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Abstract
Pancreatic cysts are increasingly diagnosed due to expanding use of cross-sectional imaging, but current diagnostic modalities have limited diagnostic accuracy. Recently, a novel through-the-needle microbiopsy forceps has become available, offering the possibility of obtaining cyst-wall biopsies. We present a case of 41-year-old male with chronic pancreatitis and a 2-cm pancreatic cyst, initially considered a pseudocyst. Subsequently, endoscopic ultrasound guided microbiopsies were successfully obtained, which surprisingly revealed an intraductal papillary mucinous neoplasm of mixed subtype with low grade dysplasia. In conclusion, obtaining biopsies from the wall of the pancreatic cystic lesions with this novel instrument is feasible and, as demonstrated in this case, can possibly alter the clinical outcome. Microbiopsies offered enough cellular material, allowing supplemental gene mutation analysis, which combined with other modalities could lead to a more individual approach when treating pancreatic cysts. However, prospective studies are warranted before routine clinical implementation.
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INTRODUCTION
[bookmark: OLE_LINK1353][bookmark: OLE_LINK1354][bookmark: OLE_LINK1458][bookmark: OLE_LINK1459][bookmark: OLE_LINK904][bookmark: OLE_LINK905][bookmark: OLE_LINK910][bookmark: OLE_LINK911][bookmark: OLE_LINK912][bookmark: OLE_LINK913][bookmark: OLE_LINK1172][bookmark: OLE_LINK1177][bookmark: OLE_LINK1178][bookmark: OLE_LINK1743]Pancreatic cysts are increasingly diagnosed due to expanding use of cross-sectional imaging[1]. Whereas some of the cysts are completely benign, others are considered malignant or pre-malignant [intraductal papillary mucinous neoplasm (IPMN) and mucinous cystic neoplasia (MCN)]. Endoscopic ultrasound (EUS) represents a cornerstone in preoperative diagnosis of these cysts, but cannot be used as a stand-alone modality[2]. EUS-guided fine needle aspiration (EUS-FNA) cytology has a relatively high specificity of 90.6%, but low sensitivity (64.8%), which is mainly due to absence of sufficient cellular material in the cyst fluid for a definite diagnosis[3,4]. A novel through-the-needle microbiopsy forceps (Moray™, US Endoscopy, Mentor, United States) has recently become available, offering a possibility of obtaining cyst-wall biopsies[5].

CASE REPORT
A 41-year-old male, with substantial alcohol abuse and chronic pancreatitis, was referred to the gastroenterological department due to long-lasting abdominal pain and a 2 cm cyst located in the body of the pancreas. After an initial EUS and subsequent multi-disciplinary conference, the lesion was classified as a pseudocyst, which was considered asymptomatic due to its small size. Due to persisting symptoms and the fact that the cyst had not decreased in size, another EUS was performed six months later, and the cyst was punctured through the stomach wall with a 19 Gauge needle (Expect-Flex™, Boston Scientific, Marlborough, United States). Subsequently, the Moray™ micro-biopsy forceps was introduced though the needle and two microbiopsies from the cyst wall were obtained (Figure 1). Lastly, the cyst was drained and the fluid was sent for carcinoembryonic antigen (CEA) analysis. The total procedural time was 12 min and no adverse events were observed. Cyst-fluid CEA value was 12 µg/L. The microbiopsies were fixed in formalin and processed for histology and immunohistochemical (IHC) staining for MUC1, MUC2, MUC6, MUC5AC, and CDX2. Surprisingly, the biopsies revealed fragments of mucinous epithelium with goblet cells. The nuclei where found basally oriented with focally distinct nucleoli. No mitoses where present. The epithelial cells where positive for MUC1 and MUC5AC and focally positive for CDX2 and MUC2. The underlying stroma consisted of fibroblasts and collagen tissue without any bleeding. Conclusively, the features seen on the biopsies were consistent with IPMN of mixed type: pancreatobiliary and intestinal subtype. Subsequently, the biopsies were examined by next generation sequencing (NGS) using the Ion AmpliSeq Cancer Hotspot Panel v2 (Life Technologies, Carlsbad, United States). The multigene panel explores selected regions of 50 cancer-associated genes, among others KRAS, GNAS, CDKN2A and SMAD4 genes. We were able to obtain adequate and fine quality DNA for NGS analysis, which was performed with approximately 2 million mapped reads and a uniformity of about 97%. No mutations were found. The patient was planned for follow-up in 6 mo.

