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Abstract. A 55‑year‑old woman presented with chest and back 
pain of unknown cause. Contrast‑enhanced computed tomog-
raphy revealed two low‑density tumors, sized 4.6 and 4.4 cm, 
in the hepatic caudate and left inner lobes, respectively. There 
are multiple enlarged lymph nodes around the abdominal 
aorta, hepatogastric ligament and gastrosplenic ligament. At 
the same time, there were multiple enlarged lymph nodes 
between the portal vein and the vena cava. Upper gastroin-
testinal endoscopy revealed chronic non‑atrophic gastritis 
and esophagitis (grade B). Endoscopic examination of the 
lower digestive tract revealed polyps of the colon, diagnosed 
as tubular adenomas following biopsy and histopathological 
examination. The patient underwent left three hepatic resec-
tion (including left inner lobe, left outer lobe and right anterior 
lobe resection), abdominal lymph node dissection, right liver 
tumor radiofrequency ablation, hepatic caudate lobe resection, 
intestinal adhesion release, vena cava formation, portal vein 
repair and hilar cholangioplasty. The pathological examination 
of the resected specimens revealed intrahepatic bile duct carci-
noma and hepatic parenchymal neuroendocrine tumor (NET). 
In addition, liver solid portions consisted of tumor cells with 
characteristic salt‑and‑pepper nuclei. Immunohistochemical 
examination revealed expression of the neuroendocrine 
marker synaptophysin in this solid component, confirming the 
diagnosis of NET. Furthermore, the MIB‑1 proliferation index 
of the NET was higher compared with that of the adenocarci-
noma, and lymph node invasion by the NET component was 
detected, indicating a neuroendocrine carcinoma (NEC, or 
NET G3). The diagnosis of mixed adenoneuroendocrine carci-
noma of the liver was confirmed based on the World Health 
Organization 2010 criteria. Taking into consideration the 

patient's poor general condition, only symptomatic supportive 
treatment was administered postoperatively, without chemo-
therapy. Contrast‑enhanced computed tomography at 45 days 
postoperatively revealed disease progression, with metastases 
in the liver stump, abdominal lymph nodes, spine and pelvis. 
The patient remained on symptomatic supportive treatment 
and succumbed to disease progression 3 months after surgery.

Introduction

The first gastrointestinal tumor with dual neuroendocrine and 
exocrine differentiation was reported by Cordier in 1924 (1). 
The World Health Organization published a new classifica-
tion for neuroendocrine neoplasms (NENs) of the digestive 
system in 2010 that divided NENs into four main categories: 
Neuroendocrine tumor (NET) G1, NET G2, neuroendocrine 
carcinoma (NEC or NET G3), and mixed adenoneuroendocrine 
carcinoma (MANEC). MANEC is defined as a tumor that is 
composed of neuroendocrine and epithelial cells arranged in 
glandular formations, and may be considered as cancer, as 
both components are malignant. Occasionally, a squamous 
cell carcinoma component may be detected, albeit rarely. It is 
generally considered that these two components must account 
for at least 30% of the tumor in cases diagnosed with mixed 
cancer, as only a small number of immunohistochemically 
positive neuroendocrine cells found in adenocarcinoma are 
not sufficient to establish a diagnosis of mixed cancer (2).

Liver MANECs are relatively rare, with only a few cases 
reported to date, mainly in the stomach (3,4), pancreas (5), 
esophagus (6) and Vater ampulla (7). Due to the low incidence 
of hepatic MANECs, they may pose a diagnostic challenge, 
as only one component is usually identified and the diagnosis 
is incomplete. The diagnosis of MANECs mainly depends 
on pathological examination. Tumor architecture is the most 
important diagnostic characteristic of MANECs, and the diag-
nosis is then confirmed by immunohistochemical examination 
for chromogranin A, synaptophysin, CD56, or neuron‑specific 
enolase (NSE) expression (8). The treatment of MANECs is 
mainly surgical, and prognosis depends on the stage and tumor 
type. There are currently no definitive recommendations 
regarding adjuvant chemotherapy due to the small number 
of such cases reported to date. Further improvements in the 
diagnosis and treatment of MANEC are needed. The purpose 
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of the present study was to further explore the pathogenesis of 
MANEC, and to provide a theoretical basis for early diagnosis, 
clinical treatment and prognosis of this type of tumor, in order 
improve diagnostic awareness and optimize individualized 
treatment.

