

[image: Cover]



Case Series

Neuroendocrine neoplasms in uncommon gastrointestinal sites: A case series and literature review
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Abstract

Neuroendocrine neoplasms (NENs) are rare, heterogeneous tumours arising from neuroendocrine cells located throughout the body. The gastrointestinal (GI) tract is the most frequent site of origin, but lesions in unusual locations such as the duodenum, gallbladder and rectum are diagnostically challenging because of their atypical presentation and radiological appearance. This series describes three patients with NENs at uncommon GI sites, highlighting imaging findings, histopathological features and management tailored to the tumour site and grade.

Contribution: Although rare, NENs at uncommon GI sites should be included in the differential diagnosis of hypervascular lesions. Accurate diagnosis requires integration of cross-sectional imaging, somatostatin-receptor PET and immunohistochemistry, guiding individualised therapy.
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Introduction

Neuroendocrine neoplasms (NENs) are uncommon malignancies that originate from neuroendocrine cells distributed in multiple organs. They represent approximately 0.5% of all cancers and exhibit variable biological behaviours.1 The gastrointestinal (GI) and bronchopulmonary tracts are the predominant primary sites.2

While lesions in the ileum, jejunum and pancreas are well-documented, NENs arising from the duodenum, gallbladder and rectum are infrequently encountered and may mimic adenocarcinoma, both radiologically and clinically. Early diagnosis is crucial for optimal management and prognosis. This case series presents three patients with NENs in these unusual GI locations, emphasising imaging characteristics, histopathology and treatment outcomes.

Ethical considerations

This study was in accordance with the ethical standards of the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Written informed consent was obtained from all individual participants involved in the study.

Case presentations

Case 1: Duodenal neuroendocrine tumour with solitary liver metastasis

A 65-year-old man presented with abdominal pain, dyspepsia, weight loss and anorexia. Routine biochemistry and tumour markers [CA 19-9, carcinoembryonic antigen (CEA), and alphafetoprotein (AFP)] were normal. Ultrasound revealed a solitary hepatic lesion in segment VI. Triphasic CT demonstrated an arterially enhancing hepatic lesion with portal-phase washout and a hypervascular polypoidal mass in the second part of the duodenum (Figure 1a).
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FDG-PET revealed uptake in the liver lesion (SUV 8.3, Figure 1b), but not in the duodenal mass. Endoscopic resection of the 1.8 cm polypoid lesion revealed nests of small round cells with granular cytoplasm; immunohistochemistry (IHC) was positive for PANCK and synaptophysin, negative for chromogranin A and Ki-67 = 1%, diagnosed as well-differentiated NET Grade 1. Fine needle aspiration cytology (FNAC) of the hepatic lesion confirmed metastasis. The patient underwent microwave ablation of the hepatic lesion and was treated with octreotide therapy. Except for a few episodes of diarrhoea, nausea and stomach pain at the initiation of therapy, the patient is doing well with no recurrence to date.

Case 2: Gallbladder neuroendocrine tumour with hepatic infiltration

A 45-year-old woman presented with nausea, upper-abdominal pain and marked weight loss. Tumour markers (AFP, CEA, CA 19-9) were normal; serum chromogranin A was elevated at 2305 ng/mL. Contrast-enhanced CT abdomen showed a large, arterially enhancing mass replacing the gallbladder and infiltrating the adjacent IV, V, VI and VIII hepatic segments (Figure 2).
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Ultrasound-guided biopsy revealed monotonous tumour cells with granular chromatin (mitotic rate 8–9/10 HPF). Immunohistochemistry was positive for synaptophysin, chromogranin, AE1/AE3; Ki-67 = 25% – 30%, diagnosed as well-differentiated NET Grade 3. DOTA-PET/CT demonstrated intense tracer uptake (SUV 52). As a result of encasement of the right hepatic artery and extensive hepatic infiltration, surgery was deferred; the patient was started on capecitabine and temozolomide. Unfortunately, the patient developed severe myelosuppression and demised due to respiratory infection.

