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Abstract

BACKGROUND

Gastrointestinal stromal tumor (GIST) is a rare gastrointestinal mesenchymal
tumor with potential malignancy. Once the tumor ruptures, regardless of tumor
size and mitotic number, it can be identified into a high-risk group. It is of great
significance for the diagnosis, treatment, and prognosis of GIST if non-invasive
examination can be performed before surgery to accurately assess the risk of
tumor.

AIM
To identify the factors associated with GIST rupture and pathological risk.

METHODS

A cohort of 50 patients with GISTs, as confirmed by postoperative pathology, was
selected from our hospital. Clinicopathological and computed tomography data of
the patients were collected. Logistic regression analysis was used to evaluate
factors associated with GIST rupture and pathological risk grade.

RESULTS

Pathological risk grade, tumor diameter, tumor morphology, internal necrosis,
gas-liquid interface, and Ki-67 index exhibited significant associations with GIST
rupture (P < 0.05). Gender, tumor diameter, tumor rupture, and Ki-67 index were
found to be correlated with pathological risk grade of GIST (P < 0.05).
Multifactorial logistic regression analysis revealed that male gender and tumor
diameter > 10 cm were independent predictors of a high pathological risk grade of
GIST [odds ratio (OR) = 11.12, 95% confidence interval (95%CI): 1.81-68.52, P =
0.01; OR = 22.96, 95%Cl: 2.19-240.93, P = 0.01]. Tumor diameter > 10 cm, irregular
shape, internal necrosis, gas-liquid interface, and Ki-67 index > 10 were identified
as independent predictors of a high risk of GIST rupture (OR = 9.67, 95%CI: 2.15-
43.56, P = 0.01; OR = 35.44, 95%CI: 4.01-313.38, P < 0.01; OR = 18.75, 95%CI: 3.40-
103.34, P < 0.01; OR = 27.00, 95%ClI: 3.10-235.02, P < 0.01; OR = 4.43, 95%ClI: 1.10-
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17.92, P = 0.04).

CONCLUSION

Tumor diameter, tumor morphology, internal necrosis, gas-liquid, and Ki-67 index are associated with GIST
rupture, while gender and tumor diameter are linked to the pathological risk of GIST. These findings contribute to
our understanding of GIST and may inform non-invasive examination strategies and risk assessment for this
condition.

Key Words: Gastrointestinal stromal tumors; Imaging findings; Tumor rupture; Pathological risk grades

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Gastrointestinal stromal tumor (GIST) biopsy is inconvenient, has a low yield, and easily leads to tumor metastasis.
It is of great significance for the diagnosis, treatment, and prognosis of GIST if non-invasive examination can be performed
before surgery to accurately assess the risk of tumor. The results of our study found that tumor diameter, tumor morphology,
internal necrosis, and gas-liquid interface are related to the rupture of GIST, and sex and tumor diameter are related to the
pathological risk of GIST. The results of this study provides ideas for non-invasive examination and risk assessment of
GIST.
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INTRODUCTION

Gastrointestinal stromal tumor (GIST), a rare mesenchymal tumor of the gastrointestinal tract, presents a potential for
malignancy and constitutes 1%-3% of gastrointestinal malignancies[1,2]. Immunohistochemical analysis of GIST typically
reveals positive expression of CD117, CD34, or DOG-1[3,4]. Due to its invasive nature and propensity for recurrence and
metastasis, the clinical assessment of prognosis following GIST surgery heavily relies on pathological evaluation.
However, preoperative selection of appropriate treatment methods lacks a foundation based on pathological assessment.
Notably, imaging characteristics of GIST have been observed, and significant disparities in postoperative pathological
risk grades have been identified between GISTs exhibiting distinct computed tomography (CT) features prior to surgery,
thereby highlighting the crucial role of CT in GIST diagnosis[5,6].

