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Abstract

Primary Hepatic Neuroendocrine Tumors (PHNET) is a rare cancer less than 150 cases have been reported since its initial discovery by Edmondson
in 1958. Many of these cases have been described in the literature using features of Computed Tomography (CT) or Magnetic Resonance Imaging
(MRI) scans. However, ¥F-fluorodeoxyglucose Positron Emission Tomography (**F-FDG-PET/CT) imaging been used less frequently. Only 10% of the
hepatic neuroendocrine tumor cases characterized by hypermetabolic lesions were identified using PET imaging. Here, we report a case of PHNET
with hypometabolic lesions observed by PET imaging with literature review. A 60-year old man presented with epigastric pain lasting for one month.
An abdominal CT examination at a local hospital showed a hypodense lesion with intrahepatic bile duct dilatation in the hepatic caudate lobe, while
the chest and pelvic CT were normal. Sonographic imaging showed a solid hypoechoic lesion in the caudate lobe of the liver along with an unclear
boundary, a punctate blood flow signal, dilatation of the intrahepatic and extrahepatic bile duct, and right intrahepatic choledocholithiasis. PET/
CT imaging revealed hypometabolism which was due to a lesion in the caudate lobe and hence, primary hepatocellular carcinoma was initially
diagnosed. Postoperative histopathology data indicated grade 2 PHNET. After surgery, the patient did not receive any further treatment in the
subsequent 6-year follow-up period, during which he was in good health. PHNET is a low-grade malignant tumor for which surgical resection is
the major treatment choice. PET/CT imaging plays a key role in evaluating tumor activity and preoperative differential diagnosis of primary and

metastatic tumors.
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Introduction

A neuroendocrine tumor (carcinoid), also known as
orargentaffinoma, is a malignant tumor derived from secretory
neurons and amine-uptake precursor decarboxylated cells [1].
This type of tumor can occur in all areas of the body, but is most
frequently found in the gastrointestinal tract and pancreas. A primary
neuroendocrine tumor in the liver is extremely rare. Such a tumor
was first described by Edmondson in 1958, and since then, less than
150 cases have been reported. Here, we report a case of Primary
Hepatic Neuroendocrine Tumors (PHNET) identified using Positron
Emission Tomography/Computed Tomography (PET/CT) imaging

and review of the literature.

Case Report

A 60-year old man presented with epigastric pain, lasting for one
month and with no obvious cause. Abdominal CT at a local hospital

identified a location in the caudate lobe of the liver showing dilatation
of the intrahepatic bile duct. The patient was then admitted to our
hospital for a precise diagnosis and treatment. Sonographic imaging
showed a solid hypoechoic lesion in the caudate lobe with an unclear
boundary, a punctate blood flow signal, dilatation of the intrahepatic
and extrahepatic bile duct, and right intrahepatic choledocholithiasis.
No obvious abnormality was identified by either gastroscopy or
colonoscopy. To determine the benign/malignant character of
this lesion, a *F-FDG-PET/CT examination was performed. After
six hours of fasting and one hour after the injection of 251.6 MBq
of ¥F-FDG, the patient underwent a PET/CT examination using a
dedicated scanner. The examination revealed a lesion measuring 5.8
cm X 6.2 cm in size with a CT value of 36.0 HU, indicating a mildly
low density. The density of the parenchyma was homogenous, and
the boundary was clear. PET imaging showed no F-FDG uptake
by the hypodense lesion first detected by CT imaging in the caudate
lobe. Based on these symptoms, this case was defined as a primary
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hepatocellular carcinoma. PET imaging identified no other primary
lesions. Additionally, PET imaging confirmed the original sonographic
findings of right intrahepatic choledocholithiasis, secondary to
intrahepatic and extrahepatic bile duct dilation (Figure 1). Routine
blood and liver function tests, and tests for tumor markers, such as
carcinoembryonic antigen, a-fetoprotein, and Carbohydrate Antigen
19-9 (CA 19-9), were all within the normal range.