Case report

A 55‑year‑old woman presented with chest and back pain 
of unknown etiology. The patient was admitted to the West 
China Hospital (Chengdu, China) for further examination 
and treatment. Laboratory data revealed increased levels of 
α‑fetoprotein (AFP), serum carbohydrate antigen (CA)125 
and NSE, which were 23.41 ng/ml (normal range <20 ng/ml), 
62.26 U/ml and 127.9 ng/ml, respectively. The AFP values 
associated with primary hepatocellular carcinoma are generally 
known to be >500 ng/ml for 4 weeks, or 200‑500 ng/ml for 
8 weeks. Therefore, the diagnosis of primary liver cancer in 
this patient was not considered likely. CA125 is widely present 
in mesothelial tissue and is currently the most important 
ovarian cancer‑associated antigen. CA125 is the most reliable 
diagnostic indicator for ovarian cancer, and its normal level 
is <35 U/ml, whereas NSE is mainly used for the diagnosis 
of neuroendocrine tumors, with a serum reference value 
of <12.5 ng/ml. Contrast‑enhanced computed tomography 
(CT) examination revealed low‑density tumors sized 4.6 
and 4.4 cm in the caudate and left internal lobe of the liver, 
respectively (Fig. 1A and B). There were multiple enlarged 
lymph nodes along the abdominal aorta, the hepatogastric and 
gastrosplenic ligaments, and in the space between the portal vein 
and the inferior vena cava (Fig. 1C). The patient was subjected 
to left three hepatic resection (including left inner lobe, left 
outer lobe and right anterior lobe resection), abdominal lymph 
node dissection, liver tumor radiofrequency ablation, hepatic 
caudate lobe resection, intestinal adhesion release, repair of 
vena cava damage, portal vein repair and hilar cholangioplasty 
in our hospital. The liver margin of the surgical specimen 
was not invaded by cancer. Subsequent immunohistochemical 
examination did not rule out the possibility of a gastrointestinal 
origin, and gastrointestinal endoscopy and positron emission 
tomography (PET)‑CT were performed to exclude distant 
metastasis. Upper gastrointestinal endoscopy revealed chronic 
non‑atrophic gastritis and esophagitis (grade B). Endoscopic 
examination of the lower digestive tract detected polyps of 
the colon, diagnosed as tubular adenomas following biopsy 
and histopathological examination. The PET examination 
demonstrated active glucose metabolism in the liver, cervical 
lymph nodes, abdominal lymph nodes and bones, mostly 
due to tumor metastases (Fig. 2). There was no evidence of 
intestinal, ovarian or other metastases.

The surgical specimen was fixed in 10% neutral formalin 
solution for >48 h. The tissue samples were then embedded 
in paraffin for sectioning at 1 mm, and the sections were 
subjected to conventional dewaxing and hydration. A 
multimeric anti‑rabbit/mouse IgG‑HRP kit (SV0004; Boster 
Biological Technology Co., Ltd.) was applied for experimental 
testing. The sections were incubated with 3%  H2O2 in 
deionized water for 5‑10 min at room temperature to eliminate 
endogenous peroxidase activity, and then rinsed with PBS 
(Boster Biological Technology Co., Ltd.; cat. no. AR0030) 

3  times for 5 min each time. The antigen was repaired by 
boiling 0.01 M sodium citrate buffer solution in a microwave 
oven. After adding 5% BSA blocking solution, the sections 
were incubated at 37˚C for 30 min for blocking and then dried. 
The sections were then incubated with primary antibodies 
against CK20 (clone OVIL 12/30; Leica Biosystems; 
1:50  dilution), carcinoembryonic antigen (CEA) (clone 
12‑140‑10; Leica Biosystems; 1:200 dilution), synaptophysin 
(Merck KGaA; cat. no. MAB5258‑I; 1:200 dilution), Ki‑67 
(BM2889; 1:100 dilution), retinoblastoma (RB; BM2184; 
1:100 dilution) and p53 (BM0101; 1:50 dilution) (all from 
Boster Biological Technology Co., Ltd.) at 37˚C for 1‑2 h, and 
then washed 3 times with PBS, 5 min each time. HRP‑labeled 
anti‑rabbit/mouse IgG was added dropwise, incubated at 37˚C 
for 30 min and rinsed with PBS 3 times, 5 min each time. 
The sections were colored with DAB (the reaction time was 
controlled under a microscope) and then washed thoroughly 
with tap water. According to the need for hematoxylin 
(cat. no. AR0005; Boster Biological Technology Co., Ltd.) 
re‑dyeing, the dyeing time was 0.5‑2 min. The sections were 
then dehydrated, transparentized and photographed under a 
microscope (Olympus CX31; Olympus Corporation).

