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Abstract
BACKGROUND 
Computed tomography (CT) imaging features are associated with risk strati-
fication of gastric gastrointestinal stromal tumors (GISTs).

AIM 
To determine the multi-slice CT imaging features for predicting risk stratification 
in patients with primary gastric GISTs.

METHODS 
The clinicopathological and CT imaging data for 147 patients with histologically 
confirmed primary gastric GISTs were retrospectively analyzed. All patients had 
received dynamic contrast-enhanced CT (CECT) followed by surgical resection. 
According to the modified National Institutes of Health criteria, 147 lesions were 
classified into the low malignant potential group (very low and low risk; 101 
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lesions) and high malignant potential group (medium and high-risk; 46 lesions). The association 
between malignant potential and CT characteristic features (including tumor location, size, growth 
pattern, contour, ulceration, cystic degeneration or necrosis, calcification within the tumor, 
lymphadenopathy, enhancement patterns, unenhanced CT and CECT attenuation value, and 
enhancement degree) was analyzed using univariate analysis. Multivariate logistic regression 
analysis was performed to identify significant predictors of high malignant potential. The receiver 
operating curve (ROC) was used to evaluate the predictive value of tumor size and the multi-
nomial logistic regression model for risk classification.

RESULTS 
There were 46 patients with high malignant potential and 101 with low-malignant potential gastric 
GISTs. Univariate analysis showed no significant differences in age, gender, tumor location, 
calcification, unenhanced CT and CECT attenuation values, and enhancement degree between the 
two groups (P > 0.05). However, a significant difference was observed in tumor size (3.14 ± 0.94 vs 
6.63 ± 3.26 cm, P < 0.001) between the low-grade and high-grade groups. The univariate analysis 
further revealed that CT imaging features, including tumor contours, lesion growth patterns, 
ulceration, cystic degeneration or necrosis, lymphadenopathy, and contrast enhancement patterns, 
were associated with risk stratification (P < 0.05). According to binary logistic regression analysis, 
tumor size [P < 0.001; odds ratio (OR) = 26.448; 95% confidence interval (CI): 4.854-144.099)], 
contours (P = 0.028; OR = 7.750; 95%CI: 1.253-47.955), and mixed growth pattern (P = 0.046; OR = 
4.740; 95%CI: 1.029-21.828) were independent predictors for risk stratification of gastric GISTs. 
ROC curve analysis for the multinomial logistic regression model and tumor size to differentiate 
high-malignant potential from low-malignant potential GISTs achieved a maximum area under 
the curve of 0.919 (95%CI: 0.863-0.975) and 0.940 (95%CI: 0.893-0.986), respectively. The tumor size 
cutoff value between the low and high malignant potential groups was 4.05 cm, and the sensitivity 
and specificity were 93.5% and 84.2%, respectively.

CONCLUSION 
CT features, including tumor size, growth patterns, and lesion contours, were predictors of 
malignant potential for primary gastric GISTs.
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Core Tip: Gastrointestinal stromal tumors (GISTs) are rare but are nevertheless the most common 
mesenchymal neoplasms of the gastrointestinal tract. GISTs are most frequently found in the stomach. 
Preoperative prediction of the malignant potential and prognosis of these GISTs is crucial for clinical 
decision-making. The present study identified the computed tomography (CT) imaging characteristics for 
predicting the malignancy risk stratification in 147 patients with primary gastric GISTs. We demonstrated 
that the qualitative and quantitative features of gastric GISTs on contrast-enhanced CT may be favorable 
for preoperative risk stratification. This may provide a simple yet effective tool for clinicians to make 
appropriate clinical decisions.
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INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumors originating in the 
digestive tract and are thought to be derived from the interstitial cells of Cajal[1,2]. GISTs can arise 
everywhere in the gastrointestinal tract, but they are predominantly located in the stomach (50%-60%), 
followed by the small bowel (30%-35%), colon and rectum (5%), and esophagus (< 5%)[3]. They also 
develop within the mesentery omentum, retroperitoneum, and pelvis. GISTs are classified as borderline 
tumors, and they range from essentially benign tumors to aggressive sarcomas, and they are physiolo-
gically diverse with varied malignant potential[4]. To evaluate the risk of recurrence following complete 
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resection of primary GISTs, a number of risk categorization techniques have been put forth. The most 
widely used classification systems for GISTs are the modified National Institutes of Health (NIH) 
criteria[5] and Armed Forces Institute of Pathology criteria[6], which divide GISTs into four risk 
categories (very low, low, intermediate, and high risk) based on tumor size, mitotic count, tumor site, 
and tumor rupture. The 10-year recurrence-free survival rates of patients with the very low-, low-, and 
intermediate-risk GISTs are 94.9%, 89.7%, and 86.9%, respectively, and are lower in patients with high-
risk GISTs (36.2%)[3]. The biological features of GISTs play an essential role in prognosis and evolution, 
but evaluating their features is usually challenging unless the tumor is excised or has metastasized[7].

