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Abstract
Background: Predicting the malignancy potential of gastro-
intestinal stromal tumor (GIST) before resection could im-
prove patient management strategies as gastric GISTs with 
a low malignancy potential can be safely treated endoscop-
ically, but surgical resection is required for those tumors with 
a high malignancy potential. This study aimed to evaluate 
endoscopic ultrasound (EUS) features of 2- to 5-cm gastric 
GISTs that might be used to predict their mitotic index using 
surgical specimens as the gold standard. Patients and Meth-
ods: Forty-nine patients (30 females and 19 males; mean age 
55.1 ± 12.7 years) who underwent EUS examinations, fol-
lowed by surgical resections of 2- to 5-cm gastric GISTs, were 
retrospectively reviewed. Results: The mean tumor size was 
3.44 ± 0.97 (range 2.1–5.0) cm. A univariate analysis revealed 
no significant differences in age, sex, and tumor location in 
the low mitotic index and high mitotic index groups (all p > 
0.05). In terms of EUS features, there were no significant dif-
ferences in the mitotic indexes with respect to the shape, 

surface lobulation, border regularity, echogenicity, homoge-
neity, growth patterns, presence of mucosal ulceration, hy-
perechogenic foci, anechoic spaces, and hypoechoic halos 
(all p > 0.05). However, the tumor size was larger in the high 
mitotic index group than that in the low mitotic index group 
(3.97 ± 1.05 vs. 3.27 ± 0.9 cm, p = 0.03). Conclusion: Conven-
tional EUS features are not reliable for predicting the mitotic 
index of 2- to 5-cm gastric GISTs. Further modalities for pre-
dicting the mitotic index are needed to prevent unnecessary 
surgical resections in patients with a low risk of malignancy.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Gastrointestinal stromal tumors (GISTs) are the most 
common mesenchymal tumors in the gastrointestinal 
(GI) tract, and gastric GISTs account for 60–70% of all 
GISTs [1]. No GISTs can be definitively deemed benign 
because all GISTs have a theoretical potential for malig-
nant behavior, even those smaller than 2 cm. The current 
classification systems stratify GISTs according to their 
progression risk [1–3]. A widely used risk classification 
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system proposed by the Armed Forces Institute of Pathol-
ogy (AFIP) incorporates the tumor size and location and 
the mitotic count of resected tumors [1]. The National 
Comprehensive Cancer Network (NCCN) guidelines 
recommend that gastric GISTs larger than 2 cm or small-
er lesions with high-risk endoscopic ultrasound (EUS) 
features such as irregular border, cystic spaces, ulcer-
ation, echogenic foci, and heterogeneity, should be re-
ferred for surgical resection, but GISTs smaller than 2 cm 
without high-risk EUS features may be monitored con-
servatively [4].

Recently, minimally invasive therapies have gained in-
creasing interest. Some studies have demonstrated the 
feasibility and effectiveness of endoscopic excision as an 
alternative to the surgical resection for gastric GISTs 
smaller than 5 cm [5, 6]. However, the risk of local recur-
rence associated with endoscopic resections is a signifi-
cant concern, and the topic remains especially controver-
sial for 2- to 5-cm gastric GISTs. According to the AFIP 
criteria (or Miettinen’s criteria), the risk of recurrence or 
metastasis for 2- to 5-cm gastric GISTs depends mainly 
on their mitotic activity, and there is a 10-fold increase in 
the risk between tumors with a low mitotic index (≤5/50 
high-power fields [HPFs]) and those with a high mitotic 
index (>5/50 HPFs) [1]. Therefore, for 2- to 5-cm gastric 
GISTs, the ability to ascertain a tumor’s mitotic activity 
would help guide clinicians to better manage the course 
of treatment. However, the limited amount of tissue ob-
tained by EUS-guided fine-needle aspirations or biopsies 
(EUS-FNAs/Bs) precludes a reliable mitotic index deter-
mination; therefore, these procedures are not routinely 
performed [7, 8]. In this study, we investigated whether 
the conventional EUS features of 2- to 5-cm gastric GISTs 
are correlated with the mitotic index and could, therefore, 
help in the management of these GISTs.

