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Abstract
BACKGROUND
The ampulla of Vater is an anatomically and histologically complex region giving rise to a heterogenous group of tumors. This is, to the best of our knowledge, the first case of intra-ampullary papillary-tubular neoplasm combined with ampullary neuroendocrine carcinoma reported in the literature.

CASE SUMMARY
A 61-year-old woman presented to the emergency department for evaluation of painless jaundice. Contrast-enhanced computed tomography (CT) of the abdomen and chest showed a periampullary tumor mass measuring 15 mm × 12 mm × 14 mm, with no evidence of locoregional and distant metastases, for which she underwent pancreatoduodenectomy. Histopathologic examination of a resected specimen revealed an intra-ampullary papillary tubular neoplasm with high-grade dysplasia in combination with poorly differentiated grade 3 neuroendocrine carcinoma with a mitotic count of more than 20 mitoses per 10 high power fields and Ki-67 index of 100%. No positive lymph nodes were identified. Her postoperative course was uneventful. Postoperatively, she remained under close surveillance. Multiple liver metastases were observed on follow-up CT 8 mo after the surgery, so systemic therapy with cisplatin and etoposide was initiated.

CONCLUSION
The simultaneous occurrence of neuroendocrine and non-neuroendocrine tumors in the ampulla of Vater is rare and the pathogenesis of such tumors is largely unknown. Due to unpredictable clinical behavior and lack of solid evidence on optimal treatment strategy, close patient surveillance is advised after radical resection of the primary tumor.
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[bookmark: OLE_LINK3476][bookmark: OLE_LINK3477]Core Tip: The ampulla of Vater is a transitional region with various distinctive histomorphologic characteristics, although the simultaneous occurrence of neuroendocrine and non-neuroendocrine tumors in this region is rare. When present, problems arise in differentiation between mixed neuroendocrine–non-neuroendocrine neoplasm and the collision of two distinct tumors. Due to the rarity of such tumors, their clinical behavior remains largely unknown, as do appropriate treatment measures. After radical resection, if feasible, the standard of care for the most aggressive and/or predominant component of the tumor from the same site of origin may be adopted. Newly diagnosed cases should be discussed at multidisciplinary team meetings to tailor postoperative treatment and follow-up appropriately.

INTRODUCTION
The ampulla of Vater is an anatomically and histologically complex region constituting the junction of the biliary, pancreatic, and digestive tracts, giving rise to a heterogenous group of tumors with different growth patterns and histologic types[1]. However, the simultaneous occurrence of exocrine and neuroendocrine tumors is very infrequent.
[bookmark: OLE_LINK4259][bookmark: OLE_LINK4260]The term intra-ampullary papillary-tubular neoplasm (IAPN) is relatively new, introduced by Ohike et al[1] in 2010 to describe mass-forming preinvasive neoplasms growing predominantly within the ampullary channel, with minimal or no involvement of the bile duct, pancreatic duct, or duodenal papilla. Due to their papillary and/or tubular growth, and variable cell lineage and spectrum of dysplastic changes (adenoma-carcinoma sequence), these tumors are remarkably analogous to pancreatic and biliary intraductal papillary and tubular neoplasms [i.e., intraductal papillary mucinous neoplasms (IPMNs), intraductal tubular papillary neoplasms (ITPNs), and intraductal papillary neoplasms][1]. IAPNs are relatively rare, constituting 33% of primary ampullary tumors and 5.5% of all pancreatoduodenectomy/ampulectomy species[1]. Most cases of IAPN are associated with high-grade dysplasia (94%) or small parts of invasive carcinoma (78%)[1,2]. In their series of 82 IAPN cases, Ohike et al[1] reported four cases of IAPN-associated mixed adenocarcinomas: Two with mucionous, one squamous, and one with a neuroendocrine component.
Neuroendocrine carcinomas (NECs) are poorly differentiated high-grade epithelial neoplasms showing morphological and immunohistochemical features of neuroendocrine differentiation[2]. Although rare, constituting 0.9%-2% of primary ampullary tumors[3-5], NECs in the small intestine are almost exclusive to the ampullary region[2,6]. However, available data is limited to small case series or retrospective reviews[3-8], with only few reports concerning ampullary tumors with neuroendocrine and non-neuroendocrine components[9].
In the present case, we describe an unusual combination of IAPN with high-grade dysplasia and NEC with a Ki-67 proliferation index of 100% arising within the ampulla of Vater. We discuss its clinical and histopathological features, as well as possible pathogenesis.

