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Abstract
Objectives To identify CT features distinguishing neuroendocrine carcinomas (NECs) of pancreas from well-differentiated
neuroendocrine tumors (NETs) according to the World Health Organization 2017 and 2019 classification systems.
Methods This retrospective study included 69 patients with pathologically confirmed pancreatic neuroendocrine neoplasms who
underwent dynamic CT (17, 17, 18, and 17 patients for well-differentiated grade 1, 2, 3 NET and NEC, respectively). CT was
used to perform qualitative analysis (component, homogeneity, calcification, peripancreatic infiltration, main pancreatic ductal
dilatation, bile duct dilatation, intraductal extension, and vascular invasion) and quantitative analysis (interface between tumor
and parenchyma [delta], arterial enhancement ratio [AER], portal enhancement ratio [PER], and dynamic enhancement pattern).
Uni- and multivariate logistic regression analyses were performed to identify features indicating NEC. Optimal cutoff values for
enhancement ratios were determined.
Results NECs demonstrated significantly higher frequencies of main pancreatic ductal dilatation, bile duct dilatation, vascular
invasion, and significantly lower delta (i.e., lower conspicuity), AER, and PER than well-differentiated NET (p < 0.05). On
multivariate analysis, PER was the only independent factor selected by the model for differentiation of NEC from well-
differentiated NET (odds ratio, < 0.001; 95% confidence interval [CI], < 0.001–0.012). PER < 0.8 showed the sensitivity of
94.1% (95% CI, 71.3–99.9) and the specificity of 88.5% (95% CI, 76.6–95.6). When three significant CT features were
combined, the sensitivity and specificity for diagnosing NEC were 88.2% and 88.5%, respectively.
Conclusions Tumor-parenchyma enhancement ratio in portal phase is a useful CT feature to distinguish NECs from well-
differentiated NETs. Combining qualitative and quantitative CT features may aid in achieving good diagnostic accuracy in the
differentiation between NEC and well-differentiated NET.
Key Points
• Neuroendocrine carcinoma of the pancreas should be distinguished from well-differentiated neuroendocrine tumor in line with
the revised grading and staging system.

•Neuroendocrine carcinoma of the pancreas can be differentiated fromwell-differentiated neuroendocrine tumor on dynamic CT
based on assessment of the portal enhancement ratio, arterial enhancement ratio, tumor conspicuity, dilatation of the main
pancreatic duct or bile duct, and vascular invasion.

• Tumor-parenchyma enhancement ratio in portal phase of dynamic CT is a useful feature, which may help to distinguish
neuroendocrine carcinoma from well-differentiated neuroendocrine tumor of the pancreas.
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Abbreviations
AER Arterial enhancement ratio
G1 Grade 1
G2 Grade 2
G3 Grade 3
HU Hounsfield unit
NEC Neuroendocrine carcinoma
NET Neuroendocrine tumor
PanNEN Pancreatic neuroendocrine neoplasm
PD Poorly differentiated
PER Portal enhancement ratio
ROC Receiver operating characteristics
ROI Region of interest
WD Well differentiated
WHO World Health Organization

Introduction

Pancreatic neuroendocrine neoplasms (PanNENs) are a di-
verse group of tumors with heterogeneous clinical and biolog-
ical features [1]. Recently, there have been rapid advances in
our understanding of the pathophysiology and molecular bi-
ology of PanNEN, which have led to improvements in its
diagnosis and treatment [2, 3]. In 2017, grading and staging
for PanNEN changed considerably. In the WHO 2010 classi-
fication system, PanNENs were graded according to only the
mitotic rate and/or Ki-67 index, and grade 3 (G3) tumors
incorporated both well-differentiated (WD) tumors and poorly
differentiated (PD) tumors [4]. However, since 2010, it has
been recognized that some G3 tumors are histologically bland
with WD histological pattern, show similar hormonal and ge-
netic features as those of neuroendocrine tumors (NETs) [5,
6], and are less aggressive than other G3 tumors [7, 8]. In
addition, some G3 tumors with Ki-67 index < 55% showed
lower response but were associated with better survival than
those with Ki-67 index > 55% after 1st-line platinum-based
chemotherapy as that is used for PD neuroendocrine carcino-
mas (NECs) [9]. Considering this, the revised WHO 2017
system [10] classified PanNEN as G1, G2, and G3 NET (pre-
viously NECwithWD) and NEC, and the treatment strategies
for NEC and WD G1/2/3 NETwere also explicitly separated.
Additionally, the WHO 2019 system expanded the WHO
2017 system from PanNEN to all NENs of the digestive tract
[11], and the 8th edition of the American Joint Committee on
Cancer (AJCC) staging manual separated the TNM staging
system for NEC fromWDG1/2/3 NETof the pancreas in that
NEC follows staging system of exocrine tumors of the pan-
creas while WD G1/2/3 NET follows staging system of neu-
roendocrine tumors of the pancreas [12].