Patients and Methods

This study was approved by the Institutional Review Board of 
Bezmialem Vakif University Hospital. A flowchart of the inclusion 
process is outlined in Figure 1. From October 2010 to August 2020, 
the medical records of patients with surgically proven gastric 
GISTs who had previously undergone EUS examinations were ret-
rospectively reviewed. Patients with surgically resected gastric 
GISTs and a tumor size of 2–5 cm confirmed by pathologic mea-
surements were included in the study. Each pathology report was 
re-evaluated by a single pathologist on the basis of the main prog-
nostic factors (mitotic count and tumor size) to confirm the risk of 
metastasis or recurrence according to the AFIP criteria (or Miet-
tinen’s criteria) [1]. The mitotic index was defined as the mitosis 
count per 50 HPFs, and the tumor sizes were measured at the larg-

est diameter of the tumors. For the statistical analysis, the patients 
were divided into low mitotic index (≤5/50 HPFs) and high mi-
totic index (>5/50 HPFs) groups (Fig. 2).

Analysis of EUS Features
All EUS examinations were performed using a linear echoen-

doscope (Pentax Europe GmbH, Hamburg, Germany) by a single 
expert with more than 10 years of experience in EUS procedures 
(H.S.). The EUS images and reports were obtained from an endos-
copy database and reviewed by the same endosonographer who 
knew the lesions were GISTs but was blinded to the surgical pa-
thology results. The median number of EUS images evaluated per 
patient was 17 (range 9–34). In some patients, recorded videos 
were also evaluated. The following EUS features were recorded for 
each lesion: the longest diameter of tumors (mm), border regular-
ity (regular or irregular), shape (oval/round or distorted), echo-
genicity compared with the surrounding muscular layer (iso-/hy-
poechoic or hyperechoic), homogeneity (homogeneous or hetero-
geneous), the presence of mucosal ulceration, surface lobulation, 
hyperechogenic foci, cystic spaces, hypoechoic halos, and growth 
patterns (exophytic or intraluminal) (Fig. 3).

Statistical Analysis
The data are presented as mean ± standard deviation for the 

continuous variables and as the number of cases with the frequen-
cy (%) for the categorical variables. The distributions of the con-
tinuous variables were evaluated using the Shapiro-Wilk test. The 
different characteristics were compared between the groups using 
the χ2 test, Fisher’s exact test, t test, or Mann-Whitney U test. Mul-
tiple logistic regression analyses were conducted to assess the dif-
ferences in the EUS features between the 2 groups. Any variable 
that had a p value <0.25 was accepted as a candidate for the multi-

Surgically resected GISTs with EUS
examination prior to surgery

(n = 86) 

11 excluded:
• Esophageal (n = 2)
• Duodenal (n = 4)
• Papillary (n = 1)
• Rectal (n = 2)
• Extraintestinal site (n = 2) 

Gastric GISTs
(n = 75) 

26 excluded:
• ≤20 cm (n = 3)
• >50 cm (n = 18)
• Neoadjuvant treatment (n = 2)
• Poor quality of images (n = 3)

2–5 cm gastric GISTs
(n = 49) 

Fig. 1. Flowchart of patient enrollment.
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variable model along with the variables of known clinical impor-
tance. The odds ratios, 95% confidence intervals, and Wald statis-
tics for each independent variable were also calculated. A receiver 
operating characteristic curve was applied to determine the opti-
mal tumor size cutoff point that correlates with a high mitotic in-
dex. The sensitivity, specificity, positive predictive value, negative 
predictive value, and accuracy of the tumor size were also calcu-
lated. SPSS version 17.0 (IBM Corporation, Armonk, NY, USA) 
was used for the statistical analysis. A p value <0.05 was considered 
significant.

