
World Journal of
Gastrointestinal Oncology

World J Gastrointest Oncol  2019 May 15; 11(5): 348-448

ISSN 1948-5204 (online)

Published by Baishideng Publishing Group Inc



W J G O
World Journal of
Gastrointestinal
Oncology

Contents Monthly  Volume 11  Number 5  May 15, 2019

REVIEW
348 Effect of exercise on colorectal cancer prevention and treatment

Oruç Z, Kaplan MA

MINIREVIEWS
367 Stereotactic body radiation therapy in patients with hepatocellular carcinoma: A mini-review

Gerum S, Jensen AD, Roeder F

ORIGINAL ARTICLE

Basic Study

377 Qingjie Fuzheng granules inhibit colorectal cancer cell growth by the PI3K/AKT and ERK pathways
Yang H, Liu JX, Shang HX, Lin S, Zhao JY, Lin JM

Retrospective Study

393 Surgical complications after different therapeutic approaches for locally advanced rectal cancer
Zhan TC, Zhang DK, Gu J, Li M

404 Histopathological characteristics of needle core biopsy and surgical specimens from patients with solitary

hepatocellular carcinoma or intrahepatic cholangiocarcinoma
Wu JS, Feng JL, Zhu RD, Liu SG, Zhao DW, Li N

416 Surgical  resection of gastric stump cancer following proximal gastrectomy for adenocarcinoma of the

esophagogastric junction
Ma FH, Xue LY, Chen YT, Li WK, Li Y, Kang WZ, Xie YB, Zhong YX, Xu Q, Tian YT

Observational Study

424 ADAMTS13 and von Willebrand factor are useful biomarkers for sorafenib treatment efficiency in patients

with hepatocellular carcinoma
Takaya H, Namisaki T, Shimozato N, Kaji K, Kitade M, Moriya K, Sato S, Kawaratani H, Akahane T, Matsumoto M, Yoshiji H

436 Analysis  of  B-ultrasound  and  contrast-enhanced  ultrasound  characteristics  of  different  hepatic

neuroendocrine neoplasm
Kang XN, Zhang XY, Bai J, Wang ZY, Yin WJ, Li L

WJGO https://www.wjgnet.com May 15, 2019 Volume 11 Issue 5I

https://www.wjgnet.com


Contents
World Journal of Gastrointestinal Oncology

Volume 11  Number 5  May 15, 2019

ABOUT COVER Editorial Board Member of World Journal of Gastrointestinal Oncology,
Hiroshi Doi, MD, PhD, Assistant Professor, Lecturer, Department of
Radiation Oncology, Kindai University Faculty of Medicine, Osaka 589-
8511, Japan

AIMS AND SCOPE World Journal of Gastrointestinal Oncology (World J Gastrointest Oncol, WJGO,
online ISSN 1948-5204, DOI: 10.4251) is a peer-reviewed open access
academic journal that aims to guide clinical practice and improve diagnostic
and therapeutic skills of clinicians.
    The WJGO covers topics concerning carcinogenesis, tumorigenesis,
metastasis, diagnosis, prevention, prognosis, clinical manifestations,
nutritional support, etc. The current columns of WJGO include editorial,
frontier, field of vision, review, original articles, case report.
   We encourage authors to submit their manuscripts to WJGO. We will give
priority to manuscripts that are supported by major national and
international foundations and those that are of great clinical significance.

INDEXING/ABSTRACTING The WJGO is now indexed in Science Citation Index Expanded (also known as

SciSearch®), PubMed, and PubMed Central. The 2018 edition of Journal Citation

Reports® cites the 2017 impact factor for WJGO as 3.140 (5-year impact factor: 3.228),

ranking WJGO as 39 among 80 journals in gastroenterology and hepatology (quartile in

category Q2), and 114 among 222 journals in oncology (quartile in category Q3).

RESPONSIBLE EDITORS
FOR THIS ISSUE

Responsible Electronic Editor: Yun-Xiaojian Wu Proofing Editorial Office Director: Jin-Lei Wang

NAME OF JOURNAL
World Journal of Gastrointestinal Oncology

ISSN
ISSN 1948-5204 (online)

LAUNCH DATE
February 15, 2009

FREQUENCY
Monthly

EDITORS-IN-CHIEF
Monjur Ahmed, Rosa M Jimenez Rodriguez, Pashtoon Murtaza Kasi

EDITORIAL BOARD MEMBERS
https://www.wjgnet.com/1948-5204/editorialboard.htm

EDITORIAL OFFICE
Jin-Lei Wang, Director

PUBLICATION DATE
May 15, 2019

COPYRIGHT
© 2019 Baishideng Publishing Group Inc

INSTRUCTIONS TO AUTHORS
https://www.wjgnet.com/bpg/gerinfo/204

GUIDELINES FOR ETHICS DOCUMENTS
https://www.wjgnet.com/bpg/GerInfo/287

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
https://www.wjgnet.com/bpg/gerinfo/240

PUBLICATION MISCONDUCT
https://www.wjgnet.com/bpg/gerinfo/208

ARTICLE PROCESSING CHARGE
https://www.wjgnet.com/bpg/gerinfo/242

STEPS FOR SUBMITTING MANUSCRIPTS
https://www.wjgnet.com/bpg/GerInfo/239

ONLINE SUBMISSION
https://www.f6publishing.com

© 2019 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

WJGO https://www.wjgnet.com May 15, 2019 Volume 11 Issue 5II

mailto:bpgoffice@wjgnet.com


W J G O
World Journal of
Gastrointestinal
Oncology

Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Oncol  2019 May 15; 11(5): 436-448

DOI: 10.4251/wjgo.v11.i5.436 ISSN 1948-5204 (online)

ORIGINAL ARTICLE

Observational Study

Analysis of B-ultrasound and contrast-enhanced ultrasound
characteristics of different hepatic neuroendocrine neoplasm

Xiao-Ning Kang, Xiao-Yu Zhang, Jie Bai, Zun-Yi Wang, Wen-Jie Yin, Li Li

ORCID number: Xiao-Ning Kang
(0000-0002-9480-8929); Xiao-Yu
Zhang (0000-0002-6363-0435); Jie
Bai (0000-0002-9825-5030); Zun-Yi
Wang (0000-0002-4318-0813); Wen-
Jie Yin (0000-0001-3874-2289); Li Li
(0000-0001-5716-0177).

