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ABSTRACT
Background and aim
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Contrast-harmonic EUS (CH-EUS) has the ability to depict a tumor microvasculature.
Decreased microvascular density has been identified as a factor associated with

tumor aggressiveness. We aimed to study the accuracy of CH-EUS for the prediction
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of pancreatic neuroendocrine tumor (PNET) aggressiveness.

Methods

Between June 2009 and March 2015, all consecutive patients with histology-proven
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PNETs and CH-EUS examination were included. Nine endosonographers analyzed
blindly all the videos. CH-EUS tumor aggressiveness was defined as a
heterogeneous enhancement at early arterial phase. The final diagnosis of tumor
aggressiveness was defined as follows: G3 tumors; morphological and/or histological
findings of metastatic disease in G1/G2 tumors. Diagnostic values were calculated.

specimens.

Results

TE
D

Intratumoral microvascular density and fibrosis were assessed on pathological
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Eighty-one tumors were included of which 26 were aggressive (32.1%). In CH-EUS,
35 tumors (43.2%) had a heterogeneous enhancement. The overall accuracy,
sensitivity, specificity, positive predictive value, and negative predictive value of CH-
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EUS for the diagnosis of tumor aggressiveness were 86%, 96%, 82%, 71%, and 98%,
respectively. The interobserver agreement between the 9 endosonographers was
good (k=0.66). The intraobserver agreement was excellent for the junior (k=0.83) and
the senior (k=0.82). Heterogeneous tumors at CH-EUS corresponded to fewer
vascular and more fibrotic tumors (p<0,01).

Conclusion
CH-EUS is accurate in the prediction of PNET aggressiveness, and could be a
decision-making element in their management.
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Introduction
Pancreatic neuroendocrine Tumors (PNETs) are the second most frequent solid
pancreatic tumors after deadly adenocarcinoma. Their presentation is very
heterogeneous in terms of size, function, and prognosis. Incidental discovery of small
PNETs has become frequent due to broad use of cross-sectional imaging [1].
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However, they are often indolent, whereas surgical intervention is associated with a
high level of morbidity and non-null mortality [2]. Standard classification of PNETs
relies on proliferation index and size [3]. "Wait and watch" strategy is an option in
less than 20 mm, G1, non-functioning tumors without visible metastasis [4].

SC

Nevertheless, in this subgroup, up to 30% are aggressive with a lymph node
involvement [5-7]. Thus, there is a strong clinical necessity for better, preoperative
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assessment of pancreatic neuroendocrine tumor aggressiveness. Decreased
microvascular density (MVD) has been identified as a possible adverse prognostic
factor [8-10]. Contrast harmonic EUS (CH-EUS) is a recent technique that allows the
visualization of a microvasculature of pancreatic tumors. In our early experience, we
noticed that PNETs had different enhancement patterns at CH-EUS. The aim of this
study was to assess the accuracy of CH-EUS for the prediction of pancreatic
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neuroendocrine tumor aggressiveness with the hypothesis that aggressive tumors
would have a heterogeneous enhancement at early arterial phase reflecting the

Methods
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presence of low MVD areas.

Inclusion and exclusion criteria
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Between June 2009 and March 2015, a study was conducted in 2 French centers:
the Beaujon Hospital (APHP, Clichy), a tertiary care hospital, and the Trocadero
Clinic (Paris). All consecutive patients with a histology-proven sporadic pancreatic
neuroendocrine tumor and available video-recording CH-EUS examination at initial
work-up were included. In order to ensure the most reliable criterion standard for the
definition of tumor aggressiveness, in case of a G1/G2 non-functioning tumor without
preoperative visible metastasis, oncological surgery with lymph node excision was
mandatory. All the patients had at initial work-up a cross-section imaging (CT-scan
and/or MRI) and somatostatin receptor scintigraphy. The study was carried out in
accordance with the Helsinki Declaration.