Results

The baseline characteristics of the patients and the 
EUS features of the tumors are presented in Table 1. A 
total of 49 patients with a mean age of 55.1 ± 12.7 (range 
22–78) years were enrolled. Thirty of the patients were 
female and 19 were male. The mean tumor size was 3.44 

± 0.97 (range 2.1–5.0) cm. The tumors were located in the 
cardia or fundus in 14 patients (28.6%), the body in 19 
(38.8%) patients, and the antrum in 16 (32.6%) patients. 
Forty-seven of the tumors originated from the fourth lay-
er of the gastric wall (the muscularis propria) and 2 from 
the second layer (the muscularis mucosa). The mitotic 
index was ≤5/50 HPFs in 37 patients (75.5%), which were 
categorized as having a very low malignancy potential, 
and >5/50 HPF in 12 patients (24.5%), which were cate-
gorized as having a moderate malignancy potential.

Since tumor size is already a parameter in the AFIP 
risk classification system, we aimed to predict the mitotic 
count and compare the low and high mitotic index groups. 
A univariate analysis showed no significant differences 
between the 2 groups with regard to age, sex, or tumor 
location (p > 0.05). However, the tumor size was larger in 
the high mitotic index group than that in the low mitotic 
index group (3.97 ± 1.05 vs. 3.27 ± 0.9 cm, p = 0.03). None 

a b

Fig. 2. a Histopathological evaluation showing mitotic count = 1/HPF, resulting in a mitotic index/50 HPFs <5. 
b Histopathological evaluation showing mitotic count = 2/HPF, resulting in a mitotic index/50 HPFs >5. HE. 
×400. HPF, high-power field.

a b

Fig. 3. a Endosonographic image of a 5-cm 
gastric GIST with a low mitotic index. The 
lesion has large anechoic spaces, irregular 
border, and hyperechogenic echo. b Endo-
sonographic image of a 2.5-cm lesion with 
a high mitotic index. The lesion has marked 
heterogeneity without anechoic space or 
echogenic foci. GIST, gastrointestinal stro-
mal tumor.
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of the studied EUS features, namely, tumor shape, surface 
lobulation, border regularity, echogenicity, homogeneity, 
growth patterns, presence of mucosal ulceration, hyper-
echogenic foci, anechoic spaces, and hypoechoic halos 
appeared to be predictive for the mitotic index in the re-
sected tumors.

Because only the tumor size was found to be a signifi-
cant factor in the univariate analysis and the p values were 
influenced by the sample, we introduced factors with a p 
value <0.25 in the multivariate analysis. A stepwise logis-
tic regression analysis showed that tumor size was the 
only independent predictor of a high mitotic index. No 

Table 1. Comparison of baseline characteristics and EUS features according to the mitotic index in patients with gastric GISTs

Characteristic Overall 
(n = 49)

Low mitotic index 
(≤5/50 HPFs)
(n = 37)

High mitotic index 
(>5/50 HPFs)
(n = 12)

p value

Age (±SD), years 55.1±12.7 56.0±11.9 52.3±15.2 0.391
Sex, n (%)

Male 19 (38.8) 16 (43.2) 3 (25.0) 0.323Female 30 (61.2) 21 (56.8) 9 (75.0)
Location, n (%)

Cardia/fundus 14 (28.6) 9 (24.4) 5 (41.7)
0.377Body 19 (38.8) 14 (37.8) 5 (41.7)

Antrum 16 (32.6) 14 (37.8) 2 (16.6)
Tumor size, cm 3.44±0.97 3.27±0.90 3.97±1.05 0.030
Shape, n (%)

Oval to round 33 (67.3) 23 (62.2) 10 (83.3) 0.290Distorted 16 (32.7) 14 (37.8) 2 (16.7)
Surface lobulation, n (%)

No 31 (63.3) 24 (64.9) 7 (58.3) 0.738Yes 18 (36.7) 13 (35.1) 5 (41.7)
Extraluminal border, n (%)

