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Background: Contrast-enhanced ultrasound (CEUS) permits evaluation of intratumoral vascularity in real
time. The purpose of the present study was to compare the performance of conventional ultrasound (US)
and CEUS in the evaluation of malignancy risk in patients with gastrointestinal stromal tumors (GISTS).
Methods: In this retrospective study, we included patients with suspected GISTs who underwent
conventional US and CEUS preoperatively. Fifty patients with pathologically confirmed GISTs were
enrolled. Tumor risk stratifications were determined according to the 2008 NIH criteria. Pre- and post-
CEUS findings were reviewed. Tumor size, lobular border, heterogeneity, cystic areas, calcification and
intratumoral gas on US, irregular vessels, heterogeneous enhancement, and non-enhancing areas on CEUS
were compared among different risk groups of GISTs. The relationship between time-intensity curve
parameters and risk stratification was also analyzed.

Results: Larger lesion size, lobulation, and cystic areas were associated with higher risk (P<0.05); however,
margin, heterogeneity, calcification or intratumoral gas on US did not show significant association with
tumor risk (P>0.05). Visualization of intratumoral irregular vessels and non-enhancing areas on CEUS
were significantly correlated with higher risk classification (P<0.001), but heterogeneous enhancement was
not. Quantitative analysis of time-intensity curve by CEUS showed that higher enhanced intensity (EI) was
correlated with higher tumor risk, whereas arrival time (AT), time to peak enhancement (T'TP), and area
under the curve (AUC) were not correlated with tumor risk.

Conclusions: The combination of conventional US and CEUS provides valuable information for
preoperative risk stratification of GISTs.
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Introduction

Gastrointestinal stromal tumors (GISTs) are the most
common type of mesenchymal tumor of the gastrointestinal
tract (1). The symptoms of GISTs are variable, and they are
often detected incidentally during imaging examinations. All
GISTs have some degree of malignant potential. Accurate
risk stratification of GISTs became a focus of clinical
interest because of advances in systemic adjuvant treatments.
Recently, imaging modalities have been investigated to
assess the malignant potential of GIS'Ts preoperatively (2-5).
Some research indicates that angiogenesis and expression of
vascular endothelial growth factor (VEGF) play important
roles in the prognosis of GISTs (6,7). Therefore, evaluation
of intratumoral vascularity has been another approach to
assess the malignancy risk of GISTs.

Trans-abdominal ultrasound (TAUS) is a well-
tolerated, non-invasive, easily accessible and radiation-
free imaging modality. It enables real-time visualization of
bowel movement, and is widely applied in initial diagnosis
and follow-up monitoring of a variety of gastrointestinal
diseases (8,9). TAUS can help to detect GISTs with
exophytic growth patterns or those located in the lower
digestive tract, which are difficult to detect using endoscopy.
Contrast-enhanced ultrasound (CEUS) allows evaluation
of microvascularization with high spatial resolution.
Furthermore, perfusion parameters obtained from time-
intensity curves can provide information on blood volume
and velocity, which is helpful for accurately assessing tumor
angiogenesis (10-12). The aim of this study was to analyze
perfusion patterns in patients with GISTs using CEUS,
to compare conventional ultrasound (US) and CEUS
findings with pathology results, and to investigate whether
conventional US and CEUS can predict the malignancy risk
of GISTs.

Methods
Patients

From February 2014 to January 2016, a total of 50 consecutive
patients with pathology-confirmed primary GISTs from the
National Cancer Center/Cancer Hospital, Chinese Academy
of Medical Sciences, and Peking Union Medical College,
were enrolled in this study. Before surgery all the patients
underwent conventional US examinations, and 44 of them
underwent CEUS examinations. Patients with gastric and
small intestinal tumors underwent TAUS; patients with
rectal tumors underwent endorectal ultrasound (ERUS). The
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study was approved by the ethics committee of the National
Cancer Center/Cancer Hospital, Chinese Academy of Medical
Sciences, and Peking Union Medical College. The 1D of
the approval is NCC2013S-006. Each patient gave informed
consent.