The preoperative prediction of the malignant potential and prognosis of these GISTs is crucial for 
clinical decision-making. Currently, preoperative contrast-enhanced computed tomography (CECT) is 
regarded as the fundamental imaging modality for the detection and evaluation of GISTs[8,9]. The 
correlation between CT image features and pathological risk grade of GISTs has been previously 
reported in some pieces of literature[10-13], revealing that CT imaging features such as tumor location, 
growth pattern, contour, tumor size, margin, cystic degeneration or necrosis, ulceration, presence of 
enlarged vessels feeding or draining the mass (EVFDM), contrast enhancement pattern, lymphaden-
opathy, and direct organ invasion were associated with risk stratification. However, only a few studies 
have attempted to correlate CT features with the histological grading or prediction of malignancy in the 
stomach. They have yielded conflicting results because of the limited number of cases[14]. Therefore, the 
purpose of the present study was to identify the CT imaging characteristics for predicting the 
malignancy risk stratification in 147 patients with primary gastric GISTs.

MATERIALS AND METHODS
Patients
We enrolled 147 patients with histologically confirmed primary gastric GISTs from the Second Affiliated 
Hospital of Shandong First Medical University from July 2013 to March 2022. This retrospective study 
was approved by the Institutional Ethics Committee of the Second Affiliated Hospital of Shandong First 
Medical University. The inclusion criteria were as follows: (1) Patients underwent curative surgery for 
primary gastric GISTs; (2) A standard CECT examination was performed within 15 d before surgery; (3) 
Complete CECT images and clinicopathological data were available; and (4) No distant metastasis at the 
time of diagnosis. The exclusion criteria were: (1) Patients received treatment before CT and surgery; 
and (2) Tumor rupture before or during surgery.

Clinical data were reviewed, including age, sex, clinical presentation, and operational styles. There 
were 74 men and 73 women, aged 31-82 years, with a mean of 61 years. The main symptoms were 
abdominal pain/discomfort (n = 48), melena (n = 28), and abdominal mass (n = 37). Twenty-five patients 
were asymptomatic, and the tumors were detected during a regular medical checkup. The remaining 
nine patients presented with acid reflux, hematemesis, poor appetite and other symptoms. All patients 
were treated with surgical resection including laparoscopic resection (n = 71), endoscopic resection (n = 
46), or open surgery (n = 30). The tumor specimens were subsequently processed for histological 
examination.

The cases were further categorized according to the risk assessment table published by the modified 
NIH criteria in 2008[5]. The very low-and low-risk groups were classified into the low malignant 
potential group, and the intermediate-, high-risk groups were classified into the high malignant 
potential group. The cohorts were subsequently grouped into the low- and high-grade malignant 
potential groups.