The patient underwent cholecystectomy, hepatic caudal lobectomy,
anatomical extrahepatic lobectomy, choledochendysis, and T-tube
drainage under general anesthesia. Neither ascites nor cirrhosis
was observed; however, mild atrophy of the external margin of
the left lobe was seen. The mass was located in the caudate lobe
and left extrahepatic lobe, and no scattered nodules were seen in
the abdominal pelvic cavities. No abnormalities were noted in the
stomach, pancreas, or small intestine. Histopathology of the mass
showed a well-differentiated grade 2 neuroendocrine tumor. The
tumor cells showed a trabecular arrangement and were abundant in the
interstitial blood sinus. Infiltration of the liver tissue and proliferation
of surrounding fibrous tissue were observed, along with chronic
cholecystitis. Immunohistochemical analyses results were positive for
Chromogranin A (CgA), Cytokeratin 8 (CK8), and Synaptophysin
(Syn), while they were negative for CK7, CK20, CD56, and GPC
(Glypican); the Ki-67 immunopositivity value was 3%. These immune
labeling results supported the diagnosis of PHNET (Figure 2).

The patient was discharged from hospital 28 days after surgery.
At six-year follow-up, the CT examination was normal and Neuron-
Specific Enolase (NSE) values were within the normal range, indicating
that the patient was still in good health.

Discussion and Conclusion

Neuroendocrine tumors are malignant tumors derived from
secretory neurons and amine-uptake precursor decarboxylated
cells. Two possible origins of neuroendocrine tumors are the widely
distributed neural crest and primordial endoderm. Neuroendocrine
tumors can occur in all areas of the body, but are more common in
the gastrointestinal tract and pancreas. Most liver neuroendocrine
tumors are derived from gastrointestinal tumor metastases, with
PHNET being extremely rare. Generally, neuroendocrine tumors are
divided into three grade-based groups according to the malignancy
potential of the tumor: grade 1, with less than two mitotic counts
per ten high-power fields and/or a Ki-67 positive rate of <2%; grade
2, with mitotic counts between two and 20 per ten high-power
fields and/or a Ki-67 positive rate between 3% and 20%; and grade
3, with more than 21 mitotic counts per ten high-power fields and/
or a Ki-67 positive rate of >20% [2]. Grade 1 tumors are low-grade
well-differentiated neuroendocrine neoplasms characterized by
hypometabolism and are, therefore, difficult to distinguish from the
normal liver parenchyma metabolism by *F-FDG-PET/CT imaging.
However, they are also usually hypodense, a characteristic that can
be detected by CT and Indium-111 octreotide scanning, the latter of
which is a highly sensitive and specific technique for the diagnosis and
staging of primary neuroendocrine tumors [3]. In intermediate-grade
(grade 2) neuroendocrine neoplasms, the degree of *F-FDG uptake
varies greatly as they can show hyper- and hypometabolism. The
degree of metabolism depends on the increase in Ki-67 expression.
According to the diagnostic criteria, our patient had a grade 2 tumor
that was, according to PET imaging, hypometabolic, possibly because
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Figure 1: PET findings. (A) Maximum density projection image of PET. (B) The lesion showed *¥F-FDG uptake in PET imaging with a maximum
standardized uptake of 2.9, which was indistinguishable from that of normal liver tissue. (C-D) The mildly hypodense lesion measured 5.8 cm x 6.2
cm in size, had a clear boundary and was homogenous in density, and the adjacent inferior vena cava was compressed.
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Figure 2: Histological manifestations of the liver neuroendocrine tumor. (A) The tumor cells showed a trabecular arrangement, the blood sinus
of the mesenchyme was abundant, and liver tissue had been infiltrated by fibrous tissue hyperplasia (hematoxylin and eosin staining x 100). (B)
Immunohistochemical staining of the tumor demonstrated immunoreactivity to CgA (x 200). (C) Immunohistochemical staining of the tumor
demonstrated immunoreactivity to Syn (x 200). (D) Immunohistochemical staining of the tumor indicated a proliferation index of 3%.

