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Abstract: Objective: To investigate whether the dynamic contrast-enhanced ultrasound (DCE-US)
analysis and quantitative parameters could be helpful for predicting histopathologic grades of pancre-
atic neuroendocrine tumors (pNETs). Methods: This retrospective study conducted a comprehensive
review of the CEUS database between March 2017 and November 2021 in Zhongshan Hospital, Fu-
dan University. Ultrasound examinations were performed by an ACUSON Sequioa unit equipped
with a 3.5 MHz 6C−1 convex array transducer, and an ACUSON OXANA2 unit equipped with a
3.5 MHz 5C−1 convex array transducer. SonoVue® (Bracco Inc., Milan, Italy) was used for all CEUS
examinations. Time intensity curves (TICs) and quantitative parameters of DCE-US were created by
Vuebox® software (Bracco, Italy). Inclusion criteria were: patients with histopathologically proved
pNETs, patients who underwent pancreatic B-mode ultrasounds (BMUS) and CEUS scans one week
before surgery or biopsy and had DCE-US imaging documented for more than 2 min, patients with
solid or predominantly solid lesions and patients with definite diagnosis of histopathological grades
of pNETs. Based on their prognosis, patients were categorized into two groups: pNETs G1/G2 group
and pNETs G3/pNECs group. Results: A total of 42 patients who underwent surgery (n = 38) or
biopsy (n = 4) and had histopathologically confirmed pNETs were included. According to the WHO
2019 criteria, all pNETs were classified into grade 1 (G1, n = 10), grade 2 (G2, n = 21), or grade 3
(G3)/pancreatic neuroendocrine carcinomas (pNECs) (n = 11), based on the Ki−67 proliferation index
and the mitotic activity. The majority of the TICs (27/31) of pNETs G1/G2 were above or equal to
those of pancreatic parenchyma in the arterial phase, but most (7/11) pNETs G3/pNECs had TICs
below those of pancreatic parenchyma from arterial phase to late phase (p < 0.05). Among all the CEUS
quantitative parameters of DCE-US, values of relative rise time (rPE), relative mean transit time (rmTT)
and relative area under the curve (rAUC) were significantly higher in pNETs G1/G2 group than those
in pNETs G3/pNECs group (p < 0.05). Taking an rPE below 1.09 as the optimal cut-off value, the
sensitivity, specificity and accuracy for prediction of pNETs G3/pNECs from G1/G2 were 90.91%
[58.70% to 99.80%], 67.64% [48.61% to 83.32%] and 85.78% [74.14% to 97.42%], respectively. Taking
rAUC below 0.855 as the optimal cut-off value, the sensitivity, specificity and accuracy for prediction of
pNETs G3/pNECs from G1/G2 were 90.91% [66.26% to 99.53%], 83.87% [67.37% to 92.91%] and 94.72%
[88.30% to 100.00%], respectively. Conclusions: Dynamic contrast-enhanced ultrasound analysis might
be helpful for predicting the pathological grades of pNETs. Among all quantitative parameters, rPE,
rmTT and rAUC are potentially useful parameters for predicting G3/pNECs with aggressive behavior.

Keywords: dynamic contrast-enhanced ultrasound (DCE-US); quantitative parameters; pancreatic
neuroendocrine tumors (pNETs); tumor histopathological grades; prediction
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1. Introduction