Author contributions: Kang XN,
Zhang XY, and Li L designed the
research; Kang XN, Bai J, and
Wang ZY performed the research;
Li L and Yin WJ contributed new
reagents/analytic tools; Kang XN,
Bai J, and Zhang XY analyzed the
data; and Kang XN, Zhang XY, and
Li L wrote the paper.

Institutional review board
statement: The study was
approved by the ethics committee
of Cangzhou Central Hospital.

Informed consent statement: All
patients gave informed consent.

Conflict-of-interest statement: The
authors declare that they have no
competing interests.

Data sharing statement: No
additional data are available.

STROBE statement: The authors
have read the STROBE Statement,
and the manuscript was prepared
and revised according to the
STROBE Statement.

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (CC BY-NC 4.0)

Xiao-Ning Kang, Li Li, Department of Second Ultrasound, Cangzhou Central Hospital,
Cangzhou 061001, Hebei Province, China

Xiao-Yu Zhang, Jie Bai, Zun-Yi Wang, Department of Third Oncology, Cangzhou Central
Hospital, Cangzhou 061001, Hebei Province, China

Wen-Jie Yin, Department of Gastroenterology, Cangzhou Central Hospital, Cangzhou 061001,
Hebei Province, China

Corresponding author: Li Li, MD, Chief Physician, Department of Second Ultrasound,
Cangzhou Central Hospital, No. 16 Xinhua West Road, Yunhe District, Cangzhou 061001,
Hebei Province, China. lilijobdoc@126.com
Telephone: +86-317-2075790

Abstract
BACKGROUND
Hepatic neuroendocrine neoplasm (hNEN) is a highly heterogeneous tumor. The
exact identification of the source and malignant degree of hNEN is important.
However, there is a lack of information regarding diagnosis of hNEN with
imaging. In addition, no studies have compared the imaging between hNEN and
hepatocellular carcinoma (HCC) and among different sources and malignant
degrees of hNEN.

AIM
To compare the ultrasound characteristics between hNEN and HCC and among
different sources and malignant degrees of hNEN.

METHODS
A total of 55 patients with hNEN were recruited and defined as the hNEN group.
Among them, 35 cases of hNET were defined as the hNET group. Twenty cases of
hepatic neuroendocrine carcinoma (hNEC) were defined as the hNEC group.
Among the 55 lesions, 29 were transferred from the pancreas, 20 were from the
gastrointestinal tract, and six were from other sites. In total, 55 patients with HCC
were recruited and defined as the HCC group. The characteristic differences of B-
mode ultrasound and contrast-enhanced ultrasound (CEUS) between hNEN and
HCC and among different sources and malignant degrees of hNEN were
compared.

RESULTS
In the hNEN group, the proportions of multiple liver lesions, unclear borders,
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and high echo lesions were higher than those in the HCC group. The proportions
of non-uniform echo and peripheral acoustic halo were lower than those in the
HCC group (P < 0.05). The washout to iso-enhancement time and washout to
hypo-enhancement time were lower than those in the HCC group (P < 0.05). The
characteristics of B-ultrasound and CEUS among different sources of hNEN were
similar, and the differences were not statistically significant (P > 0.05). B-mode
ultrasound characteristics of hNET and hNEC were similar. The proportions of
low enhancement at portal venous phase, non-uniform enhancement forms, and
combined tumor vasculature in the hNEC group were larger than those in the
hNEN group (P < 0.05).

CONCLUSION
Compared with HCC, hNEN showed multiple intrahepatic lesions, uniform high
echo, uniform high enhancement at arterial phase, and rapid washout. Low
enhancement at portal venous phase, overall non-uniform enhancement form,
and the proportion of combined tumor vasculature in hNEC were larger than
those in hNET.

Key words: Hepatic neuroendocrine neoplasm; Hepatic neuroendocrine tumor; Hepatic
neuroendocrine carcinoma; B-ultrasound; Contrast-enhanced ultrasound

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Clinically, hepatic neuroendocrine neoplasm (hNEN) is rare, and few reports
are currently available on the imaging diagnosis of hNENs. In this study, by comparing
hNEN and hepatocellular carcinoma, hNEN from different sources, and differentiation, it
was found that the ultrasound characteristics of hNEN are mostly multiple, uniform
hyperechoic masses. The enhancement at the arterial phase was mostly uniform and
high, and the washout was rapid compared with hepatocellular carcinoma. Compared
with hepatic neuroendocrine tumor, the enhancement at the portal venous phase of
hepatic neuroendocrine carcinoma was low, and the enhancement form was non-
uniform.