DISCUSSION
Obtaining biopsies from the wall of the pancreatic cystic lesions with the use of a through-the-needle microbiopsy forceps seems feasible. The jaws of the forceps with an opening width of 4.3 mm are easily identified on EUS and as such can be guided to obtain biopsies from different areas of interest (Figure 1). Needle-based confocal laser endomicroscopy (nCLE) is a comparative technique, also used in conjunction with a 19G needle. Several studies have shown that the procedure has a high specificity (close to 100%), but the rather low sensitivity of approximately 60% for predefined epithelial structures[6,7]. There are currently no data on the efficacy of nCLE to predict dysplasia. On the other hand, acquirement of tissue samples with the use of the microbiopsy forceps enables further diagnostic possibilities (e.g., immunohistochemistry, next-generation sequencing). Conventional EUS-FNA is considered safe with a low associated risk of hemorrhage (0.69%)[8]. Furthermore, most cases of intracystic hemorrhage resolve spontaneously and do not require further management. Microbiopsy forceps procedure appears safe with no adverse events reported, although the use has been limited[9,10]. This novel instrument requires the use of a larger 19G needle, which possibly is associated with a higher risk of adverse events[8]. This should be however seen in the light of an increased diagnostic yield. Obtaining samples from lesions in the head of the pancreas or the uncinate process can be technically challenging with a 19G needle, especially when the forceps is introduced. However, the procedure seems to be associated with rather high technical success rates[9,10].
In this case, the biopsies offered adequate tissue for histology and IHC staining and secured a diagnosis of IPMN with low grade dysplasia. The lesion was presumably of a mixed type: Pancreatobiliary subtype due to positivity in MUC1 and MUC5AC stains and the intestinal subtype due to positivity in CDX2 and MUC2 stains with the presence of goblet cells (Figure 2). When compared to gastric and oncocytic subtypes, pancreatobiliary and intestinal subtypes are associated with progression to high grade dysplasia and invasive carcinoma[11]. Previously, surgical series have shown that the clinical behavior of an invasive carcinoma derived from the pancreatobiliary type IPMN has a significantly poorer prognosis than those associated with the intestinal subtype[12,13]. On the other hand no mutations in genes controlling cell cycle and arrest (KRAS, CDKN2A, SMAD4, PIK3CA) or DNA repair (TP53) were found, the presence of which would also have rendered a poorer prognosis[14]. Even though GNAS and concomitant KRAS mutations is considered specific of IPMN, the sensitivity is low[15], as to why a negative result of the NGS analysis does not rule out underlying pathology as seen in this case. 
As a new diagnostic tool, the Moray™ microbiopsy forceps offers new diagnostic challenges for both endoscopists and pathologists, one of these being the issue of contamination of the tissue obtained by the microbiopsy forceps during the procedure. As EUS-guided FNA-needle either passes through the duodenum or the stomach, contamination with gastric or duodenal epithelium is possible and commonly seen in cytology specimens. In this case the cyst was punctured through the stomach wall, indicating the presence of goblet cells in the microbiopsy is not due to contamination from the duodenum. The endoscopist should therefore always note the location of the echo-endoscope when puncturing the lesion. Nuclear atypia such as high nuclear to cytoplasmic ratio, irregular nuclear membranes, and prominent nucleoli are also helpful characteristics for the pathologist to distinguish contamination from neoplasia in cytology specimens[16] and is by our experience applicable in the interpretation of microbiopsies.
Although calcification of the pancreas is usually considered to be one of the signs of chronic pancreatitis, it can also be associated with IPMN[17,18]. The exact pathogenic mechanism is unknown, but it is believed that extensive mucus production causes obstructing pancreatitis and formation of calcifications, the presence of which might lead to diagnostic confusion[19]. In the case mentioned above, the microbiopsy forceps has not only contributed to additional diagnostic information, but has also altered the initial diagnosis from a benign pseudocyst to a side branch IPMN with low grade dysplasia, causing a significant change in the treatment. Taken the patient’s history, EUS characteristics with no dilated pancreatic duct, and low CEA-concentration in the cyst fluid into account, without the micro-biopsies, no further follow-up would be instigated. After a multidisciplinary conference, the patient was instead referred for a surveillance program. Even though the use of the microbiopsy forceps seems feasible, at present there is only limited clinical experience with this instrument and further studies are warranted in order to determine its diagnostic value in pancreatic cysts.	
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Case characteristics
A 41-year-old male with chronic pancreatitis and abdominal pain. 

Clinical diagnosis
A 2 cm cyst located in the body of the pancreas.

Differential diagnosis
Mucinous cyst.

Laboratory diagnosis
A low level of cyst fluid carcinoembryonic antigen.

Imaging diagnosis
Endoscopic ultrasound suggested a pseudocyst.

Pathological diagnosis
Microbiopsies yielded the diagnosis of an intraductal papillary mucinous neoplasm of mixed type with low grade dysplasia.

Treatment
Clinical follow-up. 

Related reports
Pancreatic cysts are increasingly diagnosed due to expanding use of cross-sectional imaging. Endoscopic ultrasound cannot be used as a stand-alone modality.

Term explanation 
The wall of a pseudocyst has no epithelial lining, as to why presence of epithelial cells excludes the diagnosis of a pseudocyst. 

Experiences and lessons
Obtaining microbiopsies from the wall of a pancreatic cyst and subsequently performing microscopic evaluation as well as NGS-analysis has to our best knowledge not previously been reported. The technique seems feasible and, as demonstrated in this case, can possibly alter the clinical outcome. 
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Figure 1 Endoscopic ultrasound image of the pancreatic cyst punctured with a 19 gauge needle with a microbiopsy forceps. Green arrow: Cyst wall; Red arrow: Microbiopsy forceps. 
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Figure 2 Microbiopsy specimen 20 × original magnification. A: Hematoxylin and eosin stain (A) reveals fragments of mucinous epithelium with goblet cells and basally oriented nuclei; B-D: The epithelial cells are immunohistochemical positive for MUC1 (B), MUC5AC (C) and focal positive for CDX2 (D), indicative of IPMN of mixed type: Pancreatobiliary and intestinal.
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