The incidence of pancreatic neuroendocrine tumors (pNETs), which are heterogeneous
tumors that arise from the pancreas′s diffuse neuroendocrine cell system, is less than
1 per 100,000 per year [1,2]. According to the 2019 World Health Organization (WHO)
recommendations, pNETs are classified as grade 1 (G1), grade 2 (G2), grade 3 (G3) and
pancreatic neuroendocrine carcinomas (pNECs) based on the Ki-67 proliferation index and
the mitotic activity [3]. The pathological grade of pNETs is one of the most important factors
in the management of pNETs and is highly correlated with the survival rate [4]. According
to the current European Neuroendocrine Tumor Society (ENETS) criteria, radical resection
is mandatory for all pNETs larger than 2 cm and for functioning tumors [5–7]. Surgeries
such as central pancreatectomy and enucleation are proposed for pNETs G1 patients, which
have excellent prognosis and a long survival time after surgery [5,8]. Due to the high
risk of recurrence, adjuvant chemotherapy is advised for pNETs G3 and pNECs following
resection [6,9]. Different systemic therapies should be recommended for unresectable
pNETs, based on pathological grading, for improved disease control and symptom relief.
Arterial chemoembolization (TACE), radiofrequency ablation (RFA), peptide receptor-
targeted radiotherapy (PRRT) and somatostatin analogs are all advised in unresectable
pNETs G1/2; however, in unresectable pNETs G3/pNECs, only cisplatinum/etoposide
is advised [10–12]. Tumor grades are usually assessed preoperatively by fine-needle
aspiration. Disagreements of pathological grade between a biopsy and resected specimen
are possible due to the heterogeneity of pNETs and the limited amount of specimen obtained
by biopsy [13–15]. Therefore, other features, including ultrasound imaging, are required
for predicting the pNETs’ pathological grade preoperatively.

Various imaging methods have previously been used to predict the histopathological
grades of pNETs. The computerized tomography (CT) scan demonstrated that the enhance-
ment ratio in the arterial phase was negatively correlated with tumor grades (p < 0.01).
The sensitivity and specificity for pNETs G3 identification were 94% and 92%, respectively,
when taking cut-off values of 1.06 [16]. The sensitivity, specificity and accuracy of CT for
predicting the pathological grades of pNETs was around 73–91%, 85–100% and 65–95%,
respectively [16–19]. Magnetic resonance imaging (MRI) features, including apparent diffu-
sion coefficient (ADC) values and true diffusion (D) coefficient values, were significantly
lower as grades increased (ADC: 2.13 ± 0.70, 1.78 ± 0.72 and 0.86 ± 0.22 10 mm2/s, and
D: 1.92 ± 0.70, 1.75 ± 0.74 and 0.82 ± 0.19 10 mm2/s, G1, G2 and G3, all p < 0.001) [20].
Sensitivity and specificity of MRI for predicting pNET grades were 71–95% and 87–91%,
respectively [20–22]. However, these are all very initial clinical pilot studies, with limi-
tations including the subjective interpretation of imaging findings and lack of dynamic
perfusion characteristics in lesions. Meanwhile, the efficacy of CT and MRI is constrained
by drawbacks such as cost, probable radiation exposure and severe contrast agent allergy.

Contrast-enhanced ultrasound (CEUS) was the only imaging method that allowed for
real-time evaluation of the microcirculation perfusion by the strictly intravascular blood
pool agent, which was different to CT or MRI contrast agent [23–25]. It has been shown in re-
cent decades to be an effective imaging modality for improving the diagnosis performance
of pancreatic tumors, including preoperative differential diagnosis of pNETs and treatment
effect monitoring in pancreatic cancer [26–28]. Dynamic contrast-enhanced ultrasound
(DCE-US) and quantitative parameters also enable one to objectively analyze the microvas-
cularization of non-cystic lesions in terms of characterization and detection. It was used
for predicting microvascular invasion and assessing therapeutic efficacy in hepatocellular
carcinoma (HCC) patients. The peak intensity of lesions (25.4 ± 9.6) before transcatheter
arterial chemoembolization (TACE) was significantly higher than that (15.3 ± 5.1) three
days after TACE (p < 0.05), which corresponded to the changes in circulating angiogenic
factors in HCC patients [29,30]. It has been proven that pNETs with different histopatholog-
ical grades have differences in tumor microvascular perfusion [31]. According to current
EFSUMB recommendations, DCE-US is useful for quantifying tumor enhancement objec-
tively, to characterize focal lesions and evaluate the therapeutic response [32]. Compared
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to CEUS, DCE-US showed advantages such as objectively evaluating the enhancement
between normal and abnormal parenchyma, offering the potential to better understand the
angiogenesis of HCC, renal cell carcinoma and breast cancer [29,33,34]. It might also have
the potential to predict histopathological grades of pNETs based on the real-time dynamic
evaluation of the microcirculation of pNETs.