Regular 17 (34.7) 12 (32.4) 5 (41.7) 0.729Irregular 32 (65.3) 25 (67.6) 7 (58.3)
Intraluminal border, n (%)

Regular 30 (61.2) 21 (56.8) 9 (75.0) 0.323Irregular 19 (38.8) 16 (43.2) 3 (25.0)
Ulceration, n (%)

No 33 (68.7) 24 (66.7) 9 (75.0) 0.728Yes 15 (31.3) 12 (33.3) 3 (25.0)
Echogenicity, n (%)

Hyperechogenic 21 (42.9) 16 (43.2) 5 (41.7) >0.999Iso-/hypoechogenic 28 (57.1) 21 (56.8) 7 (58.3)
Homogeneity, n (%)

Homogeneous 18 (36.7) 15 (40.5) 3 (25.0) 0.494Heterogeneous 31 (63.3) 22 (59.5) 9 (75.0)
Anechoic area, n (%)

No 24 (49.0) 19 (51.4) 5 (41.7) 0.802Yes 25 (51.0) 18 (48.6) 7 (58.3)
Hyperechoic foci, n (%)

No 27 (55.1) 21 (56.8) 6 (50.0) 0.940Yes 22 (44.9) 16 (43.2) 6 (50.0)
Hypoechoic halo, n (%)

No 22 (44.9) 15 (40.5) 7 (58.3) 0.458Yes 27 (55.1) 22 (59.5) 5 (41.7)
Growth pattern, n (%)

Intraluminal 30 (61.2) 25 (67.6) 5 (41.7) 0.173Extraluminal/exophytic 19 (38.8) 12 (32.4) 7 (58.3)

EUS, endoscopic ultrasonography; HPF, high-power field; SD, standard deviation; GISTs, gastrointestinal stromal tumors.
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combination of features, such as sex, age, and extralumi-
nal growth pattern, significantly improved the prediction 
of the mitotic index better than the tumor size. A receiver 
operating characteristic curve was constructed to identify 
the discriminating value of the size for predicting the mi-
totic index of the GISTs. The optimal cutoff value for the 
tumor size was determined to be 4.1 cm, with a sensitiv-
ity of 58.3%, a specificity of 83.8%, a positive predictive 
value of 53.8%, a negative predictive value of 86.1%, and 
an accuracy of 77.6% (Table 2). Seven of 13 patients (54%) 
with a tumor size ≥4.1 cm were in the high mitotic index 
group, and 31 out of 36 patients (86%) with a tumor size 
≤4.0 cm were in the low mitotic index group.

Discussion

Currently, there are no established effective methods 
for the risk stratification of GISTs prior to resection, al-
though the NCCN guidelines provide treatment recom-
mendations based on size and high-risk EUS features 
such as irregular border, cystic spaces, ulceration, echo-
genic foci, and heterogeneity [4]. EUS allows for the eval-
uation of tumor size, invasion depth, border regularity, 
echogenicity, determination of the GI wall layer from 
which tumors arise, and other tumor morphological 
characteristics as well as tissue sampling. On EUS, GISTs 
are typically well-defined, hypoechoic, homogeneous le-
sions arising from the fourth layer of the GI wall or rare-
ly from the second layer. More robust criteria are needed, 
however, to guide physicians in making clinical decisions 
regarding the management of patients with gastric GISTs. 
At present, the reliability of mitotic index assessments of 
EUS-FNA/B samples and their prognostic importance 
has yet to be defined [7, 9–11]. The mitotic count yield of 
tissue obtained from EUS-FNAs/Bs was found to be sig-
nificantly lower than that of resected specimens. More-
over, it has been claimed that even if a count of 50 HPFs 
was reached in EUS-FNB specimens, the mitotic index 
values were still lower than those of the surgical speci-
mens [8, 11]. The Ki67 protein, a nuclear marker ex-
pressed in all phases of the cell cycle, has been suggested 
as an alternative parameter to the mitotic index on EUS-
FNAB samples [12]. However, the results have remained 
inconclusive [8, 13]. If low-risk GISTs are preoperatively 
distinguished from those with moderate to high risk, 
more suitable, individualized management strategies can 
be implemented, a significant number of unnecessary 
surgical resection of gastric GISTs 2–5 cm in size may be 
avoided.