Case 3: Rectal neuroendocrine carcinoma with peritoneal metastases

A 53-year-old man presented with intestinal obstruction. Digital rectal examination revealed a circumferential constricting growth. MRI pelvis demonstrated mural thickening of the mid- and lower-rectum with anal canal involvement (Figure 3).
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Biopsy showed cords of tumour cells with granular chromatin; IHC was positive for synaptophysin, chromogranin, INSM1, AE1/AE3; Ki-67 ≈ 30%, diagnosed as neuroendocrine carcinoma (NEC) Grade 3. CT revealed mesocolonic deposits; laparotomy PCI = 12/39. HYNIC-TOC SPECT/CT showed no significant SSTR expression; the patient was started on etoposide–cisplatin chemotherapy. The patient continued chemotherapy for 5 months; he subsequently demised from renal failure as a result of drug toxicity.

Discussion

Neuroendocrine neoplasms constitute a heterogeneous group of epithelial tumours arising from neuroendocrine cells dispersed throughout the body. Although their overall incidence is low, the number of detected cases has steadily increased over recent decades due to improved imaging modalities and heightened clinical awareness.1,2 Most NENs occur in the GI tract (approximately two-thirds) and bronchopulmonary system. Primary lesions in the duodenum, gallbladder or rectal region are less frequent, but clinically significant because of their aggressive course and diagnostic ambiguity.3

Duodenal NENs are rare, accounting for only 2% – 3% of all GI NENs and about 1% – 3% of duodenal tumours.4 They originate from enterochromaffin cells located in the submucosa of the duodenum and are most often found in its first and second parts. These tumours are typically small, solitary and well-differentiated, and are frequently detected incidentally during endoscopic evaluations performed for unrelated indications.5 They need to be differentiated from adenocarcinomas which are hypovascular, large, infiltrative and ulcerated masses showing desmoplasia. Metastases from duodenal adenocarcinomas are hypovascular, whereas those from NETs are hypervascular. Metastatic spread occurs primarily to regional lymph nodes (40% – 60%) and, less frequently, to the liver (10%).6 The majority of duodenal NENs are non-functional; however, a minority secrete biologically active peptides such as gastrin, somatostatin or serotonin, resulting in distinct clinical syndromes like Zollinger–Ellison or carcinoid syndrome.7

Contrast-enhanced CT and MRI characteristically demonstrate hyperenhancing submucosal nodules during the arterial phase. Endoscopic ultrasonography further aids in assessing the depth of invasion and nodal involvement.8 Somatostatin receptor scintigraphy or 68Ga-DOTATATE PET/CT provides high sensitivity in detecting small lesions and metastatic disease.9 In Case 1, imaging and histopathology confirmed a well-differentiated Grade 1 duodenal neuroendocrine tumour (NET) with a solitary hepatic metastasis, which was successfully managed with endoscopic resection, local ablation and octreotide therapy.

Primary gallbladder NENs (GB-NENs) are extremely uncommon, representing approximately 0.5% of all NETs and 2% of gallbladder malignancies.10 Because the normal gallbladder mucosa lacks neuroendocrine cells, their origin is thought to be secondary to intestinal or gastric metaplasia induced by chronic inflammation, particularly due to cholelithiasis or cholecystitis.11 These tumours are typically aggressive and often diagnosed at an advanced stage owing to non-specific clinical manifestations such as abdominal pain, anorexia or weight loss.12