The purpose of this study was to investigate whether DCE-US analysis and quantita-
tive parameters could be helpful for predicting tumor histopathologic grades of pNETs.

2. Patients and Methods
2.1. Study Design

This retrospective study was approved by our institutional review board (ID: B2021-
144). Informed consent was waived. The procedure followed was in accordance with the
Declaration of Helsinki.

2.2. Patients

We conducted a comprehensive review of the CEUS database between March 2017
and November 2021 in Zhongshan Hospital, Fudan University.

Inclusion criteria were: patients with histopathologically proved pNETs, patients
who underwent pancreatic B-mode ultrasounds (BMUS) and CEUS scans one week before
surgery or biopsy and had DCE-US imaging documented for more than 2 min, patients with
solid or predominantly solid lesions and patients with definite diagnosis of histopathologi-
cal grades of pNETs. Exclusion criteria were: pancreatic tumors that could not be visualized
clearly on transabdominal BMUS, patients with a lack of final histopathological grade
diagnosis of the pancreatic lesion and patients who underwent radiotherapy, chemotherapy
or other treatments before surgery/biopsy.

Patients in our study were categorized into 2 groups based on the National Com-
prehensive Cancer Network (NCCN) guidelines depending on their aggressive behavior
and prognosis [35]: pNETs G1/G2 group and pNETs G3/pNECs group. In our study, the
cut-off values of cancer biomarkers in serum were determined by the People’s Republic of
China health standard (http://www.nhc.gov.cn/wjw/wsbzxx/wsbz_9.shtml) accessed on
1 June 2019.

2.3. CEUS Study Protocol

All patients fasted at least 8 h before ultrasound examinations. Ultrasound examina-
tions were performed by an ACUSON Sequoia unit (Siemens Medical Solutions, Germany)
equipped with a 3.5 MHz 6C-1 convex array transducer, or an ACUSON OXANA2 unit
(Siemens Medical Solutions, Germany) equipped with a 3.5 MHz 5C-1 convex array trans-
ducer. The pancreas was first evaluated using BMUS to detect and locate the lesion. Then
the target pancreatic lesion was placed in the center of screen. A bolus of 1.5 mL Sonovue
(Bracco Inc., Milan, Italy) was administered via the antecubital vein and followed by a
5–10 mL saline flush. All the ultrasound examinations were performed by one of two
experienced radiologists with 5 years and 10 years of clinic experience in pancreatic CEUS.
DICOM cine loops were continuously stored for 120 s after the injection of contrast agent
for further analysis.

2.4. Imaging Data Analysis

The following BMUS features were observed and documented: (1) the size and location
of the pancreatic lesion; (2) echogenicity of the lesion (hypoechoic, isoechoic or hyperechoic),
compared with the surrounding pancreas parenchyma; (3) presence of the pancreatic main
duct dilatation (defined as a duct diameter of ≥3 mm); (4) internal color doppler flow
imaging (CDFI) signals (present or absent); (5) tumor texture (solid, solid–cystic or complex
cystic); (6) tumor margin (well-defined or ill-defined).

The following CEUS features were observed and documented from arterial phase
(0–30 s) to venous phase (30–120 s) to late phase (>120 s) according to current EFSUMB

http://www.nhc.gov.cn/wjw/wsbzxx/wsbz_9.shtml
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guidelines [24]: (1) enhancement degree of pancreatic lesion (hyperenhancement, isoen-
hancement or hypoenhancement), compared with the surrounding pancreas parenchyma;
(2) enhancement pattern (homogeneous or heterogeneous) of pancreatic lesion; (3) internal
nonenhanced area of solid lesions (present or absent).

2.5. Quantitative Analysis

Quantitative analysis was performed by Vuebox® software (Bracco, Italy), an external
offline perfusion software. The 2 min CEUS DICOM loops were transferred to an offline
computer for further analysis. A region of interest (ROI) was placed manually in a solid
part of the pancreatic lesion and another ROI was placed in the surrounding pancreatic
parenchyma. The motion compensation function was applied to reduce the breath motion
artifact. Time intensity curves (TICs) were generated and compared between 2 groups. The
quantitative analysis was performed by a skilled radiologist with 2 years of experience
who was blind to pathological grades.