GISTs display unpredictable and variable biological behavior, rendering the distinction between benign and malignant
tumors challenging[2,7]. In the early stages, GISTs were classified as either benign or malignant; however, clinical
experience has revealed that tumors initially determined as "benign" by histopathology may later metastasize.
Consequently, many pathologists advocate for grouping based on pathological risk grades[8,9]. Once the tumor ruptures,
irrespective of size and mitotic count, it can be classified into a high-risk group.

GIST biopsy is inconvenient and has a limited yield, and open biopsies can potentially induce tumor metastasis,
precluding risk assessment in such cases. Risk assessment cannot be performed for biopsied cases. Therefore, needle
biopsy is not recommended prior to surgery for GISTs that can be completely resected[10]. Given the divergent treatment
and prognosis of GISTs compared to non-epithelial tumors like lymphoma and schwannoma, preoperative imaging
diagnosis and evaluation assume paramount importance. The ability to perform non-invasive examinations before
surgery to accurately assess tumor risk would hold significant implications for GIST diagnosis, treatment, and prognosis.
In light of this, we postulated that imaging findings possess clinical utility in predicting GIST rupture and pathological
risk. Consequently, this study aimed to offer insights into non-invasive examination strategies and risk assessment for
GISTs by examining the correlation between imaging findings and GIST rupture and pathological risk.

MATERIALS AND METHODS

Patients

Fifty patients diagnosed with GISTs were included in this retrospective study, following confirmation of the diagnosis
through postoperative pathology at our institution. The patients' clinicopathological and CT data were systematically
collected. The study cohort consisted of individuals aged between 18 and 84 years, comprising 28 males and 22 females.
In order to ensure the reliability and relevance of the data, specific inclusion and exclusion criteria were applied. The
inclusion criteria encompassed patients who had undergone biopsy or surgery at our hospital, with complete and well-
documented pathological data, clear risk grading, and comprehensive clinical and CT data available. Furthermore, only
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primary tumors were considered. Patients who had not undergone CT examination prior to surgery or whose CT image
quality was deemed inadequate were excluded. Additionally, cases with uncertain tumor pathological risk grading or
those involving tumor relapse were also excluded from the study cohort.

Data collected

In this investigation, we meticulously gathered a comprehensive set of clinical and pathological data from a cohort of 50
patients diagnosed with GISTs. The dataset encompassed crucial patient demographics such as age and gender, as well as
pivotal pathological indicators including risk grade, tumor diameter, morphology, necrosis, rupture status, gas-liquid
interface, tumor location, mitotic figures, and Ki-67 index. The assessment of pathological risk was meticulously
categorized into four distinct levels, namely, very low, low, moderate, and high, enabling a comprehensive evaluation of
the disease severity[8,11,12] (Supplementary Table 1).

CT scanning and indicators

Contrast-enhanced CT scanning was performed using a 256-slice computed tomography scanner (Brilliance iCT, Philips)
with the following scanning conditions: Peak kilovoltage of 120 and tube current (mA) ranging from 138 to 458. The
following parameters were assessed: (1) Tumor diameter: The maximum diameter of the tumor was measured on the
coronal image; (2) Tumor morphology: The shape of the tumor was evaluated to determine if it exhibited a regular shape.
A tumor with an elliptical or round shape was considered regular; (3) Boundary: The boundary of the tumor was
assessed based on the presence of a clear boundary or an unclear boundary. An unclear boundary indicated a potential
for invasion; (4) Primary tumor site: The primary tumor site was determined based on the location of the initial lesion; (5)
Necrosis: The presence of a necrotic area was determined based on the CT results; and (6) Gas-liquid interface: The
presence of a gas-liquid interface was assessed based on the imaging results. These parameters were evaluated to assess
the risk factors associated with GIST rupture and pathological risk.