of the low Ki-67 value. In comparison, many PHNETs in the literature
that appeared as grade 2 tumors based on immunohistochemistry,
showed hypermetabolism by *F-FDG [4-6]. In poorly differentiated
grade 3 neuroendocrine neoplasms, “F-FDG-PET/CT and In-
111 octreotide scanning both contribute to an accurate diagnosis
and staging [7]. Furthermore, compared with grade 1 and grade 2
tumors, grade 3 PHNETSs have a higher proliferative activity, which
influences patient prognosis [8]. The use of *F-FDG is well-suited to
glucose metabolism imaging but it is not an ideal tracer for detecting
grade 1 and grade 2 neuroendocrine tumors in which it has a low
diagnostic accuracy. In previous reports, only 57% and 66% grade 1
and grade 2 neuroendocrine tumors in patients from the literature,
respectively, were positively detected by *F-FDG-PET/CT. Although
missed diagnoses and misdiagnosis can occur using *F-FDG-PET/
CT imaging, it is still a more accurate method of detection than a
conventional enhanced CT examination, which does not provide a
sufficient diagnostic value for clinicians. In contrast, In-111 octreotide
scanning and ®Ga-DOTA-somatostatin analogue-PET/CT are specific
receptor imaging techniques for neuroendocrine tumors with a higher
positive imaging rate for grade 1 and grade 2 tumors. They may also be
useful for diagnosing and staging grade 3 tumors [9-11].

There are two main imaging manifestations of PHNETs: a single
lesion and multiple concomitant secondary lesions. A single lesion
tends to be large and well-circumscribed [12,13], with density
heterogeneity, liquefaction, necrosis, and hemorrhage all being
detected. For this tumor type, calcification is occasionally present, a
pseudo-capsule is rarely seen, enhancement of the mass is not obvious,
and a circular or significant diffuse heterogeneous enhancement is seen
during the arterial stage. The degree of enhancement is lower than that
of a primary hepatocellular carcinoma. In addition, both portal vein
and hepatic vein tumor thrombi are rare for single lesions, and lymph
node metastasis is rarer than when multiple lesions are present. In the

case of multiple concomitant secondary lesions, they usually consist
of a large lesion surrounded by multiple small lesions. The internal
density of these lesions is heterogenous, and necrosis and hemorrhage
can both be seen. They also show mild-to-moderate enhancement after
contrast administration, making them difficult to distinguish from a
metastatic tumor, and both portal fissure and retroperitoneal lymph
node metastasis are common. In cases of multiple secondary lesions,
it is difficult to distinguish PHNETSs and secondary neuroendocrine
tumors using conventional imaging. Although, Cha DI, et al. [14]
demonstrated that PHNETS, characterized by their large tumor size,
bleeding and hepatocellular carcinoma-like enhancement, could
be distinguished from secondary neuroendocrine tumors using
MRI. However, there are also limitations with this examination
method and whole-body imaging is usually not performed, which
may result in missing possible primary lesions. Although *F-FDG-
PET/CT has low specificity in distinguishing PHNETs from other
liver tumors, it can detect potential primary tumors, exclude
extrahepatic metastatic lesions and provide reference values for
subsequent clinical treatment.

