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Background  & Aims:  Subepithelial  tumors  (SETs)  are  difficult  to diagnose  accurately  without  invasive
pathological  confirmation.  We  created  a noninvasive  prediction  model  for diagnosing  gastrointestinal
stromal  tumors  (GISTs)  using  contrast-enhanced  harmonic  endoscopic  ultrasound  (CEH-EUS).
Methods:  We  retrospectively  reviewed  176  patients  who  underwent  CEH-EUS  from  October  2011  to
August  2017.  Seventy  patients  with  a diagnosis  of GIST  (n =  37) or leiomyoma  (n =  33)  were  included.  The
long-to-short  axis  ratio  (LSR)  and  enhancement  patterns  (vascularity,  diffuse  enhancement)  on CEH-EUS
were  assessed.  Logistic  regression  and  classification  and  regression  tree  (CART)  analyses  were  performed.
Results:  The  mean  age  of  all patients  was  54.9  ± 13.68  years.  The  GIST  group  showed  significantly  higher
rates  of  positive  vascularity  (81.1%  vs. 15.2%,  p < 0.001)  and diffuse  enhancement  (51.4%  vs.  15.2%,
p  = 0.001),  and  lower  LSR  (1.30  vs.  1.76,  p <  0.001).  In  multivariate  logistic  regression,  positive  vascu-

larity  (odds  ratio  [OR] 27.765,  95%  confidence  interval  [CI]  5.336–144.458)  and  low  LSR (OR  18.940,  95%
CI  3.623–99.007)  were  independent  predictors  of  GIST.  A  noninvasive  prediction  model  for  GISTs was
developed  using  the  CART  model,  by allocating  patients  according  to statistically  significant  variables.
Conclusions:  The  LSR  and  vascularity  of  SETs  on CEH-EUS  can  be used  as  parameters  for  a  noninvasive

s.  Thi
 Gast
prediction  model  of  GIST
©  2019  Editrice

. Introduction

Subepithelial tumors (SETs) of the gastrointestinal tract have
ecome a clinical challenge for gastroenterologists. Although SETs
re usually detected incidentally and show a low prevalence, the
ecent increase in screening esophagogastroduodenoscopy proce-
ures has led to the increase in the rates of SET diagnosis, causing

 growing interest in the treatment strategy for these tumors [1,2].
ost SETs do not cause symptoms and show a benign course.
owever, some types of SETs, such as neuroendocrine tumors,

ymphomas and gastrointestinal stromal tumors (GISTs) have a

alignant potential. The location, layer of origin, and echotex-

ure of a SET under endoscopic ultrasound (EUS) have been used
or the differential diagnosis of these gastrointestinal tract tumors
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roenterologica  Italiana  S.r.l.  Published  by Elsevier  Ltd.  All  rights  reserved.

and may  be diagnostic in some cases. Nevertheless, EUS imaging
alone is insufficient to accurately diagnose hypoechoic SETs, espe-
cially those originating from the fourth (muscularis propria) layer,
where diverse SETs can originate [3,4]. Among them, GISTs and
leiomyomas are the most commonly identified intramural SETs
in the upper gastrointestinal tract [5,6]. The differential diagnosis
of these 2 tumor types is important because 10–30% of GISTs can
be malignant whereas malignant transformation of leiomyomas is
extremely rare [7].

Several methods have been used for tissue acquisition from
SETs in the gastrointestinal tract. EUS-guided fine-needle aspira-
tion (EUS-FNA) is the most widely used method. However, the
diagnostic accuracy of EUS-FNA ranges widely from 46% to 93%,
and the overall diagnostic yield of small lesions is only 40–50%
[8,9]. Recently, EUS-guided fine-needle biopsy and the “unroof-
ing” biopsy technique (mucosal incision-assisted biopsy) have been

used for the histological evaluation of SETs [10,11] and have shown
higher diagnostic yield compared with EUS-FNA [12,13]; however,
the data remain insufficient and such procedures need to be per-

 rights reserved.
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ormed by an expert owing to technical difficulties and the risk of
omplications.