CASE PRESENTATION
Chief complaints
A 61-year-old woman presented to the emergency department for evaluation of painless jaundice.

History of present illness
A week before presentation, the patient noticed darker urine and pruritus. Her stools became completely pale and yellowing of her skin appeared. She denied abdominal pain, fever, and chills but reported nausea and loss of appetite, with a loss of 4 kg over the last 4 mo.

History of past illness
The patient’s medical history was notable for ankylosing spondylitis and arterial hypertension. She had undergone cholecystectomy due to cholecystolithiasis in the past.

Personal and family history
The patient reported an 18 pack-year history of smoking. She had no history of alcohol abuse. Her medications included esomeprazole for ulcer prophylaxis, perindopril/indapamide for arterial hypertension, meloxicam for ankylosing spondylitis, and cholecalciferol for prevention of vitamin D deficiency-related disorders. She had no known allergies. Her family history was unremarkable. 

Physical examination
The patient’s vital signs were normal on admission. Physical examination revealed jaundice. Her abdomen was nondistended, soft, and nontender with no palpable mass.

Laboratory examinations
Initial laboratory findings showed elevated levels of bilirubin (total: 91 µmol/L; direct: 65 µmol/L), and pancreatic (amylase: 3.27 µkat/L; lipase: 3.79 µkat/L) and liver enzymes (aspartate aminotransferase: 3.84 µkat/L; alanine aminotransferase: 9.73 µkat/L; gamma-glutamyltransferase: 27.31 µkat/L; alkaline phosphatase: 10.61 µkat/L). Serum levels of the tumor markers carbohydrate antigen 19-9 (CA 19-9) and carcinoembryonic antigen (CEA) were within the normal range (CA 19-9: 20.8 kU/L; CEA: 3.9 µg/L).

Imaging examinations
Abdominal ultrasound showed grossly distended intra- and extra-hepatic bile ducts with a probable level of obstruction at the ampulla of Vater. A contrast-enhanced computed tomography (CT) scan of the abdomen and chest revealed a well-defined homogenously enhancing mass measuring 15 mm × 12 mm × 14 mm in the duodenal ampullary region, causing upstream dilatation of intra- and extra-hepatic bile ducts and the main pancreatic duct (Figure 1). An enlarged lymph node measuring 1 cm in the hepatoduodenal ligament and separate lymph nodes measuring 8 mm in the retroperitoneum were observed. In the laterobasal segment of the left lower pulmonary lobe, a small 4 mm soft tissue nodule of uncertain potential was described. There was no convincing evidence of distant metastases. Following discussion of the patient’s case at a multidisciplinary team meeting, the patient underwent pancreatoduodenectomy (Whipple procedure) and was discharged after an uneventful recovery.

FINAL DIAGNOSIS
The resected specimen was submitted for histopathological examination. Macroscopic findings revealed a relatively well-delineated greyish-white solid tumor measuring 1.7 cm × 1.4 cm × 1.1 cm obstructing the ampulla of Vater, with no macroscopically apparent infiltration of the pancreatic tissue (Figure 2A). On histology, the tumor was composed predominantly of papillary structures lined by pseudostratified mildly dysplastic epithelium (Figure 2B and C). Focal areas with high-grade dysplasia were also found (Figure 2D), representing less than 25% of the tumor. However, an invasive component was lacking. There was a sharp transition to poorly differentiated grade 3 NEC (Figure 3A), measuring 11 mm in the greatest diameter, with a mitotic count of more than 20 mitoses per 10 high power fields (Figure 3B). Immunohistochemical analysis of the neuroendocrine tumor revealed cells positive for synaptophysin, insulinoma-associated protein 1 (Figure 3C), diffusely positive for cytokeratin (CK) 7, focally positive for CK19, diffusely positive for thyroid transcription factor-1 (TTF1), and negative for chromogranin A, CK20, gastrin, insulin, somatostatin, and glucagon. The proliferative index (Ki-67) was 100% (Figure 3D). The papillary-tubular component lacked immunoreactivity for neuroendocrine markers, CK20, and TTF1, but was diffusely positive for CK7, CK19, and mucin 2. There was no lymphovascular or perineural invasion. Surgical margins were negative. No metastases to 25 examined lymph nodes were found. The histological features were consistent with a combined IAPN with high-grade dysplasia and poorly differentiated NEC.