The excised liver tumor was composed of two parts. One 
part was a tumor with nest‑like growth in the liver paren-
chyma, and the nest‑like areas consisted of highly malignant 
large cells (Fig.���������������������������������������������� ���������������������������������������������3A). The nest‑like areas lacking acinar/glan-
dular structures consisted of tumor cells with salt‑and‑pepper 
nuclei, a high nucleus‑to‑cytoplasm ratio and increased 
nuclear chromatin density (Fig. 3D). The other part was an 
adenocarcinomatous component arising from the intrahepatic 
bile ducts (Fig.  3B). Under high magnification, the cells 
exhibited disorderly arrangement and prominent atypia, with 
scattered goblet cells and a large amount of mucus secreted 
in the lumen (Fig. 3C). The expression of cytokeratin (CK)20 
and CEA, which are positive in intrahepatic cholangiocarci-
noma, confirmed the adenocarcinomatous nature (Fig. 4A‑D). 
Synaptophysin, which is positively expressed in hepatic 
parenchymal tumors and negative in bile duct adenocarci-
noma, confirmed the NET component of MANEC and the 
dual differentiation of this tumor (Fig. 4E and F). The MIB‑1 
proliferation index of the NET component was significantly 
higher compared with that of the adenocarcinomatous 
component (Fig. 4G and H). The Ki‑67 positivity rate of the 
NET component was ~60%, and the mitotic figure count was 
~35/10 high‑power fields (HPF). Lymph node invasion by 
the NET component was identified (Fig. 3E), indicating that 
NET was the main determinant of the prognosis. RB and 
P53 are positive in NET and adenocarcinoma. RB and P53 
positivity is observed in various tumors, and suggests a poor 
prognosis (Fig. 4I‑L). The patient in this case succumbed to 
disease progression 3 months after surgery.

Discussion

According to the 2010 WHO classification, NETs of the 
digestive system are classified as follows: NET G1 (carcinoid; 
mitotic count: <2 per 10 HPF and/or ≤2% Ki‑67 index); NET 
G2 (mitotic count: 2‑20 per 10 HPF and/or 3‑20% Ki‑67 index); 
NEC (large‑ or small‑cell type); and MANEC (9). The Ki‑67 
positivity rate in the present case was ~60%, and the mitotic 
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figure count was ~35/10 HPF. The neuroendocrine components 
contain small, intermediate and large neuroendocrine cells.

In cytology, classification relies on differentiation (number 
of mitotic divisions and Ki‑67 proliferation index), which 
reflects the extent to which malignant cells resemble normal 
cells. Tumor morphology and Ki‑67 proliferation index 
positivity rate are considered as key prognostic factors (10). 
According to the grade of differentiation and malignancy 
of the two components, MANECs are further divided into 
the following subtypes: High‑grade malignant MANEC, 
intermediate‑grade malignant MANEC, and a low‑grade 
mixed gonadal neuroendocrine tumor  (11). High‑grade 
malignant MANECs consist of a carcinomatous component 
(adenocarcinoma or squamous cell carcinoma) and a poorly 

differentiated NEC component. Intermediate‑grade malignant 
MANECs consist of adenocarcinoma and G1 or G2 NEN, 
whereas low‑grade mixed gonadal neuroendocrine tumors 
consist of adenoma and G1 or G2 NEN components. Based on 
the Digestive System Tumor NET WHO 2010 Grading Criteria, 
NET G3 (NEC) is defined as a mitotic count >20/10 HPF 
and/or Ki‑67 >20%. Therefore, the NET of the patient in the 
present case was G3 (NEC).