Citation: Kang XN, Zhang XY, Bai J, Wang ZY, Yin WJ, Li L. Analysis of B-ultrasound and
contrast-enhanced ultrasound characteristics of different hepatic neuroendocrine neoplasm.
World J Gastrointest Oncol 2019; 11(5): 436-448
URL: https://www.wjgnet.com/1948-5204/full/v11/i5/436.htm
DOI: https://dx.doi.org/10.4251/wjgo.v11.i5.436

INTRODUCTION
Neuroendocrine neoplasm (NEN) is a highly heterogeneous tumor. The liver is the
most  important  metastatic  part  of  NEN, which is  mostly  transferred from other
organs, such as the gastrointestinal tract. Therefore, hepatic NEN (hNEN) is more
common than primary hNEN[1-3]. The manifestations of hNEN patients are complex
and mostly non-specific. Patients with hNEN often present with liver discomfort and
bloating. It is necessary to identify hNEN and hepatocellular carcinoma (HCC). In
addition,  all  NENs  have  malignant  potential.  NEN  from  different  sources  and
malignant degrees differ greatly in outcome and treatment. Hence, it is important to
identify accurately the source and malignant degree of hNEN.

Currently, the diagnosis of hNEN mainly depends on the results of pathological
examination and immunohistochemistry[4-6]. Although pathological examination and
immunohistochemistry are the gold standard for diagnosis,  they are invasive ex-
aminations. They can only be used as a means of verification and cannot be used as a
screening tool  for  diseases.  Clinically,  initial  screening is  required through non-
invasive examinations (e.g., imaging examinations, laboratory examinations, etc), and
pathological diagnosis is performed on highly suspected patients. However, due to
the  rareness  of  hNEN,  there  is  a  lack  of  current  information regarding imaging
examinations, and there is little experience in identifying hNEN and HCC, hNEN
from different sources, and malignant degrees.

Beard  et  al[7]  reported  that  hNEN  and  HCC  had  similarities  in  ultrasound
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performance, which may cause misdiagnosis due to insufficient understanding. Some
studies  compared  the  hNEN  characteristics  of  different  sources  and  malignant
degrees and found that the B-ultrasound and contrast-enhanced ultrasound (CEUS)
performance of  hNEN from different sources and malignant degrees were diffe-
rent[8-10]. These findings suggest that we can identify hNEN by ultrasound and CEUS,
but its clinical application value has not been confirmed. Therefore, the present study
compared the ultrasound performance between hNEN and HCC. In addition, the
characteristics of B-mode ultrasound and CEUS from different sources and malignant
degrees of hNEN were analyzed in order to provide a reference for the diagnosis and
treatment of hNEN.

MATERIALS AND METHODS

Research object
A total of 55 patients with hNEN admitted to Cangzhou Central Hospital from Jan-
uary 2014 to May 2018 were recruited.  All  patients obtained a complete B-mode
ultrasound and CEUS data. They were defined as the hNEN group. Among them, 27
were males and 28 were females with an age range of 36-68 years old and an average
of  55.23 ± 14.52 years  old.  Three patients  in  the hNEN group had hepatitis.  The
inclusion criteria of hNEN were: Surgical resection or biopsy was confirmed as hNEN,
and immunohistochemistry confirmed that ChrA or Syno was positive. The exclusion
criteria were: HCC, mixed liver cancer, hilar cholangiocarcinoma, and extrahepatic
cholangiocarcinoma. According to the World Health Organization classification of the
digestive system tumor (2010) neuroendocrine tumor (NET) grading standard[11], 35
cases of hepatic NET (hNET) (G1 and G2) were defined as the hNET group, and 20
cases of hNEC (G3) were defined as the hNEC group. Among the 55 hNEN lesions, 29
were transferred from the pancreas, 20 were from the gastrointestinal tract, and six
were from other sites (two cases from the gallbladder, two cases from the abdomen,
and two cases from the lung). During the study period, 55 patients with HCC were
recruited as the HCC group. There were 38 males and 17 females with an age range of
35-71 years old and an average age of 54.29 ± 17.27 years old. There were 51 HCC
patients associated with hepatitis, and the hepatitis infection rate was significantly
higher than that of hNEN patients. The difference was statistically significant (χ2 =
86.443, P = 0.000). All patients signed informed consent, and this study was reviewed
by the Ethics Committee of Cangzhou Central Hospital.

Research methods
Ultrasound examination:  Ultrasound examination was performed using a Philips
ultrasound affinity 70 diagnostic instruments equipped with CEUS imaging software.
B-mode ultrasound and CEUS examinations were performed in each patient. The
patient was placed in a supine position. The depth, focus, gain, and grayscale and
color Doppler (CDFI) range were adjusted before examination. B-mode ultrasound
examinations, including CDFI scans, were performed first. Lesion diameter (unit: cm),
number  (single/multiple),  lesion  property  (solid/cyst),  echo  uniformity
(uniform/non-uniform),  echo  level  (high/low/mixed/equal),  boundary
(clear/unclear),  accompanying  signs  (peripheral  acoustic  halo,  posterior  echo
attenuation) of the liver lesions, and CDFI images were recorded.

Subsequently, a 2.4 mL contrast agent of SonoVue (Bracco) was used for CEUS.
After the bolus injection into the left median cubital vein, 5 mL of saline was injected.
The timing was started when the injection began. The whole examination process was
about 3-5 min, and the image data were recorded. The time phase of hepatic CEUS
was: 10-30 s after the injection of the contrast agent was the arterial phase, 31-120 s
was the portal venous phase, and 121-360 s was the late phase. All examinations were
performed by physicians with more than 10 years of ultrasound experience in our
hospital.