Radiologically, GB-NENs can manifest as polypoidal intraluminal lesions, irregular mural thickening or gallbladder-replacing masses with well-defined rounded margins and intact enhancing mucosa. The ‘gallbladder-replacing’ pattern has been reported as the most frequent presentation as seen in Case 2.13 On CT, late arterial phase hyperenhancement of the tumour, along with hypervascular, large, rapidly growing, necrotic nodal and hepatic metastases, favours a neuroendocrine origin over conventional adenocarcinoma.14 MRI typically demonstrates a T1 hypointense and T2 hyperintense lesion with strong gadolinium enhancement. Nuclear imaging with 68Ga-DOTATATE or 18F-FDG PET/CT provides complementary information on receptor status and tumour grade.15 In contrast, GB adenocarcinomas present as hypovascular masses with an irregular outline and an ulcerated mucosa. Surgical resection was precluded in the presented case due to vascular invasion of the right hepatic artery and extensive hepatic involvement; the patient was treated with capecitabine and temozolomide chemotherapy.

Rectal NENs account for approximately 20% of all GI NENs and are second in frequency only to small intestinal NENs.16 Their incidence has increased markedly with widespread adoption of screening colonoscopy and high-resolution endoscopic imaging. Most rectal NENs arise from L-cells in the submucosa and are non-functional; therefore, carcinoid syndrome is rare.17 The clinical presentation depends on tumour size and depth. Small lesions (< 1 cm) are often asymptomatic, while larger or poorly differentiated lesions may cause pain, bleeding or obstruction. On MRI, rectal NENs typically appear as submucosal masses with intermediate T1 and mildly hyperintense T2 signal, demonstrating avid enhancement on post-contrast sequences.18 Rectal NENs typically appear as small, solitary, submucosal nodules showing intense homogenous enhancement with smaller lymph nodes, whereas rectal adenocarcinomas present as large, ulcerated and irregular masses causing mucosal destruction and penetrating deeper into the muscularis with larger size nodes.

Prognosis correlates with tumour grade and size. Well-differentiated, localised tumours have excellent outcomes following endoscopic or surgical excision, whereas poorly differentiated NECs are aggressive, with a high propensity for nodal and distant metastases.19 Case 3 demonstrated a Grade 3 rectal NEC with peritoneal deposits and high Ki-67 proliferation (30%), requiring platinum-based chemotherapy. A lack of somatostatin receptor expression on HYNIC-TOC SPECT/CT excluded the option of peptide receptor radionuclide therapy (PRRT).

The 2022 WHO classification divides NENs into well-differentiated NETs and poorly differentiated NECs, based on differentiation, morphology and genetic alterations. Well-differentiated NETs retains organoid architecture with uniform cytology, whereas poorly differentiated NECs have sheets of small or large cells with high atypia and necrosis. Well-differentiated NETs are further classified into G1, G2, G3 depending on Ki 67 index < 3, 3–20, > 20 (20% – 55%) and mitotic activity < 2, 2–20, > 20, whereas NEC or poorly differentiated types have Ki 67 > 20, usually > 70% – 80%. Neuroendocrine tumours have MEN 1, DAXX and ATRX mutations with strong or diffuse SSTR expression, and treatment includes somatostatin analogues, PRRT, capecitabine and temozolomide. Neuroendocrine tumours have a good prognosis. Neuroendocrine carcinomas are associated with TP53 and RB 1 mutations with low or absent SSTR expression and are managed with platinum-based therapy consisting of cisplatin and etoposide. They have a poor prognosis.20 Mixed neuroendocrine-non-neuroendocrine neoplasms (MiNENs) consist of either NET or NEC and a non-neuroendocrine component like adenocarcinoma, with each component > 30%.21,22

Functional imaging in NETs is performed with dual tracer PET/CT using somatostatin receptor (68Ga-DOTATATE or 68Ga-DOTATOC) and 18F-FDG. Combining 68GaDOTATATE and F18-FDG has many benefits. Firstly, it helps decipher tumour heterogeneity. Neuroendocrine tumours can have variable mixed behaviour in the same patient as seen in Case 1 where the liver lesion was FDG avid, but not the duodenal lesion. Secondly, it helps in prognostic assessment by determining the NETPET grade. A scoring system from 0 to 5 has been assigned comparing the two radiotracer uptake patterns:


	P0 – No uptake, normal scan on both.

