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pattern was compared with contrast-enhanced computed 
tomography (CT) pattern.
Results  There was a significant association between CEUS 
and CT pattern (X2 = 79.0; p < 0.0001). A significant asso-
ciation was found between CEUS pattern and Ki-67 index 
(X2  =  24.6; p  <  0.0001). The hypervascular homogene-
ous CEUS typical pattern was associated with low tumor 
grading (G1 or G2) (X2 =  24.0; p  <  0.0001). CEUS pat-
tern changed from hypervascular homogeneous in base-
line to hypovascular/hypervascular inhomogeneous after 
SSA therapy, with a significant association between tumor 
response at CT scan and appearance of hypervascular 
inhomogeneous pattern at CEUS evaluation (6  months: 
X2 = 57.0; p < 0.0001; 12 months: X2 = 49.8; p < 0.0001).
Conclusions  In patients with P-NET, CEUS pattern cor-
relates with tumor grading, being homogeneous in G1–G2 
but not in G3 tumors. After therapy with SSAs, CEUS is 
predictive of response to SSAs. These findings seem to 
support a role of CEUS as prognostic and predictive factor 
of response.

Keywords  CEUS · Prognosis · Prediction of response · 
Somatostatin analogues · Neuroendocrine tumors

Introduction

The incidence of pancreatic neuroendocrine tumors 
(P-NETs) is 1.8 in females and 2.6 in males per 1,000,000 
per year. The majority of P-NETs are well differenti-
ated G1 and G2, while G3 ones are uncommon [1–3]. 
One of the major prognostic factors affecting survival in 
P-NET patients is the presence of liver metastases, which 
occur in 24–31% of cases. Patients with P-NETs and liver 
metastases show a 5-year survival rate of 30–60% [4, 5]. 

Abstract 
Purpose  The incidence of neuroendocrine tumors (NETs) 
is progressively increasing. Most cases arise from the 
digestive system, where ileum, rectum and pancreas rep-
resent the commonest site of origin. Liver metastases are 
frequently detected at diagnosis or during the follow-up. 
Contrast-enhanced ultrasound (CEUS) is used in patients 
with pancreatic NETs (P-NETs) and liver metastases from 
P-NET but its role has not been standardized. The aim of 
this retrospective study was to investigate CEUS in patients 
with P-NETs and liver metastases from P-NET both as 
prognostic factor and predictor of response to therapy with 
somatostatin analogues (SSAs).
Methods  CEUS was performed at the diagnosis of NET 
and 3, 6 and 12 months after the beginning of SSAs. CEUS 
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Furthermore, large neoplasms are associated with worse 
outcomes; while small tumors do not seem to have an 
invariable benign behavior [6]. Besides many conventional 
and functional imaging tools used for diagnosis, tumor 
localization, tumor staging and evaluation of prognosis, 
contrast-enhanced ultrasound (CEUS) can play a signifi-
cant role in the prognosis and follow-up of these tumors, 
not only for its high feasibility and reproducibility but 
also for its informative potential [7]. The combination of 
contrast agents with the ultrasound sonography (US) has 
made CEUS a perfusion technique, which provides infor-
mation on tumor vascularity. CEUS is very useful for 
characterizing neuroendocrine tumors (NETs) within the 
pancreas and liver, due to the well-known high vascular-
ity of these lesions. As known, the use of triphasic multi-
slice computed tomography (CT) has revealed that most 
of pancreatic ductal adenocarcinomas present a hypovas-
cular structure, while P-NETs are generally hypervascu-
lar [8]. In the field of pancreatic and liver lesions, CEUS 
facilitates an early diagnosis, through improved definition 
of the margins of the lesions, as well as a better differen-
tial diagnosis between tumor and non-tumor lesions and 
among different types of tumors [9–11]. CEUS has shown 
82% of sensitivity for the diagnosis and characterization of 
liver lesions [12]. On this basis, CEUS has rapidly grown, 
and can now be used, not only to characterize pancreatic 
and liver lesions (malignant vs benign lesions); but also, 
to monitor functional response to therapy in patients with 
neoplastic lesions [12, 13]. Monitoring tumor response to 
therapy is mandatory to tailor individual patient care and 
evaluate novel treatment choices [14, 15]. In the therapeu-
tic algorithm of NETs, somatostatin analogues (SSAs) are 
used both for anti-secretory and anti-proliferative effects. 
In non-functioning P-NETs, SSA therapy aims at the stabi-
lization of tumor growth [16–18].

