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ABSTRACT

This study proposed to evaluate the feasibility of dynamic enhanced CT in 
differentiation of liver metastases of gastroenteropancreatic well-differentiated 
neuroendocrine tumors (GEP NETs) from GEP adenocarcinomas based on their 
characteristic features. CT images of 23 well-differentiated (G1 or G2) GEP NETs 
and 23 GEP adenocarcinomas patients with liver metastases were retrospectively 
reviewed. The distribution type, shape, intra-tumoral neovascularity, enhancement 
on hepatic artery phase, dynamic enhancement pattern and lymphadenopathy were 
subjective analyzed. Meanwhile, the size, number, CT value of tumor and adjacent 
normal liver parenchyma were measured and the metastasis-to-liver ratios were 
calculated objectively. Compared with GEP adenocarcinomas, the liver metastases 
of GEP NETs more frequently demonstrated a hyper enhancement on hepatic artery 
phase, washout dynamic enhancement pattern, absence of lymphadenopathy and 
higher metastasis-to-liver ratios on both hepatic artery phase and portal venous 
phase (P=0.017, P<0.001, P =0.038, P <0.001 and P =0.008, respectively). Logistic 
regression analysis showed that the dynamic enhancement pattern (P=0.012), and 
the metastasis-to-liver ratios on hepatic artery phase (P=0.009) were independent CT 
predictors for liver metastases of GEP NETs. The sensitivity and specificity of combing 
the two predictors in differentiation of liver metastases of GEP adenocarcinomas from 
GEP NET were 82.6% (19 of 23) and 91.3% (21 of 23), respectively. CT features are 
helpful in differentiating liver metastases of well-differentiated GEP NETs from that 
of GEP adenocarcinomas.

INTRODUCTION

Gastroenteropancreatic neuroendocrine tumors (GEP 
NETs) arise from the diffuse endocrine system of gastro-
intestinal tract and pancreatic islet cells [1]. According to 
the 2010 WHO classification, GEP NETs involve well-

differentiated category tumors (Grade1- Grade 2) with 
mitoses≤20 and Ki-67≤20% [2]. Some GEP NETs produce 
peptides causing specific syndromes. But quit a lot of them 
are non-functioning or synthesizing more than one peptide, 
mostly are not associated with characteristic hormonal 
syndromes [3]. Although GEP NETs have low to intermediate 
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pathological grades and exhibit indolent clinical behaviors, 
they frequently present metastatic disease at diagnosis and 
the liver is the most involved site [3, 4]. Metastatic NETs 
show an optimistic long-term outcomes (5-year survival 
> 50%) after aggressive surgical or effective non-surgical 
treatment options such as somatostatin analogues, peptide 
receptor radiotherapy, and intra-arterial therapies [5-7]. 
Adenocarcinomas of GEP are the most common primary 
tumor of liver metastases. In patients with liver metastases 
from GEP adenocarcinomas, acceptable 5-year overall 
survival only achieved after the resection of colorectal liver 
metastasis [8]. For the liver metastases of other primary tumor 
such as gastric cancer or pancreatic cancer, the long-term 
outcomes are still poor [9]. Therefore, considering that there 
is a definite survival benefit of local treatments or surgical 
for metastatic NETs, the differentiation of liver metastases 
between the GEP NETs and GEP adenocarcinomas may be 
clinically noteworthy.

As the first line imaging modality, the dynamic 
enhanced computed tomography (CT) play an important 
role in the assessment of the stage of GEP NETs. Besides 
lesion detecting, several previous studies have addressed the 
values of CT findings, including shape and enhancement 
features, in the pathological differentiation of GEP NETs 
[10, 11]. As NETs are commonly hypervascular tumors 

unlike adenocarcinomas, metastatic NETs may also show 
hypervascularity on hepatic artery phase CT images. We 
hypothesized that CT features such as the enhancement 
degree may be helpful for the differentiation of liver 
meatastases of GEP NETs from GEP adenocarcinomas. The 
purpose of our study was to evaluate the value of dynamic 
enhanced CT features in characterization of difference 
between liver metastases of GEP NETs and adenocarcinomas.