CT imaging acquisition
All patients underwent abdominal standard CECT before surgery using Philips Brilliance iCT (Philips 
Medical Systems, Cleveland, OH, United States) and GE LightSpeed VCT (GE Healthcare, Princeton, NJ, 
United States). Before CT examinations, all patients were fasted for at least 8 h and were encouraged to 
consume 500-800 mL of water to maximize gastric distension. The scan range covered the upper or 
entire abdomen, including the pelvic cavity. The acquisition parameters were as follows: Tube voltage, 
120 kV; tube current, 300 mAs; slice thickness, 5 mm; slice interval, 5 mm; pitch, 0.9; detector 
collimation, 64 mm × 0.5 mm; field of view, 350 mm × 350 mm; and matrix, 512 × 512. After the 
acquisition of unenhanced images, a nonionic iodinated intravenous contrast agent (2.5 mL/kg, 300 
mL/mg) was injected intravenously at a rate of 3.0 mL/s. The arterial phase (AP) scan began 25-30 s 
after injection, while the portal venous phase (PVP) and delayed phase/equilibrium phase scan were 
started after 55-60 s and 180/120 s, respectively. The original imaging data were reconstructed with a 
1.5-mm slice thickness. Axial, sagittal, and coronal multiplanar reconstruction images were obtained 
with a reconstruction thickness of 2-5 mm. The images were uploaded into the picture archiving and 
communication system for subsequent analysis.
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Imaging analysis
The multi-slice CT scan data were independently reviewed by two radiologists with 13 and 9 years of 
experience in abdominal imaging, and a consensus was reached for the final interpretations. The 
pathological diagnosis of GISTs was recorded, but the radiologists were blinded to the pathological 
data. The CT imaging features were categorized as follows: Tumor size, lesion location (cardia-fundus, 
body, or antrum), contour (irregular or regular), calcification (presence or absence), cystic degeneration 
or necrosis (presence or absence), growth patterns (endoluminal, exophytic or mixed), enhancement 
pattern (heterogeneous or homogenous), degree of contrast enhancement (mild, moderate or marked), 
and lymphadenopathy (presence or absence). Tumor size was defined as the maximal diameter on the 
transverse, coronal or sagittal plane. The largest tumor diameter was classified as ≤ 5, 5-10 or > 10 cm. 
The regular contour was defined as round/ovoid, and irregular was lobulated. Ulceration was 
considered present when a focal mucosal defect/indentation filled with air or fluid or when contrast 
material was found on the endoluminal surface of the lesion[13]. Regional lymphadenopathy was 
considered present if the short-axis diameter of the lymph node was > 1 cm. On CECT scans, areas of 
cystic degeneration, necrosis, or relative enhancement > 10 HU in any phase were considered hetero-
geneous enhancement. Necrosis and cystic degeneration were further differentiated. Necrosis was 
characterized by an irregular low attenuation region without obvious enhancement (≤ 10 HU difference) 
with a CT attenuation value ≤ 20 HU in each contrast-enhanced phase. Cystic degeneration was charac-
terized by a region with a clear and smooth border and near-water density (CT attenuation value 0-10 
HU). The degrees of enhancement for GISTs included absolute and relative enhancement. Absolute 
enhancement was obtained as the measured CT values in AP, PVP and delayed phase. In contrast, 
relative enhancement was calculated by the differences in CT values between the unenhanced phase 
and each enhancement phase. The calculated average values were recorded as the final results. Mild 
enhancement degree was defined as relative enhancement CT value ≤ 20 HU, and moderate and 
significant enhancement degrees were 20-40 and > 40 HU, respectively. The CT values of lesions were 
measured with a 30-50 mm2 region of interest, selecting the most intensely enhanced solid components 
of the tumors, excluding tumor vessels, calcification, hemorrhage, and necrotic and cystic regions. The 
locations of the regions of interest were kept consistent in each phase. Intratumoral necrosis, degree of 
enhancement, and patterns of enhancement were discerned by PVP CECT scan, and tumor calcification 
was identified by unenhanced CT.

Statistical analysis
Univariate and multivariate regression analyses were performed with Statistical Package for Social 
Sciences (SPSS) version 21.0 software packages (SPSS Inc, Chicago, IL, United States), with a two-sided 
P < 0.05 considered statistically significant. Shapiro-Wilk tests were conducted to verify the normality of 
all variables. Independent samples t-tests were conducted for continuous variables (including age, 
tumor size, attenuation value in noncontrast images, AP and PVP of gastric GISTs with different 
pathological risk categories. χ2 tests or Fisher’s exact tests were performed to compare the sex and the 
radiological variables between different risk stratifications (categorical variables). A binary logistic 
regression analysis was subsequently carried out to identify independent predictors for risk strati-
fication of gastric GISTs. Radiological variables with a P < 0.05 in the univariate analysis were enrolled 
in the binary logistic regression analysis. Odds ratio (OR) with 95% confidence interval (CI) for each risk 
factor were used to represent the relative risk estimates. Two-sided P < 0.05 was considered statistically 
significant. The statistical chart was created using GraphPad Prism 9 software. The receiver operating 
curve (ROC) analysis of significant variables was performed, including the CT model from the binary 
logistic regression analysis. The area under the curve (AUC) was obtained, and the sensitivity, 
specificity and optimal cutoff values for distinguishing the high-malignant potential from the low-
malignant potential group were calculated.