TAUS examinations

All TAUS examinations were performed using a Philips
iU22 unit (Philips Medical Systems, Bothell, WA, USA),
with a broadband curved array transducer (C5-2). After an
overnight fast, the patient was placed in a supine position
and given 500-700 mL water to drink, in order to fill
the stomach or small intestine. The US examination was
initiated about 30 seconds after water ingestion. The tumor
was evaluated for tumor size, margin, shape, location in
the GI tract, echogenicity, and the existence of cystic areas,
calcification, and intratumoral gas.

ERUS examinations

All ERUS examinations were performed using a Philips
iU22 unit (Philips Medical Systems), with an end-fire type
of endorectal probe (C5-9 sec). The patient was placed in a
left lateral decubitus position and prepared with an enema
prior to the examination. About 100-150 mL of coupling
gel was injected into the rectum to fill the rectal lumen, to
ensure that the five layers of the bowel wall and the tumor
could be seen clearly (13). The tumor was evaluated for
size, margin, shape, echogenicity, and the existence of cystic
areas, calcification, and intratumoral gas.

CEUS examinations

CEUS examination was performed immediately after the
conventional US examination. The mechanical index was
0.08-0.11, with the focus placed under the region of interest
(ROI). A total of 2.4 mL of the contrast agent SonoVue
(Bracco Imaging, Milan, Italy) was administered into a
peripheral vein in bolus, through a 20-gauge intravenous
cannula, followed by a flush of 5 mL of 0.9% saline solution.
The examinations were recorded for 3 minutes, and the
data was then stored in a DICOM file. The arterial phase
was defined as the first 30 seconds following contrast agent
administration, and the venous phase as the period 30-60
seconds after administration. In the arterial phase, the
presence/absence of large and irregular vessels was assessed,
as well as the presence/absence of non-enhancing areas.
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Patterns of enhancement were categorized as homogeneous
or heterogeneous. The DICOM data from the CEUS was
analyzed using QLab software (version 9.1; Philips Medical
Systems, Bothell, WA, USA), and regions of interest (ROI)
were drawn at most enhanced area. A time-intensity curve
was constructed for each ROI, and perfusion parameters
including arrival time (AT), time to peak enhancement (T'TP),
enhanced intensity (EI), and area under the curve (AUC)
were derived from it. The AT was defined as the time from
injection to the beginning of enhancement. The TTP was
defined as the time from injection to peak enhancement. The
EI was defined as peak intensity minus baseline intensity.
All the imaging data were analyzed by two experienced
radiologists who were blinded to the final diagnosis.

Histopathological analysis

Histological sections were examined by an experienced
pathologist. The malignant potential of GISTs was classified
as high-, intermediate- and low-risk based on tumor size,
tumor site, mitotic count, and presence of tumor rupture,
in accordance with the widely accepted NIH 2008 risk
stratification criteria for GISTs (14).

Statistical analysis

Quantitative data are presented as means = standard
deviations (SD), whereas categorical data are presented as
rates and proportions. Statistical analyses of the differences
between pre- and post-CEUS among the three groups
were conducted using a one-way analysis of variance or a
Chi-square test. Spearman correlation analysis was used
to investigate the correlation between EI and GIST risk.
Two-sided P values <0.05 are considered statistically
significant. All statistical analyses were performed using

SPSS version 19.9 (IBM Corp., Armonk, NY, USA).

Results
Baseline characteristics

Fifty patients were diagnosed with GISI3, including 5 with
low risk, 9 with intermediate risk, and 36 with high risk. The
mean age was 55.1£10.5 years, ranging from 27-71 years.
The male:female ratio was 1.5:1. The GIST tumors had
an average size of 11.4+5.5 cm, ranging from 1.8-31 cm.
Twenty-five of the GISTs were located in the stomach, 16 in
the small intestine, 5 in the rectum, and 4 in the peritoneum
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or mesentery.