The aim of this study was to evaluate the prognostic role 
of CEUS, as well as to investigate the role of CEUS in pre-
dicting the effectiveness of therapy with SSAs in patients 
with P-NETs and liver metastases from P-NET.

Patients and methods

Patients

Between January 2010 and February 2013, 47 con-
secutive patients (25 males and 22 females; mean age 
50 years old; range 26–76 years old) with P-NET, admit-
ted to the Unit of Neuroendocrine Tumors of the Depart-
ment of Clinical Medicine and Surgery, University “Fed-
erico II” of Naples, underwent CEUS. The pathological 
diagnosis of P-NET was obtained by pancreatectomy (15 
patients, 31.9%), liver biopsy (22 patients, 46.8%) and/

or cell block cytology (EUS-guided FNC) (10 patients, 
21.3%). Eleven of 47 patients with P-NET were G1 
(23.4%), 26 G2 (55.3%), 10 G3 (21.3%). Eleven patients 
(5 males and 6 females) had a NET in the context of a 
multiple endocrine neoplasia type 1 syndrome (MEN 1), 
the remaining 36 patients were affected with a sporadic 
tumor. At the time of the study, the P-NET population 
included: 13 patients (27.7%) with pancreatic lesions 
only, 8 patients (17.0%) with liver lesions only, and 26 
patients (55.3%) with both pancreatic and liver lesions. 
A total of 99 NET lesions were considered, including 43 
pancreatic and 56 liver lesions (Table 1). The thirty-seven 
G1-G2 P-NETs were treated with SSAs (octreotide LAR 
30  mg every 28  days, lanreotide autogel 120  mg every 
28 days). Sixteen out of the 37 patients were switched to 
high dose SSAs because of uncontrolled symptoms and/
or radiological progression. All G3 patients were treated 
with conventional systemic chemotherapy with cisplatin 
and etoposide as first choice.

All procedures performed in studies involving human 
participants were in accordance with the ethical stand-
ards of the institutional and/or national research commit-
tee and with the 1964 Helsinki Declaration and its later 

Table 1   Baseline patient characteristics

P-NET pancreatic neuroendocrine tumor, EUS endoscopic ultrasound, 
FNC fine needle cytology, SSA somatostatin analogue

P-NET (n = 47), n (%)

Age [median; (range)] 50 (26–76)

Sex

 M 25 (53.2)

 F 22 (46.8)

Grading

 G1 11 (23.4)

 G2 26 (55.3)

 G3 10 (21.3)

Tumor biology

 Sporadic 36 (76.6)

 Familial 11 (23.4)

Histology

 Pancreatectomy 15 (31.9)

 Liver biopsy 22 (46.8)

 EUS-guided FNC (pancreas/liver) 10 (21.3)

Number of lesions

 Pancreas 43 (43.4)

 Liver 56 (56.6)

Lesion size (mm; mean ± SD)

 Pancreas 12.7 ± 11.6

 Liver 25.5 ± 16.0

Chromogranin A [ng/ml; median; (range)] 148.6 (17.2–15,000)

 SSA treatment 37 (78.7)
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amendments or comparable ethical standards. For this type 
of study formal consent is not required.

Methods

CEUS was performed by the same physician with over 
30  years (A.G.) and 15  years (A.D.S.) of experience, 
respectively. Examinations were performed using Prosound 
10 Premier equipment (Aloka, Tokyo, Japan) or Aplio XG 
equipment (Toshiba, Tokyo, Japan) with 3.0–6.0  MHz 
convex array broadband probes, and software for contrast 
media. Scans were performed with simultaneous dual imag-
ing (gray-scale and contrast specific imaging). Imaging was 
B mode and continuous, and frame rate was 13/s. A con-
trast medium was injected into the blood stream (2.4  ml) 
during the US examination of the upper abdomen. The US 
contrast media SonoVue® (Bracco, Milan, Italy) consists of 
microbubbles of sulfur hexafluoride in a shell phospholipid 
that is stable and resistant to pressure. This contrast agent 
offers many advantages, such as its ability to stay confined 
to vessels without diffuse into extravascular space because 
of its isotonic to plasma, which allow study only of tumor 
microcirculation in real time for several minutes [8, 19]. 
Most P-NETs, as well as their liver metastases, are highly 
vascularized with a dense intratumoral vascular network. 
As a result, they show the hypervascular homogeneous 
(typical pattern) pattern in the arterial phase characterized 
by early contrast enhancement only within the tumor mass. 
Only a small percentage of P-NETs show hypervascular 
inhomogeneous or hypovascular inhomogeneous pattern 
(atypical pattern) in the arterial phase that is characterized 
by a poor contrast enhancement within the tumor mass in 
the arterial phase. The evaluation of enhancement pattern 
was performed dynamically during all phases of the exami-
nation and was compared with the normal parenchyma 
and with the echogenicity of the lesion before administra-
tion of the US contrast agent. As previously reported by 
Malagò et al. CEUS patterns were compared to the histo-
logic reports to evaluate the correlation with Ki-67 index in 
tumor samples [20].