ACCEPTED MANUSCRIPT
CH-EUS procedure
CH-EUS was performed with a radial echoendoscope (GF-UE 160 AL, Olympus
Medical Systems, Tokyo, Japan) and/or a linear echoendoscope (GF-UCT 180,
Olympus Medical Systems, Tokyo, Japan). Three ultrasound processors were used,
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all with dedicated contrast-harmonic software: Aloka Prosound Alpha 10 (AlokaHitachi, Tokyo, Japan), Aloka Prosound F75 (Aloka-Hitachi, Tokyo, Japan) and
Olympus EU-ME2 (Olympus Medical Systems, Tokyo, Japan). All EUS examinations
were performed by one experienced endosonographer (L.P).
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CH-EUS examination was performed to assess a PNET microvasculature.
Procedures were systematically performed as follows: The lesion was identified in
the contrast-specific mode; - a mechanical index between 0.25 and 0.45 was chosen;
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a second-generation ultrasound contrast agent (Sonovue, Bracco, Milan, Italy) was
used; an intravenous 4.8 mL Sonovue bolus injection was administered through an
antecubital vein, using a 20 G catheter, followed by a 20-mL saline solution flush; the examination of the lesion lasted a minimum of 45 seconds after Sonovue
injection.
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PNETs classification and final diagnosis of tumor aggressiveness
Ki67 proliferation index was determined on either surgical specimen, or EUS fineneedle aspiration or biopsy performed under radiological guidance. In case of

EP

multiple samples, the highest value was used. Grading of the tumor was based on
WHO 2017 classification with 3 groups: G1: Ki67 ≤2%; G2: Ki67 = 3%-20%; G3: Ki67
>20%.
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Tumor size was determined in surgical cases on pathological report. In the nonoperated patient, tumor size was determined on imaging report and the largest value
was used.

All histological and morphological data were reviewed in a dedicated multidisciplinary
meeting for the management of neuroendocrine tumors.
Tumors were considered as aggressive in case of morphological / histological
findings of a metastatic disease (adjacent organ involvement, lymph node
involvement, distant organ metastasis) and/or the histological finding of a G3 tumor
(Ki67 >20%).
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CH-EUS diagnosis of tumor aggressiveness
A 1-day joint work session was organized with 9 endosonographers: 7 seniors and 2
juniors (with a cut-off of 20 CH-EUS procedures to differentiate the 2 groups). To
standardize the interpretation, a 10-minute teaching session was performed with 4
videos of patients not included in the series. The enhancement pattern was analyzed.
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The readers classified lesion as aggressive in blinding of the answers of the other
endosonographers. A lesion demonstrating a homogeneous enhancement was
considered as non-aggressive (video 1). A lesion demonstrating a heterogeneous (or
no) enhancement was considered as aggressive (video 2). Each participant
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independently reviewed the entire anonymous digital video recordings in a random
order. They were blinded to patient history, clinical, radiological, histological, and
surgical information. To obtain a CH-EUS-based diagnosis in every case, a joint
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review was done for each case when a discrepancy of interpretation defined as a
number of accordance below 7/9 readers occurred. A 4-scale confidence index
(No/Low/High/Perfect) for CH-EUS-based diagnosis was assessed for all the
endosonographers.

Agreement among endosonographers
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Based on the results of the joint work session, inter-observer agreement was
calculated. One month after, one senior and one junior endosonographer reviewed
all videos a second time in a different random order in order to determine

EP

intraobserver agreement.

Pathological analysis of intratumoral microvascular density and fibrosis
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Microscopic pictures of intratumoral microvasculature and fibrosis are shown in figure
1. Mean MVD (number of CD31-positive vessels / mm2) and mean degree of
intratumoral fibrosis (% of red picrosirius positivity of the total surface) in available
resected specimen were quantitatively assessed with an automatic counting by the
use of Aperio scanner (Leica Biosystems, Nussloch, Germany).

Statistical analysis
Diagnostic values including overall accuracy, sensitivity, specificity, positive
predictive value, and negative predictive value were calculated. Univariate analyses
were performed to determine the predictors of tumor aggressiveness using the chi-

ACCEPTED MANUSCRIPT
squared or the Fisher exact tests for categorical variables, and Student t-tests or
Mann–Whitney tests for continuous variables.

For multivariate analyses, we

performed a logistic model to study which qualitative parameters were associated
with

tumor

aggressiveness.