Therefore, in the clinical field, there is a need for a noninvasive
nd accurate diagnostic method for SETs. A noninvasive diagnos-
ic model of SETs would benefit both patients and physicians
ecause it can lead to early diagnosis and help avoid unneces-
ary invasive procedures for tissue acquisition. Contrast-enhanced
armonic EUS (CEH-EUS) is a relatively new ultrasonic imaging
ethod for the differential diagnosis of SETs and pancreatic mass

esions. Although there have been attempts to differentiate SETs
sing CEH-EUS, some limitations remain in the diagnosis of GISTs
sing CEH-EUS findings alone [14,15]. Therefore, further investiga-
ions are needed to establish a noninvasive diagnostic prediction

odel including parameters of CEH-EUS and other clinical fac-
ors.

The aims of this study were to establish a noninvasive prediction

odel of GISTs, and to confirm the usefulness and accuracy of this

rediction model.

Fig. 1. Flow diagram showing the eligibility assessment, enrollm
Disease 51 (2019) 985–992

2. Material and methods

2.1. Study patients

Patients who  underwent CEH-EUS because of SETs in the upper
gastrointestinal tract between October 2011 and August 2017 were
retrospectively reviewed (n = 176). Among them, patients with-
out pathological confirmation (n = 75) and those without adequate
pathological results after EUS-guided fine-needle biopsy (n = 31; 18
mucosal tissue, 7 fibrous tissue, 3 ectopic pancreas, 1 fibromatosis,
1 gastric cystica profunda, and 1 anisakiasis) were excluded. Finally,
70 patients with a pathological diagnosis of GIST (GIST group,
n = 37) or leiomyoma (leiomyoma group, n = 33) were included and
analyzed (Fig. 1).

After the enrollment of eligible patients, the following param-
eters were investigated and recorded: patient demographics,

location of SET, presence of mucosal erythema and ulceration, size
of SET, and endosonographic features with contrast enhancement.

ent, group allocation, and analysis of study participants.
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This study was approved by the Yonsei University Health System
nstitutional Review Board (1-2018-0020) and conducted in accor-
ance with the principles set forth in the Declaration of Helsinki.

.2. Endosonographic evaluation and parameters—B-mode and
EH-EUS

All patients underwent 2-dimensional B-mode EUS before CEH-
US for the evaluation of SETs. The size and length of the long and

hort axis, layer of origin, echogenicity, homogeneity, and exis-
ence of echogenic spots were documented. EUS examinations were
erformed by an experienced endosonographer (JC Park) using an
lympus GF-UE260P echoendoscope (Olympus Medical Systems
ubepithelial tumor (SET) with a low LSR (=1.15) and (B) an oval-shaped SET with a

Co., Ltd., Tokyo, Japan) and ALOKA Prosound Alpha-10 processor
(ALOKA Co., Ltd., Tokyo, Japan). For CEH-EUS, the extended pure
harmonic detection mode was used, which combines the filtered
fundamental and second harmonic component frequencies with a
transmitting frequency of 4.7 MHz.

The long-to-short ratio (LSR), defined as the ratio between the
length of the long and short axes of the SET, can be simply calcu-
lated under conventional B-mode (Fig. 2). The patients were divided
into 2 groups (low LSR and high LSR) according to the LSR cut-

off value of 1.475 (area under the receiver-operating characteristic
curve [AUROC] 0.856).

After a bolus injection of contrast agent (2.5 mg  SonoVue) and
flushing with saline (10 mL), the enhancement pattern of SETs on



988 I.R. Cho et al. / Digestive and Liver Disease 51 (2019) 985–992

F sesse
( he ven
w

C
t
a
i
s
a
c
t
e
v
t
i
i
w

2

t
r
u
F
w
o
w
n
r
o
v
d
r
a

ig. 3. After SonoVue administration, vascularity and diffuse enhancement were as
B)  Vascularity was not seen until 50 s after injection. (C) Diffuse enhancement in t
as  not seen.

EH-EUS was assessed in real time. Adopting the definition from
he European Federation of Societies for Ultrasound in Medicine
nd Biology guidelines, 2 phases of enhancement patterns were
nvestigated for the timing of enhancement: arterial phase, usually
tarting from 10 to 20 s (first arrival of contrast) to around 30 to 45 s,
nd venous phase, which starts from approximately 30 to 45 s after
ontrast injection [16,17]. The presence of linear enhancement in
he arterial phase was defined as positive vascularity, whereas no
nhancement or unorganized artifacts were considered as negative
ascularity. Because linear enhancement was similar to the shape of
he micro vessel inside the SET, it is thought to represent vessel flow
n the early arterial phase. Additionally, iso- or hyper-enhancement
nside the SET, relative to surrounding tissues, in the venous phase

as defined as diffuse enhancement (Fig. 3).