Data collection and image analysis: B-mode ultrasound lesion diameter, number,
boundary,  lesion  property,  echo  level,  echo  uniformity,  and  the  number  and
proportion  of  accompanying  signs  (peripheral  acoustic  halo,  posterior  echo
attenuation)  of  the  liver  lesions  were  observed and recorded.  The characteristic
differences of B-mode ultrasound between hNEN and HCC groups, transferred from
different hNEN sources, and between hNEC and hNET groups were compared.

CEUS:  The initial enhancement time (unit:s) of liver parenchyma and lesions was
recorded.  The  washout  to  iso-enhancement  time  (unit:s)  and  washout  to  hypo-
enhancement time (unit:s) of liver lesions were recorded as well. Then, the number
and proportion of different enhancement levels at arterial phase (reference to the
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enhancement level  of  adjacent  liver  tissue,  divided into high/equal/low enhan-
cement),  enhancement  levels  at  portal  venous  phase  and late  phase  (equal/low
enhancement),  enhancement  forms  (uniform  or  non-uniform  enhancement),
enhancement-washout modes (fast enhancement and washout/equal enhancement
and fast washout/low enhancement and fast washout), and special signs (adjacent
and  internal  tumor  vasculature,  tumor  necrosis  no-enhancement  zone,  capsule
enhancement in the late phase) of liver lesions were recorded. The characteristic
differences of CEUS between hNEN and HCC groups, transferred from different
hNEN sources, and between hNEC and hNET groups were compared.

Statistical analysis
All statistical analyses were performed with SPSS version 19.0 (IBM, Armonk, NY,
United States) software. The numerical data were expressed as mean ± SD and the
categorical variables as number and percentage. The t test was used to compare the
two groups of numerical data, and the three groups of numerical data were compared
using  one-way  analysis  of  variance.  The  comparisons  between  the  categorical
variables were performed by chi-square test. If the minimum theoretical frequency
was less than one, the Fisher’s exact test was used. P < 0.05 was considered a statis-
tically significant difference.

RESULTS

Pathological features of hNEN
Hematoxylin-eosin  staining  showed that  the  tumors  were  arranged by  uniform
circular or oval cells, which were nested or glandularly distributed. The cells were
well-differentiated. There were fewer mitotic figures, and the atypia was not obvious
(Figure 1). Immunohistochemical staining showed that 42 patients with hNEN were
positive for ChrA (Figure 2), and 45 patients were positive for Syno (Figure 3).

Comparison of B-mode ultrasound characteristics between the hNEN group and the
HCC group
Among all the B-mode ultrasound features, lesion diameter and the proportions of
different lesion property and posterior echo attenuation were similar between the
hNEN and HCC groups, and the differences were not statistically significant (P  >
0.05). The proportions of multiple liver lesions, unclear boundary, and high echo
lesion in the hNEN group were higher than those in the HCC group, and the diffe-
rences were statistically significant (P < 0.05). The proportions of non-uniform echo
and peripheral acoustic halo in the hNEN group were lower than those in the HCC
group, and the differences were statistically significant (P < 0.05; Table 1).

Comparison of CEUS characteristics between hNEN and HCC groups
The initial enhancement time was similar in the hNEN and HCC groups, and the
difference was not statistically significant (P > 0.05). The washout to iso-enhancement
time and washout to hypo-enhancement time in the hNEN group were lower than
those in the HCC group. The differences were statistically significant (P < 0.05).

The  proportions  of  different  CEUS  enhancement  characteristics,  including
enhancement at arterial phase, portal venous phase, and late phase, enhancement-
washout mode, enhancement form, tumor vasculature, tumor necrosis, and capsule
enhancement were similar in the two groups, and the differences were not statistically
significant (P > 0.05; Table 2).

Comparison  of  B-mode  ultrasound  characteristics  transferred  from  different
sources of hNEN
The lesion diameter  in  hNEN lesions  transferred from the gastrointestinal  tract,
pancreas, and other sites was similar, and there was no statistical significance (P >
0.05).  In  addition,  the  proportions  of  hNEN B-mode  ultrasound characteristics,
including  number  of  liver  lesions,  lesion  property,  boundary,  echo  level,  echo
uniformity, posterior echo attenuation, and peripheral acoustic halo, transferred from
different sources were similar, and the differences were not statistically significant (P
> 0.05; Table 3).

Comparison of CEUS characteristics transferred from different sources of hNEN
The initial enhancement time, washout to iso-enhancement time, and washout to
hypo-enhancement  time  of  hNEN  transferred  from  the  gastrointestinal  tract,
pancreas, and other sites were similar. The differences were not statistically significant
(P > 0.05). The proportions of CEUS enhancement characteristics transferred from
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Figure 1

Figure 1  Hematoxylin-eosin staining results of hepatic neuroendocrine neoplasm.

different sources of hNEN, including enhancement at arterial phase, portal venous
phase  and  late  phase,  enhancement-washout  mode,  enhancement  form,  tumor
vasculature,  tumor  necrosis,  and  capsule  enhancement,  were  similar,  and  the
differences were not statistically significant (P > 0.05; Table 4).

Comparison of B-mode ultrasound characteristics between hNET and hNEC groups
The  difference  in  lesion  diameter  between  hNET  and  hNEC  groups  was  not
statistically significant (P  > 0.05). The proportions of B-mode ultrasound features,
including  number  of  liver  lesions,  lesion  property,  boundary,  echo  level,  echo
uniformity, posterior echo attenuation, and peripheral acoustic halo, between hNET
and hNEC groups were similar, and the differences were not statistically significant
(P > 0.05; Table 5).