RESULTS

There was no significantly differences in tumor 
numbers between patients with liver metastases of GEP 
NETs (13.48±9.56) and those with GEP adenocarcinomas 
(12.61±10.30) (Z=-0.472, P = 0.637). The mean size 
of the maximum liver metastases of GEP NETs was 
44.57±41.37mm, and that of GEP adenocarcinomas was 
50.35±39.40mm. Differences in tumor sizes were not 
statistically significant (Z=-1.143, P = 0.253). Both of 
the metastasis-to-liver ratios on hepatic artery phase and 
portal venous phase were higher in the GEP NETs liver 
metastases (1.15±0.33, 0.81±0.27) compared with GEP 
adenocarcinomas (0.77±0.20, 0.64±0.15) with statistically 
significant differences (t=4.774, P<0.001 and t=2.759, P 
=0.008). (Table 1) (Figure 1).

Figure 1: Boxplot of enhancement metastasis to liver ratio between liver metastases of GEP NETs and those from GEP 
adenocarcinomas.  Mean metastasis to liver ratio of GEP NETs was significantly greater than that of GEP adenocarcinomas on hepatic 
artery phase (1.15 vs. 0.77) and portal venous phase (0.81 vs. 0.64).
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For the subjective CT imaging features, the 
character of enhancement on hepatic artery phase 
(P=0.017), dynamic enhancement pattern (P<0.001) 

and presence of lymphadenopathy (P=0.038) were 
significantly different between liver metastases from 
GEP NETs and from GEP adenocarcinoma (Figures 2-

Figure 2: 58-year-old male with G2 colon NET. (A) Axial CT image on hepatic arterial phase demonstrates multiple hyper enhanced 
liver metastases in the liver(arrows). Two oval shaped ROIs were placed on the largest lesion and adjacent normal liver. The metastasis-to-
liver ratios on hepatic artery phase and portal venous phase were 115.7% and 84.8% respectively. (B, C) Axial CT images on portal venous 
phase and equilibrium phase show the liver metastases being hypo enhanced that meets the washout enhancement pattern(arrows). (D) 
Coronal CT image on the portal venous phase shows absent of lymphadenopathy.

Figure 3: 40-year-old woman with G2 pancreas NET. (A) Axial CT image in the hepatic arterial phase shows a hyper enhanced 
liver metastasis in the right lobe of liver(arrow). (B) On portal venous phase, the lesion demonstrates washout enhancement pattern(arrow). 
(C) No regional or distal lymphadenopathy is present on coronal portal venous phase CT image.
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Table 1: Comparison of CT Subjective Imaging Features of liver metastases of GEP NETs and GEP 
adenocarcinomas

Imaging features NETs Adenocarcinoma χ2 P

Distribution type Restricted 5 (21.7%) 6(78.3%) 0.119 0.73

Diffuse 18(26.1%) 17(73.9%)

Shape Round-oval 23(100.0%) 21(91.3%) 0.523 0.47

Irregular 0(.0%) 2(8.7%)

Enhancement on hepatic artery phase Hyper 17(73.9%) 9(39.1%) 5.662 0.017

Hypo 6(26.1%) 14(60.9%)

Dynamic enhancement pattern Plateau 6(26.1%) 21(91.3%) - <0.001

Washout 15(65.2%) 2(8.7%)

Progressive 2(8.7%) 0(0%)

Lymphadenopathy Presence 7(30.4%) 14(60.9%) 4.293 0.038

Absence 16(69.6%) 9(39.1%)

Figure 4: 70-year-old woman with moderately-poorly differentiated pancreatic adenocarcinoma. (A) Axial CT image on 
the hepatic arterial phase shows a hypo enhanced liver metastasis in the left lobe of the liver(arrow). Two oval shaped ROIs were placed on 
the largest lesion and adjacent normal liver. The metastasis-to-liver ratios on hepatic artery phase and portal venous phase were 70.7% and 
60.2% respectively. (B and C) Axial CT image on the portal venous phase and equilibrium phase show the lesion keeps hypo enhancement 
that meets the plateau enhancement pattern(arrows). (D) Axial CT image on the portal venous phase shows hypo enhanced primary tumor 
in the pancreas(arrow).
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Figure 6: ROC curve of metastasis-to-liver ratios on hepatic artery phase for the prediction of GEP NETs liver metastases.  
The AUROC was 0.856 (95%CI=0.749-0.963). With a cutoff value of 0.898(a value>0.898 indicated GEP NETs and a value≤0.898 indicated GEP 
adenocarcinomas. The sensitivity and specificity for identifying GEP adenocarcinomas were 82.6%(19 of 23) and 78.3%(18 of 23), respectively.