On the basis of CEUS enhancement pattern, tumor 
lesions were classified as hypervascular homogeneous 
(without hypo-enhancing or non-enhancing areas within 
the tumor lesion) and inhomogeneous (one or more hypo-
enhancing or non-enhancing areas within the tumor lesion) 
in the arterial phase [20, 21]. In all patients, CEUS was 
performed at baseline, 3, 6 and 12 months after the begin-
ning of SSAs, and the results were compared with the 
density pattern of multi-slice CT performed at baseline, 6 
and 12 months after treatment. Radiological response was 
evaluated by CT according to the Response Evaluation 
Criteria in Solid Tumors (RECIST criteria version 1.1), 

by considering the sum of the longest diameter of target 
pancreatic or liver lesions with the longest diameter of at 
least 10 mm [22]. Triphasic multi-slice CT scan was per-
formed in all subjects with a multi-detector row equipment 
(Aquilion 64, Toshiba, Japan) using a detector configu-
ration of 1 mm × 32 mm, a table feed of 36 mm/s and a 
gantry rotation time of 0.75 (pitch factor = 0.844), 3 mm 
slice thickness, 120 kVp and automatic dose modulation 
(Noise Index  =  12.5) [23–25]. Contrast-enhanced CT 
was performed with arterial, pancreatic and portal venous 
phase, and acquisitions were performed with fix scan 
delays of 35, 55 and 80 s after i.v. bolus injection (3 ml/s) 
of 100 ml of non-ionic iodinated contrast media (Ultravist 
370; Bayer, Berlin, Germany) followed by 200 ml of saline 
solution with a dual-head injector (Stellant Injection Sys-
tem, Medrad Inc., United States) and further hydration with 
1.80 l of 0.9% NaCl solution in case of diabetic nephropa-
thy [26, 27]. Histology, performed according to the 2010 
WHO classifications of NETs, was the gold standard for 
the diagnostic study [2]. The Ki-67 index was evaluated in 
all cases using MIB-1 antibodies as a percentage of 500–
2000 tumor cells counted in areas of strongest nuclear labe-
ling (“hot spots”) [2].

Statistical analysis

Statistical analysis was performed with the SPSS statistical 
program version 20 for Windows (SPSS, Inc., Chicago, IL, 
USA). Descriptive analyses were performed using mean, 
median and/or standard deviation (SD) for quantitative 
variables. Comparison between numerical data were per-
formed using linear regression. The comparison between 
the categorical data were performed by the Chi-square test 
with the Yates correction or Fisher exact test as appropriate. 
Data are expressed as mean ± SD. p values are given for 
these analyses. The significance was set at 5%.

Results

Prognostic study

Before therapy, all pancreatic and liver lesions from 
patients with P-NET were characterized by a hypervas-
cular CEUS pattern in the early arterial phase (Fig. 1). In 
particular, before treatment CEUS pattern was hypervas-
cular homogeneous in 39 (90.7%) and inhomogeneous in 
4 (9.3%) pancreatic lesions, while it was homogeneous in 
47 (83.9%) and inhomogeneous in 9 (16.1%) liver lesions. 
There was no association between CEUS pattern and size 
of the lesions (R2 =  0.005, p  > 0.05). A significant asso-
ciation was found between CEUS pattern and Ki-67 index 
(X2 = 24.6; p < 0.0001). The hypervascular homogeneous 
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CEUS pattern was associated with low tumor grading 
(X2 = 24.0; p < 0.0001).