Comparison of CEUS characteristics between hNET and hNEC groups
There was no significant difference between hNEN and hNEC groups in terms of
initial enhancement time, washout to iso-enhancement time, and washout to hypo-
enhancement time (P  > 0.05).  Among the CEUS enhancement characteristics,  the
proportions of low enhancement at portal venous phase, non-uniform enhancement
forms, and no tumor vasculature in the hNEC group were greater than those in the
hNEN group (P < 0.05). The remaining CEUS enhancement characteristics, including
the proportions of enhancement at arterial phase, enhancement at late phase, tumor
necrosis,  and  capsule  enhancement,  were  similar  between  the  two  groups.  The
differences were not statistically significant (P > 0.05; Table 6).

DISCUSSION
Imaging examination plays an important role in tumor discovery, auxiliary diagnosis,
treatment, and follow-up. B-mode ultrasound and CEUS are widely used in clinical
practice as non-invasive and simple imaging methods. However, due to the rareness
of hNEN, there is currently little experience in imaging diagnosis of hNEN, which
may result in clinicians not being able to obtain correct imaging results for hNEN,
thus affecting the diagnosis and treatment of hNEN. Therefore, the present study first
compared the B-mode ultrasound and CEUS performance between hNEN and HCC.
Then, we compared the B-mode ultrasound and CEUS characteristics of different
sources of hNEN and different malignant degrees of hNEN in order to report clinical
diagnostic experience for hNEN.

Comparison of  B-mode ultrasound and CEUS results  between hNEN and HCC
groups
Recent studies have reported that the characteristics of hNEN B-mode ultrasound are
uniform hyperechoic or hypoechoic masses with clear boundaries[12,13]. Most of hNEN
CEUS characteristics are "fast forward and fast out"[14]. Centripetal enhancement at the
arterial  phase appears first,  and then uniform high enhancement appears[15].  The
characteristics of HCC B-mode ultrasound are hypoechoic or mixed echo masses with
clear boundaries[16]. The CEUS characteristics are “fast forward and fast out” as well.
But most of the CEUS characteristics of HCC showed uniform high enhancement at
the arterial phase[17-19]. In this study, there was no significant difference in lesion size
and the proportions of different lesion property and posterior echo attenuation in the
comparison  of  B-mode  ultrasound  and  CEUS  results  between  hNEN  and  HCC
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Figure 2

Figure 2  ChrA positive expression in hepatic neuroendocrine neoplasm.

groups. The possible reason is that both hNEN and HCC are solid and blood-rich
tumors[20]. They have similar characteristics in B-ultrasound signs and enhancement
features. However, the proportions of multiple liver lesion, unclear border, and high
echo lesion  in  the  hNEN group were  higher  than  those  in  the  HCC group.  The
proportions of non-uniform echo and peripheral acoustic halo in the hNEN group
were lower than those in the HCC group. It has been suggested that if the liver lesions
found in the ultrasound examination are multiple, uniform high echo, and without
peripheral acoustic halo, it may be hNEN. Further examination should be performed
to determine if there are extrahepatic lesions.

In  the  comparison  of  CEUS results,  the  initial  enhancement  time was  similar
between the hNEN and HCC groups, but the washout to iso-enhancement time and
washout to hypo-enhancement time in the hNEN group were lower than those in the
HCC group. These findings indicated that the washout time in hNEN was earlier than
that in HCC. The possible reason is that hNENs are transferred from different sources.
The blood flow supply composition is different, which results in a different washout
time than HCC[21,22]. In addition, the proportions of CEUS characteristics, including
enhancement of arterial phase, portal venous phase, and enhancement of late phase,
enhancement forms, tumor vasculature, tumor necrosis, and capsule enhancement,
were similar in the hNEN and HCC groups. Because the CEUS enhancement features
of hNEN and HCC are similar, it is difficult to distinguish clinically. It is necessary to
pay special attention to the difference of contrast agent washout time between hNEN
and HCC.

Therefore, this study suggests two points in the ultrasound examination: (1) Intra-
hepatic lesions are multiple, uniform, and high echo and without peripheral acoustic
halo;  and (2)  In the CEUS performance of  intrahepatic  lesions,  the uniform high
enhancement at arterial phase was found, and the washout is rapid. The diagnosis of
hNEN needs to be considered.

Comparison of B-mode ultrasound and CEUS results among hNENs from different
sources
hNEN can be transferred from multiple sites, including the pancreas, gastrointestinal
tract, liver, lungs, adrenal glands, etc.  Gastroenteropancreatic NENs are the main
source of hNEN[23].  Previous studies have revealed that although the treatment of
hNEN is surgery, the efficacy and 5-year survival of different sources of hNEN are
different[24-26]. The survival time of hNEN patients from the gastrointestinal tract is
significantly  longer  than  that  of  hNEN patients  from the  pancreas[27].  Ablation,
embolism, and liver transplantation have different effects on hNEN from different
sources[28,29]. In addition, some patients with hNEN need to undergo surgery again to
remove the primary lesion because they have misjudged the source of hNEN before
surgery[30-33]. Therefore, predicting the possible primary site of hNEN is important in
guiding the patient's examination, such as finding the extrahepatic primary tumor
and the treatment plan. This study analyzed B-mode ultrasound and CEUS results of
hNENs from the gastrointestinal tract, pancreas, and other sites. We found there was
no significant difference in B-mode ultrasound and CEUS characteristics of hNEN
from different sources. All of them were mainly multiple hyperechoic lesions, and the
CEUS showed uniformly high enhancement at arterial phase and rapid washout. This
indicated  that  it  is  difficult  to  identify  hNEN  from  different  sources  only  by
ultrasound. Therefore,  this  study suggests that  when hNEN is suspected to be a
metastatic tumor, the pathological examination should be performed to clarify the
primary lesion to prevent missed diagnosis.
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Figure 3

Figure 3  Syno positive expression in hepatic neuroendocrine neoplasm.