Previously, some researchers have attempted to de-
scribe malignant EUS features but have yielded conflict-
ing results (Table  3). Some have suggested that a large 
tumor size (>3 cm) and irregular margins are the charac-
teristics most consistent with increased tumor aggressive-
ness [14–17]. Features such as echogenic foci [14], cystic 
spaces [14, 15, 18], heterogeneity [17], ulceration [16], 
and a nonoval shape [16] were found to be less consis-
tently associated with malignant risk. These findings have 
not been validated in prospective studies; however, no 
consensus has been reached regarding which features are 
most correlated with the risk of malignancy. Moreover, 
some of these studies were published either prior to the 
recognition of GISTs or before a consensus regarding the 
risk of malignancy was achieved, or they did not catego-
rize any of the studied lesions as GISTs [14, 15]. Others 
evaluated either a wide range of tumor sizes or more than 
just gastric GISTs [17]. In addition, some of the studies 
did not provide specific histologic criteria that were used 
to determine the malignancy potential [18]. In the pres-
ent study, we evaluated the EUS features that are com-
monly used by endosonographers to describe images of 
GISTs. Only tumors that were 2–5 cm in size located in 
the stomach and without local invasion and distant me-
tastasis were included in our study. All the tumors were 
resected surgically and demonstrated to be GISTs upon a 
histopathological examination, after which they were as-
signed a malignancy potential according to the AFIP cri-
teria. Patients on neoadjuvant therapy with tyrosine ki-
nase inhibitors were not included in this study as the 
treatment may decrease the tumor size and make the ac-
curacy of the mitotic index less reliable [19, 20]. Our study 
did not reveal any conventional EUS features that are use-
ful for predicting the mitotic index or malignancy poten-
tial of gastric GISTs that are 2–5 cm in size. Ultimately, 

Table 2. Tumor size according to the mitotic index

Results

Area under the curve 0.703
95% CI 0.517–0.889
p value 0.036
The optimal cutoff point 4.1 cm
Sensitivity 58.3%
Specificity 83.8%
Positive predictive value 53.8%
Negative predictive value 86.1%
Accuracy 77.6%

CI, confidence interval.
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Table 3. Studies evaluating association of EUS features for predicting the malignancy potential or mitotic index of GI stromal cell tumors

Reference N Location Size Associated features Not associated features Assessment

Chak et al. [14] 35 Any Any Cystic spaces*
Echogenic foci*
Irregular borders*
Size (4 cm)*

Heterogeneity
Mucosal ulceration

Differentiation of benign and malignant 
stromal cell tumors
The study was published prior to the definition 
of GIST as a distinct concept

Palazzo et al. [15] 56 Any Any Cystic spaces*
Echogenicity
Irregular borders*
Growth pattern
Mucosal ulceration
Size (3 cm)

Heterogeneity Prediction of benign and malignant GI stromal 
cell tumors
The study was published creation of the risk 
stratification of GISTs

Jeon et al. [16] 24 Stomach Any Irregular borders
Mucosal ulceration
Size (3 cm)&

Shape

Cystic spaces
Echogenic foci
Echogenicity
Growth pattern
Heterogeneity
Hypoechoic halo
Surface lobulation

The NIH criteria
Low versus intermediate versus high risk
Size was an independent factor when patients 
divided into low versus high risk

Shah et al. [17] 26 Any Any Heterogeneity*
Irregular borders*
Local invasion*
Size (5 cm)*

Cystic spaces
Echogenic foci

The NIH criteria
Very low versus low versus intermediate versus 
high risk

Ji et al. [18] 76 GIMTs 
(including 
42 GISTs)

