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Abstract
Primary pancreatic tumors in children are rare with an overall age-adjusted incidence of 0.018 new cases per 100,000 pediatric patients. The most prevalent histologic type is the solid pseudopapillary neoplasm followed by pancreatoblastoma. This manuscript describes relevant imaging modalities and presents consensus-based recommendations for imaging at diagnosis and follow up.
Introduction
Incidence of Disease
Pediatric pancreatic tumors are very uncommon, with an overall age-adjusted incidence of 0.018 newly diagnosed pancreatic cancer cases per 100,000 people [1]. These tumors comprise a diverse group of histologically distinct neoplasms found across a range of ages with varied clinical presentations (Table I). Most are epithelial in origin, including exocrine and endocrine tumors as well as solid pseudopapillary neoplasm (SPN), which was designated as an epithelial low-grade malignant neoplasm in 2010 [2–4]. Nonepithelial primary pancreatic tumors are exceedingly rare [5,6].  
SPN is the most prevalent histological subtype (61%) of primary pancreatic tumors. SPNs demonstrate a female predominance and typically occur in adolescents [7]. Pancreatoblastoma is the second most prevalent tumor, comprising 17% of cases, and represents the most common pancreatic neoplasm of young children. Pancreatoblastoma most often occurs in the first decade and demonstrates slight male predominance (~60%) [5,7–9].Other exocrine tumors, endocrine tumors, and sarcomas are rare and more likely to occur in children 10 years or older [1]. Children with Beckwith-Weidemann syndrome are at increased risk for pancreatoblastoma, while MEN1, Von Hippel-Lindau, neurofibromatosis, and tuberous sclerosis complex are associated with pancreatic endocrine neoplasms [7,10].
Presenting Signs and Symptoms
Children with pancreatic tumors may present with abdominal pain, an abdominal mass, fever, or anorexia, prompting abdominal imaging [11]. The clinical presentation of pancreatic endocrine tumors may be dictated by the specific secreted hormone (e.g., hypoglycemic seizures presenting in the setting of an insulinoma).  In contradistinction to adult adenocarcinomas, childhood pancreatic tumors rarely present with jaundice [5,12]. Pancreatic masses may also be discovered on surveillance imaging performed in patients with predisposition syndromes or incidentally during examinations performed for other reasons [12,13]. 
Of note, tumors originating outside the pancreas and non-neoplastic processes (e.g., pancreatitis-associated fluid collections and vascular malformations) can be confused for pancreatic neoplasms [12]. Neuroblastoma can secondarily involve the pancreas, making it challenging to accurately determine the organ of origin when an infiltrative tumor is present [5,14]. 
Staging
The American Joint Committee on Cancer (AJCC) staging systems for adult pancreatic tumors have been adopted to stage childhood pancreatic neoplasms. Although the biology of childhood tumors may be different than those of adults, the AJCC staging system is used as a model in evaluating key imaging features as the criteria for resectability is similarly anatomically based [9][12].  Exocrine tumors and neuroendocrine tumors (NETs) of the pancreas have separate AJCC staging systems. Both systems use TNM classification, but grade is a significant and independent predictor of outcome for NETs [15,16].
With both exocrine tumors and NETs, patients should be evaluated by CT or MR to determine the clinical T, N, and M stage of the lesion and assess the proximity of the tumor to major vessels before any surgical or medical therapy is considered as imaging plays an important role in determination of surgical resectability. According to the AJCC staging system, key findings include presence of peritoneal or hepatic metastases, patency of the superior mesenteric and portal veins, the relationship of these vessels and their tributaries to the tumor, and the relationship of the tumor to the superior mesenteric artery, celiac axis, and hepatic artery [15]. Locally advanced pancreatic cancers have a low chance of complete resection [15]. For NETs, nuclear medicine imaging plays a complementary role in tumor evaluation and somatostatin receptor scintigraphy is a key component of disease assessment [15,17].
Outcome
Because pancreatic neoplasms are so rare in children, small sample size is a substantial limiting factor in defining associations between stage and outcome. One of the largest studies by Picado et al. reported on 109 children with pancreatic tumors over a 10 year period through the National Cancer database and found that 68% of tumors were well-differentiated and 55% had stage I disease [18]. Sixteen percent of the patients had adenocarcinoma, with nearly half presenting with stage IV disease [18]. Five-year overall survival (OS) for all pancreatic tumors was 64%. Patients that underwent surgical resection had an improved 5-year OS compared with those that did not have surgery (78% versus 33%), and the median OS for children that did not have surgery was 24 months. Inherent differences between the non-surgical group (44% Stage I) and non-surgical group (50% Stage IV) make these data challenging to interpret. As would be expected, five-year OS rates were closely linked to tumor histology, but detailed investigation of each pathologic subtype and outcome by stage was limited by the number of cases [18].	