Therefore, for diagnosis and treatment planning, it is im-
perative to differentiate NEC fromWDG1/2/3 NET. Previous
studies have reported that G3 PanNENs have different CT
characteristics from G1/2 tumors; G3 tumors are less en-
hanced and have more invasive features, including pancreatic
or bile duct dilatation, or vascular invasion [13–15]. However,
no studies have investigated the imaging features differentiat-
ing NEC fromWDG1/2/3 NET, using the revisedWHO 2017
system. Presence of a characteristic imaging feature sugges-
tive of NEC may substantially aid in deciding the optimal
diagnostic and treatment strategy for the patients. We aimed
to identify the imaging features that differentiate NEC of the
pancreas from WD G1/2/3 NET.

Materials and methods

This study was approved by our institution’s institutional re-
view board. The requirement for written informed consent
was waived for this retrospective analysis.

Study population

We consecutively and retrospectively registered patients with
pathologically confirmed PanNEN in our institution, a tertiary
referral center, between January 2004 and January 2019. The
following inclusion criteria were used: (a) patients who
underwent surgery for WD G1/2 NET of the pancreas, or
surgery or biopsy for WD G3 NET or NEC (please see
“Pathology analysis” below); (b) patients who underwent dy-
namic enhanced CT scan within 30 days prior to surgery or
biopsy; and (c) patients who did not receive local treatment or
systemic therapy prior to the CT scan. Exclusion criteria were
as follows: (a) pathology slide not adequate or available for
review; and (b) PanNEN not visible on CT images. We iden-
tified 438 eligible patients (279 patients for WDG1 NET, 124
patients for WDG2NET, 18 patients forWDG3NET, and 17
patients for NEC, respectively). Patients with WD G1 and G2
NET were respectively matched one-to-one with the patients
with NEC according to age, sex, and tumor size. The patient
recruitment process is depicted in Fig. 1. The average time
interval between CTscan and pathologic diagnosis was 7 days
(range, 0–29 days).

Pathology analysis

Considering that pathologic analysis of PanNEN with a lim-
ited specimen obtained by fine-needle aspiration cytology or
biopsy may underestimate the grade of the entire tumor due to
heterogeneity within the tumor (for example, G3 tumors may
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be underestimated as G1 or G2 tumors by limited specimen
analysis) [16], for WD G1/2 NET, we only included surgical
resection cases. For WD G3 NET and NEC, we included
surgical resection or biopsy cases for which the AJCC guide-
lines [12], particularly, a minimum of 50 high power fields
(HPF) for the mitotic cell count and 500 cells for the Ki-67
index, were used for selection of biopsy specimens. One ex-
perienced pathologist (H.S.H, with 7 years of clinical experi-
ence in gastrointestinal pathology) reviewed all available pa-
thology slides of PanNEN. Tumors were classified as WDG1
NET (< 2 mitoses per 10 HPFs and Ki-67 index, < 3%), WD
G2 NET (2–20 mitoses per 10 HPF or Ki-67 index, 3–20%),
WD G3 NET (> 20 mitoses per 10 HPF or Ki-67 index
> 20%), and NEC (> 20 mitoses per 10 HPF or Ki-67 index
> 20%) according to the revised 2017 WHO classification
[10]. NECs were further classified as small cell type and large
cell type according to the WHO 2019 classification [11].

Image techniques

The CT data were collected over a long period, using several
CT techniques (Supplementary Table 1). CT images were ob-
tained by using 16 or higher multidetector row systems.
Dynamic CT images included non-enhanced, arterial, and por-
tal venous phase images obtained for all patients. For contrast
enhancement, the total volume of non-ionic iodinated contrast
mediumwas stratified according to each patient’s bodyweight
(approximate rate, 2 mL/kg; maximum 150 mL), and an

automatic power injector was used to deliver the agent intra-
venously (3 mL/s). Arterial phase images were obtained using
a 10–15 s delay after aortic attenuation had reached 100
Hounsfield units (HUs). Portal venous phase images were
obtained by using a fixed 75 s delay. CT images were acquired
at 120 kVp and reconstructed with a 2.5–3 mm section
thickness.