Criteria for tumor rupture

The criteria for tumor rupture included: (1) Tumor rupture or overflow; (2) Presence of bloody ascites; (3) Gastrointestinal
perforation at the tumor site; (4) Microscopic infiltration of adjacent organs; (5) Intra-lesional dissection or segmental
resection; and (6) Incisional biopsy[12,13].

Statistical analysis

SPSS 26.0 (IBM Corp, Armonk, NY) software was used for statistical analyses. Enumeration data are expressed as
frequencies, and statistical analysis was performed by the ¥* test. Pearson correlation was used to analyze the correlation
between age, gender, pathological risk grade, tumor diameter, tumor morphology, internal necrosis, tumor rupture, gas-
liquid interface, tumor site, mitotic figures, and Ki-67 index. P < 0.05 was considered statistically significant.

RESULTS

Analysis of related factors of GIST rupture

The results of the comparison of clinical data between the unruptured and ruptured GISTs are shown in Table 1.
Statistical analysis showed that pathological risk, tumor diameter, tumor morphology, internal necrosis, and gas-liquid
interface were associated with GIST rupture (P < 0.05). The differences in age, gender, primary site, mitotic count, and Ki-
67 index of the ruptured group and the unruptured group were not statistically significant (P > 0.05). GISTs with a high
pathological risk grade, large tumor diameter, irregular shape, internal tumor necrosis, and gas-fluid interface were prone
to rupture.

Analysis of risk factors in GIST patients

The pathological risk grade assessment of GISTs was carried out through various observation indicators of CT images.
The results showed that there were 24 cases of low risk, 6 cases of intermediate risk, and 20 cases of high risk. The
analysis results showed that gender, tumor diameter, tumor rupture, and Ki-67 index were associated with the
pathological risk grade of GISTs (P < 0.05) (Table 2). We found that male GIST patients had a higher pathological risk
grade, and the longer the tumor diameter, the higher the pathological risk of GISTs. GIST patients whose tumors were
prone to rupture had a higher pathological risk grade, multiple gas shadows were common in the central necrotic area of
ruptured tumors (Figure 1A), gas-liquid interface (Figure 1B) was visible in the tumor, and pus coating was formed next
to the tumor (Figure 1C).

Logistic regression analysis of factors associated with pathologic risk grade of GISTs

The results of the logistic regression analysis of the factors associated with the pathological risk grade of GISTs are shown
in Table 3. Multifactorial logistic regression analysis showed that male gender and tumor diameter = 10 cm were
independently correlated with a high pathological risk grade of GISTs [odds ratio (OR) = 11.12, 95% confidence interval
(95%CI): 1.81-68.52, P = 0.01; OR = 22.96, 95%Cl: 2.19-240.93, P = 0.01].
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Table 1 Comparison of clinical data between unruptured and ruptured gastrointestinal stromal tumors

Unruptured group (n = 38) Rupture group (n = 12) Statistical value P value
Age (yr) 64.79 +9.75 57.17 + 20.61 1.24 0.24
Gender 2.31 0.13
Male 19 9
Female 19 B
Pathological risk grade 8.47 0.02
Low risk 21 B
Intermediate risk 6 0
High risk 11 9
Tumor diameter (cm) 3.25 (2, 5.25) 9.0 (4.5, 13.63) 2.60 0.01
Tumor shape 17.56 <0.01
Irregular 9 11
Regular 29 1
Internal necrosis 15.35 <0.01
No 30 2
Yes 8 10
Gas-liquid interface 23.68 <0.01
Absence 27 1
Presence 11 11
Primary site 0.23 0.63
Gastric 22 6
Small bowel 16 6
Mitotic count (50/ HPF) 6.11 +2.60 6.17 +1.64 0.08 0.94
Ki-67 index (%) 5.50 (4.75, 8.00) 7.50 (5.00, 14.25) 1.15 0.25

HPF: High-power field.