.3. Statistical analysis

Continuous variables are expressed as mean ± standard devia-
ion if data were normally distributed, or as median (interquartile
ange) otherwise. Student’s t-test or Mann Whitney U-test was
sed to compare continuous variables, and chi-square test or
isher’s exact test was used to compare categorical variables. Values
ith p < 0.05 were considered statistically significant. The receiver-

perating characteristic curve with the maximum Youden index
as analyzed to obtain the optimal cutoff value of LSR that discrimi-
ates GISTs and leiomyomas. Univariable and multivariable logistic
egression models were used to estimate independent predictors
f a GIST diagnosis. The sensitivity, specificity, positive predictive

alue (PPV), negative predictive value (NPV), and accuracy for GIST
iagnosis were also calculated. We  performed classification and
egression tree (CART) analysis to develop models for predicting

 GIST diagnosis. The CART analysis was conducted using R statis-
d. (A) Vascularity was seen inside the subepithelial tumor (SET) in the early phase.
ous phase was  seen inside the SET. (D) Diffuse enhancement in the venous phase

tical package ‘rpart’ (available from the R Foundation, http://cran.
r-project.org/web/packages/rpart/rpart.pdf). The other data were
analyzed using IBM SPSS Statistics for Windows, version 23.0 (IBM
Corp., Armonk, NY, USA).

3. Results

3.1. Baseline characteristics

The baseline characteristics of all patients are summarized in
Table 1. The mean age of all patients was 54.9 years, and patients
in the leiomyoma group were significantly younger than those in
the GIST group (49.6 vs. 59.6 years, p = 0.002). The most common
location of SETs was the gastric body (n = 25, 35.7%) followed by the
gastric cardia/fundus (n = 23, 32.9%) and esophagus (n = 15, 21.4%).
The mean size and LSR of SETs were 2.46 cm and 1.51, respectively.
There was  no significant difference in the size of SETs between the
2 groups (2.61 vs. 2.29 cm,  p = 0.342). However, the LSR of the GIST
group was significantly lower than that of the leiomyoma group
(1.30 vs. 1.76, p < 0.001) (Supplemental Fig. 1). Of the patients,
50% (n = 35) showed positive vascularity and 34.3% showed diffuse
enhancement in the venous phase. The rates of positive vascular-
ity (81.1% vs. 15.2%, p < 0.001) and diffuse enhancement (51.4% vs.
15.2%, p = 0.001) were significantly higher in the GIST group.

3.2. Non-invasive predictors of GIST diagnosis

A logistic regression model was used to find the noninvasive

predictors of a GIST diagnosis (Table 2). In univariate analysis,
the LSR, vascularity, and diffuse enhancement showed statisti-
cal significance. In multivariate analysis, vascularity (odds ratio
[OR] 27.765, 95% confidence interval [CI] 5.336–144.458) and the

http://cran.r-project.org/web/packages/rpart/rpart.pdf
http://cran.r-project.org/web/packages/rpart/rpart.pdf
http://cran.r-project.org/web/packages/rpart/rpart.pdf
http://cran.r-project.org/web/packages/rpart/rpart.pdf
http://cran.r-project.org/web/packages/rpart/rpart.pdf
http://cran.r-project.org/web/packages/rpart/rpart.pdf
http://cran.r-project.org/web/packages/rpart/rpart.pdf
http://cran.r-project.org/web/packages/rpart/rpart.pdf
http://cran.r-project.org/web/packages/rpart/rpart.pdf
http://cran.r-project.org/web/packages/rpart/rpart.pdf
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Table  1
Baseline characteristics and endoscopic ultrasound findings of all patients.