Image analysis

Qualitative analysis

CT images were anonymized and retrospectively reviewed by
two board-certified abdominal radiologists (H.J.P. and K.W.K,
with 6 and 12 years of experience in abdominal radiology,
respectively) with consensus, using a picture archiving and
communication system. The reviewers were aware of the pres-
ence of PanNEN but were blinded to the grade or differentia-
tion. Disagreement between the two reviewers was minor and
resolved by discussion. Items of qualitative analysis were as
follows: (a) component, (b) homogeneity, (c) calcification, (d)
peripancreatic infiltration, (e) main pancreatic ductal dilata-
tion, (f) bile duct dilatation, (g) intraductal extension, and (h)
vascular invasion. The tumor component was categorized as
solid, solid and cystic, and complex cystic; each category
indicated an enhancing solid portion of > 90%, 50–90%,
< 50% of the tumor, respectively [14]. Tumor homogeneity
was assessed on portal phase images and was categorized as

Fig. 1 Flow diagram of the
patient recruitment process. NEN
neuroendocrine neoplasm, NET
neuroendocrine tumor, NEC
neuroendocrine carcinoma, WD
well-differentiated, G1 grade 1,
G2 grade 2, G3, grade 3
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homogeneous or heterogeneous [17]. The presence of calcifi-
cation within the tumor was evaluated via non-enhanced CT
[14]. Main pancreatic ductal dilatation was defined if the di-
ameter of main pancreatic duct distal to the tumor was 4 mm
or greater [14]. Bile duct dilatation was defined as dilatation of
both the extrahepatic (> 8 mm) and intrahepatic bile ducts
(> 2 mm) [18]. Intraductal extension was defined as the tumor
expanding into the adjacent main pancreatic duct, forming a
voluminous intraductal soft tissue. The criteria for vascular
invasion were more than 180° of tumor-vessel contact, irreg-
ularity of the vessel contour or change in caliber, tumor throm-
bus, or vessel occlusion [19].

Quantitative assessment

Items for quantitative assessment were as follows: (a) inter-
face between tumor and parenchyma (delta), (b) arterial en-
hancement ratio (AER), (c) portal enhancement ratio (PER),
and (d) dynamic enhancement pattern. Tumor conspicuity was
quantitatively evaluated by analyzing the interface between
tumor and surrounding pancreatic parenchyma by contouring
region of interests (ROIs) at both the tumor and parenchyma at
the border, and the mean value of HU distribution with each
contour was subtracted, providing a difference in HU called
“delta” [20]. The HU value of the tumor and parenchyma
measured on arterial and portal phase images was recorded.
HU values were determined bymanually drawing a ROI with-
in the tumor and the parenchyma on each phase CT. A radi-
ologist drew the tumor-bearing ROI and parenchyma-bearing
ROI as large as possible. We attempted to place the ROI in an
identical site for each phase of CT in each patient. AER was
calculated by dividing tumor HU value by parenchyma HU
value that were measured on arterial phase images, and PER
was measured by dividing tumor HU value by parenchyma
HU value that were measured on portal venous phase images
[14]. The dynamic enhancement pattern was categorized as
early enhancement and washout (i.e., peak attenuation ob-
served at the arterial phase and then decreased attenuation of
more than 10 HU observed in the portal venous phase) [21],
persistent enhancement (i.e., difference between attenuation
on the arterial and portal venous phases of less than 10 HU),
and progressive enhancement (i.e., peak attenuation observed
at the portal venous phase with difference of attenuation be-
tween the arterial and portal venous phase of at least 10 HU).

Statistical analysis

The baseline characteristics of patients with WD G3 NET and
NEC were compared using the independent t test, Fisher exact
test, or χ2 test depending on the type of data. CT imaging
characteristics were compared between WD G1/2/3 NET
and NEC using the independent t test, Fisher exact test, or
χ2 test as appropriate. Binary logistic regression analysis with

forward projection method was performed to determine inde-
pendent CT features that distinguish NEC from G1/2/3 NET,
and their differential performance was evaluated using receiv-
er operating characteristic (ROC) analysis with sensitivity and
specificity of each cutoff value. In addition, the sensitivity and
specificity of different combinations of the significant CT fea-
tures were calculated to differentiate NEC from WD G1/2/3
NET. Each value of sensitivity and specificity was calculated
using the number of significant CT findings as the cutoff
point. We applied the same methods to compare CT imaging
characteristics between WD G3 NET and NEC. Statistical
significance was defined by a p value < 0.05. All statistical
analyses were performed with SPSS software (version 21.0,
IBM Corp).