Logistic regression analysis of factors associated with GIST rupture

The results of the logistic regression analysis of the factors associated with the tumor rupture of GIST are shown in
Table 4. Multifactorial logistic regression analysis showed that tumor diameter > 10 cm, irregular shape, internal necrosis,
gas-liquid interface, and Ki-67 index > 10 were independently correlated with a high risk of tumor rupture of GISTs (OR =
9.67, 95%Cl: 2.15-43.56, P = 0.01; OR = 35.44, 95%CI: 4.01-313.38, P < 0.01; OR = 18.75, 95%ClI: 3.40-103.34, P < 0.01; OR =
27.00, 95%ClI: 3.10-235.02, P < 0.01; OR = 4.43, 95%CI: 1.10-17.92, P = 0.04).

DISCUSSION

In this study, our findings indicated that certain factors are associated with the rupture of GISTs in the patients that we
screened. These factors include tumor diameter, tumor shape, internal necrosis, and gas-liquid interface. Additionally, we
found that being male and having a tumor diameter > 10 cm are independent correlates of a high pathological risk grade
of GISTs.

GIST is a gastrointestinal tumor that has seen a significant increase in the incidence and diagnosis rate in recent years.
Rupture and bleeding of GISTs are considered to be serious and dangerous complications that require urgent attention[2,
14]. The clinical manifestations of spontaneous tumor rupture and hemorrhage are atypical, characterized by a rapid
onset. Many patients are admitted to the hospital with acute abdomen, resulting in delayed surgery. Therefore, timely
diagnosis and treatment are crucial for improving patient prognosis[15,16].

Tumor rupture is an important risk factor for recurrence after GIST resection and is also an indicator for adjuvant
imatinib therapy[13]. Numerous studies have confirmed that tumor rupture is associated with an increased risk of
recurrence. For example, Yanagimoto ef al[17] identified that tumor size, mitotic count, tumor location, and tumor rupture
were important prognostic factors for GIST. Helmebakk et al[18] and Nishida ef al[19] found that tumor rupture was an
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Table 2 Analysis of related factors of pathological risk grade of gastrointestinal stromal tumors

Low risk (n = 24) Intermediate risk (n = 6) High risk (n = 20) X? value Pvalue

Age (yr) 1.94 0.38
<60 5 2 8
=60 19 4 12

Gender 8.10 0.02
Male 9 3 16
Female 15 8 4

Tumor diameter (cm) 10.47 0.01
<10 22 6 11
210 2 0 9

Tumor shape 2.26 0.32
Irregular 9 1 10
Regular 15 5 10

Internal necrosis by 0.07
No 18 5 9
Yes 6 1 11

Tumor rupture 8.47 0.02
No 21 6 11
Yes 3 0 9

Gas-liquid interface 0.79 0.67
Absence 15 3 10
Presence 9 3 10

Primary site 3.46 0.18
Gastric 16 4 8
Small bowel 8 2 12

Mitotic count (50/ HPF) 4.49 0.11
<5 8 3 3
25 16 2 17

Ki-67 index (%) 6.30 0.04
<10 21 5 11
210 3 1 9

HPF: High-power field.

independent prognostic factor for recurrence-free survival. These findings highlight the significance of tumor rupture in
evaluating the prognosis of GIST patients and its association with the poor outcomes.

Furthermore, approximately half of GIST ruptures are spontaneous and cannot be prevented. Therefore, there is
growing interest in studying factors related to tumor rupture[19-22]. Our study identified tumor diameter, tumor shape,
internal necrosis, and the presence of gas-liquid interface as factors associated with GIST rupture. Previous research has
also reported that larger tumor diameters are associated with a higher risk of rupture[19], and that larger tumors are
more likely to experience necrosis in the central region[23]. Positive resection margins have also been strongly linked to
tumor rupture[24]. Moreover, the clinical presentation of GISTs, such as an unclear tumor boundary, irregular tumor
shape, and the presence of a gas-liquid interface in imaging scans, can indicate aggressive behavior and malignancy. Gas-
liquid interface detection in GISTs is currently uncommon, but researchers believe that it predicts severe disease in GIST
patients[25-27]. Our study found that necrosis and rupture were more likely to occur when an air-liquid interface was
present, and these factors were important indicators of poor prognosis in GIST patients. However, it is important to note
that the definition of tumor rupture remains controversial, and consistent standards have yet to be established[18]. Some
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Table 3 Logistic regression analysis of factors associated with the pathological risk grade of gastrointestinal stromal tumors