Comparison of B-mode ultrasound and CEUS results between hNET and hNEC
groups
All  hNENs have malignant potential[34-37],  and hNEN can be divided into poorly
differentiated hNEC (G3 grade) and highly differentiated hNET (G1 and G2 grade)
according to  its  degree  of  differentiation[38-40].  Most  hNET patients  require  local
therapy, and most hNEC patients require systemic therapy[41-43]. Therefore, accurate
identification of  hNEC and hNET has great  significance for clinical  treatment of
patients. In this study, the characteristics of B-mode ultrasound of hNEC and hNET
groups were compared. It  was found that both hNEC and hNET groups showed
multiple solid lesions, uniform and high echo, no posterior echo attenuation, and
peripheral acoustic halo. The difference was not obvious. When comparing CEUS
features, it was found that the initial enhancement time, washout to iso-enhancement
time, and washout to hypo-enhancement time were similar between the two groups.

The proportions of  enhancement at  arterial  phase,  enhancement at  late  phase,
tumor necrosis, and capsule enhancement were similar as well. However, there were
differences in the enhancement level at the portal vein phase. It was low enhancement
in the hNEC group, while some of the hNETs showed partial equal enhancement. In
addition, the proportion of combined tumor vasculature in the hNEC group was
larger than that  in the hNET group.  The possible  reason is  that  hNEC is  mainly
supplied by arteries, and washout is fast at the portal venous phase. Compared with
hNEC, hNET has more portal blood supply, which leads to equal enhancement at the
portal venous phase. This is consistent with the biological behavior and malignancy of
the tumor[44]. It also explains to some extent why hNEC has a low enhancement level
in the portal venous phase and a large proportion of tumor blood vessels[45,46].  In
addition, compared with hNET, hNEC has more non-uniform enhancement form at
the portal venous phase, probably because hNEC is more prone to cystic lesions,
resulting in non-uniform enhancement in CEUS[15,47,48].  Therefore, when the CEUS
result  of  hNEN  is  equal  enhancement  at  the  portal  venous  phase  and  uniform
enhancement form, hNET can be considered. If there is low enhancement at the portal
venous phase, non-uniform enhancement form, and combined tumor vasculature,
hNEC should be highly suspected. Further medical treatment measures should be
taken.

Limitations and perspectives
Because patients with hNEN are rare, there are currently few targeted studies about
hNEN. The number of patients recruited in this study was limited. Patients with
primary hNEN were not included in this study. There are further research plans to
conduct a multi-center study to collect detailed data from hNEN patients to make the
results more comprehensive.

Conclusion
In summary, this study compared the ultrasound characteristics between hNEN and
HCC and among hNENs from different sources and malignant degrees. We found
that compared with HCC, hNEN showed multiple intrahepatic lesions, uniform high
echo,  uniform high  enhancement  at  the  arterial  phase,  and  rapid  washout.  The
ultrasound characteristics of hNENs from different sources were similar. The low
enhancement at portal venous phase, overall non-uniform enhancement form, and the
proportion of combined tumor vasculature in hNEC were larger than those of hNET,
indicating that hNEC and hNET can be initially identified based on CEUS results.
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Table 1  Comparison of B-mode ultrasound characteristics between hepatic neuroendocrine neoplasm and hepatocellular carcinoma
groups, n (%)

B-mode Ultrasound characteristics hNEN group, n = 55 HCC group, n = 55 t/χ2 P value

Diameter in cm 4.32 ± 1.38 3.91 ± 1.27 1.621 0.108

Number of liver lesions Single 19 (34.5) 47 (85.5) 29.697 0.000

Multiple 36 (65.5) 8 (14.5)

Lesion property Solid 50 (90.9) 47 (85.5) 0.785 0.376

Cyst 5 (9.1) 8 (14.5)

Boundary Clear 29 (52.7) 40 (72.7) 4.705 0.030

Unclear 26 (47.3) 15 (27.3)

Echo level High 28 (50.9) 13 (23.6) 9.498 0.023

Low 17 (30.9) 24 (43.6)

Mixed 10 (18.2) 17 (30.9)

Equal 0 (0.0) 1 (1.8)

Echo uniformity Uniform 39 (70.9) 26 (47.3) 6.356 0.012

Non-uniform 16 (29.1) 29 (52.7)

Posterior echo attenuation Yes 6 (10.9) 2 (3.6) - 0.2711

No 49 (89.1) 53 (96.4)

Peripheral acoustic halo Yes 13 (23.6) 27 (49.1) 7.700 0.006

No 42 (76.4) 28 (50.9)

1Represent Fisher’s exact test. hNEN: Hepatic neuroendocrine neoplasm; HCC: Hepatocellular carcinoma.