Conventional US findings

Most lesions were larger than 5 cm (44 patients, 88%)
and appeared as well-defined heterogeneous, hypoechoic
extraluminal masses. The high risk GIST typically appeared as a
lobular, cystic-solid mass with rich blood flow (Figure 14,B), and
CEUS showed rapid intense arterial enhancement followed
by gradual washout (Figure 1C,D). The intermediate risk
GIST also often appeared as a lobular, cystic-solid or
solid mass with rich blood flow (Figure 2A4,B), and CEUS
showed rapid intense arterial enhancement followed
by gradual washout (Figure 2C,D). The low risk GIST
usually appeared as a round or ovoid solid mass with no
vascularization (Figure 34,B), and CEUS showed rapid
moderate arterial enhancement followed by gradual
washout (Figure 3C,D). Thirty-seven patients (74%) had
lesions with large centrally located cystic areas or small
patchy cystic areas. Intratumoral gas was detected in nine
patients (18%), appearing as hyperechoic foci with posterior
acoustic shadowing, which was caused by communication
with the bowel loops, sometimes mimicking a pseudokidney
or presenting a target-like appearance. Table 1 shows the
US features of the GISTs by risk category. Higher risk
was associated with larger lesion size, lobular border, and
cystic areas (P<0.05), but not with margin, heterogeneity,
calcification or intratumoral gas (P>0.05).

CEUS findings
Forty-four patients with GISTs underwent CEUS

examinations immediately after the conventional US
examinations. A detailed description of the CEUS results
appears in Tibles 2 and 3. The presence of irregular vessels and
non-enhancing areas in CEUS was significantly correlated
with risk classification (P<0.001) (7able 2). Non-enhancing
areas were most common in the high-risk group (96.8%,
30 of 31), followed by the intermediate-risk group (62.5%,
5 of 8) and the low-risk group (0%, 0 of 5). Intratumoral
irregular vessels appeared most frequently in the high-risk
group (96.8%, 30 of 31), followed by the intermediate-risk
group (62.5%, 5 of 8) and the low-risk group (20%, 1 of 5).
Every GIST showed a rapid heterogeneous or homogeneous
enhancement in the arterial phase, followed by a gradual
washout in the venous phase. We also assessed the correlation
of CEUS perfusion parameters with GIST risk category
(Tuable 3). The EI measure was higher in the high and
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Figure 1 Images of a high risk gastrointestinal stromal tumor of duodenum in a 43-year-old woman. (A) B-mode ultrasound showing a well-

defined heterogeneous lobular hypoechoic tumor with diameter of 13.4 cm in the right upper abdomen (white arrows); (B) color Doppler

flow imaging showing intratumoral vascularization; (C) contrast-enhanced ultrasound showing heterogeneous enhancement with irregular

and large vessels (black arrows) and a large non-enhancing area in the center of the lesions; (D) time-intensity curve for the region of interest

(ROI) in the tumor, demonstrating rapid uptake followed by gradual washout of the contrast agent.

intermediate risk groups than in the low risk group (P=0.008),
and the EI showed a significant positive correlation with the
GIST risk category (r=0.393, P=0.008) (Figure 4). There
were no statistically significant differences in AT, TTP or
AUC among the three groups.

Based on the results shown in Tables 2 and 3, we
calculated the sensitivity, specificity, positive predictive
value, negative predictive value, and accuracy of all the
conventional US and CEUS features (Table 4), by dividing
the patients into high grade GIST (high-and intermediate-
risk) and low grade GIST groups.

Discussion

GISTs are the most common mesenchymal tumors in the
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gastrointestinal tract. Sixty percent of GISTs occur in the
stomach, 30% in the small intestine, and less than 5% in the
large bowel. In contrast to myogenic or neurogenic tumors,
GISTs are driven by oncogenic, mutational gain-of-function
activation of KIT or platelet-derived growth factor receptor
alpha (PDGFRa). Most GISTs express KIT (CD117),
DOGTI and CD34 proteins. GISTs have variable biological
behavior, with a wide spectrum of malignant potential,
depending on tumor size, site, and mitosis count (1).
That predicting the prognosis of GISTs remains
challenging. Pathological specimens obtained by endoscopic
ultrasound (EUS)-guided fine needle aspiration are usually
insufficient for evaluating the mitotic count and sometimes
are associated with complications (15). Some studies have
reported that high intratumoral microvessel density and
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Figure 2 Images of an intermediate risk gastrointestinal stromal tumor of the stomach in a 46-year-old woman. (A) B-mode ultrasound

showing a well-defined heterogeneous lobular hypoechoic 9.4 cm diameter tumor in the stomach (white arrows); (B) color Doppler flow

imaging showing intratumoral vascularization; (C) contrast-enhanced ultrasound showing heterogeneous enhancement with irregular and

large vessels (black arrows) and non-enhancing areas; (D) time-intensity curve for the region of interest (ROI) in the tumor demonstrating

rapid uptake followed by gradual washout of the contrast agent.