	P1 – purely SSTR avid (good prognosis).

	P2-4 – Intermediate pattern.

	P5 – FDG avid, SSTR negative (poor prognosis).



NETPET scores correlate with overall survival and progression free survival.23,24

Key prognostic markers in NETs are – Ki67, Chromogranin A, Synaptophysin and 5-HIAA. Emerging specific markers are NETest, genetic mutations like MEN 1, and novel pulmonary markers are OTP and CD1a. Ki67 is the most reliable marker for tumour grading. Chromogranin A is a general marker which can also be falsely elevated in renal failure and with proton pump inhibitor use. Synaptophysin is a highly specific IHC marker for neuroendocrine differentiation. 5-HIAA is present in serotonin producing carcinoid tumours. Neuroendocrine tumour test is a molecular and/or genetic signature analysis that offers high sensitivity for disease detection, progression and monitoring. Insulinoma associated protein 1 (INSM1) is a newer, reliable marker for neuroendocrine differentiation that stains the nucleus.25

Management of NENs requires a multidisciplinary approach integrating surgery, medical therapy and targeted molecular imaging. For localised disease, surgical resection remains the mainstay of curative treatment. In metastatic or unresectable cases, medical therapy with somatostatin analogues (SSAs) such as octreotide LAR or lanreotide, provides symptomatic relief and exerts antiproliferative effects, as demonstrated in the PROMID trial.26 Other systemic options include interferon-α for tumour stabilisation; mTOR inhibitors (everolimus) and tyrosine kinase inhibitors (sunitinib) for advanced disease; PRRT with 177Lu-DOTATATE for somatostatin receptor-positive lesions; and capecitabine and temozolomide for advanced metastatic high-grade NETs.27 High-grade NECs, owing to their aggressive biology, are treated with platinum-based systemic chemotherapy – typically a combination of etoposide and cisplatin – mirroring protocols for small-cell carcinoma.28

The prognosis of NENs varies significantly by site and grade. Well-differentiated NETs exhibit indolent behaviour with 5-year survival rates exceeding 80%, whereas poorly differentiated NECs carry a median survival of less than 12 months despite aggressive therapy.29 Early recognition of atypical GI sites and appropriate receptor imaging are therefore vital for improving outcomes.

Conclusion

Neuroendocrine neoplasms at uncommon GI sites are diagnostically challenging, but must be considered when hypervascular lesions are encountered. A multidisciplinary approach combining triphasic CT, MRI and functional imaging (PET/CT) with immunocytochemistry ensures accurate diagnosis and guides individualised management based on tumour grade and receptor expression. The role of dual tracer approach to decipher the tumor heterogeneoty and the inclusion of the NETPET scoring system (P0–P5) for prognostic assessment based on tracer uptake patterns has been emphasized in this case series.

Acknowledgements

Competing interests

The authors declare that they have no financial or personal relationships that may have inappropriately influenced them in writing this article.

CRediT authorship contribution

Neha Chhabra: Conceptualisation, Writing – original draft. Angie Garg: Writing – review & editing. Both authors reviewed the article, contributed to the discussion of results, approved the final version for submission and publication and take responsibility for the integrity of its findings.

Funding information

This research received no specific grant from any funding agency in the public, commercial or not-for-profit sectors.

Data availability

Data sharing is not applicable to this article as no new data were created or analysed in this study.

Disclaimer

The views and opinions expressed in this article are those of the authors and are the product of professional research. They do not necessarily reflect the official policy or position of any affiliated institution, funder, agency or that of the publisher. The authors are responsible for this article’s results, findings and content.