CK20 and CEA are positive in adenocarcinoma, and 
confirmed the presence of an adenocarcinomatous component 
in MANEC. Synaptophysin, which is positive in NET and 
negative in adenocarcinoma, confirmed the NET component 
of the MANEC. RB and P53 expression is positive in various 
tumors, and is suggestive of a poor prognosis. It was previously 

Figure 2. Positron emission tomography examination revealed increased glucose metabolism in (A) the neck lymph nodes, (B) abdominal lymph nodes and 
(C) the residual liver, whereas (D) multiple bone metastatic lesions were also detected.

Figure 1. (A and B) Computed tomography of liver revealed two soft tissue masses of slightly lower density in the liver, sized ~4.6 and 4.4 cm, with enhance-
ment of the margins (arrows). (C) Computed tomography of the abdomen revealed multiple lymph node enlargements along the abdominal aorta, hepatogastric 
and gastrosplenic ligaments and in the space between the portal vein and the inferior vena cava (arrow).
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suggested that, when MANECs contain poorly differentiated 
(G3) NET components, they should be treated as NECs (12,13). 
This simpler proliferation‑based ENETS/WHO 2010 clas-
sification system provides prognostic information, but has 
not been validated to predict recurrence following surgical 
resection.

Liver MANEC is rarely reported. The origin of MANEC 
remains uncertain. There are two main theories regarding 
the origin of this disease. Based on the first theory, it is 
hypothesized that the two components of MANEC originate 
from two different cell lines. The adenocarcinoma cells 
originate from pluripotent stem cells, whereas NEC originates 
from embryonic neural cells. Based on the second hypothesis, 
MANEC is considered to originate from endodermal 
pluripotent stem cells, which are affected by hormones, the local 
microenvironment and an instable genome during the process 
of tumor occurrence and development, eventually leading to a 
two‑way or multidirectional differentiation (14‑16). However, 
in most cases, the adenocarcinomatous and NEC components 
of MANEC are cross‑mixed. Only in a few cases these two 
components are closely linked without mixing (referred to as 
‘colliding’ tumors), which suggests that the majority of these 
tumors may originate from pluripotent stem cells and undergo 
multidirectional differentiation during tumor occurrence 
and development. Zhang et al (17) reported that, in addition 
to the adenocarcinoma and NEC components, mixed cancer 
also contains squamous cell carcinoma, which may support 
the concept that these tumors originate from pluripotent stem 
cells. However, it remains unclear why two tumor cells of a 
different origin and behavior can coexist in one tumor, that 
is, that the same tumor contains two different components of 

cancer cells, adenocarcinoma or neuroendocrine cancer and 
the squamous cell carcinoma.

It was previously considered that the percentage of each 
component in mixed cancers determines disease progression. 
However, retrospective case analyses have demonstrated that 
the prognosis of MANEC depends on the main component (18), 
rather than the proportion of each component. This is 
because this smaller percentage volume may metastasize 
and significantly affect patient outcome. Most authors argue 
that the characteristics of the neuroendocrine component 
have a considerable impact on the clinical manifestations of 
MANEC (19). In addition, in most literature reports, lymph 
node and liver metastases are almost always from NEC rather 
than adenocarcinoma, as NECs are usually poorly differentiated 
and more aggressive compared with adenocarcinomas. 
Scardoni et al (20) concluded that there are multiple drivers 
of gene mutations in the neuroendocrine component, such as 
the ATM, ERBB4, KDR/VEGFR2, JAK3 and TP53 genes. 
Although some authors believe that clinical behavior depends 
on the grade of the neuroendocrine component, others 
report that the characteristics of the adenocarcinomatous 
part affect the outcome in cases with well‑differentiated 
neuroendocrine components (21,22). Gurzu et al (8) reported 
that the glandular component was predominant in lymph node 
metastases, and nuclear expression of maspin in glandular 
structures compared with its negativity in the neuroendocrine 
component confirmed the higher aggressiveness of 
adenocarcinoma compared with poorly differentiated 
NEC. A previous study reported that the mortality rate by 
histological type was significantly higher in low differentiation 
adenocarcinoma/adverse NET compared with that in highly 