Table 2  Comparison of contrast-enhanced ultrasound characteristics between hepatic neuroendocrine neoplasm group and
hepatocellular carcinoma group, n (%)

Contrast-enhanced Ultrasound characteristics hNEN group, n = 55 HCC group, n = 55 t/χ2 P value

Initial enhancement time in s 16.23 ± 5.29 16.52 ± 5.17 0.291 0.772

Washout to iso-enhancement time in s 26.91 ± 15.39 47.26 ± 16.84 6.615 0.000

Washout to hypo-enhancement time in s 59.84 ± 37.91 99.63 ± 61.82 5.092 0.000

Enhancement level at arterial phase High 53 (96.4) 55 (100) 2.037 0.154

Equal 2 (3.6) 0 (0)

Low 0 (0) 0 (0)

Enhancement level at portal venous phase Equal 7 (12.7) 11 (20.0) 1.063 0.303

Low 48 (87.3) 44 (80.0)

Enhancement level at late phase Equal 2 (3.6) 1 (1.8) 0.343 0.558

Low 53 (96.4) 54 (98.2)

Enhancement forms Fast forward and fast out 53 (96.4) 51 (92.8) 0.705 0.401

Equal/slow forward and fast out 2 (3.6) 4 (7.2)

Enhancement forms Uniform 33 (60) 39 (70.9) 1.447 0.229

Non-uniform 22 (40) 16 (29.1)

Tumor vasculature Yes 34 (61.8) 38 (69.1) 0.643 0.423

No 21 (38.2) 17 (30.9)

Tumor necrosis Yes 16 (29.1) 19 (34.5) 0.377 0.539

No 39 (70.9) 36 (65.5)

Capsule enhancement Yes 7 (12.7) 2 (3.6) 3.025 0.082

No 48 (87.3) 53 (96.4)

hNEN: Hepatic neuroendocrine neoplasm; HCC: Hepatocellular carcinoma.
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Table 3  Comparison of B-mode ultrasound characteristics transferred from different sources of hepatic neuroendocrine neoplasm, n (%)

B-mode Ultrasound characteristics gastrointestinal tract, n = 20 Pancreas, n = 29 Other sites, n = 6 F/χ2 P value

Diameter in cm 3.24 ± 1.96 2.98 ± 1.95 3.41 ± 2.06 1.772 0.163

Number of liver lesions Single 7 (35) 10 (34.5) 2 (33.3) - 1.0001

Multiple 13 (65) 19 (65.5) 4 (66.7)

Lesion property Solid 19 (95.0) 25 (86.0) 6 (100.0) 1.781 0.410

Cyst 1 (5.0) 4 (13.8) 0 (0)

Boundary Clear 10 (50.0) 15 (51.7) 4 (66.47) - 0.8561

Unclear 10 (50.0) 14(48.3) 2 (16.7)

Echo level High 6 (30.0) 17 (58.6) 4 (66.7) - 0.2281

Low 10 (50.0) 7 (24.1) 1 (33.3)

Mixed 4 (20.0) 5 (17.2) 1 (33.3)

Equal 0 (0) 0 (0) 0 (0)

Echo uniformity Uniform 15 (75.0) 20 (69.0) 4 (66.7) - 0.9161

Non-uniform 5 (25.0) 9 (31.0) 2 (33.3)

Posterior echo attenuation Yes 2 (10.0) 4 (13.8) 0 (0) - 1.0001

No 18 (90.0) 25 (86.2) 6 (100.0)

Peripheral acoustic halo Yes 16 (80.0) 21 (72.4) 5 (83.3) - 0.9001

No 4 (20.0) 8 (27.6) 1 (16.7)

1Represent Fisher’s exact test.

Table 4  Comparison of contrast-enhanced ultrasound characteristics transferred from different sources of hepatic neuroendocrine
neoplasm, n (%)

Contrast-enhanced ultrasound
characteristics

Gastrointestinal
tract, n = 20 Pancreas, n = 29 Other sites, n = 6 t/χ2 P value

Initial enhancement time in s 16.28 ± 5.82 16.83 ± 6.16 15.22 ± 4.92 1.305 0.372

Washout to iso-enhancement time in s 28.82 ± 12.38 27.29 ± 14.92 2 1.83 ± 11.23 0.924 0.477

Washout to hypo-enhancement time in s 64.93 ± 36.29 55.28 ± 31.83 58.21 ± 29.65 0.874 0.592

Enhancement level
at arterial phase

High 19 (95.0) 28 (96.6) 6 (100.0) 0.335 0.846

Equal 1 (5.0) 1 (3.4) 0 (0)

Low 0 (0) 0 (0) 0 (0)

Enhancement level
at portal venous
phase

Equal 2 (10.0) 5 (17.2) 0 (0) - 0.6101

Low 18 (90.0) 24 (82.8) 6 (100.0)

Enhancement level
at late phase

Equal 1(5.0) 1(3.4) 0 (0) - 1.0001

Low 19 (95.0) 28 (96.6) 6 (100.0)

Enhancement forms Fast forward and
fast out

19 (95.0) 28 (96.6) 6 (100.0) - 1.0001

Equal/slow forward
and fast out

1 (5.0) 1 (3.4) 0 (0)

Enhancement
forms

Uniform 13 (65.0) 16 (55.2) 4 (66.7) - 0.7291

Non-uniform 7 (35.0) 13 (44.8) 2 (33.3)

Tumor vasculature Yes 14 (70.0) 17 (58.6) 3 (50.0) - 0.6671

No 6 (30.0) 12 (41.4) 3 (50.0)

Tumor necrosis Yes 4 (20.0) 10 (34.5) 2 (33.3) - 0.5691

No 16 (80.0) 19 (65.5) 4 (66.7)

Capsule
enhancement

Yes 2 (10.0) 4 (13.8) 1 (16.7) - 1.0001

No 18 (90.0) 25 (86.2) 5 (83.3)

1Represent Fisher’s exact test.
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Table 5  Comparison of B-mode ultrasound characteristics between hepatic neuroendocrine tumor and hepatic neuroendocrine
carcinoma groups, n (%)

B-mode Ultrasound characteristics hNET group, n = 35 hNEC group, n = 20 t/χ2 P value

Diameter in cm 4.58 ± 2.91 5.08 ± 3.87 0.543 0.590

Number of liver lesions Single 12 (34.3) 7 (35.0) 0.003 0.957

Multiple 23 (65.7) 13 (65.0)