TREATMENT
Pancreatoduodenectomy (Whipple procedure) with lymphadenectomy was performed for tumor removal. Considering the final histopathologic diagnosis, close postoperative surveillance was advised at a multidisciplinary team meeting for neuroendocrine tumors.

OUTCOME AND FOLLOW-UP
The postoperative course was unremarkable and the patient was discharged from the hospital on postoperative day 6.
Further diagnostic work-up of the patient was performed with the aim of excluding the possibility of a metastatic NEC, especially in view of CK7 and TTF1 positivity. She therefore underwent an 18F-FDG PET/CT scan 1.5 mo after the surgery, which showed no metabolic activity in a previously described 4 mm peripheral lesion in the laterobasal segment of the left lower pulmonary lobe. Furthermore, no metabolically active lesions were found elsewhere in the body suggestive of distant NEC metastases.
Postoperatively, the patient attended regular follow-up visits and CT evaluation every 3 mo. Follow-up chest CT scans showed no evidence of disease spread to the lungs and no changes to a previously described pulmonary lesion. However, several small (the largest one measuring 15 mm) hypervascular lesions in the right liver lobe, suggestive of liver metastases, were observed on abdominal CT scan 9 mo after the surgery (Figure 4). Systemic therapy with cisplatin and etoposide was therefore initiated 