Figure 3. Pathological findings from the resected liver (hematoxylin eosin staining). (A) Tumor cell nests found in the parenchyma of the resected liver, 
composed of highly malignant large cells; magnification, x100. (B) Adenocarcinoma component originating from the intrahepatic bile duct; magnifica-
tion, x100. (C) Under high magnification (x400), adenocarcinoma cells exhibited disorderly arrangement and high atypia, with scattered goblet cells (arrow) 
and a large amount of mucus secreted in the lumen. (D) The nest‑like areas lacked acinar/glandular structures and comprised tumor cells with salt‑and‑pepper 
nuclei, a high nucleus‑to‑cytoplasm ratio, and increased nuclear density; magnification, x400. (E) Lymph node invasion by the neuroendocrine component was 
identified; magnification, x400; H&E staining.
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differentiated (adenocarcinoma/low‑grade NETs  (23). This 
suggests that the NEC component, and not the adenocarcinoma 
component, is the main driver of cancer progression in this 
cancer type. Others believe that adenocarcinoma may affect 
the prognosis of MANECs with highly differentiated NEC. 
However, in the present case, both the adenocarcinoma and 
NEC were high‑grade malignant tumors (the NEC component 
accounted for ~60% and the adenocarcinoma for ~40%). The 
metastatic lymph nodes in this case were from NEC, which 
suggests that NEC is more likely to invade lymphatic vessels 
and plays an important role in the prognosis of high‑grade 

MANEC, which is mainly responsible for disease progression. 
Based on most literature reports, lymph node metastasis is 
almost always from NEC rather than adenocarcinoma and, 
therefore, must be treated as a NEC. In addition, the higher 
the positive rate of P53 expression on immunohistochemistry, 
the worse the prognosis. The RB gene is widely distributed 
in various tissues, and is known to inhibit cell proliferation, 
promote cell differentiation, and regulate the cell cycle, but its 
role in MANEC remains unclear, although it may be associated 
with prognosis. Further research on the RB gene is required. 
Ki‑67 is a marker of cell proliferation and, the higher its 

Figure 4. Immunohistochemical staining. CK20 staining was positive in (A) adenocarcinoma and (B) NET; magnification, x100. Carcinoembryonic antigen 
staining was (C) positive in adenocarcinoma and (D) negative in NET; magnification, x100. Synaptophysin staining was (E) positive in NET and (F) negative in 
adenocarcinoma; magnification, x100. The MIB‑1 proliferation index of (G) NET was higher compared with that of (H) adenocarcinoma; magnification, x100. 
RB staining was positive in (I) NET and (J) adenocarcinoma; magnification, x100. P53 staining was positive in (K) NET and (L) adenocarcinoma; magnifica-
tion, x100. CK, cytokeratin; NET, neuroendocrine tumor; RB, retinoblastoma gene.
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positivity rate, the higher the malignant potential of the tumor. 
Ki‑67 is closely associated with tumor differentiation, invasion, 
metastasis and prognosis. However, further extensive clinical 
research and epidemiological analysis are required. A clear 
understanding of the key factors affecting cancer progression 
is crucial for determining standard treatment options. However, 
recent WHO classifications indicate that MANEC treatment is 
similar to that for common adenocarcinoma.

Due to the rarity of MANEC, the most effective chemotherapy 
regimen remains to be determined. The National Comprehensive 
Cancer Network recommends the use of cisplatin or etoposide, 
but the prognosis remains poor, with a median survival time of 
7‑10 months at present. However, there is currently no consensus 
among different investigators regarding the choice of adjuvant 
chemotherapy. Some authors recommend the use of cisplatin 
or carboplatin with etoposide (24), whereas others approve the 
combination of cisplatin with fluoropyrimidines in cases with 
metastatic adenopathy������������������������������������������� ������������������������������������������(25). Surgery remains the preferred treat-
ment for early liver malignant tumors. For the diagnosis of liver 
malignant tumors, a bioptic specimen may be collected during 
surgery. However, a liver biopsy may lead to dissemination of 
tumor cells, which may cause metastasis to the peritoneum or 
other sites and worsen the prognosis. Based on each patient's 
status, the development of effective and individualized treat-
ment approaches to reduce postoperative complications requires 
continuous clinical practice and experience.
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