RESULTS
Clinicopathological characteristics of the patients
There were 46 patients with high-malignant potential gastric GISTs (including 27 intermediate grade 
and 19 high grade), and 101 patients with low-malignant potential gastric GISTs (including 11 very low 
and 90 low grades). Table 1 displays the characteristics of all the patients involved in this investigation. 
Age and sex did not significantly differ between the groups with low and high malignant potential, 
according to a univariate analysis (P > 0.05).

CT findings
All 147 patients with gastric GISTs had solitary tumors: 83 (low/high: 55/28) tumors were located in the 
fundus, 49 (35/14) in the body, and 15 (11/4) in the antrum. In 87 (69/18) patients, the growth patterns 
of GISTs were endoluminal, in 39 (24/15), exophytic, and in 21 (8/13) individuals, they were mixed 
types (Figures 1A and 1B).
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Table 1 Quantitative features between low-grade and high-grade group

Low-grade group High-grade group
Variables

n = 101, 68.7% n = 46, 31.3%
χ2/Z/t value P value

Age (mean ± SD, yr) 60.59 ± 10.33 62.09 ± 11.19 -0.791 0.43

Sex (n, %)

Male 47 (46.5) 26 (56.5) 1.261 0.261

Female 53 (53.5) 20 (43.5)

Tumor size (mean ± SD), cm 3.14 ± 0.94 6.63 ± 3.26 -9.918 < 0.001

Unenhanced CT, Hu 34.26 ± 3.86 33.93 ± 4.80 0.434 0.665

Absolute enhancement

AP, Hu 49.72 ± 8.63 47.15 ± 9.44 1.625 0.106

PVP, Hu 60.83 ± 11.07 59.11 ± 11.79 0.858 0.393

DP, Hu 64.68 ± 9.06 63.09 ± 9.12 0.988 0.325

Relative enhancement

AP, Hu 15.47 ± 7.57 13.22 ± 9.40 1.544 0.125

PVP, Hu 26.57 ± 10.11 25.17 ± 11.69 0.745 0.457

DP, Hu 30.43 ± 7.66 29.15 ± 9.03 0.883 0.379

CT: Computed tomography; AP: Arterial phase; DP: Delayed phase; PVP: Portal venous phase.

The size (largest diameter) of the lesions ranged from 1.0 to 20.7 cm (mean 4.23 cm): 116 (low/high: 
98/10) patients had tumor size ≤ 5 cm, and 23 (2/21) had tumor size 5-10 cm, while eight (1/7) had 
tumor size > 10 cm (Figure 1C). Lesions were irregular in 19 (3/16) patients and regular in 128 (98/30) 
(Figure 1D). Cystic degeneration or necrosis within lesions was found in 85 (45/40) patients but was 
absent in 62 (56/6). Ulceration was noted in 48 (25/23) patients but was absent in 99 (76/23). Tumor 
calcification was found in 22 (14/8) patients but was not seen in 125 (87/38) (Figures 1E and F). 
Lymphadenopathy was observed in 36 (19/17) patients but was absent in 111 (83/29). On the enhanced 
CT images, the lesions showed heterogeneous enhancement in 95 (51/44) patients, while homogeneous 
enhancement was observed in the other 52 (50/2). Primary lesions showed mild enhancement in 12 (6/
6) patients, moderate enhancement in 113 (83/30), and marked enhancement in 22 (12/10) on CECT 
images.

Relationship between CT findings and different risk categories of gastric GISTs (univariate analysis)
Univariate analysis indicated a significant difference in tumor size (3.14 ± 0.94 cm vs 6.63 ± 3.26 cm, P < 
0.001) between the low-grade and high-grade groups. Higher tumor risk was observed with larger 
tumor size (Figure 2). Tumors with irregular contours were observed more frequently in high-malignant 
potential GISTs (P < 0.001). High-malignant potential GISTs were more likely to exhibit mixed growth, 
whereas low-malignant potential GISTs predominantly involved endoluminal growth (P < 0.05). The 
presence of ulceration, cystic degeneration or necrosis, lymphadenopathy, and enhancement patterns 
were significantly different between the two groups (P < 0.05). However, there were no appreciable 
variations between the two groups in terms of any qualitative characteristics, including tumor location, 
calcification and enhancement degree (P = 0.760, 0.578 and 0.075, respectively). There was no significant 
difference in the risk categories between nonenhancement and each enhancement phase (P > 0.05). 
Table 2 shows the correlation between stomach GIST risk grades and CT findings.