References


	1. 	Yao JC, Hassan M, Phan A, et al. One hundred years after ‘carcinoid’: Epidemiology of and prognostic factors for neuroendocrine tumors in 35,825 cases in the United States. J Clin Oncol. 2008;26(18):3063–3072. https://doi.org/10.1200/JCO.2007.15.4377

	2. 	WHO Classification of Tumours Editorial Board. Digestive system tumours. 5th ed. Lyon: IARC Press; 2022.

	3. 	Tsai SD, Chang WC, Hsu HH, et al. Imaging spectrum of pancreatic neuroendocrine tumors. Abdom Imaging. 2015;40(5):1121–1130. https://doi.org/10.1007/s00261-014-0322-7

	4. 	Lee L, Ito T, Jensen RT. Imaging of pancreatic neuroendocrine tumors. Medicine (Baltimore). 2020;99(36):e21981.

	5. 	Kaltsas GA, Besser GM, Grossman AB. The diagnosis and medical management of advanced neuroendocrine tumors. Best Pract Res Clin Gastroenterol. 2012;26(6):755–774.

	6. 	Kaliounji A, Benjelloun H, Rouibaa F, et al. Pancreatic neuroendocrine tumors: A case report and literature review. Cureus. 2023;15(1):e33747.

	7. 	Modlin IM, Oberg K, Chung DC, et al. Gastroenteropancreatic neuroendocrine tumours. Lancet Oncol. 2008;9(1):61–72. https://doi.org/10.1016/S1470-2045(07)70410-2

	8. 	Ito T, Igarashi H, Jensen RT. Pancreatic neuroendocrine tumors: Clinical features, diagnosis and medical treatment. World J Gastroenterol. 2010;16(37):4581–4596.

	9. 	Ambrosini V, Campana D, Bodei L, et al. 68Ga-DOTANOC PET/CT clinical impact in neuroendocrine tumors. Eur J Nucl Med Mol Imaging. 2011;38(3):502–512.

	10. 	Eltawil KM, Gustafsson BI, Kidd M, Modlin IM. Neuroendocrine tumors of the pancreas. J Clin Gastroenterol. 2010;44(10):687–695. https://doi.org/10.1097/MCG.0b013e3181d7a6d4

	11. 	Bargotya M, Patel S, Patel K. Histopathological spectrum of neuroendocrine tumors. J Diagn Pathol Oncol. 2020;5(1):1–8.

	12. 	Kim SJ, Lee SW, Pak K, et al. Diagnostic accuracy of imaging modalities in pancreatic neuroendocrine tumors. Eur J Radiol. 2014;83(6):1061–1068.

	13. 	Pavithran K, Doval DC, Sharma A, et al. Pancreatic neuroendocrine tumors: An Indian experience. Indian J Med Paediatr Oncol. 2019;40(2):265–268.

	14. 	Weinstock B, Ward SC, Harpaz N, et al. Clinical and pathological features of pancreatic neuroendocrine tumors. Neuroendocrinology. 2013;98(3):180–187. https://doi.org/10.1159/000355612

	15. 	Rindi G, Klimstra DS, Abedi-Ardekani B, et al. A common classification framework for neuroendocrine neoplasms. Mod Pathol. 2018;31(12):1770–1786. https://doi.org/10.1038/s41379-018-0110-y

	16. 	Klimstra DS, Modlin IR, Coppola D, Lloyd RV, Suster S. The pathologic classification of neuroendocrine tumors. Arch Pathol Lab Med. 2010;134(1):72–82. https://doi.org/10.1097/MPA.0b013e3181ec124e

	17. 	Rinke A, Müller HH, Schade-Brittinger C, et al. Placebo-controlled, double-blind study on the effect of octreotide LAR in patients with metastatic neuroendocrine midgut tumors. J Clin Oncol. 2009;27(28):4656–4663. https://doi.org/10.1200/JCO.2009.22.8510

	18. 	Pavel M, Baudin E, Couvelard A, et al. ENETS consensus guidelines for the management of patients with digestive neuroendocrine neoplasms. Neuroendocrinology. 2012;95(2):154–171. https://doi.org/10.1159/000335597