Predictive study

At baseline there was a significant association between 
CEUS and contrast-enhanced CT pattern (X2  =  79.0; 
p < 0.0001). In particular, the absence of necrosis observed 
at CT scans corresponded to hypervascular homogeneous 
CEUS pattern. At 12-month follow-up, 32 of 37 patients 
(86.5) were evaluable for radiological response according 
to RECIST 1.1 criteria. After therapy with SSAs, 28 of 32 
patients (87.5%) were stable, while 4 patients (12.5%) were 
in progression at 12-month follow-up at CT scan. Patients 
with radiological progression were switched to other tar-
geted therapies.

CEUS and CT pattern variations after biotherapy are 
reported in Table 2. At 3-month follow-up, CEUS was per-
formed in 47 tumor lesions of 12 patients. As compared to 
baseline, a hypervascular homogeneous CEUS pattern in 

the arterial phase was unchanged in 12 (54.5%) pancreatic 
and in 15 (60%) liver lesions, while a hypervascular inho-
mogeneous CEUS pattern appeared in 10 (45.5%) pancre-
atic and in 10 (40%) liver lesions, respectively (Fig. 2).

At 6- and 12-month follow-ups, there was a significant 
association between tumor characteristics at CT (necro-
sis) and the appearance of hypervascular inhomogene-
ous CEUS pattern at the early arterial phase (6  months: 
X2 = 57.0; p < 0.0001; 12 months: X2 = 49.8; p < 0.0001). 
By comparing the 3-month CEUS pattern with 6- and 
12-month CT evaluation, the appearance of an inhomoge-
neous CEUS pattern was significantly associated to tumor 
pattern at CT (6 months: X2 = 14.8; p < 0.0001; 12 months: 
X2 = 5.0; p = 0.04).

Discussions

CEUS is a valid non-invasive and accurate imaging modal-
ity for quantifying tumor vascularity. As compared to 

Fig. 1   a Conventional ultra-
sound sonography (US) and b 
hypervascular homogeneous 
contrast-enhanced ultrasound 
(CEUS) pattern in a liver metas-
tasis (arrows) from a patient 
with pancreatic neuroendocrine 
tumor (P-NET); c conventional 
US and d hypervascular inho-
mogeneous CEUS pattern in a 
liver metastasis (arrows) from a 
patient with P-NET
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contrast-enhanced CT and MRI, CEUS may be comple-
mentary in the characterization of tumor lesions, providing 
specific information about vascularity [28, 29].

P-NETs are richly vascularized tumors. They represent, 
therefore, optimal candidates for CEUS application. Char-
acterization of tumor microcirculation is helpful to obtain 

Table 2   CEUS and CT pattern of pancreatic and liver lesions 3-, 6- and 12-month follow-up after biotherapy

P-NET pancreatic neuroendocrine tumor, CEUS contrast-enhanced ultrasound, CT computed tomography
a  Related to the early arterial phase
b  Hypovascular or hypervascular

Hypervascular CEUS pattern, n (%)a CT pattern, n (%)

Persistent  
homogeneous

Persistent  
inhomogeneous

Appearance of 
inhomogeneousb

Persistent absence  
of necrosis

Persistent presence 
of necrosis

Appearance  
of necrosis

Liver

 3 months 15/25 (60.0) 0/25 (0.0) 10/25 (40.0) – – –

 6 months 17/43 (39.5) 4/43 (9.3) 22/43 (51.2) 17/44 (38.7) 6/44 (13.6) 21/44 (47.7)

 12 months 14/40 (35.0) 2/40 (5.0) 24/40 (60.0) 4/30 (13.3) 2/30 (6.7) 24/30 (80.0)

Pancreas

 3 months 10/22 (45.5) 2/22 (9.0) 10/22 (45.5) – – –

 6 months 12/33 (36.4) 3/33 (9.1) 18/33 (54.5) 11/22 (50.0) 1/22 (4.5) 10/22 (45.5)

 12 months 9/31 (29.0) 2/31 (6.5) 20/31 (64.5) 11/32 (34.4) 2/32 (6.3) 19/32 (59.3)