Results

Characteristics of study population

We included 69 PanNENs patients (mean age, 55.1 ±
10.7 years; 47 men and 22 women), among whom 59 patients
underwent surgery (85.5%), and 10 underwent biopsy only
(14.5%). The tumor was located in the body or tail of the
pancreas in 40 patients (58.0%), and in the head of the pan-
creas in 29 (42.0%). Among NECs, nine NECs were small
cell type, seven NECs were large cell type, and one NEC was
a combination of small cell and large cell carcinoma. The
clinical characteristics of the study population are summarized
in Table 1. There were no significant differences in age, sex,
and tumor location between WD G3 NET and NEC (p =
0.827, 0.725 and 0.738, respectively).

Comparison of CT features between WD G1/2/3 NET
and NEC

The summary of CT characteristics of WD G1/2/3 NET and
NEC is shown in Table 2. Main pancreatic ductal dilatation
and bile duct dilatation were significantly more frequent in
NEC than WD G1/2/3 NET (82.4% [14/17] versus 26.9%
[14/52] for main pancreatic ductal dilatation, respectively
[p = 0.022], and 29.4% [5/17] versus 7.7% [4/52] for bile duct
dilatation, respectively [p = 0.035]). Additionally, NEC had a
significantly more frequent vascular invasion thanWDG1/2/3
NET (64.7% [11/17] versus 26.9% [14/52], respectively, p =
0.008). There was a significant difference of delta between
WD G1/2/3 NET (30.5 ± 20.5) and NEC (19.6 ± 11.2, p =
0.047, Fig. 2). Therefore, NEC had a significantly lesser tu-
mor conspicuity than WD G1/2/3 NET. Regarding tumor-
parenchyma enhancement ratio, the AER of NEC was signif-
icantly lower than that of WD G1/2/3 NET (0.6 ± 0.1 versus
1.1 ± 0.4, p < 0.001). The PER was also significantly lower in
NEC than that of WDG1/2/3 NET (0.6 ± 0.2 versus 1.2 ± 0.3,
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p < 0.001). Therefore, in both arterial and portal phase images,
NEC showed significantly lesser relative enhancement
than WD G1/2/3 NET. Regarding the dynamic enhance-
ment pattern, WD G1/2/3 NET had more frequent early

enhancement and washout pattern than NEC while NEC
demonstrated a higher frequency of persistent and pro-
gressive enhancement pattern without statistical signifi-
cance (p = 0.143).

Table 1 Demographic
characteristics of patients with
WD G1/2/3 NET and NEC

Characteristics WD NET (n = 52) NEC (n = 17) p value*

G1 (n = 17) G2 (n = 17) G3 (n = 18)

Age (year)† 53.8 ± 10.0 54.6 ± 12.1 55.5 ± 10.3 56.3 ± 11.0 0.827
Sex‡ 0.725
Male 12 (70.6) 12 (70.6) 11 (61.1) 12 (70.6)
Female 5 (29.4) 5 (29.4) 7 (38.9) 5 (29.4)

Pathologic confirmation‡ 0.146
Surgery 17 (100.0) 17 (100.0) 15 (83.3) 10 (58.8)
Biopsy 0 (0.0) 0 (0.0) 3 (16.7) 7 (41.2)

Tumor‡

Location 0.738
Head 7 (41.2) 7 (41.2) 7 (38.9) 8 (47.1)
Body or tail 10 (58.8) 10 (58.8) 11 (61.1) 9 (52.9)

Size (mm) † 49.7 ± 22.3 51.7 ± 24.5 47.0 ± 36.6 56.2 ± 30.1 0.472
Stage‡§ 0.560
I 1 (5.9) 1 (5.9) 0 (0.0) 1 (5.9)
II 14 (82.4) 10 (58.8) 6 (33.3) 4 (23.5)
III 2 (11.8) 2 (11.8) 6 (33.3) 4 (23.5)
IV 0 (0.0) 4 (23.5) 6 (33.3) 8 (47.1)

WD well-differentiated, NET neuroendocrine tumor, NEC neuroendocrine carcinoma
* p values were calculated from the comparison of grade 3 NET and grade 3 NEC
†Data are mean ± standard deviation. p values were calculated from student t test
‡Data are number of patients with the percentage in parenthesis. p values were calculated from Fisher’s test or χ2

test
§ Based on American Joint Committee on Cancer Staging Manual 8th edition

Table 2 CT features of WD G1/2/3 NET and NEC

Characteristics WD G1/2/3 NET (n = 52) NEC (n = 17) Univariate Multivariate p value
p value Adjusted odds ratio‡