Lesion property Solid 31 (88.6) 19 (95.0) 0.636 0.425

Cyst 4 (11.4) 1 (5.0)

Boundary Clear 18 (51.4) 11 (55.0) 0.065 0.799

Unclear 17 (48.6) 9 (45.0)

Echo level High 19 (54.3) 9 (45.0) 0.443 0.801

Low 10 (28.6) 7 (35.0)

Mixed 6 (17.1) 4 (20.0)

Equal 0 (0) 0 (0)

Echo uniformity Uniform 25 (71.4) 14 (70.0) 0.013 0.911

Non-uniform 10 (28.6) 6 (30.0)

Posterior echo attenuation Yes 5 (14.3) 1 (5.0) - 0.3991

No 30 (85.7) 19 (95.0)

Peripheral acoustic halo Yes 9 (25.7) 4 (20.0) - 0.7491

No 26 (74.3) 16 (80.0)

1Represent Fisher’s exact test. hNET: Hepatic neuroendocrine tumor; hNEC: Hepatic neuroendocrine carcinoma.

Table 6  Comparison of contrast-enhanced ultrasound characteristics between hepatic neuroendocrine tumor and hepatic
neuroendocrine carcinoma groups, n (%)

Contrast-enhanced Ultrasound characteristics hNET group, n = 35 hNEC group, n = 20 t/χ2 P value

Initial enhancement time in s 16.83 ± 5.08 16.28 ± 4.93 0.834 0.854

Washout to iso-enhancement time in s 30.84 ± 10.38 27.68 ± 9.74 1.856 0.804

Washout to hypo-enhancement time in s 65.28 ± 37.84 51.72 ± 31.85 1.152 0.833

Enhancement level at arterial phase High 33 (94.3) 20 (100.0) 1.186 0.276

Equal 2 (5.7) 0 (0)

Low 0 (0) 0 (0)

Enhancement level at portal venous phase Equal 7 (20.0) 0 (0) 4.583 0.032

Low 28 (80.0) 20 (100.0)

Enhancement level at late phase Equal 1 (2.9) 1 (5.0) - 1.0001

Low 34 (97.1) 19 (95.0)

Enhancement forms Fast forward and fast out 34 (97.1) 19 (95.0) - 1.0001

Equal/slow forward and fast out 1 (2.9) 1 (5.0)

Enhancement forms Uniform 28 (80.0) 5 (25.0) 16.042 0.000

Non-uniform 7 (20.0) 15 (75.0)

Tumor vasculature Yes 15 (42.9) 19 (95.0) 14.661 0.000

No 20 (57.1) 1 (5.0)

Tumor necrosis Yes 10 (28.6) 6 (30.0) 0.013 0.911

No 25 (71.4) 14 (70.0)

Capsule enhancement Yes 6 (17.1) 1 (5.0) - 0.4021

No 29 (82.9) 19 (95.0)

1Represent Fisher’s exact test. hNET: Hepatic neuroendocrine tumor; hNEC: Hepatic neuroendocrine carcinoma.

ARTICLE HIGHLIGHTS
Research background
Hepatic neuroendocrine neoplasm (hNEN) is a rare tumor clinically. It is important to identify
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the source and malignant degree of hNEN and distinguish it from hepatocellular carcinoma
(HCC). Imaging examination is required for the initial screening of hNEN. However, there is a
lack of data regarding imaging diagnosis of hNEN.

Research motivation
Because of the lack of imaging examination experience, the screening and identification of hNEN
is difficult. Research has revealed that there are some differences among hNEN with different
sources  and malignant  degrees  screened by ultrasound and contrast-enhanced ultrasound
(CEUS). By analyzing the characteristics of ultrasound and CEUS, our study hopes to provide
more helpful information in the diagnosis of hNEN.

Research objectives
In this study, the ultrasound performance between hNEN and HCC and data of hNEN with
different sources and malignant degrees were compared. The purpose of this study was to
improve the accuracy of the identification of hNEN and provide useful information for its
clinical diagnosis.

Research methods
A total of 55 patients with hNEN were recruited, the hNEN group. There were 35 cases in the
hepatic neuroendocrine tumor (hNET) group, and 20 cases in the neuroendocrine carcinoma
(hNEC) group. About 55 patients with HCC were recruited as the HCC group. The characteristic
differences of B-mode ultrasound and CEUS between hNEN and HCC, hNEN from different
sources, and between hNEC and hNET were compared and analyzed.

Research results
Compared with the HCC group, the proportions of multiple liver lesions, unclear borders, and
high echo lesions were higher and the proportions of non-uniform echo and peripheral acoustic
halo were lower in the hNEN group. In the NEN group, the washout to iso-enhancement time
and  washout  to  hypo-enhancement  time  were  lower  than  those  of  the  HCC  group.  The
proportion of low enhancement of portal venous phase, non-uniform enhancement forms, and
combined tumor vasculature in the hNEC group was greater than that in the hNEN group.

Research conclusions
Compared with HCC, the ultrasound performance of hNEN showed more intrahepatic lesions,
uniform high echo, uniform high enhancement at arterial phase, and rapid washout. Compared
with hNET, the CEUS characteristics of hNEC are low enhancement of portal venous phase, non-
uniform enhancement forms, and combined tumor vasculature.

Research perspectives
To expand this research, future studies should include more hospitals in order to collect detailed
data  from more  hNEN patients.  The ultrasound results  of  primary hNEN also  need to  be
analyzed further to provide stronger evidence for clinical diagnosis.
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