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Introduction and importance: To describe an unusual case with a primary hepatic neuroendocrine tumour (PHNET)
with multiple liver metastases.

Case presentation: We reported a 65-year-old woman with PHNET with multiple liver metastases. She was highly
suspected of having primary liver cancer with multiple intrahepatic metastases before liver biopsy, but was
diagnosed with PHNET with multiple liver metastases after histopathology and immunohistochemistry (IHC)
examinations. The patient successfully underwent three times of transcatheter arterial chemoembolization
(TACE), and is currently living in a good state without related complications.

Clinical discussion: Neuroendocrine tumors (NETs), also known as carcinoids or argyrophilic tumors, are very rare
malignant tumors. The liver is the main metastasis site of NETs, but primary hepatic neuroendocrine tumors
(PHNETS) are extremely rare. Histopathology and immunohistochemistry (IHC) examinations are still the main
methods used for diagnosing NETs. There are no treatment guidelines for PHNETs, and surgical resection is
generally the preferred treatment. For PHNET patients who are not suitable for surgery, TACE has been proven to
be an effective alternative treatment that can effectively reduce the tumour burden and relieve symptoms, but
the current evidence is still limited.

Conclusion: The clinical diagnosis of PHNET still faces great challenges, imaging examinations often lead to
misdiagnosis, and its diagnosis mainly depends on histopathology and immunohistochemical examinations. For
PHNET patients who are not suitable for surgery, TACE may be an effective alternative therapy.

1. Introduction criteria and treatment guidelines, misdiagnosis of such patients is often

inevitable. It is precisely due to the challenges in the diagnosis of PHNET

Neuroendocrine tumors (NETs) are very rare malignant tumors. They
originate from peptidergic neurons and neuroendocrine cells. Common
pathogenic organs include the stomach, duodenum, pancreas, gall-
bladder, etc., accounting for approximately 1% to 2% of all gastroin-
testinal cancer cases [1-3]. Liver metastases are common in NETSs, but
neuroendocrine tumors that originate in the liver are extremely rare.
Since Edmonson first reported PHNETSs in 1958, a total of 150 cases have
been reported in the English literature, accounting for approximately
0.3% of all neuroendocrine tumour cases [4]. The clinical diagnosis of
PHNET mainly relies on pathological results and immunohistochemical
analysis, and long-term follow-up is required to exclude primary lesions
outside the liver [5]. However, due to its rarity, the lack of specificity of
clinical manifestations and imaging results, and no relevant diagnostic

that we reported our experience with the diagnosis and treatment of a
case of PHNET, adding additional information to the literature about the
diagnosis and treatment of this rare disease. This work has been reported
in line with the SCARE criteria [6].

2. Presentation of case

On April 7, 2017, A 65-year-old female patient came to the hospital
4 months after a physical examination found that her liver was enlarged.
The patient had no obvious relevant medical history and has no relevant
family history. On the first day after admission, laboratory parameters
showed that her routine blood tests, urine tests, stool tests, blood
coagulation function, liver and kidney function, and serum electrolytes
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were normal, and her tumour markers were also normal. Contrast-
enhanced abdominal ultrasound showed that multiple hypoechoic
nodules of varying sizes were detectable in the liver, with clear borders
and halos around them; the arterial phase showed nodule-like overall
high enhancement, and the portal phase and delayed phase micro-
bubbles in the lesions quickly faded, showing a thick ring with low
enhancement, suggesting the possibility of a rich blood supply for me-
tastases. An enhanced computed tomography (CT) scan of the upper
abdomen showed multiple abnormal densities in the liver, suggesting
the possibility of liver cancer with multiple metastases in the liver, but
atypical liver metastases could not be completely excluded. To rule out
the possibility of metastasis from a primary lesion outside the liver,
further gastric endoscopy and lung imaging were performed, and no
extrahepatic lesions were found. Fluorodeoxyglucose positron emission
tomography-CT (PET-CT) showed that multiple lesions in the liver had a
high metabolic rate in their periphery and that their centres had low
metabolism. No abnormally increased metabolism was found in any
other organs. Magnetic resonance imaging (MRI) with a liver-specific
contrast agent revealed multiple irregularities in the liver with irreg-
ular signal shadows, showing uneven long T1 and long T2 signals
(Fig. 1a, b), and DWI showed a high-intensity shadow. The boundary
was still clear. The largest lesion (36.4 x 23.7 mm) was found in
segment VIII of the liver (Fig. 1c), and some lesions were lobulated
(Fig. 1d). In the enhanced scan, the arterial phase showed uneven and
obvious enhancement (Fig. 1g), the venous phase showed continuous
uneven enhancement, and the enhancement was slightly reduced
(Fig. 1h). The edge enhancement of some lesions in the delayed phase
was significantly reduced, and the central area showed continuous un-
even enhancement, a low signal in the hepatobiliary phase (Fig. 1i), and
no obvious enhancement or filling defect in the portal vein.