Variables All patients (n = 70) GIST (n = 37) Leiomyoma (n = 33) p

Age, years 54.9 (±13.68) 59.6 (±13.68) 49.6 (±11.74) 0.002
Sex  0.300

Male  40 (57.1%) 19 (51.4%) 21 (63.6%)
Female 30 (42.9%) 18 (48.6%) 12 (36.4%)

Tumor location <0.001
Esophagus 15 (21.4%) 0 (0%) 15 (45.5%)
Cardia/fundus 23 (32.9%) 7 (18.9%) 16 (48.5%)
Body  25 (35.7%) 24 (64.9%) 1 (3.0%)
Antrum 5 (7.1%) 4 (10.8%) 1 (3.0%)
Duodenum 2 (2.9%) 2 (5.4%) 0 (0%)

Mucosal lesion
Ulceration 4 (5.7%) 3 (8.1%) 1 (3.0%) 0.616
Erythema 10 (14.3%) 8 (21.6%) 2 (6.1%) 0.090

Lesion  size, cm 2.46 (±1.38) 2.61 (±1.71) 2.29 (±0.88) 0.342
LSR  1.51 (±0.38) 1.30 (±0.20) 1.76 (±0.38) <0.001
Vascularity <0.001

No  35 (50.0%) 7 (18.9%) 28 (84.8%)
Yes  35 (50.0%) 30 (81.1%) 5 (15.2%)

Diffuse enhancement 0.001
No  46 (65.7%) 18 (48.6%) 28 (84.8%)
Yes  24 (34.3%) 19 (51.4%) 5 (15.2%)

GIST, gastrointestinal stromal tumor; LSR, long-to-short ratio.

Table 2
Logistic regression model for independent predictors of gastrointestinal stromal tumor.

Univariate analysis Multivariate analysis Univariate analysisa Multivariate analysisa

OR (95% CI) p OR (95% CI) p OR (95% CI) p OR  (95% CI) p

Vascularity (arterial phase)
No 1 1 1 1
Yes  24.000 (6.822–84.433) <0.001 27.765 (5.336–144.458) <0.001 11.143 (2.979–41.684) <0.001 15.184 (2.809–82.062) 0.002

Diffuse enhancement
(venous phase)
No 1 1
Yes  5.911 (1.873–18.657) 0.002 3.694 (1.022–13.350) 0.046

LSR
>1.475 1 1 1 1
≤1.475 16.146 (4.950–52.669) <0.001 18.940 (3.623–99.007) 0.001 10.133 (2.779–38.420) <0.001 14.280 (2.593–78.637) 0.002
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R, odds ratio; CI, confidence interval; LSR, long-to-short ratio.
a Excluding patients with esophageal subepithelial tumors.

SR (OR 18.940, 95% CI 3.623–99.007) were statistically significant
ndependent predictors of a GIST diagnosis.

GISTs are known to arise predominantly in the stomach and
ntestines but are rarely documented in the esophagus [18]. Thus,

 subgroup analysis was performed after excluding patients with
sophageal SETs. In the multivariate logistic regression analysis of
his subgroup, vascularity (OR 15.184, 95% CI 2.809–82.062) and
he LSR (OR 14.280, 95% CI 2.593–78.637) were also identified as
ndependent predictors of GIST.

.3. Diagnostic value of non-invasive predictors

Using the validated parameters, we analyzed the diagnostic val-
es for the noninvasive diagnosis of GIST, including sensitivity,
pecificity, PPV, NPV, and diagnostic accuracy. When noninvasive
iagnosis of GIST was performed with low LSR, the sensitivity,
pecificity, PPV, NPV, and accuracy were 83.8%, 75.8%, 79.5%, 80.6%,
nd 80.0%, respectively. In case of vascularity, the sensitivity, speci-
city, PPV, NPV, and accuracy were 81.1%, 84.8%, 85.8%, 80.0% and
2.9%, respectively.

.4. Prediction model for non-invasive diagnosis of GIST
We  established a noninvasive prediction model of GIST through
he CART model, by allocating patients according to statistically sig-
ificant variables (vascularity and LSR). In CART analysis, the Gini
index was used to measure impurity. For the 70 total patients, the
final CART model consisted of 3 terminal nodes that included 2 vari-
ables: the LSR and vascularity. By using this model, patients who
showed positive vascularity in the arterial phase were allocated
to terminal node 1. If the patients showed negative vascularity,
selection proceeded to the next step by using the LSR. If a patient’s
LSR was ≤1.475, the patient was  allocated to terminal node 2, and
patients with high LSR (>1.475) were allocated to terminal node
3. The sensitivity, specificity, and AUROC values of this noninva-
sive prediction model were 1 (1–1), 0.667 (0.506–0.828), and 0.893,
respectively (Fig. 4A).

A total of 35 patients were allocated to terminal node 1. Among
them, 85.7% (n = 30) were diagnosed as having GIST and only 5
patients had leiomyoma. Thirteen patients were allocated to termi-
nal node 2, and 7 patients (53.8%) were diagnosed as having GIST. In
terminal node 3, 22 patients were allocated, and all of these patients
were diagnosed as having leiomyoma (100%).

