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INTRODUCTION 

Hepatic involvement by neuroendocrine tumors (NETs) is 

usually seen in metastatic diseases, and primary hepatic 

NETs are extremely rare, accounting for 0.4% of resected he-

patic tumors.1 Primary hepatic NETs with signet ring cell 

morphology are even more of a rarity, with only 5 cases re-

ported in the English literature. These tumors pose impor-

tant diagnostic dilemmas as they morphologically resemble 

various neoplasms, such as metastatic signet ring cell carci-

nomas, malignant melanoma, plasmacytoma, etc. While im-

munohistochemical workup is helpful to differentiate be-

tween these entities, and it is important to suspect the 

possibility of neuroendocrine differentiation on histology. 

We herein report a case of a primary hepatic signet ring NET 

in a 47-year-old female patient, and review the histological 

characteristics, immunophenotype and the differential diag-

nosis of this extremely rare entity. This case report is de-

scribed according to the CARE guidelines available from 

https://www.care-statement.org/.

CASE REPORT

A 47-year-old female presented with complaints of dull 

aching pain over the right hypochondrium for the last 2 years 

and shortness of breath for the last 2 months. The pain was 

intermittent, mild to moderate, and was relieved by oral an-

algesics. She had a history of vomiting for 2-3 months; the 
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vomiting was projectile, non-bilious, foul-smelling and copi-

ous. There was no other significant history of jaundice or 

gastrointestinal bleeding. She had no prior medical or surgi-

cal history, and she had no history of alcohol intake. 

On palpation, the liver was palpable 10 cm below the right 

costal margin, and was tender, smooth and moving with respi-

ration. There was no splenomegaly. The laboratory findings 

were as follows: white blood cell count, 6,500/µL; hemoglobin 

8.5 g/dL, platelets, 135,000/µL; erythrocyte sedimentation rate 

18 mm/hr, blood urea nitrogen, 35 mg/dL; serum creatinine, 

1.2 mg/dL; serum calcium 8.4 mg/dL; blood glucose 72.3 mg/dL; 

total bilirubin 0.91 mg/dL; aspartate aminotransferase 26 IU/L; 

alanine aminotransferase 21 IU/L; alkaline phosphatase 794 IU/L; 

total protein 7.0 mg/dL; albumin 3.54 g/dL, and prothrombin 

time-international normalized ratio 1.71. Viral markers, in-

cluding hepatitis B surface antigen and antibodies to hepatitis C 

virus, and human immunodeficiency virus were negative. Al-

pha-fetoprotein level was <5 ng/mL, and carcinoembryonic 

Figure 1. Contrast-enhanced computed tomography findings. There are cystic lesions in both lobes of liver with peripheral solid component 
with heterogeneous enhancement on arterial phase (A). On venous phase images, the solid components remain heterogeneous (B). Some of the 
solid components show calcification (C).

A B C

Figure 2. Positron emission tomography computed tomography shows multiple liver lesions with uptake in the solid components (A), and 
intraabdominal lymph nodes (B). 
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antigen was 2.0 µg/L. Echocardiography showed left ventricular 

ejection fraction of 60% and mitral valve prolapse. 

On contrast-enhanced computed tomography (CT), the 

liver was grossly enlarged, with a span of 30.7 cm. There were 

multiple cystic lesions in both lobes of the liver with periph-

eral solid component and heterogeneous enhancement  

(Fig. 1). On venous phase, the solid components remained 

heterogeneous. Some of the solid components showed calci-

fication. 

Positron emission tomography (PET) CT scan demon-

strated multiple peripherally fluorodeoxyglucose (FDG)-avid 

variable-sized cystic lesions in both lobes of the liver, the 

largest one measuring 10.2×8.8 cm (SUVmax-7.0) (Fig. 2). 