Fig. 2   Persistence of hyper-
vascular inhomogeneous CEUS 
pattern in a liver metastasis 
(arrows) after treatment with 
somatostatin analogues (SSA)
s at baseline (a) and at 3- (b), 6- 
(c) and 12-month (d) follow up
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a differential diagnosis among different histotypes. Liver 
metastases of NETs have the same characteristics of hyper-
vascularity of the primary lesion and the same CEUS pat-
tern on the arterial phase [30]. At present, there are few data 
on the usefulness of CEUS in the evaluation of the prog-
nostic role in patients with liver metastases from NET and 
no information specifically for P-NET patients [31]. CEUS 
could detect the typical hypervascular homogeneous pat-
tern of NETs and those differences in imaging features may 
depend on primary lesion, size, proliferation marker, and 
extent of the degenerative changes [31]. Furthermore, pre-
clinical data on mice has already shown the possibility of 
early identification of tumor angiogenesis and monitoring 
biological therapy using microbubbles of contrast medium 
[32]. In the current retrospective study, a significant asso-
ciation was found between CEUS and CT pattern, suggest-
ing that CEUS has a predictive role on tumor response for 
lesions well defined at US.

Contrast-enhanced CT correlates with the pathologi-
cal tumor grade in NETs and represents an adequate tool 
to characterize and monitor NET lesions [33]. However, 
the ability of CEUS in defining the characteristics of NET 
lesions and monitoring changes after therapy could reduce 
the need for frequent CT scans (time and interval of execu-
tion), thereby reducing the exposure of patients to radiation. 
The positive association, we found, between CEUS pattern 
and Ki-67 index explains the hypervascular homogeneous 
pattern in tumor lesions with low proliferation activity. On 
the contrary, tumor lesions with an inhomogeneous CEUS 
pattern (hypervascular or hypovascular) before therapy 
were found to be characterized by high proliferation activ-
ity [20]. In practice, CEUS pattern is able to predict tumor 
aggressiveness. In this meaning, its usefulness is to perform 
a per lesion analysis by predicting the proliferative activity, 
and of consequence, the growth rate, of all US evaluable 
lesions.

At the same time, CEUS seems to be a reliable predic-
tor of tumor response. The ability to predict tumor response 
to antiangiogenic therapy has been previously recognized 
in advanced hepatocellular carcinomas [15, 34, 35]. In 
the current study, CEUS was able to identify those tumor 
lesions potentially responsive to specific therapies such as 
SSAs, helping to select the best treatment option.

CEUS could play an important role in the follow-up of 
patients with metastatic P-NETs treated with SSAs and 
could be of benefit in monitoring the response to these 
therapies at intervals between several CTs [36, 37]. In the 
current study, a relationship between CEUS pattern vari-
ations and tumor response to SSAs at CT evaluation was 
observed. In detail, the appearance of a hypervascular inho-
mogeneous CEUS pattern at 6- and 12-month after SSA 
therapy was a marker of tumor response, corresponding 
to radiological stability and appearance of necrosis at CT 

scan. The development of necrosis after therapies in lesions 
without necrosis at baseline can indicate tumor cell death. 
This is considered as response to the treatment. In this 
study, CEUS and contrast-enhanced multi-slice CT pattern 
were considerably concordant. At 6- and 12-month follow-
ups after therapy, a hypervascular inhomogeneous CEUS 
pattern was found in 52.6 and 62.0% of all pancreatic and 
liver lesions. Similarly, necrosis appeared at multi-slice CT 
in 47.0 and 69.3% of all considered lesions, without evi-
dence of tumor progression. In other words, appearance of 
either an inhomogeneous CEUS pattern or CT appearance 
of necrosis is a reliable indicator of response to therapy 
with SSAs, regardless of size. Interestingly, an early indi-
cation of response to SSAs was obtained by performing 
CEUS 3 months after therapy, both at pancreatic and liver 
level. This finding suggests that CEUS can be used early 
in the follow-up of patients with NET under treatment with 
SSAs, to predict tumor outcome and decide if therapy has 
to be maintained or stopped because ineffective.

In summary, CEUS pattern could help diagnosis, 
prognostic definition and follow-up of pancreatic and 
liver lesions from P-NET, also limiting the exposure of 
patients to radiation and potentially harmful contrast 
media and invasive methods. CEUS has also shown in 
this study to be promising in the assessment of response 
to SSAs. In fact, differences in CEUS pattern before 
and after this therapy are quite evident and reproducible 
between responders and non-responders. CEUS could 
recognize non-responding patients early to propose alter-
native therapies to these patients. In particular, CEUS 
offers a tool to quickly test and frequently reassess the 
activity of P-NETs without subjecting the patient to psy-
chological and physical stress as well as other invasive 
procedures. Further studies with prospective study design 
are required to definitely establish relevance and role of 
CEUS in NET diagnosis and follow-up.
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