Any Any Heterogeneity
Irregular borders
Tumor size
Cystic spaces

Not reported

Chen et al. [21] 110 Stomach Any Cystic spaces
Mucosal ulceration
Size (5 cm)*

Calcification The NIH criteria
Very low/low versus intermediate versus high 
risk

Chen et al. [21] 110 Stomach Any Size Calcification
Cystic spaces
Mucosal ulceration

Mitotic index (low vs. high)

Chen et al. [22] 50 Stomach >2 cm Cystic spaces*
Serosal invasion
Size (5 cm)*

Echogenic foci
Heterogeneity
Irregular borders
Mucosal ulceration

The modified NIH criteria
Very low/low versus moderate/high risk

Chen et al. [22] 50 Stomach >2 cm None Cystic spaces
Echogenic foci 
heterogeneity
Irregular borders
Mucosal ulceration
Size

Mitotic index (low vs. high)

Kim et al. [23] 55 Stomach 2–5 cm None Calcification
Cystic changes
Heterogeneity
Hyperechoic foci
Hypoechoic foci
Mucosal ulceration
Surface lobulation
Size

The AFIP criteria
Very low versus moderate risk

Yang et al. [24] 275 Stomach <5 cm Irregular shape*
Mucosal ulceration*
Size (2 cm)*

Heterogeneity
Hyperechoic foci
Cystic spaces

The modified NIH criteria
Very low/low versus moderate versus high risk

AFIP, Armed Forces Institute of Pathology; GIMT, gastrointestinal mesenchymal tumor; NIH, National Institute of Health; GIST, gastrointestinal stro-
mal tumor; EUS, endoscopic ultrasonography; GI, gastrointestinal. * Independent significant factor in the multivariate analysis. & Size was an independent 
factor when patients divided into low versus high risk.
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the tumor size was the only significant factor associated 
with the mitotic index.

Research on the correlation between EUS features and 
the mitotic index is lacking. Chen et al. [21] previously 
reported that tumor size was the only EUS finding that 
was a significant predictor of a high mitotic index, which 
is consistent with our results, but they noted nothing of 
significance in terms of EUS morphological features. 
They also found that a high risk of malignancy was asso-
ciated with a 5-cm lesion, although not with cystic chang-
es or surface ulceration. Notably, this study included 
large-sized GISTs (up to 150 mm), while our data only 
included cases with tumor sizes between 2 and 5 cm. In 
another study, none of the EUS features were determined 
to be predictors of a high mitotic count, while a tumor size 
>5 cm, the presence of cystic spaces and serosal invasion 
were independent predictors of a high malignant poten-
tial of GISTs; however, irregular borders, heterogeneity, 
the presence of ulceration, hyperechogenic foci, and se-
rosal invasion were not [22]. Kim et al. [23] retrospec-
tively enrolled patients with 2- to 5-cm gastric GISTs and 
analyzed the association between EUS features and the 
risk of malignancy. None of the features were significant-
ly different among the patients in the very low- and mod-
erate-risk groups, implying that EUS findings might pres-
ent limitations for preoperatively predicting the malig-
nancy of medium-sized GISTs. In contrast, the tumor size 
was a significant factor for predicting the mitotic index in 
our study. Recently, a multivariate prediction model for 
gastric GISTs prior to resection was proposed by Yang et 
al. [24]. Mucosal ulcerations, tumor sizes larger than 2 
cm, and irregular tumor shapes were found to be inde-
pendent risk factors for a high malignancy potential. In 
this study, however, small tumors were also included. The 
evaluation of the intraluminal or extraluminal growth 
pattern is still arbitrary and probably involves many pit-
falls; however, it is still present in some of such studies 
[15, 16, 25]. In our study, if more than half of the lesions 
are intraluminal, we labeled them as intraluminal and, 
vice versa, extraluminal.