Mylonas, et al. conducted a systematic review of 32 studies reporting on 489 children with pancreatic tumors [7]. They likewise found insufficient source data to definitively link tumor stage with outcomes, and histology again played an important role in prognosis. All-cause mortality was highest in exocrine tumors (50%) and lowest in solid pseudopapillary tumors (1%). Mortality in NETs and other types of cancer was 16% and 26%, respectively. The highest percentage of survivors was found for patients with solid pseudopapillary tumors and NETs (99%and 84%, respectively). Pancreatoblastoma exhibited the highest recurrence rate (15%) followed by exocrine tumors (12%) [7].
Selection of Imaging Modality
Imaging of pediatric pancreatic tumors mirrors practices in adult populations. Advantages and disadvantages of each modality for evaluation of the primary tumor are summarized in Table II.
Imaging at Diagnosis
Pancreatic tumors may be discovered by ultrasound performed as a first-line imaging examination in the child with abdominal symptoms or a palpable mass [8,19]. While ultrasound may first identify a pancreatic tumor, it is inadequate for complete assessment and not recommended for staging.
Locoregional staging should be performed with CT or MR. Choice of CT versus MR depends on local availability and preference, and both are acceptable [12,20]. Multiphase post-contrast CT or MR imaging of the primary tumor is recommended. (GRADE B; SOR 1.2, very strong recommendation). Use of intravenous contrast material is critical given the importance of assessment of tumor relationship with vessels.  Optimal technique includes two (or more) phases with imaging performed in the late arterial phase (“pancreatic phase”) and portal venous phase. Image acquisition without intravenous contrast (“non-contrast phase”) is not recommended for pancreatic tumors in the pediatric population. Oral contrast material is not required. However, the use of oral contrast material to distend the stomach and duodenum can help delineate pancreatic and tumor borders. CT or MR imaging of the pelvis is recommended at initial assessment for locoregional abdominal and pelvic evaluation (GRADE C; SOR 2.4, moderate receommendation).  
Screening CT of the chest is recommended at initial assessment for metastatic lung disease. (GRADE C; SOR 1.7, strong recommendation) Chest CT may be obtained with or without intravenous contrast material, depending on local practice preferences. However, intravenous contrast should be utilized if CT is already being employed for abdominopelvic evaluation. 
For all pancreatic tumors, 18F-FDG PET plays a role in assessing for locoregional and distant metastatic disease. For NETs, somatostatin receptor (SSTR) PET (e.g. 68Ga-DOTATATE) is a key component of disease assessment, and provides information relevant to potential peptide receptor radionuclide therapy (PRRT) [15,17,24]. DOTATATE is strongly preferred due to higher sensitivity and specificity for pancreatic neuroendocrine tumors. Somatostatin receptor PET can also be employed for localization of unknown primaries or to aid in diagnosis of tumors not amenable to percutaneous or endoscopic biopsy [24–26]. Given that DOTATATE may not be widely available, FDG is an acceptable an alternative to evaluate extent of disease for NETs. While FDG is sensitive, it is not specific to the diagnosis. DOTATATE PET plays an important role in disease staging and therapy planning for NETs (GRADE B; SOR 1.3, very strong recommendation)
Imaging Parameters
Recommended imaging parameters are summarized in Tables III-V.
Imaging at Follow-Up
Follow-up imaging may be impacted by tumor subtype, but routinely consists of CT or MRI of the abdomen and pelvis. Additionally, CT of the chest is recommended for follow-up of malignant tumors. (GRADE C; SOR 1.6, strong recommendation) The EXPeRT/PARTNER group recommendations for close and long-term follow-up for pancreatoblastoma may be used as a guideline, although follow-up will be variable based on histology. (GRADE C; SOR 1.7, strong recommendation) Imaging and clinical factors are considered with parameters as follows: MRI or CT repeated every 3 months in the first and second year after therapy, every 4 months in the third year, every 6 months in the fourth year, and every 12 months thereafter [9]. Tumors demonstrated to be metabolically avid on 18F-FDG PET and NETs shown to be avid on SSTR PET, particularly those with distant metastatic disease, can be followed with PET. PET also plays a role in the setting of clinical or laboratory evidence of disease progression without progression on conventional imaging, or when new indeterminate lesions are detected by conventional imaging [26]. The same parameters utilized at the time of initial examination should be employed on follow-up imaging.
Assessment of Tumor Response
Due to small case numbers, measurements of tumor response have not been well studied in pediatric pancreatic tumors. As a default, RECIST criteria is utilized to assess tumor response by CT or MRI. 18F-FDG PET and 68Ga-DOTATAE PET play a role in response assessment, particularly in patients with distant metastatic disease.
No large-scale studies have been performed to evaluate the use of quantitative imaging for pancreatic tumors.
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