After curve fitting, various CEUS quantitative parameters were obtained, including
the rise time (RT), peak intensity (PE), time to peak (TP), mean transit time (mTT) and area
under the curve (AUC) (Table 1). The results were considered reliable when the quality of
fitting exceeded 75%.

Table 1. Explanations of contrast-enhanced ultrasound quantitative parameters calculated from
the TIC.

Parameter Abbreviation Definition

Rise time RT (s) Time from 10% to 90% of maximum intensity
Peak intensity PE (a.u) Max value of the curve

Time to peak TTP (s) Time from baseline intensity to maximum
intensity

Mean transit time mTT (s) Time from the rising of the intensity up to
decrease to 50% of maximum

Area under the curve (a.u) AUC (a.u) Calculated integral for the time intensity curve

The ratio of quantitative parameters between pancreatic lesions and surrounding
parenchyma were also calculated, including relative rise time (rRT), relative peak intensity
(rPE), relative time to peak (rTTP), relative mean transit time (rmTT) and relative area
under the curve (rAUC). S, seconds; a.u, arbitrary unit.

2.6. Histological Analysis

The formalin-fixed specimens were processed into paraffin sections, and the sections
were stained with hematoxylin and eosin for conventional histology analysis. Immuno-
histochemistry was performed and according to the WHO 2019 criteria [3], pNETs G1
(low-grade) had a mitotic rate from 0 to 1 per 10 high power fields (HPF) or a Ki-67 pro-
liferation index from 0% to 2%; pNETs G2 (intermediate-grade) had a mitotic rate from
2 to 20 per 10 HPF or a Ki-67 proliferation index from 3% to 20%; pNETs G3/pNECs
(high-grade) had a mitotic rate greater than 20 per 10 HPF or a Ki-67 proliferation index
greater than 20%.

2.7. Statistical Analyisis

Univariate analyses were performed to determine the predictors of pathological grades
of pNETs through the chi-squared or the Fisher exact test for categorical variables and
t student, and the Mann–Whitney test for continuous variables. Mean and SD were
used if the outcome was approximately normal, whereas median, with the 25th and
75th percentiles, was used if the outcome was a skewed distribution. Qualitative data
including clinical features, B-mode ultrasound and CEUS features were assessed by using
chi-squared and the Fisher exact test for expected frequencies less than five. Cut-off values
were determined by a receiver operating characteristic (ROC) analysis for diagnoses based
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on TIC. p-values < 0.05 were considered significant. Clinical utility index (CUI) provided
the degree to which a diagnostic test was useful in clinical practice, including a positive
(CUI+) and negative (CUI−) clinical utility index [36]. Analyses were performed with IBM
SPSS version 22.0 (Armonk, NY, USA; IBM Corp), and MedCalc version 19.0.4 (MedCalc
Software, Ltd., Ostend, Belgium).

3. Results
3.1. Patient Demographics

A total of 42 patients were finally enrolled. There were 10 lesions classified as pNETs
G1, 21 as pNETs G2 and 11 as G3/pNECs. Patient demographics are summarized in Table 2.
No significant difference was found in age and gender between pNETs G1/G2 and pNETs
G3/pNECs (p > 0.05).

Table 2. Patient demographics for pNETs.

Characteristic pNETs G1/G2
(n = 31, %)

pNETs G3/pNECs
(n = 11, %) p Value

Age (years) 52.38 ± 9.37 51.45 ± 14.07 0.806
Gender

Male 11 (35.48) 6 (54.5)
0.268Female 20 (65.51) 5 (45.5)

Elevated CA19-9
(>34 U/mL) 0/31 (0.0) 3/11 (27.3) 0.014

Elevated NSE
(>16.3 ng/mL) 1/31 (3.2) 7/11 (63.64) <0.001

pNETs, pancreatic neuroendocrine tumors; CA19-9, carbohydrate antigen 19-9; NSE, neuron specific enolase.

3.2. B-Mode Ultrasound

The majority of both pNETs G1/G2 and pNETs G3/pNECs were hypoechoic solid
lesions on BMUS. There was no significant difference between the two groups in size,
margin, pancreatic duct dilation or internal CDFI signals (p < 0.05). B-mode ultrasound
imaging features are summarized in Table 3.