Figure 5: 63-year-old woman with moderately differentiated colon adenocarcinoma. (A) Multiple hypo enhanced liver 
metastases are presented on hepatic arterial phase CT image(arrows). (B and C) On the portal venous phase and equilibrium phase images, 
the lesions keep hypo enhancement that meets the plateau enhancement pattern(arrows). (D) Axial CT image on the portal venous phase 
presents lymphadenopathy between the portal vein and venae cava inferior (arrows).
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5). The inter-observer variability for subjective analysis 
ranged from substantial to perfect (for distribution type 
κ= 0.938, shape κ= 0.789, enhancement on hepatic artery 
phase κ= 0.775, dynamic enhancement pattern κ= 0.914, 
and lymphadenopathy κ= 1.000) (Table 1). A perfect ICC 
was achieved for all objectively measured variables(0.864 
for tumor size, 0.919 for CT value of tumor and 0.903 for 
CT value of adjacent normal liver parenchyma). Finally, 
the first observer(Y.C.)’s measurement was used for the 
following analyses.

In addition, binary logistic regression results 
showed that the dynamic enhancement pattern (Exp 
(B) = 0.113, 95.0 % CI = 0.020–0.622, P = 0.012), 
the metastasis-to-liver ratios on hepatic artery 
phase (Exp (B) < 0.001, 95.0 % CI = 0.000–0.067, 
P = 0.009) were independent CT predictors for liver 
metastases of GEP NETs. In ROC analysis, metastasis-
to-liver ratios on hepatic artery phase had an AUC 
of 0.856 (95%CI=0.749-0.963) in distinguishing 
GEP adenocarcinomas from GEP NET, with a cutoff 
value of 0.898(a value>0.898 indicated GEP NETs 
and a value≤0.898 indicated GEP adenocarcinomas. 
The sensitivity and specificity for identifying 
GEP adenocarcinomas were 82.6% (19 of 23) and 
78.3% (18 of 23), respectively (Figure 6). And the 
sensitivity and specificity values of present plateau 
dynamic enhancement pattern for differentiating 
liver metastases of GEP adenocarcinomas from GEP 

NET were 73.9% (17of 23) and 91.3% (21 of 23). 
When combined the two criterion, the sensitivity and 
specificity for distinguishing liver metastases of GEP 
adenocarcinomas from GEP NET were 82.6% (19 of 
23) and 91.3% (21 of 23), respectively.

DISCUSSION

According to the results of the present study, 
two CT criteria were statistically significant predictors 
capable of differentiating liver metastases of GEP 
adenocarcinomas from NETs: present of plateau 
enhancement dynamic enhancement pattern and a 
metastasis-to-liver ratios <0.898 on hepatic artery 
phase. Moreover, when the two features were used in 
combination, better differentiation of liver metastases 
of GEP adenocarcinomas from that of NETs could be 
acheved, with a sensitivity of 82.60% and specificity 
of 91.30%. This finding indicates that the CT features 
of liver metastases may be helpful in establishing 
an accurate diagnosis when distinguishing GEP 
adenocarcinomas from NETs.

Generally, hyper-enhancement has been considered 
as the common character of NETs [12, 13]. The liver 
metastases of NETs tended to present similar enhancement 
features with their primary lesions [14]. In the study of 
Kim et al. both the primary gastric NETs and the liver 
metastases were observed to be hyper-enhanced [15]. 