If this algorithm is used in clinical practice, allocation to terminal
node 1 may  be defined as “suggestive of GIST,” and physicians can
recommend early endoscopic or surgical resection or close moni-
toring if the size of the SET is small. Likewise, allocation to terminal
node 3 may  be determined to indicate “suggestive of leiomyoma,”

and physicians can consider regular endoscopic follow-up only.
For patients allocated to terminal node 2, the diagnosis may  be
somewhat complicated—pathological confirmation via biopsy is
recommended unless the size is small. Because only about half of
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nd  recursive partition (B) were generated using the classification and regression t
nder  the curve, 0.893).

he patients were diagnosed as having GIST in this group, termi-
al node 2 can be determined to indicate “consider for pathological
onfirmation” (Fig. 4B). Moreover, the AUROC was 0.893 for the
ART model (Fig. 4C).

. Discussion

EUS is the most valuable diagnostic tool for evaluating the size,
argin, layer of origin, and echogenicity of SETs [19]. However,

lthough many studies have been performed for the noninva-
ive diagnosis of SETs through conventional EUS, the diagnostic
ccuracy was relatively low in the differential diagnosis of such
umors, especially those originating from the muscularis propria
ayer [3,4,20]. Some researchers suggested that the malignancy risk

f SETs can be evaluated with conventional EUS by using specific
ndings such as tumor size, irregular border, internal hetero-
eneity, hyperechogenic foci, or cystic space [19,21,22]; however,
he EUS findings mentioned above are not commonly found in
using contrast-enhanced harmonic endoscopic ultrasound. Tree representation (A)
ART) model. (C) Receiver-operating characteristic curve for the CART model (area

small- to medium-sized SETs. Therefore, the differential diagnosis
and malignancy risk stratification using EUS features are lim-
ited.

Recently, CEH-EUS was introduced to improve the diagnostic
accuracy of conventional EUS without invasive biopsy proce-
dures. By using second-generation contrast agents such as SonoVue
(Bracco Imaging, Milan, Italy) and a harmonic imaging technique
that suppresses background tissue signals, CEH-EUS can improve
the detectability of small-vessel blood flow under echoendoscope
transducers [23,24]. Several studies have claimed that CEH-EUS
findings can be used as parameters for differentiating the malig-
nant potential of GISTs. Recently published studies also used the
intensity of enhancement and/or the pattern of CEH-EUS to dis-
criminate between benign SETs and GIST. These studies showed
high sensitivity (84.5%–100%), specificity (63%–100%), and accuracy

(82.2%–83%) [14,15,25,26]. However, there are still limitations to
the clinical application of using contrast pattern alone. In clinical
practice, CEH-EUS findings alone are not sufficient to completely
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valuate the malignant potential of GISTs and to differentiate these
umors from other benign SETs.

Therefore, in this study, we attempted to establish a noninva-
ive prediction model of GISTs using CEH-EUS and other clinical
actors. To differentiate from previous studies and establish a
ighly predictive model, we analyzed the contrast enhancement
atterns by dividing them into 2 phases according to the tim-

ng of enhancement. Especially, we added the LSR as an easily
easurable parameter in conventional B-mode. As a result, we

btained promising results with our prediction model. Among the
6 patients who had low LSR in B-mode and showed positive vas-
ularity in CEH-EUS, 24 (92.3%) were diagnosed as having GIST,
hereas all 22 patients (100%) who did not show vascularity and
ad high LSR were diagnosed as having leiomyoma.

The current National Comprehensive Cancer Network guide-
ines recommend that large (>2 cm)  or small GISTs showing
igh-risk features on EUS (i.e., presence of echogenic foci or cystic
pace) should be resected. However, according to previous reports,
p to 3.7% of GISTs <2 cm in size and without high-risk features
n EUS have a high mitotic index and rapidly increase in size,
nd hence have a high malignant potential [27,28]. In this context,
he European Society for Medical Oncology guideline recommends
xcision as the standard treatment for histologically proven small
ISTs [29]. Therefore, if a GIST is suspected early through a nonin-
asive method, patients can be treated using a minimally invasive
echnique such as endoscopic resection, thus avoiding unnecessary
perations, or they can be followed up more carefully.