95%Cl for Exp (B)

B SE. Wald Sig. Exp (B)
Lower Upper

Age 260 yr 0.44 0.90 0.24 0.63 1.55 0.27 9.07
Male gender 241 0.93 6.75 0.01 11.12 1.81 68.52
Tumor diameter =10 cm 3.13 1.20 6.83 0.01 22.96 2.19 240.93
Irregular shape 0.50 112 0.20 0.65 1.65 0.18 14.92
Internal necrosis -1.40 1.21 1.35 0.25 0.25 0.02 2.62
Gas-liquid interface 0.50 1.26 0.16 0.69 1.64 0.14 19.48
Small bowel tumor -0.15 0.87 0.03 0.87 0.87 0.16 4.76
50/HPF 25 -0.33 0.87 0.14 0.71 0.72 0.13 3.96
Ki-67 index > 10 2.18 1.15 3.56 0.06 8.82 0.92 84.49

95%CI: 95% confidence interval; HPF: High-power field.

Table 4 Logistic regression analysis of factors associated with rupture of gastrointestinal stromal tumors

95%Cl for Exp (B)

B S.E. Wald Sig. Exp (B)

Lower Upper
Age 260 yr 0.21 0.71 0.08 0.77 1.23 0.31 493
Male gender -1.10 0.74 2.20 0.14 0.33 0.08 1.43
Tumor diameter > 10 cm 227 0.77 8.72 <0.01 9.67 215 43.56
Irregular shape 3.57 1.11 10.30 <0.01 35.44 4.01 313.38
Internal necrosis 2.93 0.87 11.33 <0.01 18.75 3.40 103.34
Gas-liquid interface 3.30 1.10 8.91 <0.01 27.00 3.10 235.02
Small bowel tumor -0.32 0.66 0.23 0.63 0.73 0.20 2.67
50/HPF 25 -0.84 0.85 0.97 0.33 043 0.08 2.29
Ki-67 index = 10 1.49 0.71 4.36 0.04 443 1.10 17.92
High pathological risk grade -1.31 0.74 312 0.08 0.27 0.06 1.16

95%CI: 95% confidence interval; HPF: High-power field.

researchers consider macroscopic damage of tumor pseudocapsule as tumor rupture[19].

In cases of GISTs with high pathological risk grades, CT signs of malignancy include invasive tumor growth, large size
with uneven density and unclear boundaries, hemorrhage, liquefaction, necrosis or cystic degeneration, inhomogeneous
enhancement on CT enhancement, and the presence of thick tumor blood vessels around the tumor in the arterial phase.
Additionally, GISTs metastasizing to other organs and extra-GISTs located outside the gastrointestinal tract are prone to
malignancy. Our study found that gender, tumor diameter, rupture, and Ki-67 index were closely associated with
pathological risk grades. Lower pathological risk grades of GIST are characterized by slow tumor growth, smaller tumor
diameters (usually less than 5.0 cm), round or oval shapes, uniform enhancement on scans, no invasion of surrounding
tissues, and no distant organ metastasis. Conversely, higher pathological risk grades indicate worse growth and larger
tumor diameters. These tumors are more likely to experience liquefaction and necrosis due to a relative lack of blood
supply. Our study suggests that combining CT examination with tumor diameter, morphology, internal necrosis, gas-
liquid interface, and Ki-67 index can facilitate early non-invasive assessment of GIST tumor rupture risk, providing
valuable information for clinical decision-making. Additionally, clinical diagnostic information can be used to predict the
pathological risk grades of GISTs, aiding in further clinical diagnosis and treatment.