Figure 7: Flowchart of liver metastases patient of GEP NETs inclusion process.
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For the liver metastases of adenocarcinomas, hypo-
enhancement were considered as common features in 
dynamic enhanced CT or MR scan [16, 17]. Several small 
series have compared the enhancement of NETs from 
that of adenocarcinomas,results indicated that higher 
enhancements were more often found in NETs [10, 15]. 
Among those studies, no clear result about the divergent 
imaging features of liver metastases between NETs 
and adenocarcinomas was presented. To the best of our 
knowledge, this is the first radiologic report that describing 
the CT features discrimination of liver metastases of 
GEP NETs from adenocarcinomas. In our study, the 
enhancement on hepatic artery phase and the enhancement 
pattern were significantly different between the NET liver 
metastases and adenocarcinomas. Liver metastases of 
GEP NETs were observed to be significantly more hyper-
attenuated than those from adenocarcinomas according to 
subjective analysis, which was also verified on objective 
analysis. This finding is well in line with our hypothesis 
and previous studies [18-20] on liver metastases of NETs.

And to the pattern of enhancement, most of liver 
metastases of GEP NETs demonstrated as washout 
pattern (15/23), followed by plateau pattern(6/23), 
contrarialy majority of the liver metastases from 
adenocarcinomas were plateau pattern(21/23). The 
pattern of enhancement of liver NETs have been reported 
in the study of Kim et al. [20], 16 of 34 liver NETs 
showed enhancing nodule on the hepatic artery phase 
and washout during the portal and equilibrium phases, 
and 9 of 34 demonstrated as heterogeneously enhancing 
nodule on hepatic artery phase, which showed delayed 
enhancement during the portal and equilibrium phases. 
Our result well coincided with those investigations that 
GEP NETs liver metastases showed various enhancement 
patterns. These findings are believed to be associated 
with the different degree of fibrosis within the tumors, 
and that may be the result of combination of vasogenic 
and fibrogenic activities [21].

In the present study, the present ratio of 
lymphadenopathy of GEP NETs was lower than that of 
adenocarcinomas (30.4% vs. 60.9%). The GEP NETs 
mainly demonstrated a better biology with less lymph 
node metastases. In the previous studies, lymphadenopathy 
were found in up to 22.2% of gastric NETs [15], 34.5% 
of pancreatic NETs [22], and 30.0% in the resectable 
colorectal NETs [23]. On the contrary, more than 50% 
of gastric cancer patients have lymph node metastases at 
diagnosis [24-27]. About 30%–40% lymph nodes of rectal 
cancer present with invasion [28] and 56% of patients 
had lymph node metastases in the resectable pancreas 
adenocarcinomas [29]. It seems that the higher malignancy 
and stronger invasion of adenocarcinomas can account for 
this difference.

The present study had some limitations. First, the 
number of patients in our study was limited by the relatively 
low incidence of NETs, rendering stratified comparison of 

patients of different primary location. Second, this was a 
retrospective study; the start of dynamic enhanced CT 
used fixed delay time. To eliminate the incoordination of 
scanning phase, we excluded the cases with insufficient 
image quality and used enhancement ratio in analysis. 
Third, pathology result could not be obtained for each of the 
liver metastases lesions. In some cases, clinical diagnosis 
were applied, which was also acceptable in previous studies 
[16]. Our results are promising but should be considered 
as hypothesis-generating rather than definitive, and 
prospective studies using novel analysis methods such as 
radiomics should be conducted in the future.

In conclusion, the subjective and objective features 
of dynamic enhanced CT are helpful to differentiate liver 
metastases of well-differentiated GEP NETs from that of 
GEP adenocarcinomas.