Component* > 0.999
Solid 37 (71.2) 12 (70.6)
Solid and cystic 15 (28.8) 5 (29.4)

Homogeneity* 0.155
Homogeneous 24 (46.2) 4 (23.5)
Heterogeneous 28 (53.8) 13 (76.5)

Calcification* 7 (13.5) 1 (5.9) 0.669
Peripancreatic infiltration* 3 (5.8) 3 (17.6) 0.154
Main pancreatic ductal dilatation* 14 (26.9) 14 (82.4) 0.022
Bile duct dilatation* 4 (7.7) 5 (29.4) 0.035
Intraductal extension* 5 (9.6) 1 (5.9) > 0.999
Vascular invasion* 14 (26.9) 11 (64.7) 0.008
Delta† 30.5 ± 20.5 19.6 ± 11.2 0.047
Arterial enhancement ratio† 1.1 ± 0.4 0.6 ± 0.1 < 0.001
Portal enhancement ratio† 1.2 ± 0.3 0.6 ± 0.2 < 0.001 < 0.001 (< 0.001–0.012) < 0.001
Dynamic enhancement pattern* 0.143
Early enhancement and washout 10 (19.2) 0 (0.0)
Persistent enhancement 11 (21.2) 5 (29.4)
Progressive enhancement 31 (59.6) 12 (70.6)

WD well-differentiated, NET neuroendocrine tumor, NEC neuroendocrine carcinoma
*Data are number of patients with the percentage in parenthesis. p values were calculated from Fisher’s test or χ2 test
†Data are mean ± standard deviation. p values were calculated from student t test
‡Data are the odds ratio with 95% confidence interval in parenthesis

4776 Eur Radiol  (2020) 30:4772–4782



After multivariate stepwise logistic regression analysis
using variables with p value < 0.1 from univariate analysis
(main pancreatic ductal dilatation, bile duct dilatation,

vascular invasion, delta, AER, and PER), PER was the only
independent factor selected by the model for differentiation of
NEC from WD G1/2/3 NET (p < 0.001; adjusted odd ratio,

Fig. 2 Delta according to tumor
grade and the corresponding HU
histogram. ROI of the tumor and
adjacent parenchyma at border is
denoted by the blue and red line,
respectively. a AWD G1 NET in
a 65-year-old man. An axial por-
tal venous phase CT image shows
a 3.6-cm hyper-attenuatedmass in
the junction of pancreatic body
and tail. There is a distinct margin
between the tumor and the adja-
cent parenchyma. Delta is 30.4. b
A NEC in a 55-year old man. In
the axial portal venous phase CT
image, there is a 5.2-cm hypo-
attenuated mass with a poorly
defined margin in the pancreatic
tail. Delta is 15.3. HU Hounsfield
unit, PanNEN pancreatic neuro-
endocrine neoplasm, ROI region
of interest, WD well-differentiat-
ed, G1 grade 1, NET neuroendo-
crine tumor, NEC neuroendocrine
carcinoma

Fig. 3 PER of PanNEN according to tumor grade. a AWD G1 NET in a
55-year-old man. An axial portal venous phase CT image shows a 4.5-cm
hyper-attenuated tumor (arrow) in the pancreatic tail. PER was 1.3. b A
WD G3 NET in a 75-year-old woman. An axial portal venous phase CT
image shows a 3.6-cm heterogeneously enhancing mass in the pancreatic
tail (arrow). PER was 0.9. c An axial portal venous phase CT image of a

65-year-old man shows a 5.7-cm hypo-attenuated NEC in the pancreatic
body (arrow), with PER of 0.5. PER portal enhancement ratio, PanNEN
pancreatic neuroendocrine neoplasm, WD well-differentiated, G1 grade
1, NET neuroendocrine tumor, G3 grade 3, NEC neuroendocrine
carcinoma
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< 0.001; 95% confidence interval [CI], < 0.001–0.012), with
an area under the ROC curve of 0.948 (95%CI, 0.899–0.997).
Figure 3 shows examples of PER of different grades of
PanNEN.