Table 3. B-mode ultrasound imaging features of pNETs.

Characteristic pNETs G1/G2
(n = 31, %)

pNETs G3/pNECs
(n = 11, %) p Value

Tumor size (mm) 25.00 [14.00, 36.00] 32.00 [17.00, 60.00] 0.125 *
Lesion location

Head 11 (35.5) 6 (54.5)
0.666Body 12 (38.7) 3 (27.3)

Tail 8 (25.8) 2 (18.2)
Echogenicity

Isoechoic 4 (12.9) 0 (0.0)
0.558Hypoechoic 27 (87.1) 11 (100.0)

Texture
Solid 27 (87.1) 8 (72.7)

0.353Solid-cystic 4 (12.9) 3 (27.3)
Margin

Well-defined 17 (54.8) 3 (27.3)
0.166Ill-defined 14 (45.2) 8 (72.7)
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Table 3. Cont.

Characteristic pNETs G1/G2
(n = 31, %)

pNETs G3/pNECs
(n = 11, %) p Value

Main Pancreatic duct
dilation (> 3 mm)

Present 3 (9.7) 3 (27.3)
0.314Absent 28 (90.3) 8 (72.7)

CDFI Signals of tumor
Present 11 (35.5) 5 (45.5)

0.559Absent 20 (64.5) 6 (54.5)
* Mann-Whitney test; BMUS, B-mode ultrasound; CDFI, color doppler flow imaging.

3.3. Contrast-Enhanced Ultrasound

After injection of the contrast agent, although the majority of pNETs G3/pNECs
(9/11) exhibited heterogeneous enhancement, no statistically significant difference was
observed when compared to pNETs G1/G2 (p = 0.075). There was no significant difference
between pNETs G1/G2 and pNETs G3/pNECs in enhanced degree in the arterial phase
(p = 0.069). Nonenhanced necrosis area was detected in four pNETs G1/G2 and three
pNETs G3/pNECs lesions (p = 0.353). CEUS imaging features are summarized in Table 4.

Table 4. Contrast-enhanced ultrasound imaging features of pNETs.

Characteristic pNETs G1/G2
(n = 31, %)

pNETs G3/pNECs
(n = 11, %) p Value

Enhancement pattern
Homogeneous 17 (54.8) 2 (18.2)

0.075Heterogenous 14 (45.2) 9 (81.8)
Enhanced degree in

arterial phase
Hyperenhancement 18 (58.1) 3 (27.3)

0.069Isoenhancement 9 (29.0) 3 (27.3)
Hypoenhancement 4 (12.9) 5 (45.5)

Nonenhancement area
Present 4 (12.9) 3 (27.3)

0.353Absent 27 (87.1) 8 (72.7)

3.4. Time Intensity Curves

Significant differences in TIC shape (p < 0.05) were observed between pNETs G1/G2
and pNETs G3/pNECs. In the group of pNETs G1/G2, 22 (22/31, 70.79%) TICs were
persistently above or equal to TICs of pancreatic parenchyma from the arterial phase to
the late phase. Five TICs of pNETs G1/G2 were above those of pancreatic parenchyma in
the arterial phase, but below the TICs of pancreatic parenchyma in the venous phase or
late phase due to the rapid wash-out of contrast agent [Figure 1]. On the contrary, seven
cases (7/11, 63.64%) of pNETs G3/pNECs had TICs below those of pancreatic parenchyma
consistently after injecting contrast agent [Figure 2].
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lesion located in pancreatic head was hypoechoic (A) with abundant internal color doppler flow 
imaging signal (B). After injecting the contrast agent, pNETs lesion showed hyperenhancement in 
the arterial phase (C) and isoenhancement in the venous phase (D). The pNET’s microvasculariza-
tion was assessed using VueBox®, an external perfusion software. Regions of interest of the pNETs 
lesion (yellow circle) and surrounding pancreatic parenchyma (green circle) were placed manually 
(E). The time intensity curve revealed that in the arterial phase, the yellow curve (pNETs lesion) was 
higher than the green curve (pancreatic parenchyma), and in the venous phase and late phase, the 
two curves almost completely overlapped (F). 