Association of CT features and malignant potential of GISTs (binary logistic regression analysis)
The findings of the univariate analysis revealed that, with the exception of calcification, location, CT 
values on unenhanced CT and CECT images, and enhancement degree, all of the summary variables in 
gastric GISTs were linked with risk classes (P < 0.05). The CT features that differed significantly in 
univariate analysis were enrolled in the binary logistic regression analysis. Only tumor size (P < 0.001; 
OR = 26.448; 95%CI: 4.854-144.099), contour (P = 0.028; OR = 7.750; 95%CI: 1.253-47.955), and mixed 
growth (P = 0.046; OR = 4.740; 95%CI: 1.029-21.828) were identified as independent predictors for the 
risk stratification of gastric GISTs (Table 3). The forest plot (Figure 3) included the independent CT 
characteristics of gastric GISTs with high malignant potential that were obtained using binary logistic 
regression analysis.
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Table 2 Association of computed tomography features and malignant potential in patients with gastric gastrointestinal stromal tumors

Factor Low risk group (n = 101) High risk group (n = 46) χ2 P value
Location 0.548 0.76

Fundus 55 (54.5) 28 (60.9)

Body 35 (34.7) 14 (30.4)

Antrum 11 (10.9) 4 (8.7)

Tumor diameter (cm)1 64.928 < 0.001

> 10 cm 1 (1.0) 7 (15.2)

5-10 cm 2 (2.0) 21 (45.7)

≤ 5 cm 98 (97.0) 18 (39.1)

Tumor contours 28.42 < 0.001

Irregular 3 (3.0) 16 (34.8)

Regular 98 (97.0) 30 (65.2)

Ulceration 9.161 0.002

Present 25 (24.8) 23 (50.0)

Absent 76 (75.2) 23 (50.0)

Cystic degeneration or necrosis 23.3 < 0.001

Present 45 (44.6) 40 (87.0)

Absent 56 (55.4) 6 (13.0)

Calcification 0.309 0.578

Present 14 (13.9) 8 (17.4)

Absent 87 (86.1) 38 (82.6)

Growth patterns 14.634 0.001

Mixed 8 (7.9) 13 (28.3)

Endoluminal 69 (68.3) 18 (39.1)

Exophytic 24 (23.8) 15 (32.6)

Lymphadenopathy 5.627 0.018

Present 19 (18.8) 17 (37.0)

Absent 82 (81.2) 29 (63.0)

Enhancement pattern 28.192 < 0.001

Heterogeneous 51 (50.5) 44 (95.7)

Homogenous 50 (49.5) 2 (4.3)

Enhancement degree 5.188 0.075

Marked 12 (11.9) 10 (21.7)

Moderate 83 (82.2) 30 (65.2)

Mild 6 (5.9) 6 (13.0)

1Fisher’s exact tests were applied to compare the differences.
χ2 tests were applied to all other variables.

ROC analysis
ROC analysis for the multinomial logistic regression model and tumor size to differentiate high-
malignant potential from low-malignant potential GISTs is shown in Figure 4. The multinomial logistic 
regression model for gastric GISTs achieved a maximum AUC (0.919; 95%CI: 0.863-0.975), while that for 
tumor size achieved AUC (0.940; 95%CI: 0.893-0.986). The tumor size cutoff value between the low and 
high malignant potential groups was 4.05 cm. The sensitivity and specificity were 93.5% and 84.2%, 
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Table 3 Logistic regression analysis of significant computed tomography features for prediction of high malignant potential

CT feature β Odds ratio (95%CI) P value

Size 3.275 26.448 (4.854-144.099) < 0.001

Contour 2.048 7.750 (1.253-47.955) 0.028

Growth patterns 1.556 4.740 (1.029-21.828) 0.046

CI: Confidence interval; CT: Computed tomography.