Since the source and nature of the liver lesions could not be deter-
mined, a CT-guided liver biopsy was performed. HE staining of the
tumour tissue is shown in Fig. 2a. Immunohistochemical examinations
showed that synaptophysin (Syn) was positive (Fig. 2b), chromogranin
A (CgA) was positive (Fig. 2c), CKpan was positive, GS was positive,
CD56 and CD19 were positive, and Ki-67 was 2% (Fig. 2d), while other
markers, such as CEA, CD10, CD34, AFP, arginase and HepPar-1
immunohistochemical staining, were all negative. These findings sug-
gest that they are from well-differentiated NETs (G1) Of malignant
tumors.
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Because the patient had more than one lesion and multiple liver lobes
were involved, there was a greater risk during surgical resection, so we
decided to administer a TACE treatment, including injection of the
chemotherapy drug pirarubicin 30 mg + hydroxycamptothecin 15 mg
along the catheter and pirarubrum emulsion embolization treatment of
30 mg bisine +10 ml iodized poppy oil. The operation was performed by
an experienced vascular surgeon. The patient received TACE treatment
for the same tumour lesion 6 weeks after the first TACE. The first re-
examination was performed 3 months after discharge and every six
months thereafter. There was no abnormality in any laboratory tests,
and the radiological examination showed no recurrence or metastasis of
the lesion. Thirty months after the first TACE treatment, it was found
that the largest lesion had shrunk and undergone necrosis (Fig. 3a, b),
but some lesions were larger than before (Fig. 3c, d), and there was no
abnormality in chest CT examination, so a third TACE treatment was
performed. According to the imaging results during the follow-up, the
possibility of metastatic cancer from the primary site outside the liver
was ruled out. Based on the results of the imaging examination, the
possibility of metastatic cancer from a primary site outside the liver was
ruled out. Combined with the pathological and immunohistochemical
examinations, the final diagnosis of this case was PHNET Gl
(nonfunctional), TNM stage: T3NxMo-At present, the patient has no
signs of tumour recurrence and has a good quality of life.

3. Discussion

Neuroendocrine tumors (NETs), also known as carcinoids or argyr-
ophilic tumors, are very rare malignant tumors. Their first report was in
the 19th century by Oberndorfer, who described a gastrointestinal
pancreatic neuroendocrine tumour (GEP- NET) [7]. The age-adjusted
annual incidence of NETs was 1.09/100,000 in 1973, but it increased
to 6.98/100,000 in 2012 [8]. The incidence of NETs is gradually
increasing, which may be due to increasing awareness of NETs and ad-
vances in medical technology. Common pathogenic organs of NETs
include the stomach, duodenum, pancreas, etc. The liver is the main
metastasis site of NETs, but primary hepatic neuroendocrine tumors
(PHNETS) are extremely rare.

At present, the pathogenesis of PHNET is still unclear, and three
hypotheses about its origin have been proposed [9]: 1. from the multi-
functional stem cells of the liver; 2. caused by the proliferation of

Fig. 1. MRI was performed on the first
admission. A 65-year-old woman was diag-
nosed with PHNET, grade G1. a: Mixed low
signal on T1WI; b: Axial T2WI lipid image
showing mixed high signal; c: DWI image
showing the largest lesion located in
segment VIII of the liver; d: DWI image
showing multiple lesions; e: Coronary T2WI
weighted image; f: DWI image showing
another large lesion; g: Arterial phase T1
weighted image; h: Portal phase T1
weighted image; i: Hepatobiliary phase T1
weighted image.
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Fig. 2. The results of histopathology and immunohistochemical examinations. a: HE staining (10 x 10); b: IHC found the Ki-67 index was 2% (10 x 10); c: IHC
showed that the tumour was positive for CgA (10 x 10); d: the tumour was also positive for Syn (10 x 10).

Fig. 3. MRI hepatobiliary imaging before and after treatment. a: Before treatment of the largest lesion; b: Shrinkage and necrosis of the largest lesion occurred after 2
TACE procedures; c: Before treatment of another large lesion; d: Another lesion was larger than before at 30 months of follow-up.

neuroendocrine cells in the intrahepatic bile duct epithelium; and 3.
from other ectopic tissues with endocrine functions. A recent study
showed that mutations in the SET domain of the 1B gene might be
related to the occurrence of PHNETs [10].