Figure 1. A 59-year-old female with a pNETs G1 lesion (Ki 67 proliferation index of 2%). The pNETs
lesion located in pancreatic head was hypoechoic (A) with abundant internal color doppler flow
imaging signal (B). After injecting the contrast agent, pNETs lesion showed hyperenhancement in the
arterial phase (C) and isoenhancement in the venous phase (D). The pNET’s microvascularization
was assessed using VueBox®, an external perfusion software. Regions of interest of the pNETs lesion
(yellow circle) and surrounding pancreatic parenchyma (green circle) were placed manually (E). The
time intensity curve revealed that in the arterial phase, the yellow curve (pNETs lesion) was higher
than the green curve (pancreatic parenchyma), and in the venous phase and late phase, the two
curves almost completely overlapped (F).
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Figure 2. A 47-year-old male with a pNECs lesion (Ki 67 proliferation index, 80%). The pancreatic
head-located pNECs lesion was hypoechoic with well-defined margins (A). The pNECs lesion showed
heterogeneous hypoenhancement throughout arterial phase to late phase after the contrast agent
injection (B–D). The regions of interest of pNECs lesion (yellow circle) and surrounding pancreatic
parenchyma (green circle) were placed manually for evaluation of the pNEC’s microvascularization
utilizing external perfusion software VueBox® (E). The time intensity curve revealed that the yellow
curve (pNECs lesion) was below the green curve (pancreatic parenchyma) from arterial phase to late
phase (F).

3.5. Dynamic Contrast-Enhanced Ultrasound and Quantitative Parameters

After curve fittings, significant differences were observed between the two groups in
rPE, rmTT and rAUC (p < 0.05). The values of rPE, rmTT and rAUC in pNETs G1/G2 were
significantly higher than those in pNETs G3/pNECs [Figure 3]. No statistical difference
was found between pNETs G1/G2 and pNETs G3/pNECs in rRT and rTTP (p > 0.05). The
features of DCE-US and quantitative parameters are summarized in Table 5.
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Figure 3. Analysis of the differences in dynamic contrast-enhanced ultrasound and quantitative
parameters between pNETs G1/G2 and pNETs G3/pNECs. The relative peak intensity values,
relative mean transit time values and relative area under the curve values were significantly higher in
pNETs G1/G2 than those in pNETs G3/pNECs (p < 0.05). Asterisk (*) indicates significant difference
(p < 0.05).

Table 5. Comparison of DCE-US quantitative parameters between two groups.

CEUS Quantitative
Parameters

pNETs G1/G2
(n = 31)

pNETs G3/pNECs
(n = 11) p Value

rPE 1.26 [0.86 to 1.58] 0.75 [0.48 to 0.94] 0.002
rRT 1.05 [0.78 to 1.21] 0.93 [0.70 to 1.04] 0.065

rTTP 1.00 [0.92 to 1.17] 0.91 [0.78 to 1.04] 0.083
rmTT 1.07 [0.84 to 1.50] 0.87 [0.60 to 1.03] 0.029
rAUC 1.41 [0.93 to 1.84] 0.55 [0.46 to 0.75] <0.001

rPE, relative peak intensity; rRT, relative rise time; rTTP, relative time to peak; rmTT, relative mean transit time;
rAUC, relative area under the curve (rAUC).

3.6. Optimal Cut-Off Value for Prediction of Pancreatic Neuroendocrine Tumors’
Pathological Grades

Further ROC analysis was performed to evaluate the diagnostic efficacy of DCE-US
quantitative parameters, for which results are summarized in Table 6. The rAUC showed
the best diagnostic performance among three quantitative parameters with the highest
specificity, at 83.87% and the highest accuracy at 94.72%, although the sensitivity in the
rAUC was consistent with that in rPE [Figure 4]. The CUI values, including CUI+ and CUI-
of the rAUC, were also higher than those of rPE and rmTT.

Table 6. Diagnostic performance of quantitative parameters for prediction of pancreatic neuroen-
docrine tumors’ pathological grades.