A previous study used cutoff values of PER of < 0.9 and
< 1.1 for differentiation of G1/2 tumors and G3 tumors [14].
Considering these threshold values and the mean values of
PER of WD G1/2/3 NET and NEC of 1.2 and 0.6, respective-
ly, we set the cutoff values as < 0.7, < 0.8, and < 0.9 and
compared the performance of each value. Among them,
PER < 0.8 showed the highest sum of sensitivity and specific-
ity (sensitivity, 94.1%; specificity, 88.5%; odds ratio, 57.5;
95% CI, 10.5–315.7), and higher sum of sensitivity and spec-
ificity of the thresholds of AER (Fig. 4). Therefore, PER < 0.8
was selected as the variable in the evaluation of the sensitivity
and specificity of CT findings (described below).

The sensitivity and specificity of each significant CT fea-
ture for differentiating WD G1/2/3 NET and NEC (main pan-
creatic ductal dilatation, bile duct dilatation, vascular invasion,
delta, and PER) are summarized in Table 3. To determine the
optimal threshold of delta, we compared the performance of
delta < 20.0, < 25.0, and < 30.0; among them, delta < 25.0 was
selected (sensitivity, 75.0%; specificity, 52.9%, odds ratio,

4.0; 95% CI, 1.1–13.9). The sensitivity and specificity of dif-
ferent combinations of CT features are shown in Table 4.
When at least three of five CT features were used in combi-
nation, the sensitivity and specificity for diagnosing NEC
were 88.2% and 88.5%, respectively.

Comparison of CT features between WD G3 NET
and NEC

Table 5 shows the summary of CT characteristics of WD G3
NET and NEC. There was no qualitative parameter showing
significant difference between WD G3 NET and NEC. Both
demonstrated lesser enhancement than the adjacent normal
parenchyma in the arterial and portal phase images. The
AER and PER were both significantly lower in NEC than in
WD G3 NET (0.6 ± 0.1 versus 0.8 ± 0.4 [p = 0.011], AER,
and 0.6 ± 0.2 versus 0.9 ± 0.2 [p < 0.001], PER, respectively).
Delta values were lower in NEC than WD G3 NET (19.6 ±
11.2 and 22.0 ± 14.4, respectively), but the difference was not
significant (p = 0.59).

On multivariate regression analysis, tumor component, bile
duct dilatation, AER, and PER were used as input variables.
PER was the sole independent factor to differentiate NEC

Fig. 4 The ROC curve, cutoff
values, and corresponding
sensitivity and specificity of each
cutoff value of PER and AER for
differentiating between NEC and
G1/2/3WDNET. The areas under
the curve for PER and AER were
0.948 (95% CI, 0.866–0.987) and
0.900 (95% CI, 0.804–0.959),
respectively. The sum of
sensitivity and specificity was the
highest for PER < 0.8. ROC
receiver operating characteristic,
PER portal enhancement ratio,
AER arterial enhancement ratio,
NEC neuroendocrine carcinoma,
WD well-differentiated, NET
neuroendocrine tumor, CI
confidence intervals
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from WD G3 NET (p = 0.005; adjusted odd ratio, < 0.001,
95% CI, < 0.001, 0.088, Fig. 3). The ROC analysis showed
that the area under the curve of PER was 0.853 (95% CI,
0.726, 0.980). Among the cutoff values of < 0.7, < 0.8, and
< 0.9, PER < 0.8 showed the highest sum of sensitivity and
specificity (sensitivity, 94.1%; specificity, 66.7%; odds ratio,
15.0; 95% CI, 2.6–88.2) to differentiate between NEC and
WD G3 NET. The sensitivity and specificity of each cutoff
value of PER for differentiating NEC and WD G3 NET are
shown in Fig. 5.

Discussion

The most compelling result of our study is that tumor-
parenchyma enhancement ratio in portal phase (PER) was
the independent factor to differentiate NEC from WD G1/2/
3 NETof the pancreas. The mean PER of NEC andWDG1/2/
3 NET was 0.6 and 1.2, respectively. PER could distinguish
NEC from WD G3 NET (mean PER of 0.6 and 0.9 for NEC
andWDG3NET, respectively). To the best of our knowledge,
this is the first study to compare imaging characteristics
among the PanNEN grades according to the revised WHO
2017 and 2019 classification system [10, 11], in which G3
PanNENs were subdivided into WD G3 NET and NEC.

Prior studies based on WHO 2010 classification scheme
showed that PERwas distinct between lower and higher grade

of PanNEN [14, 15, 22], supported by the histopathological
analyses that suggested lesser tumor angiogenesis of higher
grade PanNEN than lower grade [23]. Apart from the differ-
ences of grading in the previous classification system, previ-
ous studies reported that the degree of angiogenesis differed
according to cell differentiation, based on the overall expres-
sion of angiogenic markers inWDNETas compared with that
in NEC [24].