MATERIALS AND METHODS

Patients

This retrospective study was approved by our 
institutional review board and the requirement for 
informed consent was waived. Patients’ records of the 
radiology and pathology departments of our institute 
from January 2009 through February 2016 were reviewed 
and cross-referenced. To create a study group of liver 
metastases of GEP NET, the following inclusion criteria 
were used: (a) pathological diagnosis of GEP NET, (b) 
available dynamic enhanced CT images within 4 weeks 
of pathology, and (c) liver metastases were confirmed 
on pathology or based on a combination of CT findings 
and serial imaging or multi-modality imaging such as 
somatostatin receptor scintigraphy, Gallium-68 positron 
emission tomography (PET)/CT, determined by a 
consensus of two experienced abdominal radiologists 
(Y.C. and S-Y.G., both with more than 15 year experience). 
In this study, we excluded patients whose primary tumor 
was not from the GEP, or who had prior treatment before 
the current CT scan, or insufficient image quality. Finally, 
23 patients with pathologically proven GEP NET were 
enrolled in this study (Figure 7). To serve as the control 
group, we systemically sampled patients with a diagnosis 
of GEP adenocarcinomas liver metastases from the 
patients’ records between the same periods at our institute. 
These patients fulfilled the criteria: (a) pathological 
diagnosis of GEP adenocarcinomas, (b) liver metastases 
was confirmed pathologically or clinically (by using 
serial image examinations that showed rapid progression 
of the lesions) and (c) had dynamic enhanced CT images. 
Patients had treatment before CT exam were excluded. 
Each patient was given a random number and then sorted 
by their numbers. Following the order, the first 23 patients 
matched in term of primary site, age and sex constituted 
the liver metastases study group of GEP adenocarcinomas. 
Thus, our retrospective study included 23 patients (13 
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men,10 women; mean age, 54.43 ±12.34 years; age range, 
34-77 years) of liver metastases from GEP NETs and 23 
patients (13 men,10 women; mean age, 55.74 ± 9.56 years; 
age range, 39-74 years) of liver metastases from GEP 
adenocarcinomas. Each group had the same proportions 
of primary sites of liver metastases: gastric (n=4), small 
bowel (n=2), colorectal (n=9), and pancreas (n=8) in each 
group. For the GEP adenocarcinomas, the pathological 
grades were well-moderately differentiated in 2 cases, 
moderately differentiated in 8 cases, moderately-poorly 
differentiated in 9 cases, and poorly differentiated in 4 
cases.

CT technique

CT was performed with a 64 multidetector CT 
(MDCT) scanner (LightSpeed VCT or Discovery 750HD, 
GE Healthcare, Milwaukee, WI, USA) or a 256 MDCT 
(iCT, Philips Healthcare, Cleveland, USA). Each patient 
fasted for 6 hours before undergoing CT. After the initial 
non-enhanced scan, about 100-150 ml (600 mg iodine/
kg body weight) of iopromide (Ultravist 300; Schering, 
Berlin, Germany) or iohexol (Omnipaque 300; Nycomed, 
Princeton, NJ, USA) through an angiographic catheter 
inserted into an antecubital vein was administered at a rate 
of 3 ml/sec by using an automatic power injector. Dynamic 
enhanced CT scans were obtained 25-30 seconds (hepatic 
artery phase), 70-75 seconds (portal venous phase) and 
150 seconds (equilibrium phase) after the initiation of 
the intravenous contrast material injection. The scanning 
range included the upper part of the abdomen from the 
level of the hepatic dome to the iliac crest. The main 
scanning parameters of the three scanners were uniform 
included the following: 120 kVp, automatic tube current 
modulation, and a tube rotation time of 0.5-0.75 second. 
Images were displayed in the axial plane with a slice 
thickness of 5 mm, and multiplanar reformatted images 
were available for all patients.

Imaging and pathologic analysis

Subjective image analyses were performed by two 
experienced abdominal radiologists (Y.C. and S-Y.G., 
either with more than 15 year experience) using a PACS 
workstation. Individual reviews were done, and few 
discrepancies pointed out were resolved by consensus. The 
radiologists were blinded to patient pathology information. 
All patients were assessed of the following subjective 
features: distribution type; lesion shape; intra-tumoral 
neovascularity; enhancement on hepatic artery phase; 
dynamic enhancement pattern; and lymphadenopathy 
were also evaluated. In this study, the distribution type 
of lesions was described as restricted metastases, which 
was the metastases confined to one liver lobe or limited 
to two adjacent segments, or diffuse metastases, that 
was multifocal lesions located diffuesly in both liver 