Variables

that

were

associated

with

tumor

aggressiveness in univariate analyses at the 0.2 level were initially included in the
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model. Results were expressed as adjusted odds ratios (OR) and 95% confidence
intervals (CI). In the subgroup of G1/G2, non-functioning tumors without preoperative
visible metastasis, AUROC of CH-EUS and “standard” criteria (size at a cut-off=20
mm / Ki67 proliferation index at a cut-off = 2%) were compared.
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Intra- and interobserver agreements of CH-EUS for the diagnosis of tumor
aggressiveness were assessed using kappa statistics. Depending on Kappa values,
agreement was considered as minor (0.01–0.20), fair (0.21–0.40), moderate (0.41–
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0.60), good (0.61–0.80), or excellent (0.81–1.00), beyond chance.

Analyses were performed with SAS version 9.2 (SAS Institute, Cary, North Carolina)
and R version 2.14.0.

Results
Population
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Data are summarized in a flow chart (figure 2). A total of 114 consecutive patients
with a sporadic histology-proven PNET with CH-EUS at initial work-up were included.
Fourteen patients were excluded because of the absence of video recording of the

EP

procedure. On the 100 remaining patients, 19 G1/G2, non-functioning (NF) tumors
without preoperative visible metastasis were excluded because of the absence of
oncological surgery with lymph node excision.
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Characteristics of the patient are summarized in table 1. Eighty-one tumors were
included in the analysis with 72 resected tumors (89 %), and 30 functioning tumors
(37%). Thirty-five tumors (43%) were G1/G2, non-functioning PNETs, without
preoperative visible metastasis. Eighteen tumors (22%) were G1, ≤20 mm, nonfunctioning PNETs, without preoperative visible metastasis. On the entire population,
26 tumors were aggressive (32%): 8 because of G3 tumors, 9 because of metastatic
extent on preoperative imaging in G1/G2 tumors, and 9 because of metastatic extent
at final pathology after oncological resection in G1/G2 tumors. In the subgroup of
G1/G2, non-functioning PNETs, without preoperative visible metastasis, 9 tumors

ACCEPTED MANUSCRIPT
(26%) were aggressive. In the subgroup of G1, ≤20 mm, non-functioning PNETs,
without preoperative visible metastasis, 5 tumors (28%) were aggressive.

Diagnostic values
Diagnostic values are summarized in Table 2. In the entire population (n=81), overall
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accuracy (Acc), sensitivity (Se), specificity (Sp), positive predictive value (PPV), and
negative predictive value (NPV) of CH-EUS for the diagnosis of tumor
aggressiveness were 86%, 96%, 82%, 71%, and 98%, respectively. In the subgroup
of G1/G2, non-functioning tumors, without preoperative visible metastasis (n=35),
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overall Acc, Se, Sp, PPV, and NPV of CH-EUS for the diagnosis of tumor
aggressiveness were 83%, 100%, 76%, 63%, and 100%, respectively. If “standard
criteria” (size >20 mm and Ki67 = 2-20%) were applied in this subgroup for the
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prediction of tumor aggressiveness, overall Acc, Se, Sp, PPV, NPV would be 49%,
44%, 50%, 24%, 72%, respectively. In addition, CH-EUS AUROC was significantly
higher than “standard criteria” AUROC (p<0,01) (figure 3). In the subgroup of G1, ≤20
mm, non-functioning tumors, without preoperative visible metastasis (n=18), overall
Acc, Se, Sp, PPV, and NPV of CH-EUS for the diagnosis of tumor aggressiveness
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were 83%, 100%, 77%, 63%, and 100%, respectively.

Predictors of tumor aggressiveness

Results are summarized in table 3. In univariate analysis, a size greater than 20 mm

EP

(24 % vs 69 % for non-aggressive vs aggressive tumors, p<0.01), a Ki67 proliferation
index greater than 2% (31% vs 91% for non-aggressive vs aggressive tumors,
p<0.01) and a heterogeneous enhancement at CH-EUS (18% vs 96% for non-
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aggressive vs aggressive tumors, p<0.01) were significantly associated with tumor
aggressiveness. In multivariate analysis, a Ki67 proliferation index greater than 2%
and a heterogeneous enhancement at CH-EUS were significantly associated with
tumor aggressiveness (OR=17.8 [2.3; 139.1] and OR=162.0 [13.0; >999.9],
respectively).