The different outcomes among the various studies 
might be explained partially by interobserver variability 
in the identification of EUS features. The criteria for iden-
tifying high-risk EUS features rely largely on the expertise 
of endosonographers and, therefore, remain subjective. 
One study demonstrated that despite the specific defini-
tion of EUS features, interobserver agreements on the ac-
curate interpretations of the features ranged from poor to 
good [14]. The authors reported poor agreement when 
interpreting echogenicity and irregular luminal borders 

but good agreement on heterogeneity and irregular ex-
traluminal borders. Another possible reason for the dif-
ferent outcomes among the studies is that the occurrence 
of some EUS features is not just associated with the bio-
logical behavior of tumors [25]. Choi et al. [26] reported 
that the presence of surface ulceration has no direct cor-
relation with aggressive tumor behavior and results from 
the ischemic mucosa being pressed on by the growing 
tumor. However, another group claimed that large tu-
mors tend to grow toward the gastric lumen and lead to 
mucosal ulceration associated with malignancy [16]. 
Chen et al. [25] claimed that cystic spaces correspond to 
cystic degeneration and liquefaction necrosis, and the 
disproportionality between the rapid tumor growth and 
relatively slow neovascularization can induce necrosis or 
cystic degeneration. As a result of malignant changes, 
GISTs usually have a heterogeneous echo texture with hy-
perechoic spots or anechoic areas, especially in larger tu-
mors. Yang et al. [24] reported that irregular tumor shape 
independently associated with a high-risk malignancy 
potential of gastric GISTs which may result from the bio-
logic diversity in the growth rate of the internal structure. 
Previously identified high-risk features were obtained 
mainly from large-size GISTs and account for the reason 
their findings differ from our cohort.

In our study, the tumor size showed a positive correla-
tion with the mitotic index. The agreement between size, 
as assessed by the EUS, and surgical pathology was also 
positive. Specifically, a tumor size of 41 mm showed a 
58.3% sensitivity and 83.3% specificity for predicting a 
high mitotic index. Nevertheless, the tumor size did not 
perfectly differentiate between low and high mitotic in-
dexes as 5 patients with a tumor size <41 mm had a high 
mitotic index and 6 patients with a tumor size ≥4.1 cm 
had a low mitotic index.

According to the AFIP classification system, gastric 
GISTs >2 but ≤5 cm in size and with ≤5 mitoses/50 HPFs 
are considered a very low risk for the recurrence, and gas-
tric GISTs with >5 mitoses/50 HPFs are considered a 
moderate risk. In our cohort, 75.5% of the patients had a 
very low risk of disease progression. As mentioned above, 
in a large-scale study by Miettinen et al. [1], only 1.9% of 
the patients with a very low risk of recurrence showed 
disease progression during the follow-up. Therefore, a 
significant proportion of the patients in our cohort un-
derwent surgical resections, despite a very low risk of ma-
lignant transformation or metastasis.

This study had several limitations. First, it was a single-
center retrospective study; therefore, any potential bias 
related to data collection could not be completely exclud-



EUS Features of 2- to 5-cm Gastric GISTs 21Dig Dis 2022;40:14–22
DOI: 10.1159/000516250

ed. Second, the sample size was small. Third, a retrospec-
tive interpretation of images is not the same as actually 
performing a patient examination. Although few static 
images may fall short of making a correct diagnosis, the 
expert reviewed many images, even recorded videos and 
the reports, which usually included EUS features de-
scribed in the study of the patients. Additionally, the 
quality of the recordings could be variable. Finally, there 
was some variability introduced because of the use of 
pathologic interpretations from different institutions, al-
though all the pathology reports were reviewed by a single 
pathologist.

In conclusion, our study shows that conventional EUS 
morphological features are not reliable for predicting the 
mitotic index or malignancy potential of 2- to 5-cm gas-
tric GISTs as only the size of the tumor was correlated 
with the mitotic index. However, the malignant potential 
of these tumors could not be excluded. Further diagnostic 
modalities are needed to predict the mitotic index so that 
unnecessary surgical resection of GISTs with a low risk of 
malignancy can be prevented.
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