Figure 1 Computed tomography findings. A and B: A 71-year-old woman with high-risk category gastric gastrointestinal stromal tumor (GIST). Axial (A) and 
coronal (B) in the arterial phase (AP) computed tomography (CT) images demonstrate an irregular, mixed growth pattern, heterogeneously enhanced tumor with 
prominent ulceration (arrow); C: A 54-year-old man with high-risk gastric GIST. Axial portal venous phase shows a lesion with a mixed growth pattern, 20-cm, 
irregular contour, heterogeneous pattern of contrast enhancement with necrotic areas inside (short arrows), and surface ulceration (long arrow); D: A 49-year-old man 
with low-risk category gastric GIST. Coronal AP shows a 3-cm mass with regular contours, well defined, and homogeneous pattern of contrast enhancement 
(homogeneous enhancement) (arrow); E and F: A 69-year-old woman with high-risk gastric GIST. Axial (E) and coronal (F) contrast-enhanced CT images in the AP 
show a lobular, well-defined tumor with exophytic growth pattern and heterogeneous pattern of contrast enhancement, with prominent calcification and necrotic areas 
inside (arrows).

respectively (Figure 4).

DISCUSSION
GISTs are rare but are nevertheless the most common mesenchymal neoplasms of the gastrointestinal 
tract. GISTs are most frequently found in the stomach. Numerous investigations have revealed a 
connection between the anatomical placement and the biological behavior of GISTs[5,6]. Tang et al[14] 
compared the CT features of gastric and small bowel GISTs to evaluate their association with risk grades 
and showed that small bowel and stomach GISTs had considerably different risk grades. Tumors ori-
ginating in the stomach are less aggressive than tumors of intestinal origin[14].

For detection, qualitative diagnosis, staging, assessment of therapy response, follow-up after surgery, 
and forecasting of rupture and biologic aggressiveness, CT is the primary imaging modality[15-17]. The 
development of risk-segmented GISTs can be predicted using CECT, according to a number of studies
[13,18,19], and many of them involved intestinal GISTs[16,20]. However, to our knowledge, only a few 
studies have focused on the association of gastric GIST CT findings and the degree of malignancy or 
mitotic rate and metastatic risk. There has been research on the correlation between CT findings and the 
degree of mitotic rate[20]. As NIH standards 2008 for GISTs risk stratifications are widely accepted, only 
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Figure 2 Independent sample t-test estimation chart. aP < 0.0001.

Figure 3 Forest plot of the independent computed tomography features of gastric gastrointestinal stromal tumor with high malignant 
potential. OR: Odds ratio; CI: Confidence interval.

Figure 4 Receiver operating curve for tumor size and the multinomial logistic regression model to differentiate high-malignant potential 
from low-malignant potential gastrointestinal stromal tumor. ROC: Receiver operating curve; AUC: Area under the curve.
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a few studies[14,21,22] enrolled patients with gastric GIST to evaluate the predictive value of CT 
imaging features for risk stratification. However, the variation in results may be due to the different 
inclusion criteria and subjective assessment standards.

Numerous studies have shown that different CT imaging features, including as lesion margin, size, 
shape, necrosis, ulceration, growth patterns, enhancement pattern, EVFDM, direct organ invasion, and 
lymphadenopathy, are related to risk classification. However, logistic regression analysis only identified 
a few CT features of the primary tumor as independent risk stratification predictors.

Li et al[10] analyzed the CT features of gastric GISTs, including size, location (cardiac/pericardial 
region, fundus, body, or antrum), EVFDM, necrosis, ulceration, growth pattern, contour, mesenteric fat 
infiltration, and direct organ invasion. The results revealed that tumor size, cardia/pericardial origin, 
EVFDM, and mesenteric fat infiltration might be independent indicators of high malignant potential.

The study by Tang et al[14] reported that only tumor size, necrosis and the difference of CT values 
between AP and PVP were independent factors influencing the risk stratification of gastric GISTs. For 
small bowel GISTs, the independent predictors were tumor size and ulceration. In the study about 
GISTs, Zhou et al[12] reported that CT imaging features, including tumor margin, size, shape, tumor 
growth pattern, direct organ invasion, necrosis, EVFDM, lymphadenopathy, and contrast enhancement 
pattern, were associated with the risk stratifications. However, in multinomial logistic regression 
analysis, only lesion size, development pattern, and EVFDM were recognized as independent risk 
factors.