The cystic lesions showed both complete and incomplete en-

hancing septa. A few of the masses were partially exophytic, 

indenting the abdominal wall, and abutting the pancreatic 

body, stomach, duodenum and right kidney. The portal vein 

was uninvolved. In addition, multiple FDG-avid variable-

sized lymph nodes were seen in the periportal, paraaortic, 

peripancreatic, aortocaval, right upper paratracheal, subcari-

nal and pretracheal areas, largest measuring 30×23 mm 

(SUV max-8.4, periportal lymph node). A few of these lymph 

nodes showed specks of calcification. The possibility of bili-

ary cystadenocarcinoma was entertained based on these im-

aging findings.

A percutaneous liver biopsy was obtained from the mass 

lesion. The biopsy tissue revealed tumor cells arranged pre-

dominantly in papillary architecture and in sheets separated 

by delicate microvasculature. The tumor cells had eosino-

philic cytoplasm and contained eccentrically located promi-

nent intracytoplasmic vacuoles, resembling signet ring cells 

in adenocarcinoma (Fig. 3). The chromatin was granular and 

Figure 3. Microscopic features of the tumor. Low power magnification demonstrates fragments of tumor along with the non-neoplastic hepatic 
parenchyme (A). The tumor demonstrates a papillary architecture, with the tumor cells centered around microvasculature (B). High power 
magnification demonstrates the details of the tumor cells (C): the tumor cells demonstrate eccentrically located nuclei and intracytoplasmic 
vacuoles with a signet ring cell-like appearance. (A) Hematoxylin-eosin, original magnification ×100, (B) ×200, (C) ×400. Mucicarmine stain 
demonstrates the absence of mucin in the cytoplasm (D) (original magnification, ×400).
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nucleoli were inconspicuous. There was no evidence of mu-

cin in the intracytoplasmic vacuoles, by mucin stains (muci-

carmine, Alcian blue and periodic acid-Schiff stain). The 

neoplastic cells were positive for pan-cytokeratin (CK), dif-

fusely positive for synaptophysin and CD56 and weakly posi-

tive for chromogranin A (Fig. 4). The tumor cells were nega-

tive for CDX-2, TTF-1, CK19, PAX-8, GATA3, and CK20. 

Ki-67 labeling index was 2-3%. Thus, the case was finally di-

agnosed as a primary hepatic signet ring NET, grade 1, with 

multiple lymph node metastasis. 

The patient underwent three cycles of chemotherapy with 

carboplatin, doxorubicin, etoposide and filgrastim, and is 

currently alive without evidence of disease progression at  

14 months of follow-up.

Ethics statement

The ethics committee of the authors’ institution waived 

the need for institutional review board approval for this case 

report. Patient consent was obtained.

DISCUSSION

NETs of the liver are usually metastatic; primary hepatic 

NETs are very rare, and the possibility of a metastatic lesion 

has to be excluded with extensive workup before a diagnosis 

of primary hepatic NET can be rendered. First described by 

Edmondson in 1958, primary hepatic NET has been shown 

to represent about 0.3% of all NETs, and the mean age at di-

agnosis is 50 years.1,2 The postulated origin of primary hepat-

ic NET is the neuroendocrine argentaffin cells located within 

the intrahepatic biliary tree.3

Morphologically, NETs demonstrate a wide variety of ap-

pearances; while the majority demonstrate the classic trabec-

ular, nested, ribbon-like pattern, there are rarer variants of 

NETs, such as lipid-rich, oncocytic, pleomorphic, rhabdoid, 

clear cell, plasmacytoid and signet ring cell variants.4 Of the 

variants, signet ring cell variants are very rare, and signet ring 

cell NETs arising in the stomach, pancreas and lung etc. have 

been described in sporadic case reports.5 These morphologi-

cally resemble signet ring cell carcinomas, and are character-

ized by the presence of intracytoplasmic vacuoles that push 

Figure 4. Immunohistochemical stain results of the tumor. The tumor cells express pan-cytokeratin (A), synaptophysin (C), CD56 (D), 
chromogranin A (E) and are negative for thyroid transcription factor-1 (B). The Ki-67 labeling index was 2-3% (F). (original magnification x100 [A-D], 
x200 [E], x400 [F]). 
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the nucleus to one side of the cell. The intracytoplasmic vac-