PHNET is a low-grade and slow-growing malignant tumor. Surgical
resection of PHNETS: is the main treatment choice for those patients
eligible for surgery[15,16] and early surgical resection resultsin ahigher
long-term progression-free survival and overall survival compared
with other types of liver cancer [17-19]. Peptide Receptor Radionuclide
Therapy (PRRT) using *°Y- and '""Lu-labelled peptides has been used
over the last 15 years as a treatment option for neuroendocrine tumors,
achieving approximately a 30% response rate [20]. An '*F-FDG-PET/
CT evaluation is useful for predicting the response to Lu-PRRT in
patients with grade 1 and grade 2 neuroendocrine tumors [21]. In
patients who are not eligible for surgery or those with recurrence,
transcatheter arterial chemoembolization is the best treatment option
with a 5-year survival rate ranging from 74-78% [22].
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A final diagnosis of PHNETs depends on the postoperative
pathological examination. Positive expressions of CgA, Syn, and
NSE in immunohistochemical staining are important indicators for
diagnosis of this disease. However, this present report indicates that
PET/CT imaging plays a key role in the pre-operative differential
diagnosis of primary and metastatic tumors, and a PHNET diagnosis
should be considered in patients showing similar clinical symptoms to
those of our case.

PHNETs are heterogeneous and the uptake of F-FDG varies
greatly, with no uptake and only partial uptake usually observed in
grade 1 and grade 2 tumors, respectively. Therefore, "*F-FDG-PET/CT
is of limited value in the diagnosis of PHNET, especially for grade 1
and grade 2 tumors, but it is very valuable in evaluating tumor activity
and distinguishing primary and metastatic lesions.

Funding

The present study was supported by the Chinese Academy of
Sciences of “Biological basis and intervention strategy of brain aging”
(Grant no. XDPB10).

Patient Consent for Publication

The consent for publication of the manuscript and the related patient
images was obtained by the First Affiliated Hospital of University of
Science and Technology of China.

Competing Interests

The authors declare that they have no competing interests.

References

1. ItoT, Leel, Jensen RT (2018) Carcinoid-Syndrome: Recent Advances,
Current Status and Controversies. Curr Opin Endocrinol Diabetes
Obes 25: 22-35.

2. Fléjou JF (2011) WHO Classification of digestive tumors: the fourth
edition. Ann Pathol 31: S27-S31.

3. Deluzio MR, Barbieri AL, Israel G, Emre S (2017) Two Cases of
Primary Hepatic Neuroendocrine Tumors and a Review of the
Current Literature. Ann Hepatol 16: 621-629.

4., Ma G, LiJ, Xu B, Fu L (2018) *®F-FDG PET/CT in Primary Hepatic
Neuroendocrine Tumors. Clin Nucl Med 43: 192-194.

5. Shi C, Zhao Q, Dai B, Xie F, Yang J (2018) Primary Hepatic
Neuroendocrine Neoplasm: Long-time Surgical Outcome and
Prognosis. Medicine (Baltimore) 97: e11764.

6. Bai X, Zhang X, Wang X (2019) Primary Hepatic Neuroendocrine
Tumor: Pretherapy and Posttherapy FDG PET/CT Finding. Clin Nucl
Med 44: 88-90.

7. Nakatake R, Ishizaki M, Matui K, Yanagimoto H, Inoue K, et al.
(2017) Combination Therapies for Primary Hepatic Neuroendocrine
Carcinoma: A Case Report. Surg Case Rep 3: 102.

8. Nomura Y, Nakashima O, Akiba J, Ogasawara S, Fukutomi S,
et al. (2017) Clinicopathological Features of Neoplasms with
Neuroendocrine Differentiation Occurring in the Liver. J Clin Pathol
70: 563-570.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Fard N, Schlemmer HP, Raue F, Jobke B (2019) CT- and Ultrasound-
Characteristics of Hepatic Lesions in Patients with Multiple
Endocrine Neoplasia Syndrome. A Retrospective Image Review
of 25 Cases. PLoS One 14: e0212865.

Fani M, Nicolas GP, Wild D (2017) Somatostatin Receptor
Antagonists for Imaging and Therapy. J Nucl Med 58: 615-66S.

Kellock T, Tuong B, Harris AC, Yoshida E (2014) Diagnostic
Imaging of Primary Hepatic Neuroendocrine Tumors: A Case and
Discussion of the Literature. Case Rep Radiol 2014: 156491.

