancreatic tumors. As they are often benign, a 
laparoscopic approach to resection has been shown 
to be acceptable in some case series. Malignant 
pancreatic tumors in the pediatric population can 
be very aggressive. They are treated with complete 
resection, sometimes in association with chemotherapy 
and radiation therapy, with the intent of extending 
disease-free survival. Individual countries have formed 
databases for these rare tumors with the purpose of 
elucidating presentation, diagnosis, and treatment of 
these rare tumors. An international collaborative would 
be ideal to capture potential missed cases. 
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