lobes. The lesion shape was assessed as round-oval or 
irregular. The intra-tumoral neovascularity was defined as 
the presence of increased, irregular vessels in the tumor. 
The enhancement on hepatic artery phase was described 
as hyper enhancing and hypo-enhancing, referencing 
the adjacent normal liver parenchyma. The dynamic 
enhancement patterns were recorded as: plateau pattern, 
the enhancing degree of tumor was similar between the 
portal venous phase and hepatic artery phase, progressive 
enhancement pattern, the enhancing degree of tumor on 
portal venous phase were higher than that of hepatic artery 
phase, or a washout enhancement pattern, the enhancing 
degree of tumor on portal venous phase were lower than 
that of hepatic artery phase. The lymphadenopathy was 
defined as the presence of lymph node(s) with short axis 
diameter more than 1cm.

Two observers (Y.C. and S-Y.G.) performed 
objective measurement independently, including the 
size, number, CT value of tumor and adjacent normal 
liver parenchyma. The longest diameter of the biggest 
metastasis of a patient was measured for the size 
comparison. The tumor number was counted if liver 
metastases of a patient less than 20, or else the tumor 
number of the patient was defined as uncountable. The 
mean CT value at the maximum level of the biggest liver 
metastasis and adjacent normal liver parenchyma were 
measured by using an operator-defined region of interest 
(ROI), which was specified as a round or oval area 
including most possible tumor. We took ROI readings 
from one area of the tumorous lesion and from the other 
area of adjacent normal liver parenchyma devoid of 
necrosis or vascular structures. Thereafter, the metastasis-
to-liver ratios on hepatic artery phase and portal venous 
phase were calculated using the following equation: 
Metastasis-to-liver ratios = CT values of liver metastasis/ 
CT values of normal liver parenchyma.

All the pathological diagnoses were confirmed 
by a pathologist (Z-W.L.) with 10 years of experience 
in gastrointestinal pathology, who was blinded to all 
clinical information and imaging findings. Pathological 
tumor grades were determined according to the WHO 
classification [2] by counting the number of mitoses per 
10 high-power fields and the Ki-67 index (percentage of 
positive cells in the areas of highest nuclear labeling).

Statistical analysis

The analysis was performed using SPSS software 
(version 16.0; SPSS, Chicago, IL, USA). The χ2 tests or 
the Fisher’s exact test was used for comparison of the 
subjective interpretation and the independent t-test was 
used to compare the objective measurement between 
the two groups. Independent factors for differentiating 
were evaluated using the logistic regression model with 
backward selection. Receiver operating characteristic 
(ROC) curves were employed to evaluate the performance 
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of CT features above in the discrimination of the two 
groups, and area under ROC(AUC) was calculated. An 
AUC>0.75 suggested clinically useful. The cut-off value 
was determined by using the maximum Youden’s index 
method. We performed a simple κ analysis to assess inter-
observer agreement for subjective variables and calculated 
intra-class correlation coefficient(ICC) for objective 
variables. A kappa or ICC of 0.81-1.0, 0.61-0.80, 0.41-
0.60, 0.21-0.40 or 0.0-0.20 suggested perfect, substantial, 
moderate, fair or poor agreement. For all tests, a P value 
<0.05 was considered to indicate statistical significance in 
all analyses.

Author contributions

Ying-Shi Sun designed the study, Yong Cui, Ying 
Li, Jie Li, Hui-Ci Zhu, Lei Tang and Kun Cao collected 
patients, Yong Cui and Shun-Yu Gao retrieved CT images 
and conducted measurement, Zhong-Wu Li performed 
pathologic analysis, Xiao-Ting Li performed statistical 
analysis, all authors participated in drafting the paper and 
approved of the final work.

CONFLICTS OF INTEREST

No, there is no conflicts of interest that I should 
disclose, having read the above statement.

FUNDING

Financial support for this study was provided 
by National Natural Science Fundation of China (No. 
61520106004, No. 81641170 and No. 81371715).

REFERENCES

1. Massironi S, Sciola V, Peracchi M, Ciafardini C, Spampatti 
MP, Conte D. Neuroendocrine tumors of the gastro-
entero-pancreatic system. World J Gastroenterol. 2008; 
14:5377-5384.