DISCUSSION
[bookmark: OLE_LINK4261][bookmark: OLE_LINK4262]Simultaneous coexistence of two distinct tumors can result from either proliferation of a single precursor cell with divergent differentiation (composite tumors), or combined growth of two different neoplastic clones arising from distinct precursor cells (collision tumors)[10]. Mixed neuroendocrine–non-neuroendocrine neoplasms (MiNENs) are a conceptual category of epithelial neoplasms in the gastro-entero-pancreatic tract displaying a coexistence of neuroendocrine and non-neuroendocrine components, each comprising at least 30% of the neoplasm[2]. The term was introduced by La Rosa et al[11] in 2016 to better address the morphological and biological heterogeneity of this group of neoplasms, as opposed to their previous classification under the category of mixed adenoneuroendocrine carcinomas[2,11]. Despite a combination of adenocarcinoma and NEC being the most frequent, mixed digestive neoplasms encompass a heterogeneous spectrum of possible combinations between neuroendocrine neoplasms (typically poorly differentiated NEC) and other epithelial tumors of the tubular digestive tract (adenoma, adenocarcinoma, and squamous cell carcinoma) and pancreas (ductal adenocarcinoma, acinar cell carcinoma, IPMN, and serous cystic neoplasm)[11]. Nevertheless, neoplasms in which the non-neuroendocrine component consists solely of a carcinoma precursor do not fit the definition of MiNENs according to the 2019 WHO classification[2]. Based on available molecular data, the two components of MiNENs exhibit common molecular alterations, indicating a monoclonal origin from a common pluripotent epithelial stem cell capable of bidirectional differentiation toward endocrine and exocrine phenotypes[10-12]. In contrast, collision tumors result from two distinct cell populations giving rise to two separate but adjacent components with no mixed or transitional area in between, exhibiting a completely different genetic landscape[10].
[bookmark: OLE_LINK1]Whether the tumor described in our patient represents a true mixed neoplasm with both exocrine and endocrine differentiation, or whether it is a coincidental collision tumor seems unclear. In our case, NEC is associated with IAPN, which is a preinvasive neoplasm. Similarly, individual reports can be found in the literature concerning NEC associated with intracholecystic papillary-tubular neoplasm (ICPN) in the gallbladder[13-16] or IPMN in the pancreas[17-19]. However, the literature data regarding the histogenesis of such tumors is not clear. Alternatively to the concurrent existence of two distinct independent lesions, some authors suggest that the two components of the tumor potentially arise from either a common progenitor capable of differentiation in several directions or by transdifferentiation of one tumor cell to another[20,21]. Meguro et al[14] described a case of mixed adenoneuroendocrine carcinoma arising from ICPN associated with pancreaticobiliary maljunction. Based on the histopathologic appearance, they proposed a transdifferentiation from poorly differentiated adenocarcinoma to NEC as the most possible histogenesis of the tumor[14]. Furthermore, Sciarra et al[15] performed immunohistochemical and molecular analysis of a gallbladder MiNEN composed of ICPN, adenocarcinoma, and NEC and revealed the same mutation profile, namely, TP53 mutation c.700T>C in all three components, supporting the hypothesis of their monoclonal origin. On the other hand, Stukavec et al[17] studied chromogranin A and CD57 as markers of neuroendocrine differentiation in pancreatic NEC combined with IPMN and, based on the pattern of immunoreactions, refuted the hypothesis that the two components share a common origin from one progenitor neoplastic cell. However, in most previously described cases of IPMN or ICPN presumably related with a neuroendocrine component, the papillary component showed variable areas of high-grade dysplasia together with invasive carcinoma[14,16,18,19]. In our case, a full differentiation spectrum is lacking since IAPN shows mainly low-grade dysplasia with only small foci of high-grade dysplastic changes, comprising less than 25% of the tumor and no invasive component. We could postulate that the IAPN component gave rise to invasive adenocarcinoma, which very early transdifferentiated to NEC, as has been shown in colorectal NEC with adjacent glandular adenoma or adenocarcinoma components. In these tumors, extensive molecular analysis has provided evidence that the two components share a common clonal origin and that their separation occurs early during malignant transformation, with subsequent independent mutational evolution[10,22]. Moreover, typical genetic founder mutations of the classical colorectal adenoma-carcinoma sequence found in colorectal NECs strongly suggest their evolution from colonic mucosa through a similar malignant transformation process, with additional subsequent transdifferentiation into a neuroendocrine cell phenotype[22]. Genetic data allowing definite conclusions regarding the molecular origin of ampullary NEC are non-existent. In our case, therefore, NEC arising from IAPN could be suggested but remains hypothetical, allowing a strong possibility that the two tumor components derived from two distinct pathologic events and their co-occurrence is only coincidental.
Due to the rarity of such tumors, their clinical and pathological behavior remains largely unknown, as do appropriate therapeutic measures. In the case of MiNENs, their outcome is highly dependent on the type of neuroendocrine and non-neuroendocrine components, giving rise to different prognostic categories according to the grade of malignancy of each component[11]. In the present case, whether it is a true mixed neoplasm or not, the tumor’s pure counterparts are associated with contrasting clinical outcomes. Non-invasive IAPNs show a favorable prognosis with 3- and 5-year survival of 100% after successful removal[1]. The prognosis of invasive IAPNs is still significantly better than that of conventional invasive carcinomas of the ampulla, although the difference in survival rate at 5 years did not reach statistical significance (3-year survival rate 69% vs 44%, P < 0.01 and 5-year survival rate 45% vs 28%, P = 0.06 for invasive IAPNs vs other invasive ampullary carcinomas, respectively)[1]. On the other hand, NECs are highly aggressive neoplasms, usually even more so than the common types of carcinoma arising at the same site[2]. Reported overall survival for patients with localized disease was 38 mo in a Surveillance, Epidemiology and End Results data analysis of 2546 patients with high-grade gastrointestinal NECs[23]. In comparison, the overall survival of 28.6 mo was reported for localized gastro-entero-pancreatic MiNENs in a large multi-center series[24]. Specific data on ampullary NEC or MiNEN survival are lacking, but their prognosis seems dismal. Vanoli et al[6] collected a retrospective series of 203 duodenal and ampullary neuroendocrine neoplasms treated surgically or endoscopically, among which 22 were ampullary NECs. Most NECs caused patient death in a median of 10 mo from diagnosis, with only one patient being alive without disease 42 mo after surgery[6]. Similarly, among 18 surgically treated ampullary neuroendocrine neoplasms reported by Milanetto et al[7], disease recurrence occurred in all four cases of NECs, with a median disease-free survival of 14 mo after R0 pancreatoduodenectomy. Despite systemic treatment of recurrence, all four patients eventually died due to NEC progression, after a median follow-up of 23 mo[7]. Given the shorter survival time and high risk of recurrence after upfront surgery, the authors proposed alternative treatment approaches for ampullary NECs, provided that biopsy availability is ascertained before the final therapeutic decision[7]. Adjuvant chemotherapy after R0 resection seems to offer improved survival[25,26]; however, the clinical relevance of this finding cannot be determined solely on the basis of individual reported cases.
Since no guidelines or solid evidence exist to support the best way of adjuvant or other types of treatment, it seems reasonable to plan the treatment according to the standard of care for the most aggressive and/or predominant component of the tumor from the same site of origin, in our case ampullary NEC. Based on the European Neuroendocrine Tumor Society guidelines for gastro-entero-pancreatic NECs, surgical resection together with platinum-based postoperative chemotherapy is advised in the case of localized disease, although supported by low-level evidence[23,27]. After complete resection of localized NEC, follow-up visits with conventional imaging (CT or magnetic resonance imaging) should be scheduled every 3-6 mo during the first 2 to 3 years and then every 6-12 mo up to 5 years after surgery[27]. In the case of coexistence of two different tumors, clinical patterns might differ significantly[24]. We thus recommend that newly diagnosed cases are discussed at multidisciplinary team meetings to tailor postoperative treatment and follow-up appropriately. The present case showed significant mitotic activity and an elevated proliferation index, as confirmed by diffuse detection of Ki-67 in 100% of cells. However, no lymph node metastases were demonstrated in any of the 25 examined lymph nodes. The patient did not undergo adjuvant systemic treatment initially; however, she was kept under close surveillance. Systemic therapy with cisplatin and etoposide was initiated after liver metastases were discovered on follow-up CT 8 mo after the surgery.