In this study, 147 cases of gastric GISTs were retrospectively analyzed and the CT features such as 
location, size, contour, necrosis or cystic degeneration, ulceration, growth pattern, lymphadenopathy 
and contrast enhancement were correlated with the risk and prognosis of malignancy. Both the low-
malignant potential group (very low and low risk) and the high-malignant potential group (mid and 
high risk) were created from the 147 patients. Our research demonstrated that the tumor size, contour, 
presence of necrosis or cystic generation, ulceration and lymphadenopathy, tumor growth pattern and 
enhancement pattern were significant factors for risk stratification of GISTs. However, only tumor size 
(> 5 cm), irregular contours, and mixed growth pattern were independent predictors for high malignant 
potential in multivariate logistic regression analysis (OR = 26.448, 7.750 and 4.740, respectively). We 
transformed the above independent factors into the CT model for risk stratification of gastric GISTs. The 
AUC of the ordinal multinomial logistic regression model was 0.919, which shows that the risk stratific-
ations may be reasonably predicted by the logistic regression model.

Rubin et al[23] reported that the risk of developing gastric GISTs was the same for both sexes, and 
although they occurred over a wide age distribution, about 75% were diagnosed in patients older than 
50 years. Univariate analysis revealed that the prognosis of GISTs was independent of age and sex in the 
present study, and the mean age of the patients was 61 years, which is consistent with our research.

Gastric GISTs can occur anywhere but are more common in the fundus of the stomach. In this study, 
56.46% (83/147) of tumors were located in the gastric fundus and 33.33% (49/147) in the gastric body, 
while the gastric antrum accounted for 10.20% (15/147). However, there was no significant difference 
between the location of the GISTs in the stomach and the risk stratification of the GISTs.

Tumor size is considered one of the most commonly used and reliable indicators for assessing GIST 
risk. The multivariate analysis in this study revealed that tumor size was an independent influencing 
factor for risk stratification of gastric GISTs, with a cut-off value of 4.05 cm. Tumor size is a component 
of the modified NIH criteria. A larger tumor size tends to suggest a more aggressive biological behavior. 
These results corroborate many earlier findings[23-25].

In terms of tumor contours, we demonstrated that gastric GISTs with a high-risk malignant potential 
were more likely to have an irregular tumor shape on CT. Our results are consistent with the study by 
Iannicelli et al[26], which found that irregular contours were the only CT feature that showed a linear 
correlation with risk. As the risk increases, the likelihood of detecting irregular margins of the gastric 
GISTs also increases. With higher tumor risk, higher tumor volume, disordered mitotic phase, invasive 
mesenchyma, and irregular contours are usually observed. Many studies have found that large stromal 
tumors were irregular and lobulated[27,28]. Wei et al[29] investigated the relationship between risk 
stratification and the shape of GISTs and reported that the method for quantifying tumor shape 
predicted the risk level and mitotic value of GISTs.

In our study, mixed growth patterns were independent predictors for high malignant potential. 
Endoluminal growth was detected in 59.18% (87/147) cases, exophytic growth in 26.53% (39/147) cases, 
and 21 patients showed mixed growth patterns, including 13 in the high-risk potential group, 
accounting for 61.90%. Our research revealed that compared to primary lesions with an endoluminal 
development pattern, those with mixed growth patterns were more likely to have greater GIST risk 
stratification. However, there is inconsistency in the literature on whether different GIST growth 
patterns are beneficial for judging the risk of GIST[10,12,22]. Therefore, further research is required in 
the future.

Peng et al[22] demonstrated that high-risk gastric GISTs were likely to present with necrosis even 
though it was not an independent predictor, which is consistent with our study. However, the studies 
by Liu et al[30] and Tang et al[14] demonstrated that tumor necrosis was an independent predictor of 
unfavorable disease-free survival in gastric GISTs. One possible explanation for the discrepancy may be 
that tumor necrosis is more common in the high-malignant potential group and is sometimes difficult to 
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be identified with the naked eye. However, these results suggested that tumor necrosis was a significant 
factor in classifying the malignancy of gastric GISTs. Even though necrosis was not an independent 
predictor, the research by Peng et al[22] showed that high-risk gastric GISTs were likely to present with 
it, which is consistent with our analysis. Tumor necrosis was found to be an independent predictor of 
poor disease-free survival in gastric GISTs, according to research by Liu et al[30] and Tang et al[14]. 
Tumor necrosis, which can be challenging to detect with the unaided eye sometimes, is more prevalent 
in the group of patients with high-malignant potential, which may be one reason for the discrepancy. 
These findings, however, revealed that tumor necrosis had a substantial role in determining the degree 
of malignancy of gastric GISTs.