Variables Cut-Off
Value

Sensitivity
(%) (95% CI)

Specificity
(%) (95% CI)

Accuracy
(%) (95% CI) CUI+ CUI−

rPE 1.09 90.91 [58.70
to 99.80]

67.64 [48.61
to 83.32]

85.78 [74.14
to 97.42] 0.45 0.65

rmTT 1.011 72.73 [43.33
to 90.25]

58.06 [40.77
to 75.58]

73.61 [58.14
to 89.08] 0.28 0.50

rAUC 0.855 90.91 [66.26
to 99.53]

83.87 [67.37
to 92.91]

94.72 [88.30
to 100] 0.61 0.82

CUI, clinical utility index; CI, confidence interval.
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4. Discussion

Our study elucidated that the DCE-US was a helpful and noninvasive imaging method
to preoperatively predict the pathological grades of pNETs with satisfactory diagnostic
performance. The quantitative parameters of rPE, rmTT and rAUC were found to be a
strong reflection of the pathological grades of pNETs which should be highly considered as
an adjunct factor for predicting pathological grades of pNETs preoperatively.

Dynamic contrast-enhanced ultrasound analysis based on transabdominal scans was
an easier method to assess the microcirculation of pancreatic lesions and it was beneficial
in monitoring the treatment response in locally advanced pancreatic tumors, according to
our own prior research [27,28]. Overall, the DCE-US analysis and quantitative parameters
showed a satisfactory performance for predicting the pathological grades of pNETs in
our study; the pNETs G1/G2 had significantly higher rPE, rmTT, and rAUC values than
pNETs G3/pNECs, indicating that the internal contrast agent in pNETs G3/pNECs lesions
washed out more quickly than that of pNETs G1/G2 lesions. According to previous studies,
the AUC values and PE values were parameters related to the hemodynamics of ROI on
DCE-US [32,37].As well as being correlated to the degree of vascularization and density
of the vascular network, fast flow and low tissue vascular resistance were available in
high AUC values [38]. Compared with pNETs G3/pNECs, the higher rPE and rAUC in
pNETs G1/G2 were the results of the relatively higher microvessel density (MVD) but
lower fibrotic components, as already reported in several studies [39–43]. Hence, the rAUC
and rPE were promising factors for predicting pathological grades of pNETs by evaluating
microvessel perfusion quantitatively. In addition, the mTT was also a promising parameter
correlated to both hemodynamics and vascular morphology [37]. Anant et al. reported that
increased mean values of mTT after neoadjuvant chemotherapy were helpful to assess the
response in breast cancer by the change in tumor vascularity, with an accuracy of 86.7% [44].
However, the rmTT had a lower diagnostic performance, a wider confidence interval and
lower bounds of the confidence interval compared with rPE and rAUC in our study. As for
our study, the metric of CUI values including CUI+ and CUI− were used for evaluating the
diagnosis accuracy of predicting pNETs G3/pNECs and pNETs G1/G2. The CUI+ value
of 0.61 and CUI− value of 0.82 in rAUC supported fair utility and good utility in clinical
practice of predicting pNETs G3/pNECs.

Takada et al. reported that the quantitative analysis showed a high diagnostic accuracy
of more than 95% for grade diagnosis of pNETs [45]. The major difference between previous
and present studies was the measurement of quantitative parameters. Previous studies by
Takada et al. measured only the quantitative parameters of lesions and the ROI of lesions
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was not placed at the same depth. As for our study, both the quantitative parameters
of lesions and surrounding parenchyma were measured and the ratio of lesions with
surrounding parenchyma were calculated. The ratio of quantitative parameters could
lessen the effect of varying ROI depth for results because placed ROI depth was a factor
correlated to the results of quantitative analysis [32,46]. To overcome this issue, the ratio of
quantitative parameters was applied to predict pNETs’ pathological grades and has been
approved with satisfactory diagnostic performance.