Based on whether NETs have hormone secretion functions and
whether there are clinical symptoms caused by the hormones, they can
be divided into functional NETs and nonfunctional NETs. Unlike other
NETs, PHNETSs are usually nonfunctional, which may be related to the
insufficient amount or quality of their secreted neuroendocrine hor-
mones, so that the target organs of the hormones cannot be activated to
produce biological effects [11]. According to previous reports on
PHNETSs, the patients are mostly over 50 years old, and there is no sig-
nificant difference in their incidence between men and women. The
most common clinical symptoms are nonspecific manifestations such as
abdominal discomfort, abdominal pain, and abdominal masses, fol-
lowed by no clinical symptoms, which are usually identified as liver
space-occupying lesions found during a physical examination. In

addition, there are also reports of Cushing syndrome, carcinoid syn-
drome or obstructive jaundice. Our case had no clinical symptoms and
was a nonfunctional PHNET. Similar to other malignant tumors,
PHNETs grow slowly and are not easy to detect early. At the time of
diagnosis, it is often in the middle and late stages, and the tumour vol-
ume is very large [12-14], so the timing of treatment is often delayed.

PHNET tissue is usually greyish-yellow, the boundary between the
tumour and the surrounding tissue is clear, and haemorrhage or cystic
lesions can be seen in the centre of the lesion. Tumour cells stained by
haematoxylin and eosin show nonspecific growth patterns, such as is-
land, nest, trabecular or mixed cell growth. In some cases, a large
number of interstitial blood vessels and fibrous capsules can be found. A
small round nucleus can be seen in the centre of the tumour cells.
Electron microscopy showed that there were some special neuroendo-
crine particles in the cytoplasm. These particles are round or elliptical,
with different sizes, and are wrapped by a membrane [15]. The tradi-
tional biological markers of PHNETs include chromogranin A (CgA),
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pancreatin, neuron-specific enolase (NSE), synaptophysin (Syn), sero-
tonin and its metabolite 5-hydroxyindole dole acetic acid (5-HIAA).
Among them, chromogranin A and synaptophysin are considered to be
specific immunohistochemical markers for the pathological diagnosis of
NETs [13], while classic tumour markers such as AFP, CEA or CA19-9
are usually negative [5,16].

The immunohistochemical examination of our case showed positive
CgA and positive Syn, which is consistent with the above research
conclusions. The WHO classification of neuroendocrine tumors of the
digestive system (2019) divides NETs into three grades (G1, G2 and G3),
namely, G1: mitosis <2/10 HPF and/or PI <3%; G2: mitosis 2— 20/10
HPF and/or PI3% ~ 20%; G3: mitosis>20/10 HPF and/or Ki-67
PI>20% [17]. Studies have shown that the mitotic index and Ki-67
index are of great value in evaluating the malignancy of PHNEN and
its prognosis [18]. Wang et al. [19] analysed the survival of 40 PHNET
patients and found that the tumour grade and Ki-67 index were signif-
icantly related to the overall survival rate. Our case showed a low cell
proliferation index, such as 2% Ki-67 and less than 2 mitoses in every 10
high-power fields. According to the WHO standard, this case is classified
as G1, which means that the prognosis is good. However, there are still
controversies about the correlation between the number of tumors and
the prognosis [5,20].

Imaging examinations are of great value in the diagnosis of liver
cancer. Long-term follow-up and regular imaging examinations can help
detect potential extrahepatic primary lesions [16]. PHNETSs usually have
an abundant blood supply but lack specificity in their imaging mani-
festations, and preoperative imaging examination often leads to a
misdiagnosis. To accurately identify whether the primary lesion is
outside the liver, it is recommended to perform adequate imaging ex-
aminations, including CT, MRI and enhanced MRI, PET and ultrasound.
PHNETs often show a single or multiple low-density shadows on CT, but
enhanced CT shows uneven enhancement in the arterial phase or
obvious circular enhancement and continuous enhancement in the
venous phase, which is similar to the “fast-in and fast-out” enhancement
of hepatocellular carcinoma or the “progressive” mild to moderate
enhancement of cholangiocarcinoma [21]. MRI showed long T1 and
long T2 signals, nodular or circular enhancement in the arterial phase,
and continuous enhancement in the portal phase and delayed phase.
Compared with the surrounding liver parenchyma, PHNETSs show high
signals on DWI sequences and decreased ADC values [22]. PHNETSs in
the G1 and G2 phases usually appear as a single lesion on the right lobe
of the liver on CT or MRI, while in the G3 phase, there are often multiple
lesions or a large tumour accompanied by several satellite lesions [23].
Studies have proven that the appropriate combination of imaging
methods can optimize the evaluation of PHNET patients, but it is not yet
possible to directly diagnose PHNETs through imaging examinations
[24]. Histopathology and immunohistochemistry (IHC) examinations
are still the main methods used for diagnosing NETs [16].