CONCLUSION
We describe, to the best of our knowledge, the first case of IAPN associated with NEC. The pathogenesis of this rare entity is considerably unclear, with problems arising in differential diagnosis between mixed neuroendocrine–non-endocrine neoplasm or collision of two distinct tumors. Radical resection is the treatment of choice for resectable tumors, although the prognosis appears unpredictable. Further investigations including molecular analyses are required to advance the biological understanding of this rare disease and identify the appropriate treatment strategy. 
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Figure 1 Abdominal computed tomography images. A: A 1.5 cm contrast enhancing mass was seen in the ampullary region (arrow) together with a dilated main pancreatic duct; B: The mass led to obstruction and upstream dilatation of intra- and extra-hepatic bile ducts and the main pancreatic duct (arrows).
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[bookmark: OLE_LINK2]Figure 2 Combined intra-ampullary papillary-tubular neoplasm and neuroendocrine carcinoma. A: Section through the ampulla of Vater revealing a well-demarcated tumor localized to the area; B: Low power magnification depicting a well-delineated non-invasive tumor composed predominantly of papillary structures; C: Papillary structures are lined by a pseudostratified mildly atypical epithelium; D: Higher magnification revealing areas of high-grade dysplasia.
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Figure 3 Combined intra-ampullary papillary-tubular neoplasm and neuroendocrine carcinoma. A: Low power magnification depicting abrupt transition from the papillary tumor (upper and middle left) to solid nodular proliferation (middle and right); B: Higher magnification of the solid component, consistent with poorly differentiated neuroendocrine carcinoma; C: Immunohistochemistry for insulinoma-associated protein 1 depicting diffuse nuclear positivity; D: Immunohistochemistry revealing a 100% Ki-67 index in tumor cells.
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Figure 4 Abdominal computed tomography images revealing several hypervascular liver metastases (arrows).
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