Delta, obtained by subtracting the mean HU of ROIs of
tumor and parenchyma at the border, could be a useful and
objective measure of tumor conspicuity. In Koay’s study for
pancreatic ductal adenocarcinoma, tumors with high delta
(i.e., conspicuous tumors) were associated with more frequent
distant metastasis and poorer prognosis; they were associated
with lower frequency of stromal cell infiltration and more
aggressive mutational and immunologic properties [20].
Poor prognosis in tumors with less stromal infiltration may
be explained by that stromal portion may act to restrict meta-
static spread of the cancer cells [25]. In PanNEN, the relation-
ship between tumor conspicuity and prognosis appeared to be
opposite of that in pancreatic ductal adenocarcinoma, because
NEC showed significantly lower delta than WD G1/2/3 NET
(mean value, 19.6 and 30.5, respectively). Previous studies
have suggested that tumor conspicuity itself was associated
with grade and prognosis of PanNEN [14, 15, 26] in that
poorer tumor conspicuity suggested higher grade and poorer
prognosis.

Table 3 Sensitivity and
specificity of each significant CT
feature for differentiating between
WD G1/2/3 NET and NEC

Sensitivity (%) Specificity (%) Odds ratio

CT features

Main pancreatic ductal dilatation 58.9 (32.9–81.6) 73.1 (59.0–84.4) 3.9 (1.2–12.2)

Bile duct dilatation 29.4 (10.3–56.0) 92.3 (81.5–97.9) 5.0 (1.2–21.5)

Vascular invasion 64.7 (38.3–85.8) 73.1 (59.0–84.4) 5.0 (1.5–16.0)

PER < 0.8 94.1 (71.3–99.9) 88.5 (76.6–95.6) 57.5 (10.5–315.7)

Delta < 25.0 75.0 (42.6–92.7) 56.9 (38.5–67.1) 4.0 (1.1–13.9)

WD well-differentiated, NET neuroendocrine tumor, NEC neuroendocrine carcinoma, PER portal enhancement
ratio, CI confidence intervals

Data are values, with 95% confidence intervals in parentheses

Table 4 Combinations of CT
features for differentiating
between WD G1/2/3 NET and
NEC

Number of CT findings Sensitivity (%) Specificity (%) Odds ratio

≥ 1 100.0 (80.5–100.0) 32.7 (20.3–47.1) 17.3 (0.9–304.0)

≥ 2 100.0 (80.5–100.0) 69.5 (49.0–76.4) 60.1 (3.4–1056.3)

≥ 3 88.2 (63.6–98.5) 88.5 (76.6–95.6) 57.5 (10.5–315.7)

≥ 4 17.7 (3.8–43.4) 100.0 (93.2–100.0) 25.3 (1.2–519.2)

≥ 5 5.9 (0.1–28.7) 100.0 (93.2–100.0) 9.5 (0.4–245.7)

WD well-differentiated, NET neuroendocrine tumor, NEC neuroendocrine carcinoma, CI confidence intervals

Data are values, with 95% confidence intervals in parenthesis

Includes main pancreatic ductal dilatation, bile duct dilatation, vascular invasion, PER < 0.8, and delta < 25.0
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Main pancreatic ductal dilatation, bile duct dilatation, and
vascular invasion were significantly more frequent, and AER
was significantly lower in NEC than WD G1/2/3 NET. These
features were all suggestive of higher grade of PanNEN from
studies based on WHO 2010 classification [14, 15], and our
study demonstrated these features are also possibly helpful for
differentiating NEC from WD G1/2/3 NET according to the
revised WHO classification.

The combination of qualitative and quantitative features
showed high performance in differentiating WD G1/2/3
NET and NEC; number of CT findings ≥ 3 among main pan-
creatic ductal dilatation, bile duct dilatation, vascular invasion,
PER < 0.8, and delta < 25.0 showed a sensitivity of 88.2% and
specificity of 88.5% with odds ratio of 57.5 (95% CI, 10.5–
315.7). Although PER was the only remaining independent
indicator of NEC in multivariate analysis, combining qualita-
tive and quantitative CT features may be helpful in achieving
good diagnostic accuracy in the differentiation between NEC
and WD G1/2/3 NET.