There are some limitations to this study that should be acknowledged. First, the small number of GIST samples
included warrants further studies with larger sample sizes. Second, the study primarily focused on GIST cases occurring
in the gastric and small bowel, which may not fully reflect the relationship between tumor location and tumor rupture
and pathological risk grade. Therefore, it is necessary to include more GIST cases in uncommon sites. Lastly, the study
lacks information on treatment modalities and the presence of metastases.
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Figure 1 Computed tomography images of ruptured gastrointestinal stromal tumors. A: Rupture of a giant gastrointestinal stromal tumor at the
colosplenic flexure, with multiple gas shadows (arrow) seen in the central necrotic zone; B: Rupture of a small intestinal stromal tumor. The arrow points to the
ruptured opening of the tumor, and the gas-liquid interface was seen in the abdominal cavity; C: A ruptured small intestinal stromal tumor. Gas can be seen in the
tumor, and the arrow points to the formation of pus coating around the tumor.

CONCLUSION

In summary, our study has substantiated the association between tumor diameter, tumor shape, internal necrosis, and
gas-liquid interface with the occurrence of GIST rupture. Furthermore, we have identified gender and tumor diameter as
independent factors influencing the pathological risk grade of GISTs. By leveraging the power of CT detection and
integrating the aforementioned factors, we have successfully demonstrated the potential of non-invasive early assessment
for GIST rupture and pathological risk grade. These findings hold significant promise in enhancing the clinical decision-
making process by providing valuable insights.

ARTICLE HIGHLIGHTS

Research background

Gastrointestinal stromal tumor (GIST) is a rare gastrointestinal mesenchymal tumor. It is of great significance for the
diagnosis, treatment, and prognosis of GIST if non-invasive examination can be performed before surgery to accurately
assess the risk of tumor.

Research motivation
If accurate assessment of GIST tumor risk through non-invasive examination is the focus of this study, it can provide
valuable insights into non-invasive examination strategies and risk assessment of GISTs.

Research objectives
To investigate the factors associated with GIST rupture and pathological risk, and provide insights into non-invasive
examination techniques and risk assessment for GISTs.

Research methods

A cohort of 50 GIST patients was selected from our hospital. Clinicopathological and CT data of the patients were
collected. Logistic regression analysis was used to evaluate factors associated with GIST rupture and pathological risk
grade.

Research results

Male gender and tumor diameter > 10 cm were independent predictors of a high pathological risk grade of GISTs [odds
ratio (OR) = 11.12, 95% confidence interval (95%CI): 1.81-68.52, P = 0.01; OR = 22.96, 95%CI: 2.19-240.93, P = 0.01]. Tumor
diameter > 10 c¢m, irregular shape, internal necrosis, gas-liquid interface, and Ki-67 index = 10 were identified as
independent predictors of a high risk of GIST rupture (OR = 9.67, 95%CI: 2.15-43.56, P = 0.01; OR = 35.44, 95%CI: 4.01-
313.38, P < 0.01; OR = 18.75, 95%CI: 3.40-103.34, P < 0.01; OR = 27.00, 95%ClI: 3.10-235.02, P < 0.01; OR = 4.43, 95%ClI: 1.10-
17.92, P = 0.04).

Research conclusions

Tumor diameter, tumor morphology, internal necrosis, gas-liquid interface, and Ki-67 index are associated with GIST
rupture, while gender and tumor diameter are linked to the pathological risk of GISTs. These findings contribute to our
understanding of GISTs and may inform non-invasive examination strategies and risk assessment for this condition.
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Research perspectives
In later studies, we can further verify our conclusions in large-sample clinical studies to better guide clinical non-invasive
examination and risk assessment of GISTs.
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