There are no treatment guidelines for PHNETS, and surgical resection
is generally the preferred treatment. According to reports by Knox CD
[25], the success rate of PHNET liver resection is approximately 70%,
and the 5-year survival rate after surgery is as high as 78%. Shi et al. [5]
conducted long-term follow-up on 22 PHNET patients undergoing sur-
gical treatment and found that the 1-year, 3-year and 5-year overall
survival rates could reach 95.5%, 81.8% and 64.7%, respectively. For
PHNET patients who are not suitable for surgery, TACE has been proven
to be an effective alternative treatment that can effectively reduce the
tumour burden and relieve symptoms, but the current evidence is still
limited [26,27]. Li et al. [21] reported 6 cases of PHNET patients treated
with TACE, and they obtained satisfactory results during a 4-year follow-
up.

In our case, due to the involvement of multiple liver lobes, surgery
had a greater risk, so TACE treatment was chosen. After 30 months of
follow-up, most of the lesions shrank and underwent necrosis. The pa-
tient is currently in stable condition and has no related complications.
This indicates that TACE containing anthracycline is an effective
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treatment for PHNET patients. Liver transplantation (LT) can also be
selected for patients who cannot be surgically resected if interventional
therapy has failed. A retrospective study evaluated the outcomes of 213
NET patients who underwent LT and found that LT is an effective
treatment for patients with unresectable metastatic hepatic neuroen-
docrine tumors (MHNETS) [28].

The somatostatin receptor is a possible target for other systemic
treatments. Low- and medium-grade NETs tend to express somatostatin
receptors at high levels. The use of somatostatin analogues (SSAs), such
as long-acting octreotide, lanreotide, pasireotide, etc. can effectively
control the carcinoid synthesis of such NETs, prolonging the patient's
progression-free survival time. Shen et al. [29] reported the outcomes of
233 patients with advanced GEP-NETs who received octreotide injec-
tion, with a median survival time of 35.22 months. Long-acting so-
matostatin lanreotide has also been shown to have antihormonal and
antiproliferative effects on NETs, but its role in the treatment of PHNETS
remains to be determined [30,31].

Peptide-receptor radionuclide therapy (PRRT) is an emerging treat-
ment option that has promising effects [32]. PRRT refers to the specific
binding of somatostatin analogues (SSTAs) to somatostatin receptors
(SSTRs) to introduce labeled radionuclides into tumors with high
expression of SSTRs so that SSTAs and radionuclides can be co-localized
in the primary site of the tumour to play a dual therapeutic role of
chemotherapy and internal radiation. Kwekkeboom et al. [33] reported
that MHNET patients treated with a radiolabelled somatostatin
analogue, [(177)Lu-DOTA(0), Tyr(3)] octreotide, had a survival benefit
of 40-72 months compared with historical controls.

Systemic chemotherapy is mainly used for the treatment of meta-
static NETs. For high-grade neuroendocrine tumors, especially those
with Ki-67 > 50%, systemic chemotherapy with drugs such as cisplatin
and etoposide has been shown to have a better effect [34]. Targeted
therapy is mainly for low- and medium-grade advanced chronic NETs
(Gl or G2). Commonly used molecular targets include SSTRs,
mammalian rapamycin receptor (mTOR) and angiogenic factors. A
study reported that the mTOR inhibitor everolimus and the anti-
angiogenic multitarget tyrosine kinase inhibitor (TKI) sunitinib could be
applied to pancreatic NETs [35]. Targeted therapy can also be combined
with SSA to treat low- and medium-grade NETs [36-38]. Some NET cells
highly express PD-1, and immunotherapy can prolong the survival time
of these patients. Y Fan et al. [39] studied the expression of PD-L1 and
PD-1 in 80 patients diagnosed with NETs, suggesting that PD-L1 and PD-
1 may become a new choice for poorly differentiated G3 NET patients. In
addition, radiofrequency ablation and cryoablation have a positive ef-
fect in the treatment of MHNETSs [40,41]. Whether the above treatment
methods can be routinely applied to the treatment of PHNETs needs
further study.

4. Conclusion

PHNET is an extremely rare malignant tumour. For those who have
no clinical symptoms, normal tumour markers, and suspected malignant
tumour signs but no typical manifestations on imaging examination, the
diagnosis of a primary hepatic neuroendocrine tumour should be
considered after excluding the presence of a primary extrahepatic lesion.
The lack of specificity of PHNET radiological characteristics often leads
to its misdiagnosis as some other type of liver tumour. The diagnosis
depends on histopathology and immunohistochemical examinations.
Surgery is the first choice for treatment, but the treatment plan should be
individualized, and if necessary, a combination of multiple treatments
can be used to improve the prognosis. Our case confirmed the effec-
tiveness of TACE as an alternative therapy for patients with well-
differentiated PHNETS.
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