Agreement and confidence index among endosonographers
Agreement among endosonographers is summarized in table 4. Complete
agreement was observed in 42 out of 81 patients (52%). In 72 cases (89%),
agreement was present in more than 7/9 endosonographers. The interobserver
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agreement among the 9 endosonographers was good (k=0.66). The intraobserver
agreement was excellent for the juniors (k=0.83) and the seniors (k=0.82).
Confidence index was null, low, high and perfect in 1.5% / 7% / 23.5%, and 68%,
respectively. Confidence index was significantly lower in the juniors compared to the
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seniors (5% / 15% / 36% / 44% and <1% / 5% / 20% / 74%, respectively, p< 0.05).

Intratumoral microvascular density/fibrosis, tumor aggressiveness status and CHEUS pattern on pathological specimens

Intratumoral MVD/fibrosis on pathological specimens is summarized in table 5. On 30
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evaluable specimens, intratumoral MVD was significantly lower in aggressive vs nonaggressive tumors (162 vessels / mm2 vs 262 vessels / mm2, respectively, p<0.05)
and in tumors with heterogeneous vs homogeneous enhancement (168 vessels/mm2
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vs 273 vessels/mm2, respectively, p<0.01). On 29 evaluable specimens, intratumoral
extent of fibrosis was significantly higher in aggressive vs non-aggressive tumors
(43% vs 20%, respectively, p<0.01) and in tumors with heterogeneous vs
homogeneous enhancement (54% vs 21%, respectively, p<0.01).

Discussion
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This is the first work to be interested in the prediction of tumor aggressiveness in
PNETs with the use of contrast-harmonic endoscopic ultrasound. Notably, PNETs
are a heterogeneous group of tumors in terms of clinical presentation, size,