uoles represent aggregates of intermediate filament on elec-

tron microscopy.5 The origin of these vacuoles is uncertain, 

and a degenerative process has been postulated as a mecha-

nism.6

The presence of a signet ring morphology in a hepatic 

NET is an extremely rare finding, and only 7 cases of such 

tumors (5 primary and 2 metastatic) have been published in 

the English literature to date (Table 1).6-11 Histologically, all 

cases demonstrated prominent signet ring morphology with 

intracytoplasmic vacuoles which were negative on mucicar-

mine and periodic acid-Schiff stain and positive for pan-CK. 

Two cases were considered to be hepatic metastases from 

other primaries (rectal and duodenal),9,12 while the remaining  

5 cases were considered to be primary hepatic signet ring 

NETs.6-8,10,11

The identification of the signet ring morphology raises a 

number of differential diagnoses including metastatic signet 

ring carcinoma from the gastrointestinal tract, cholangiocar-

cinoma with signet ring morphology, melanomas, germ cell 

tumors, plasmacytomas, and NETs. A panel of immunohis-

tochemical markers comprising CDX-2, CK7, CK20, PSA, 

HepPar-1, Arginase-1, SOX-10, S100, SALL4, CD138, syn-

aptophysin, chromogranin, CD56, and Ki67 etc. may help to 

delineate the nature of these cells and further refine the diag-

nosis. Of the NETs, those with rhabdoid or plasmacytoid 

morphology may look similar in appearance to signet ring 

cell NET. All three variants demonstrate eccentrically located 

nuclei; however, NET with rhabdoid differentiation have 

densely eosinophilic intracytoplasmic globules13 and NETs 

with plasmacytoid differentiation have homogenous eosino-

philic cytoplasm,4 while NET with signet ring differentiation 

show the presence of intracytoplasmic vacuole.7,10 Although 

NETs are generally positive for neuroendocrine markers, 

poor sensitivity of chromogranin has also been described in a 

few previously reported signet ring NETs.8,12,14

Clinically, primary hepatic NETs commonly present with 

abdominal pain. Clinical presentation with the features of 

classic carcinoid syndrome, such as skin flushing and diar-

rhea, is rare in primary hepatic NETs. Primary hepatic NETs 

usually present as slowly-growing solitary lesions (range, 1.5-

27.0 cm) and remain indolent for long.15 This case presented 

as multiple solid and cystic lesions in both lobes of the liver, 

which is a rare presentation for primary hepatic NET, and 

the final diagnosis could only be established after biopsy. 

Primary hepatic NETs generally show enhancement pat-

terns similar to metastatic disease. The tumors appear hy-

pointense on T1-weighted spin-echo sequences and hyperin-

tense on T2-weighted fast spin-echo sequences on magnetic 

resonance imaging. Because of their hypervascular nature, 

contrast-enhanced CT shows intense enhancement in arterial 

phase with washout in portal venous and extracellular phas-

es.16

Surgical resection is the treatment of choice if amenable. 

Chemotherapy is indicated in cases of metastatic lesions. Pal-

liative therapies can be offered in unresectable cases which 

include systemic 5-fluorouracil, hepatic artery embolization, 

and octreotide therapy.17 The disease course seems indolent 

for these tumors as most previously reported cases presented 

with slowly-growing large intrahepatic masses mostly over  

5 cm.6 In general, primary hepatic NETs have been associated 

with survival for many years without recurrence, although 

deaths from metastatic disease have been reported in 18-47% 

of primary hepatic NETs, especially grade 2 NETs.1 

To conclude, we report the first case of signet ring NET 

presenting as multiple solid and cystic lesions in the liver, 

masquerading a biliary cystadenocarcinoma on imaging. Be-

cause of their histological appearance, they pose a diagnostic 

dilemma with other neoplasms with signet ring cell mor-

phology. Clinicians, radiologists and pathologists should be 

aware of this entity.
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