2. Bosman F, Carneiro F, Hruban RH. WHO classification of 
tumours of the digestive system, 4th edition. Lyon, IARC 
Press, 2010.

3. Modlin IM, Oberg K, Chung DC, Jensen RT, de Herder 
WW, Thakker RV, Caplin M, Delle Fave G, Kaltsas 
GA, Krenning EP, Moss SF, Nilsson O, Rindi G, et al. 
Gastroenteropancreatic neuroendocrine tumours. Lancet 
Oncol. 2008; 9:61-72.

4. Hallet J, Law CH, Cukier M, Saskin R, Liu N, Singh S. 
Exploring the rising incidence of neuroendocrine tumors: 
a population-based analysis of epidemiology, metastatic 
presentation, and outcomes. Cancer. 2015; 121:589-597.

5. Pavel M, Baudin E, Couvelard A, Krenning E, Öberg K, 
Steinmüller T, Anlauf M, Wiedenmann B, Salazar R; 
Barcelona Consensus Conference participants. ENETS 

Consensus Guidelines for the management of patients with 
liver and other distant metastases from neuroendocrine 
neoplasms of foregut, midgut, hindgut, and unknown 
primary. Neuroendocrinology. 2012; 95:157-176.

6. Saeed A, Buell JF, Kandil E. Surgical treatment of liver 
metastases in patients with neuroendocrine tumors. Ann 
Transl Med. 2013; 1:6.

7. Kennedy A, Bester L, Salem R, Sharma RA, Parks 
RW, Ruszniewski P; NET-Liver-Metastases Consensus 
Conference. Role of hepatic intra-arterial therapies in 
metastatic neuroendocrine tumours (NET): guidelines from 
the NET-Liver-Metastases Consensus Conference. HPB 
(Oxford). 2015; 17:29-37.

8. Kelly ME, Spolverato G, Le GN, Mavros MN, Doyle F, 
Pawlik TM, Winter DC. Synchronous colorectal liver 
metastasis: a network meta-analysis review comparing 
classical, combined, and liver-first surgical strategies. J 
Surg Oncol. 2015; 111:341-351.

9. Torre LA, Bray F, Siegel RL,  Ferlay J, Lortet-Tieulent J, 
Jemal A. Global cancer statistics, 2012. CA Cancer J Clin. 
2015; 65:87-108.

10. Kim JH, Eun HW, Kim YJ, Lee JM, Han JK, Choi BI. 
Pancreatic neuroendocrine tumour (PNET): staging 
accuracy of MDCT and its diagnostic performance for 
the differentiation of PNET with uncommon CT findings 
from pancreatic adenocarcinoma. Eur Radiol. 2016; 
26:1338-1347.

11. Kim TH, Kim SH, Lee KB, Han JK. Outcome and CT 
differentiation of gallbladder neuroendocrine tumours from 
adenocarcinomas. Eur Radiol. 2017; 27:507-517.

12. d'Assignies G, Couvelard A, Bahrami S, Vullierme MP, 
Hammel P, Hentic O, Sauvanet A, Bedossa P, Ruszniewski 
P, Vilgrain V. Pancreatic endocrine tumors: tumor blood 
flow assessed with perfusion CT reflects angiogenesis 
and correlates with prognostic factors. Radiology. 2009; 
250:407-416.

13. Besa C, Ward S, Cui Y, Jajamovich G, Kim M, Taouli 
B. Neuroendocrine liver metastases: value of apparent 
diffusion coefficient and enhancement ratios for 
characterization of histopathologic grade. J Magn Reson 
Imaging. 2016; 44:1432-1441.

14. Nino-Murcia M, Olcott EW, Jeffrey RB Jr, Lamm RL, 
Beaulieu CF, Jain KA. Focal liver lesions: pattern-based 
classification scheme for enhancement at arterial phase CT. 
Radiology. 2000; 215:746-751.