EP

proliferating activity, disease extent and prognosis. Preoperative assessment of
tumor aggressiveness in these tumors remains difficult. CH-EUS has the great ability
to highlight tumor microvasculature with overall very good diagnostic performances to
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predict the nature of solid pancreatic tumors [11,12]. In our study, CH-EUS is very
accurate to correctly classify between aggressive and non-aggressive PNETs.
Tumors with a heterogeneous enhancement at early arterial phase (within 45
seconds after injection) were likely to be aggressive. Negative predictive value of CHEUS for tumor aggressiveness was more than 95%. Diagnostic values were
particularly high in the clinically relevant subgroup of G1/G2, non-functioning tumors
without preoperative visible metastasis. In this subgroup, according to guidelines,
size and Ki67 proliferation index remain the main criteria for decision between
surgery and follow-up [4]. In our study, CH-EUS was a significantly better predictor
for tumor aggressiveness than these “standard criteria” whose diagnostic values
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were low with an overall accuracy of only 50%. These results could be explained by
the relatively high rate of lymph node involvement even in small tumors as already
shown in several studies [5-7]. In this field, another issue is the ability of EUS-FNA to
properly assess the Ki67 proliferation index [13,14]. Therefore, without the use of
CH-EUS, the risk of proposing an inappropriate follow-up in case of potentially
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aggressive tumors is high. In the subgroup of G1, ≤20 mm, non-functioning tumors,
without preoperative visible metastasis (n=18), 5 tumors were aggressive (28%) and
sensitivity of CH-EUS for tumor aggressiveness was 100%. These results if
confirmed in future studies might position CH-EUS at the center of new algorithms for
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the management of PNETs (figures 4 and 5). Nevertheless, specificity of CH-EUS for
the diagnosis of tumor aggressiveness is lower than expected and the combination of
CH-EUS with EUS-elastography might have a higher yield than CH-EUS alone.
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In our study, the decreased intratumoral MVD and increased extent of fibrosis
assessed on surgical specimen could explain the heterogeneous enhancement
pattern seen mostly in aggressive tumors. Decreased MVD will lead to intratumoral
hypoxia and therefore in activation of cellular pathways increasing the aggressive
potential [15]. Pathological and experimental data have shown that a decrease MVD
was an independent predictor of aggressive behavior whether the size or the Ki67
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proliferation index [8-10] but this prognostic factor is difficult to obtain preoperatively.
Previous works have already focused on the imaging-based determination of MVD
and its value in the prediction of tumor aggressiveness. A study on 41 lesions based
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on contrast ultrasound agent sensitized power-Doppler EUS [16] have shown that the
only predictor of tumor aggressiveness at multivariate analysis was the presence of
filling-defect areas. Assessment of MVD with perfusion CT-scan [17] was possible
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and negatively correlated with the WHO status and histoprognostic factors. In a study
on 38 patients, abdominal contrast ultrasound has shown same correlation, with 6
patients having hepatic metastasis, all showing a heterogeneous enhancement at
arterial phase [18]. In comparison to our work, these series were smaller and were
not blinded for the analysis of the imaging data, questioning on the reliability to
transfer such techniques to the daily practice. Moreover, in our study, the inter- and
intraobserver agreements of CH-EUS were good to excellent (0,66 and 0,83,
respectively) and operators were highly confident with their diagnosis in more than
90 % of the cases, suggesting a good reproducibility of the technique.
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The main strengths of our study were ad follows: the large number of patients; the
consecutive inclusions; the strict criteria for the definition of tumor aggressiveness;
the blinded analysis of the video-recording with determination of the inter- and
intraobserver agreement; the correlation between CH-EUS pattern and intratumoral
MVD/fibrosis pathological assessment suggesting more robust data.
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The mains limitations were as follows: the retrospective manner of the study; the
absence of follow-up for the tumors classified as “non-aggressive”; the use of
somatostatin receptor scintigraphy, instead of Gallium PET imaging, because of its
unavailability in France; in clinical practice, it may lower the incremental value of CH-
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EUS because of the high sensitivity of Gallium PET imaging for detecting small
metastases; as the CH-EUS examination was standardized and performed by a
single operator, the reproducibility of the technique in clinical practice remains
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questionable.

Conclusion

As demonstrated in this study, behavior of PNETs at CH-EUS is various with some
lesions showing heterogeneous enhancement. These tumors are more fibrotic and
less vascular. CH-EUS has the ability to classify tumors according to their
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aggressiveness with an excellent overall accuracy and a high negative predictive
value. In the subgroup of G1/G2, non-functioning tumors without preoperative visible
metastasis, overall accuracy of CH-EUS for the prediction of tumor aggressiveness is

EP

better than standard criteria as size and Ki67 proliferation index. The good to
excellent inter- and intraobserver agreement suggest a good reproducibility of the
technique. Therefore, CH-EUS should take a role in algorithm management to
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choose between surgery versus “ Wait and Watch” strategy, and between
oncological surgery versus ablation technique without lymph node excision.
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Tables
Patients (n=81)
Age, mean (range), years

54 (12-80)

Gender
Male, n (%)
PNET discovery

30 (37)
33 (41)
32 (8-80)

Ki67 proliferation index, mean (range), %
Surgery, n (%)
PNET status for tumor aggressiveness
Aggressive tumors, n (%)

11 (0-90)
72 (89)
26 (32)
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Table 1: Characteristics of the population
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Secretory syndrom, n (%)
Incidental finding, n (%)
PNET characteristics
Size, mean (range), mm
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39 (48)

ACCEPTED MANUSCRIPT
Acc

Se

Sp

PPV

NPV

86%

96%

82%

71%

98%

All PNETs (n=81)
CH-EUS

G1*/G2** PNETs without preoperative visible metastasis (n=35)
83%

100%

76%

63%

100%

Size > 20 mm and/or Ki67 proliferation index > 2%

49%

44%

50%

24%

72%

* G1 tumors: tumors with a Ki67 proliferation index ≤ 2 %

RI
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CH-EUS

** G2 tumors: tumors with a Ki67 proliferation index = 2-20 %

SC

PNET: Pancreatic NeuroEndocrine Tumor; CH-EUS: Contrast Harmonic Endoscopic
UltraSound; Acc: Accuracy; Se: Sensitivity; Sp: Specificity; PPV: Positive Predictive
Value; NPV: Negative Predictive Value
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Table 2: Diagnostic values of CH-EUS for the prediction of tumor aggressiveness
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Nonaggressive
tumors
n=55