Yang K, Cheng Y, Yang J, Jiang X, Guo JX (2015) Primary Hepatic
Neuroendocrine Tumor with Multiple Liver Metastases: A Case
Report with Review of the Literature. World J Gastroenterol 21:
3132-3138.

Ibrahim ME, Abadeer K, Zhai QJ, Nassar A (2017) Primary Hepatic
Neuroendocrine Tumor with Unusual Thyroid Follicular-Like
Morphologic Characteristics. Case Rep Pathol 2017: 7931975.

Cha DI, Kang TW, Jang KM, Kim YK, Kim SH, et al. (2018) Hepatic
Neuroendocrine Tumors: Gadoxetic Acid-Enhanced Magnetic
Resonance Imaging Findings with an Emphasis on Differentiation
Between Primary and Secondary Tumors. Abdom Radiol (NY) 43:
3331-3339.

Qiu MJ, Chen YB, Bi NR, Yang SL, He XX, et al. (2018) Comparative
Clinical Analysis of Gastroenteropancreatic Neuroendocrine
Carcinomas with Liver Metastasis and Primary Hepatic
Neuroendocrine Carcinomas. Dis Markers 2018: 9191639.

Chen N, Slater K (2019) Primary Hepatic Neuroendocrine
Tumours-Case Series of a Rare Malignancy. Int J Surg Case Rep
55:145-148.

Fenwick SW, Wyatt JI, Toogood GJ, Lodge JP (2004) Hepatic
Resection and Transplantation for Primary Carcinoid Tumors of
the Liver. Ann Surg 239: 210-219.

Yang LV, Cheng Huang, Haizhou Xu, Xu Han, Lei Zhang, et al.
(2018) Clinicopathological Characteristics of the Primary and
Metastatic Hepatic Neuroendocrine Tumors and the Relevant
Prognosis-Related Factors: A Retrospective Study of 81 Cases in a
Single Chinese Center. J Cancer 9: 479-487.

Meng XF, Pan YW, Wang ZB, Duan WD (2018) Primary Hepatic
Neuroendocrine Tumor Case with a Preoperative Course of 26
Years: A Case Report and Literature Review. World J Gastroenterol
24: 2640-2646.

Bodei L, Cremonesi M, Grana CM, Fazio N, lodice S, et al. (2011)
Peptide Receptor Radionuclide Therapy with 177Lu-DOTATATE:
The IEO Phase I-Il Study. Eur J Nucl Med Mol Imaging 38: 2125-
2135.

Severi S, Nanni O, Bodei L, Sansovini M, lanniello A, et al. (2013)
Role of ¥FDG PET/CT in Patients Treated with 177Lu-DOTATATE
for Advanced Differentiated Neuroendocrine Tumours. Eur J Nucl
Med Mol Imaging 40: 881-888.

Huang YQ, Xu F, Yang JM, Huang B (2010) Primary Hepatic
Neuroendocrine Carcinoma: Clinical Analysis of 11 Cases.
Hepatobiliary Pancreat Dis Int 9: 44-48.

Citation: Pan B, Wang SC, Chen ZK, Zou GC (2019) 18F-FDG-PET/CT Findings of a Primary Hepatic Neuroendocrine Tumor: A Case Report and