15. Kim SH, Kim SH, Kim MA, Shin CI, Han JK, Choi 
BI. CT differentiation of poorly-differentiated gastric 
neuroendocrine tumours from well-differentiated 
neuroendocrine tumours and gastric adenocarcinomas. Eur 
Radiol. 2015; 25:1946-1957.

16. Danet IM, Semelka RC, Leonardou P, Braga L, Vaidean G, 
Woosley JT, Kanematsu M. Spectrum of MRI appearances 
of untreated metastases of the liver. AJR Am J Roentgenol. 
2003; 181:809-817.



Oncotarget108155www.impactjournals.com/oncotarget

17. Robinson PJ. Imaging liver metastases: current limitations 
and future prospects. Br J Radiol. 2000; 73:234-241.

18. Dromain C, de Baere T, Baudin E, Galline J, Ducreux 
M, Boige V, Duvillard P, Laplanche A, Caillet H, Lasser 
P, Schlumberger M, Sigal R. MR imaging of hepatic 
metastases caused by neuroendocrine tumors: comparing 
four techniques. AJR Am J Roentgenol. 2003; 180:121-128.

19. Armbruster M, Sourbron S, Haug A, Zech CJ, Ingrisch 
M, Auernhammer CJ, Nikolaou K, Paprottka PM, Rist C, 
Reiser MF, Sommer WH. Evaluation of neuroendocrine 
liver metastases: a comparison of dynamic contrast-
enhanced magnetic resonance imaging and positron 
emission tomography/computed tomography. Invest Radiol. 
2014; 49:7-14.

20. Kim JE, Lee WJ, Kim SH, Rhim H, Song HJ, Park CK. 
Three-phase helical computed tomographic findings of 
hepatic neuroendocrine tumors: pathologic correlation with 
revised WHO classification. J Comput Assist Tomogr. 2011; 
35:697-702.

21. Woodard PK, Feldman JM, Paine SS, Baker ME. Midgut 
carcinoid tumors: CT findings and biochemical profiles. J 
Comput Assist Tomogr. 1995; 19:400-405.

22. Luo Y, Dong Z, Chen J, Chan T, Lin Y, Chen M, Li ZP, 
Feng ST. Pancreatic neuroendocrine tumours: correlation 
between MSCT features and pathological classification. Eur 
Radiol. 2014; 24:2945-2952.

23. Kojima M, Ikeda K, Saito N, Sakuyama N, Koushi 
K, Kawano S, Watanabe T, Sugihara K, Ito M, Ochiai 

A. Neuroendocrine tumors of the large intestine: 
clinicopathological features and predictive factors of lymph 
node metastasis. Front Oncol. 2016; 6:173.

24. Abe N, Watanabe T, Suzuki K, Machida H, Toda H, Nakaya 
Y, Masaki T, Mori T, Sugiyama M, Atomi Y. Risk factors 
predictive of lymph node metastasis in depressed early 
gastric cancer. Am J Surg. 2002; 183:168-172.

25. Yamaguchi T, Sano T, Katai H, Sasako M, Maruyama K. 
Node-positive mucosal gastric cancer: a follow-up study. 
Jpn J Clin Oncol. 2001; 31:153-156.

26. de Manzoni G, Verlato G, di Leo A, Guglielmi A, Laterza 
E, Ricci F, Cordiano C. Perigastric lymph node metastases 
in gastric cancer: comparison of different staging systems. 
Gastric Cancer. 1999; 2:201-205.

27. Chen CY, Wu CW, Lo SS, Hsieh MC, Lui WY, Shen KH. 
Peritoneal carcinomatosis and lymph node metastasis 
are prognostic indicators in patients with Borrmann type 
IV gastric carcinoma. Hepatogastroenterology. 2002; 
49:874-877.

28. Colombo PE, Patani N, Bibeau F, Assenat E, Bertrand MM, 
Senesse P, Rouanet P. Clinical impact of lymph node status 
in rectal cancer. Surg Oncol. 2011; 20:e227-e233.

29. Marmor S, Burke EE, Portschy PR, Virnig BA, Jensen 
EH, Tuttle TM. Lymph node evaluation for treatment 
of adenocarcinoma of the pancreas. Surg Oncol. 2015; 
24:284-291.