Overall, NEC and WD G3 NET showed fewer differences
in imaging characteristics than NEC and WD G1/2/3 NET.
The vascular invasion, main pancreatic ductal dilatation, and
bile duct dilatation were significantly more frequent, and the
AER and PER were significantly lower in NEC than WD G1/

2/3 NET, which are parallel to the results of previous studies
comparing lower and higher grade of PanNEN [14, 15, 17, 21,
22, 27]. Comparing NEC and WD G3 NET demonstrated
significant differences in only AER and PER unlike other
characteristics, with smaller differences in those two values
than in comparison between NEC and WD G1/2/3 NET. For
example, both NEC andWDG3NETshowed lesser enhance-
ment than the adjacent normal parenchyma in both the arterial
phase and portal phase images (i.e., in both groups, AER and
PER were less than 1.0), whereas the mean value of AER and
PER exceeded 1.0 in WD G1/2/3 NET. Since G3 PanNENs
were all relatively aggressive tumors in the spectrum of
PanNEN, the distinction of imaging characteristics may not
be apparent between NEC and WD G3 NET compared with
the distinction between NEC and WD G1/2/3 NET.

Recently, computer-assisted imaging analyses including
histogram analysis, radiomics, and deep learning have gained
attention for various imaging-based diagnostic and predictive
tasks. Several attempts have been made to predict the grades
of PanNEN using CT or MRI, particularly G1 tumors versus
G2/3 tumors using histogram analysis and radiomics, with
promising results [28, 29]. According to the revised grading
system, future studies to differentiate WD NETs and NECs
using these advanced techniques are anticipated.

Table 5 CT features of WD G3 NET and NEC

Characteristics WD G3 NET (n = 18) NEC (n = 17) Univariate Multivariate p value
p value Adjusted odds ratio‡

Component* 0.088

Solid 17 (94.4) 12 (70.6)

Solid and cystic 1 (5.6) 5 (29.4)

Homogeneity* 0.471

Homogeneous 7 (38.9) 4 (23.5)

Heterogeneous 11 (61.1) 13 (76.5)

Calcification* 3 (16.7) 1 (5.9) 0.603

Peripancreatic infiltration* 2 (11.1) 3 (17.6) 0.658

Main pancreatic ductal dilatation* 7 (38.9) 14 (82.4) 0.318

Bile duct dilatation* 1 (5.6) 5 (29.4) 0.088

Intraductal extension* 2 (11.1) 1 (5.9) > 0.999

Vascular invasion* 8 (44.4) 11 (64.7) 0.315

Delta† 22.0 ± 14.4 19.6 ± 11.2 0.590

Arterial enhancement ratio† 0.8 ± 0.4 0.6 ± 0.1 0.011

Portal enhancement ratio† 0.9 ± 0.2 0.6 ± 0.2 < 0.001 < 0.001 (< 0.001–0.008) 0.005

Dynamic enhancement pattern* 0.575

Early enhancement and washout 1 (5.6) 0 (0.0)

Persistent enhancement 6 (33.3) 5 (29.4)

Progressive enhancement 11 (61.1) 12 (70.6)

WD well-differentiated, NET neuroendocrine tumor, NEC neuroendocrine carcinoma
*Data are number of patients with the percentage in parenthesis. p values were calculated from Fisher’s test or χ2 test
†Data are mean ± standard deviation. p values were calculated from student t test
‡Data are the odds ratio with 95% confidence interval in parenthesis
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Our study has several limitations. First, the retrospective
study design from single institution may have introduced se-
lection biases and small sample size. Due to the low incidence
of PanNEN, particularly NEC, the study population was inev-
itably small. However, in comparison of imaging characteris-
tics between tumor groups, we tried to minimize potential
confounders by matching WD G1/2 NETwith NEC with pa-
tients’ age, sex, and tumor size. Second, because of the long
patient recruitment period, various CT scanners were used,
which might have affected the image analysis. Third, accord-
ing to our institutional protocol for vascular assessment using
dynamic CTscans, arterial phase images were acquired slight-
ly before than usual pancreatic phase images, and this may
have influenced AER assessment. Fourth, due to the unavoid-
able small study population, we could not validate our result in
a separate dataset. However, our study includes the largest
number of NECs among published studies to date for compar-
ison between well-differentiated NETs and NECs. Further
studies are highly anticipated to verify our study findings.

In conclusion, NEC of the pancreas can be differentiated
fromWD G1/2/3 NET and fromWD G3 NET using dynamic
CT. The tumor-parenchyma enhancement ratio in portal phase
image is a useful CT feature which may help to differentiate

NEC from WD G1/2/3 NET as well as from WD G3 NET of
the pancreas. Combining qualitative and quantitative CT fea-
tures may be helpful in achieving good diagnostic accuracy in
the differentiation between NEC and WD G1/2/3 NET.
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