high levels of expression of VEGF were correlated with
poor prognosis (16). Imaging of microvascularization may
be a complementary technique for predicting the prognosis
of GISTs. In contrast to computed tomography (CT) and
magnetic resonance imaging (MRI) contrast agents; the US
contrast agent is a strict blood pool agent, which is optimal
for evaluation of tumor vascularity. Moreover, perfusion-
related parameters allow quantitative analysis of the degree
and pattern of enhancement.

Transabdominal US is considered to be a first-line tool
for assessing patients with gastrointestinal symptoms.
Futagami ez al. reported that when transabdominal US was
used, the detection rate of gastric submucosal tumors over
20 mm in size was 97-100% (17). In the present study,
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using transabdominal US, we detected tumors with size
ranging from 2.8 to 31 cm. In our previous study, we also
detected 53 GISTs by transabdominal US, with size ranging
from 2.0-19.9 cm (18). Sugihara ez a/. reported three cases
of medium-sized exophytic GISTs that were detected
initially by transabdominal US while they were invisible in
endoscopy (19). Thus transabdominal US may be useful for
detecting endoscopically invisible medium or large sized
exophytic GISTs.

Some studies have reported that certain EUS features are
correlated with the malignant potential of GIST5, including
a large tumor size (>3-5 cm), irregular extraluminal border,
intratumoral echogenic foci, and cystic areas (20,21). Our
study found that transabdominal US could be helpful in

Transl Cancer Res 2017;6(6):1088-1096
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Figure 3 Images of a low risk gastrointestinal stromal tumor of the stomach in a 68-year-old woman. (A) B-mode transabdominal ultrasound
showing a well-defined homogeneous ovoid hypoechoic 2.8 cm diameter tumor in the stomach (white arrows); (B) color Doppler flow
imaging showing no vascularization; (C) contrast-enhanced ultrasound showing homogeneous enhancement (white arrows) without irregular

vessels or non-enhancing areas; (D) time-intensity curve of region of interest (ROI) in the tumor demonstrating rapid uptake followed by

gradual washout of the contrast agent.

Table 1 Correlation between B-mode ultrasound features and risk stratification of gastrointestinal stromal tumors

B-mode ultrasound features Low risk (n=5) Intermediate risk (n=9) High risk (n=36) P value
Mean Lesion size (cm) 4.2 7.7 12.9 <0.001
Well-defined margin (n, %) 5(100.0) 8 (88.9) 33 (91.7) 1.000
Lobular border (n, %) 2 (40.0) 8 (88.9) 34 (94.4) 0.008
Cystic areas (n, %) 0(0) 4 (44,4) 33(91.7) <0.001
Heterogeneity (n, %) 4 (80.0) 7(77.8) 35(97.2) 0.089
Calcification (n, %) 0(0) 0(0) 2 (5.6) 1.000
Intratumoral gas (n, %) 0 (0) 0(9.0) 6 (16.7) 0.486
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Table 2 Correlation between CEUS features and risk stratification of gastrointestinal stromal tumors

CEUS features Low risk (n=5) Intermediate risk (n=8) High risk (n=31) P value
Non-enhancing areas, n (%) 0(0) 5 (62.5) 30 (96.8) <0.001
Irregular vessels, n (%) 1 (20.0) 5 (62.5) 30 (96.8) <0.001
Heterogeneous enhancement, n (%) 4 (80.0) 7 (87.5) 31 (100.0) 0.082
CEUS, contrast-enhanced ultrasound.