	19. 	Dasari A, Shen C, Halperin D, et al. Trends in the incidence, prevalence, and survival outcomes in patients with neuroendocrine tumors. JAMA Oncol. 2017;3(10):1335–1342. https://doi.org/10.1001/jamaoncol.2017.0589

	20. 	Haug AR, Auernhammer CJ, Wangler B, et al. Intraindividual comparison of 68Ga-DOTATATE and 18F-FDG PET in neuroendocrine tumors. Eur J Nucl Med Mol Imaging. 2014;41(2):210–219.

	21. 	Singhi AD, Klimstra DS. Well-differentiated pancreatic neuroendocrine tumors and poorly differentiated neuroendocrine carcinomas. Am J Surg Pathol. 2020;44(1):113–123.

	22. 	Rindi G, Mete O, Uccella S, et al. Overview of the 2022 WHO classification of neuroendocrine neoplasms. Endocr Pathol. 2022;33(1):115–154. https://doi.org/10.1007/s12022-022-09708-2

	23. 	Caplin ME, Pavel M, Ćwikła JB, et al. Lanreotide in metastatic enteropancreatic neuroendocrine tumors. N Engl J Med. 2014;371(3):224–233. https://doi.org/10.1056/NEJMoa1316158

	24. 	Chan DL, Pavlakis N, Schembri GP, et al. Dual 68Ga-DOTATATE and 18F-FDG PET/CT in metastatic gastroenteropancreatic neuroendocrine neoplasms: Multicentre validation of the NETPET score. Br J Cancer. 2023;128:549–555. https://doi.org/10.1038/s41416-022-02061-5

	25. 	Ciobanu OA, Martin S, Fica S. Perspectives on the diagnostic, predictive and prognostic markers of neuroendocrine neoplasms. Exp Ther Med. 2021;22(6):1479. https://doi.org/10.3892/etm.2021.10914

	26. 	Strosberg J, El-Haddad G, Wolin E, et al. Phase 3 trial of 177Lu-Dotatate for midgut neuroendocrine tumors. J Clin Oncol. 2017;35(14):1695–1703. https://doi.org/10.1056/NEJMoa1607427

	27. 	Tan B, Zhang B, Chen H. Gastroenteropancreatic neuroendocrine neoplasms: epidemiology, genetics, and treatment. Front Endocrinol (Lausanne). 2024 Sep 30;15:1424839. Available from: https://doi.org/10.3389/fendo.2024.1424839

	28. 	Sørensen JB, Olsen IH, Lassen U, et al. Treatment of neuroendocrine carcinomas. Cancer Treat Rev. 2013;39(5):505–512.

	29. 	Dasari A, Mehta K, Byers LA, Sorbye H, Yao JC. Comparative study of pancreatic neuroendocrine tumors. Pancreas. 2020;49(10):1262–1270.



OPS/symbol.jpg
 — .\

\ U





OPS/SAJR-30-3455-F3.jpg
Source: Homi Bhabha Cancer Hospital and Research Centre, Homi Bhabha National Institute,
Medicity, New Chandigarh, Punjab, India

FIGURE 3: MRI pelvis (a) revealing circumferential rectal wall thickening (black
arrow). The corresponding HYNIC-TOC SPECT/CT (b) shows absence of tracer
uptake (white arrow) in the rectum behind the urinary bladder.
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FIGURE 1: CT of the upper abdomen reveals a mildly hypervascular polypoidal
lesion in the second part of duodenum (black arrow) in (a) and an FDG avid
metastatic lesion in the right lobe of the liver (white arrow) in (b).
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FIGURE 2: CECT abdomen demonstrating a hypervascular gallbladder-replacing
mass (white arrow) on arterial phase imaging (a), infiltrating the adjacent liver
parenchyma and revealing washout on the portal venous phase (b).
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