Aggressive
tumors
n=26

Univariate
analysis

17 (8-47)

34 (11-80)

p<0.01

2 (0-5)

14 (0-90)

p<0.01

13 (24)

18 (69)

p<0.01

Multivariate
analysis
OR (95% CI)

Quantitative data
Size, mm (range)
Ki67 proliferation index, % (range)

Size > 20 mm, n (%)

RI
PT

Qualitative data
NS

KI67 proliferation index > 2%, n (%)

17 (31)

21 (81)

p<0.01

17.8 (2.3; 139.1)

Heterogeneous enhancement
at CH-EUS, n (%)

10 (18)

25 (96)

p<0.01

162.0 (13.0; >999.9)
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Quantitative data are expressed as mean and range.
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Table 3: Predictors of tumor aggressiveness in univariate and multivariate analyses
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Kappa
Intraobserver agreement
Senior

0.82

Junior

0.83

0.66

7 seniors

0.68

2 juniors

0.63
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All
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Interobserver agreement
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Table 4: Intra- and interobserver agreement for CH-EUS tumor aggressiveness
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Intratumoral MVD *, vessels/mm2

Nonaggressive
tumors
262

Aggressive
tumors

20

43

Intratumoral extent of fibrosis **,
% of total surface

Homogeneous
enhancement

Heterogeneous
enhancement

P
value

273

168

< .01

21

54

< .01

RI
PT

MVD: MicroVascular Density
*: On 30 evaluable specimens
**: On 29 evaluable specimens

162

P
val
ue
< .0
5
< .0
1

SC

Table 5: Intratumoral microvascular density and fibrosis, tumor aggressiveness
status and CH-EUS pattern on pathological specimens

Figure 2: Flow chart of the study
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Legends
Figure 1: Histopathological images of intratumoral microvascular density and fibrosis.
A-B: CD-31 staining (orig. mag. x 100) showed high microvascular density (A) and
low microvascular density (B). C-D: Red picrosirius staining (orig. mag. x 100)
showed low amount of fibrosis (C) and high amount of fibrosis (D).
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Figure 3: AUROC for CH-EUS and “standard criteria” for the diagnosis of tumor
aggressiveness in non-functioning, G1/G2 tumors without preoperative visible
metastasis (n=35). Red dotted line: CH-EUS (heterogeneous enhancement)
Blue solid line: standard criteria (size > 20 mm and/or Ki67 proliferation index > 2 %)
AUROC CH-EUS > AUROC “standard criteria” (p<0.01)
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Figure 4: Proposal of a new algorithm for the management of functioning PNETs
including CH-EUS
*: to ensure the diagnosis of PNET
**: parenchyma-sparing surgery without lymph node dissection (enucleation, central
pancreatectomy)
***: major pancreatic surgery including lymph node dissection
(duodenopancreatectomy, distal pancreatectomy, total pancreatectomy)
Figure 5: Proposal of a new algorithm for the management of non-functioning PNETs
including CH-EUS
*: to ensure the diagnosis of PNET
**: parenchyma-sparing surgery without lymph node dissection (enucleation, central
pancreatectomy)
***: major pancreatic surgery including lymph node dissection
(duodenopancreatectomy, distal pancreatectomy, total pancreatectomy)
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ACRONYMS
Acc: Accuracy
AUROC: Area Under the Receive Operating Curve
CH-EUS: Contrast-Harmonic Endoscopic UltraSound
CT: Computed Tomography
MRI: Magnetic Resonance Imaging
MVD: MicroVascular Density
NF: Non-Functioning
NPV: Negative Predictive Value
PET: Positron Emission Tomography
PNET: Pancreatic NeuroEndocrine Tumor
PPV: Positive Predictive Value
Se: Sensitivity
Sp: Specificity
WHO: World Organization of Health
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