The consistency between pathology and CT in identifying tumor necrosis should be validated. In our 
study, necrosis or cystic lesions and ulcers were also found to be important factors in the risk strati-
fication of GISTs. In contrast, we found no signicant difference between calcication and risk category, 
which was similar to previous studies[13,14].

The heterogeneous pattern of contrast enhancement was mainly observed in high-risk gastric GISTs. 
In contrast, tumors belonging to the low-risk classes mostly appeared with a homogeneous pattern of 
contrast enhancement. The result is consistent with the study of Iannicelli et al[26]. A high degree of 
contrast enhancement is usually considered a characteristic of tumor biological activity, but was not 
associated with the risk stratification in our research, which was in accordance with previous studies[13,
26]. However, the enhancement degree plays an important role in distinguishing GISTs from other 
tumors such as leiomyomas[31].

Hong et al[32] reported that lymph node metastases are extremely rare, but a recent study by Zhou et 
al[12] of > 120 patients with histologically confirmed primary GISTs reported that lymphadenopathy 
was associated with risk stratification. In this study, a significant difference in lymphadenopathy was 
found between the low malignant potential and high malignant potential groups (18.81% vs 36.96%, 
respectively). We believe that lymphadenopathy around the lesion is more likely to occur in tumors 
with high malignant potential. However, among the 36 lymph nodes reported, only one had a short 
diameter > 1 cm. Therefore, the clinical significance of lymphadenopathy should be further studied.

The present investigation included some restrictions. First of all, because it was a retrospective study 
conducted by just one institution, there may have been selection bias. Secondly, signs such as 
hemorrhage, EVFDM, tumor margin, peripheral fat infiltration, and other organ invasion were not 
evaluated.

CONCLUSION
Tumor size, contours and growth pattern were significant independent predictors for identifying high-
risk patients, while primary GIST > 5 cm, irregular contours, or mixed growth patterns indicate a 
potentially high-risk tumor. In addition, tumor necrosis or cystic degeneration, ulceration, enhancement 
patterns and lymphadenopathy on dynamic CECT could improve the prognostic accuracy of patients 
with gastric GISTs. As a result, our study showed that preoperative risk stratification may benefit from 
the qualitative and quantitative characteristics of stomach GISTs on CECT. Clinicians may be given a 
straightforward yet useful tool to use in order to choose the best surgical method and administer 
preoperative neoadjuvant therapy.

Future prospective and multicenter studies will be required to confirm our early findings. Magnetic 
resonance imaging and positron emission tomography combined with CT may predict the malignant 
potential of gastric GISTs, and dual-energy CT may be used in the assessment. These aspects should be 
further studied. In addition, artificial intelligence should be applied in future research to assess the 
prognosis of GISTs.

ARTICLE HIGHLIGHTS
Research background
Clinical decision-making depends on preoperative assessment of the likelihood of malignancy and 
prognosis of these gastrointestinal stromal tumors (GISTs). Correlation between computed tomography 
(CT) image features of GIST and pathological risk grade has been previously reported in several public-
ations. However, only a few studies have attempted to correlate CT features with histologic grading or 
prediction of gastric malignancy.

Research motivation
The research is to explore the multi-slice CT imaging features for predicting risk stratification in patients 
with primary gastric GISTs, and to give clinicians a straightforward yet useful tool to use in choosing 
the best surgical approach and preoperative neoadjuvant therapy.
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Research objectives
The purpose of this study was to identify the CT imaging characteristics for predicting risk stratific-
ations in patients with primary gastric GISTs.

Research methods
This retrospective analysis of clinicopathological and CT imaging data for 147 patients with gastric 
GISTs. The association between malignant potential and CT features was analyzed using univariate 
analysis and multivariate logistic regression analysis, receiver operating curve was used to evaluate the 
predictive value of tumor size, and the multinomial logistic regression model for risk classification.

Research results
Tumor size, tumor contours, lesion growth patterns, ulceration, cystic degeneration or necrosis, 
lymphadenopathy, and contrast enhancement patterns, were associated with the risk stratification; 
tumor size, contours and growth pattern were independent predictors for risk stratification of gastric 
GISTs.

Research conclusions
CT features, including tumor size, growth patterns, and lesion contours, were predictors of malignant 
potential for primary gastric GISTs.

Research perspectives
The CT characteristics could offer clinicians a straightforward yet useful tool for making smart clinical 
judgments.
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