Time intensity curves were a useful method to objectively exhibit the difference
between lesions and parenchyma in the enhancement degree [46,47]. In our study, the
majority of TICs in pNETs G1/G2 were higher than or equivalent to TICs of pancreatic
parenchyma in the arterial phase, which was consistent with the degree of enhancement
shown on CEUS. On the contrary, pNETs G3/pNECs commonly displayed TICs below
those of the pancreatic parenchyma and hypoenhancement on CEUS. Two pNECs were
hypoenhanced in the arterial phase on CEUS, but their TICs were almost equal to those of
pancreatic parenchyma. This mismatch between TICs and CEUS in the same two pNECs
may be caused by the subjective analysis on CEUS. The TICs were a promising technique
to observe the perfusion properties of pNETs lesions by overcoming subjective evaluation
of the enhancement features.

Previous studies exhibited that the tumor size of pNETs was an important risk factor
for the prediction of pathological grades and prognosis [17]. The pNETs less than 2 cm were
recommended to be managed conservatively due to benign behavior [48,49]. However, in
our study one of the pNETs G2 and three pNECs were less than 2 cm and had metastases.
In addition, no significant difference was observed between pNETs G1/G2 and pNETs
G3/pNECs in the tumor size, despite the median tumor size of the latter being larger than
that of the former. Reviews of the National Cancer Data Base databases also clearly showed
that only 41.1% of pNETs less than 2 cm were pNETs G1 and that nearly 30% of them
were pNETs G2 and pNETs G3/pNECs with lymph nodes involved [50,51]. Therefore,
making decisions about treatment strategy for pNETs on the basis of tumor size only was
quite contradictory.

In our study, most pNETs showed hyper- or isoenhancement in the arterial phase on
CEUS, which was consistent with previous studies, owing to their abundant vasculariza-
tion [24,52]. Previous studies found that the degree of homogeneity was correlated with
pathological grades of pNETs, and heterogenous enhancement in tumors showed a lower
Ki-67 proliferation index compared with homogeneous enhancement cases [31,42]. How-
ever, there was no significant difference between pNETs G1/G2 and pNETs G3/pNECs
concerning enhancement patterns in our study. Huang et al. reported that statistical differ-
ence was only observed between pNETs G1 and pNETs G2, but not between pNETs G1 or
G2 and pNETs G3 [52]. Several studies revealed that the heterogeneous pattern resulted
from cystic degeneration and had a lack of association with tumor grades [53,54]. There-
fore, predicting tumor grades of pNETs by enhancement pattern on CEUS still remains
controversial because of conflicting evidence in the literature.

5. Limitations

Our study had several limitations. First, our study was a single-center retrospective
study with a relatively small sample size, especially for pNETs G3/pNECs, for which
only 11 cases could be analyzed. A further multicenter study with a larger sample size
should be performed. Second, four pNECs were determined via fine-needle aspiration
biopsy or core needle biopsy. However, overestimation was significantly less frequent
with respect to underestimation (3.5% vs. 14.7%, p < 0.05) [14]. Therefore, the pNETs
G3/pNECs had less possibility of being overestimated. Third, the quantitative analysis
was performed by only a radiologist blind to pathological grades, and we did not evaluate
the reproducibility of the DCE-US in our study. Reproducibility of DCE-US clinically
was important as it would affect the clinical application of this technique. Nevertheless,
several published data suggest that reproducibility of DCE-US is acceptable for the clinical
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practice [46,55]. Fourth, pNETs G3 and pNECs were classified as one category in our study,
whereas they were split into two categories in the WHO 2017 grading system. However,
both pNETs G3 and pNECs were categorized as pNETs G3 in the WHO grading system
before 2017. Studies show that the prognosis of pNETs G3 and pNECs is significantly
worse than that of pNETs G1 and G2 [56]. In addition, microvessel density related to
blood flow was notably correlated with pathological grades of pNETs, which was lower in
pNETs G3/pNECs compared with pNETs G1/G2 [57]. Quantitative parameters and TIC
were strongly relevant to hemodynamics [37]. Therefore, we thought it was feasible and
reasonable for DCE-US to differentiate pNETs G1/G2 from pNETs G3/pNECs.

6. Conclusions

The DCE-US analysis and quantitative parameters have the potential value to predict
the pathological grades of pNETs noninvasively. Several CEUS quantitative parameters,
including the relative PE and the relative AUC, may be valuable parameters for predicting
the pathological grades of pNETs.
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