Table 3 CEUS time-intensity curve parameters of gastrointestinal stromal tumors

CEUS time-intensity curve parameters Low risk (n=5) Intermediate risk (n=8) High risk (n=31) P value
AT (s) 9.9+0.90 7.4+3.83 7.8+3.48 0.403
TTP (s) 31.3+13.20 24.1+6.93 24.9+9.96 0.378
El (dB) 14.1+£7.58 20.0+4.28 23.4+6.09 0.008
AUC 1,051.35+1,132.48 1,977.64+661.08 2,195.73+1,186.08 0.113

CEUS, contrast-enhanced ultrasound; AT, arrival time; TTP, time to peak enhancement; El, enhanced intensity; AUC, area under the curve.
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Figure 4 Significant correlation of enhancement intensity (EI)

with gastrointestinal stromal tumor risk (r=0.393, P=0.008).

assessment of the malignancy risk of GISTs. A lobular
border and cystic areas were more common among the high
and intermediate risk groups, which is consistent with EUS
findings. Although the presence of intratumoral gas did not
have significant difference among the three risk groups,
this feature was observed only in the high risk group. The
intratumoral gas was caused by fistulization into the bowel
lumen, which occurred more frequently in large tumors
with massive necrosis.

Several studies have attempted to evaluate the association
between contrast-enhanced harmonic endoscopic ultrasound
(CH-EUS) findings and the degree of malignancy or mitotic
rate in small samples of patients with GISTs. Yamashita ez /.
found an association between the presence of intratumoral
vessels and an increased risk of malignancy (22). The

Table 4 Diagnostic performance of pre- and post-contrast-enhanced US for prediction of malignancy risk of gastrointestinal tumors

Pre- and post-contrast-enhanced US features Sensitivity (%)  Specificity (%) PPV (%) NPV (%) Accuracy (%)
Lobular border 93.3 60 95.5 50 90

Cystic areas 82.2 100 100 38.5 84
Heterogeneity 91.1 40 93.2 33.3 86
Irregular vessels 89.7 80 97.2 50 88.6
Non-enhancing areas 89.7 100 100 55.6 90.9

US, ultrasound; PPV, positive predictive value; NPV, negative predictive value.
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intratumoral vessels observed in CH-EUS corresponded to
large vessels with a diameter >500 pm by histological analysis,
and most of them lacked elastic fibers, indicating that they
resulted from neovascularization. Sakamoto er 4/. reported
that irregular vessels and heterogeneous enhancement in
CEH-EUS were seen more frequently in high risk GIST
patients (3). Fukuta ez 4. found that all five intermediate and
high risk GISTs showed rich vascularity, while five of eight
low-risk GISTs showed poor vascularity in transabdominal
CEUS (2). Conflicting results have, however, been reported.
Park ez al. found that there were no significant differences in
the presence of irregular vessels or in parenchymal perfusion
between low and high grade GISTs (23).

To the best of our knowledge, the association between
risk stratification and various CEUS features has not been
thoroughly investigated in any large study. Our findings
show that avascular areas and irregular vessels appeared
in CEUS for a high percentage of intermediate- and
high-risk GISTs. There was no significant difference
in heterogeneous enhancement among different risk
categories. Another finding was that the EI was associated
with risk stratification. Image intensity is in direct
correlation with capillary bed volume; thus, increased
EI corresponds with increased microvascularization and
poor prognosis. This result suggests that the EI provide
additional information in evaluation of the malignant
potential of GISTs. On the other hand, AT, time to peak
and AUC were not correlated with tumor risk. We also
evaluated sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy for pre- and post-
CEUS features for differentiating high grade GISTs
from low grade GISTs. In our study, the presence of a
lobular border and heterogeneous echotexture showed
high sensitivity but low specificity, whereas the presence
of non-enhancing areas in CEUS had good performance
characteristics (sensitivity of 89.7% and specificity of 100%).
However, all the US findings have low negative predictive
value, suggesting that neither pre- nor post-CEUS could
identify low risk GISTs very accurately.

The main limitations in this study are that it was a single
center study with a relatively small number of patients
and didn’t include enough GIST patients with low and
intermediate malignant potential. In conclusion, this
study investigated pre- and post-CEUS examinations of
GISTs, and compared various features among different
risk groups. The presence of a lobular border, cystic areas
on US, and irregular vessels and non-enhancing areas on
CEUS, correlated with higher malignant potential of the
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GISTs. The pre- and post-CEUS can provide additional
information for risk stratification in gastrointestinal tumors,
but need to be investigated in larger patient populations.
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