Literature Review. J Clin Case Stu 5(1): dx.doi.org/10.16966/2471-4925.194


https://www.ncbi.nlm.nih.gov/pubmed/29120923
https://www.ncbi.nlm.nih.gov/pubmed/29120923
https://www.ncbi.nlm.nih.gov/pubmed/29120923
https://www.ncbi.nlm.nih.gov/pubmed/22054452
https://www.ncbi.nlm.nih.gov/pubmed/22054452
https://www.ncbi.nlm.nih.gov/pubmed/28611270
https://www.ncbi.nlm.nih.gov/pubmed/28611270
https://www.ncbi.nlm.nih.gov/pubmed/28611270
https://www.ncbi.nlm.nih.gov/pubmed/29293142
https://www.ncbi.nlm.nih.gov/pubmed/29293142
https://www.ncbi.nlm.nih.gov/pubmed/30075602
https://www.ncbi.nlm.nih.gov/pubmed/30075602
https://www.ncbi.nlm.nih.gov/pubmed/30075602
https://www.ncbi.nlm.nih.gov/pubmed/30394931
https://www.ncbi.nlm.nih.gov/pubmed/30394931
https://www.ncbi.nlm.nih.gov/pubmed/30394931
https://www.ncbi.nlm.nih.gov/pubmed/28895097
https://www.ncbi.nlm.nih.gov/pubmed/28895097
https://www.ncbi.nlm.nih.gov/pubmed/28895097
https://www.ncbi.nlm.nih.gov/pubmed/27881473
https://www.ncbi.nlm.nih.gov/pubmed/27881473
https://www.ncbi.nlm.nih.gov/pubmed/27881473
https://www.ncbi.nlm.nih.gov/pubmed/27881473
https://www.ncbi.nlm.nih.gov/pubmed/30817772
https://www.ncbi.nlm.nih.gov/pubmed/30817772
https://www.ncbi.nlm.nih.gov/pubmed/30817772
https://www.ncbi.nlm.nih.gov/pubmed/30817772
https://www.ncbi.nlm.nih.gov/pubmed/28864614
https://www.ncbi.nlm.nih.gov/pubmed/28864614
https://www.hindawi.com/journals/crira/2014/156491/
https://www.hindawi.com/journals/crira/2014/156491/
https://www.hindawi.com/journals/crira/2014/156491/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4356938/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4356938/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4356938/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4356938/
https://www.ncbi.nlm.nih.gov/pubmed/28316853
https://www.ncbi.nlm.nih.gov/pubmed/28316853
https://www.ncbi.nlm.nih.gov/pubmed/28316853
https://www.ncbi.nlm.nih.gov/pubmed/29858937
https://www.ncbi.nlm.nih.gov/pubmed/29858937
https://www.ncbi.nlm.nih.gov/pubmed/29858937
https://www.ncbi.nlm.nih.gov/pubmed/29858937
https://www.ncbi.nlm.nih.gov/pubmed/29858937
https://www.ncbi.nlm.nih.gov/pubmed/30416612
https://www.ncbi.nlm.nih.gov/pubmed/30416612
https://www.ncbi.nlm.nih.gov/pubmed/30416612
https://www.ncbi.nlm.nih.gov/pubmed/30416612
https://www.ncbi.nlm.nih.gov/pubmed/30731302
https://www.ncbi.nlm.nih.gov/pubmed/30731302
https://www.ncbi.nlm.nih.gov/pubmed/30731302
https://www.ncbi.nlm.nih.gov/pubmed/14745329
https://www.ncbi.nlm.nih.gov/pubmed/14745329
https://www.ncbi.nlm.nih.gov/pubmed/14745329
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5820914/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5820914/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5820914/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5820914/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5820914/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6021771/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6021771/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6021771/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6021771/
https://www.ncbi.nlm.nih.gov/pubmed/21892623
https://www.ncbi.nlm.nih.gov/pubmed/21892623
https://www.ncbi.nlm.nih.gov/pubmed/21892623
https://www.ncbi.nlm.nih.gov/pubmed/21892623
https://www.ncbi.nlm.nih.gov/pubmed/23443937
https://www.ncbi.nlm.nih.gov/pubmed/23443937
https://www.ncbi.nlm.nih.gov/pubmed/23443937
https://www.ncbi.nlm.nih.gov/pubmed/23443937
https://www.ncbi.nlm.nih.gov/pubmed/20133228
https://www.ncbi.nlm.nih.gov/pubmed/20133228
https://www.ncbi.nlm.nih.gov/pubmed/20133228

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Case Report 
	Discussion and Conclusion 
	Funding
	Patient Consent for Publication 
	Competing Interests 
	References
	Figure 1
	Figure 2