In our study population, 27 (38.6%) patients presented with SET
esions <2 cm.  To confirm the usefulness of the parameters and
he established prediction model to discriminate between small
esions, we divided the patients into two groups, according to the
esion size (<2 cm and ≥2 cm)  and performed a subgroup analysis.
ur results showed that vascularity and the LSR were significant

ndependent predictors of a GIST diagnosis in the small SET group
<2 cm); we also confirmed that the prediction model has good pre-
ictive power in small SETs (Supplemental Tables 1 and 2). Thus,
he parameters used in our study and the established noninvasive
rediction model may  be useful for discriminating relatively small-
o moderate-sized GISTs from leiomyomas.

Since the 1990s, the LSR has been known to have diagnos-
ic value in the differential diagnosis of lymphadenopathy using
adiological methods [30]. Steinkamp et al. reported that the LSR
howed high accuracy (95%) in the differential diagnosis of cervical
odes [31]. Dragoni et al. showed that the LSR was significantly

ower in neoplastic lymph nodes than in reactive lymph nodes
32]. The low LSR of malignant lymph nodes is associated with

 growth pattern showing alteration of the hylus and cortex. As
alignant lymph nodes tend to be round, the LSR is lower in

hese nodes than in reactive lymph nodes with an oval growth
attern. Likewise, we assumed that the growth patterns of GISTs
nd leiomyomas, which have different cell origins and malignant
otential are also different. In this study, the GIST group had a
ignificantly lower LSR than the leiomyoma group, and a high
UROC (0.856) was obtained when the cutoff value was  determined

hrough the receiver-operating characteristic curve. Although the
tility of the LSR in differential diagnosis is not very popular,
ecause of technological developments and emerging new parame-
ers, the LSR can be used as a supplementary parameter to CEH-EUS
ndings, to intuitively increase the accuracy of the noninvasive
iagnosis.

Most esophageal SETs with a mesenchymal origin are leiomy-
mas, whereas GISTs are uncommon in the esophagus. In this study,

5 of 33 leiomyomas were found in the esophagus; however, there
as no GIST in the esophagus. To remove the confounding factor

f the SET location, a subgroup analysis was done after exclud-
ng patients with esophageal SETs. Even after excluding patients
Disease 51 (2019) 985–992 991

with esophageal SETs, patients with GISTs still had a significantly
lower LSR than those with leiomyomas (1.30 vs. 1.74, p < 0.001)
(data not shown). The proportion of patients with positive vas-
cularity was  also significantly higher in the GIST group (81.1% vs.
27.8%, p < 0.001) (data not shown). Additionally, the LSR and vas-
cularity were found to be useful as independent predictors of the
noninvasive diagnosis of GIST in multivariate analysis.

We  used the CART analysis in this study to establish the predic-
tion model. The CART method was introduced by Breiman et al. in
1984 [33]. It enables the construction of a tree algorithm and recur-
sive partitioning, allowing researchers to create a prediction model
that can be intuitively interpreted. In this study, we  established an
efficient prediction model using a continuous variable (LSR) and
a categorical variable (vascularity). However, owing to the insta-
bility due to overfitting, which is a disadvantage of CART, there is
a limitation in its general application to other datasets. Therefore,
for a more generalized prediction model, further studies in a larger
population are needed. We  hope that our research can be a starting
point.

This study has several limitations. First, this is a single-center
retrospective study with a relatively small number of cases. Only
patients with pathologically confirmed disease were included,
and data from patients without pathological confirmation owing
to small tumor size or follow-up loss were excluded. Second,
the qualitative CEH-EUS interpretation was  made by only one
endosonographer, which limits the measurement of interobserver
variability. However, as the interpretation was  only about the pres-
ence, not the degree, of vascularity, there will be no large ambiguity
in the interpretation. Third, the optimal LSR cutoff value could not
be firmly established in this study. Further large-scale prospec-
tive studies using additional imaging modalities are required for
a more precise prediction. Despite these limitations, this study has
a certain value as the first study to show the possibility of nonin-
vasive diagnosis of GISTs, with a relatively high accuracy, by using
CEH-EUS findings and the LSR.

In conclusion, the LSR and vascularity in CEH-EUS can be used
as parameters for the noninvasive prediction model of GISTs. This
noninvasive diagnostic model may  be helpful in the early diagnosis,
decision making, and treatment planning in patients with SETs.
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