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Abstract

Histomorphological and immunohistochemical (IHC) properties of gastrointestinal stromal tumors (GISTs) allow for accurate diagnosis and determine the prognosis. We aimed to evaluate the relationship between the computed tomography (CT) features, histomorphological properties, and IHC markers.

This retrospective study comprised patients with pathologically confirmed GISTs between 2016 and 2021. The predefined CT characteristics comprised tumor size, hemorrhage and calcification, CT-growth pattern (exophytic/endophytic), and contrast enhancement pattern of the solid component (homogeneous/heterogeneous). The GISTs were divided into groups according to the National Institutes of Health risk category, cell type, presence of necrosis, CD117 and α-SMA positivity, and Ki-67 index. The frequencies of CT phenotypes were compared between groups.

Overall 24 (14 [58.3%] males) patients with a median age of 64 (59.5–75.5) having 25 GISTs were included. Of 25 GISTs, 16 (64%) were gastric and 9 (36%) were intestinal in origin. Among CT features, the maximum diameter was higher in epithelioid, infiltrative, a mitotic count ≥5/50, necrotic, high-risk GISTs (P < 0.05 for all). The median tumor size was higher in Ki-67 >8 than Ki-67 <6 subjects (112.5 [39.25–153.75] vs. 22.5 [16.75–57.5] mm, P = 0.014). A heterogeneous enhancement was also more frequent in Ki-67 >8 tumors (P = 0.04). The enhancement pattern did not differ according to CD-117 or SMA positivity. Logistic regression analysis revealed that the only independent predictor of a Ki-67 >8 status was the tumor size (odds ratio: 1.02, 95% confidence interval: 1.001–1.046, P = 0.04).

Heterogeneously enhanced large GISTs at CT imaging strongly suggest the presence of poor prognostic factors including a high Ki-67 index and/or high-risk category.
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INTRODUCTION

Gastrointestinal stromal tumors (GISTs) originate from the interstitial cells of Cajal and are the most common mesenchymal tumors arising from the gastrointestinal tract.[1] The most common site of origin is the stomach followed by the small intestine.[2] The definitive diagnosis of GIST is based on histomorphology and immunohistochemical (IHC) techniques including positive staining mainly with CD117 and Delay of Germination-1 (DOG1).[3] Desmin and S-100 are rarely detected in GISTs, and the α-SMA may show positive staining in a considerable number of cases.[4] Surgical resection is the treatment of choice for cure when feasible. In instances where patients cannot undergo surgery or there is recurrence, targeted therapy with tyrosine kinase inhibitor imatinib may be required. The recurrence of GISTs can be predicted by mitotic count, tumor size, and tumor site based on the National Institute of Health (NIH) criteria.[5] More recently, human nuclear cell proliferation-associated antigen Ki-67 was proposed as a prognostic predictor in GISTs.[6,7]

Contrast-enhanced computed tomography (CT) is the standard radiologic technique for imaging GISTs.[8] CT is very useful for the assessment of tumor size, CT-growth pattern (exo/endophytic enlargement), contrast enhancement, presence of intratumoral cystic changes, hemorrhage, calcification, lymphatic involvement, and distant metastasis. Documented evidence is available regarding the relationship between several CT and histomorphological properties in patients with GISTs.[2,9,10] One study has also found a relationship between CT findings and a prognostic IHC marker, Ki-67.[7] However, no study has evaluated the relationship between CT characteristics and the status of diagnostic IHC markers in patients with GISTs. Recognition of these differences by CT may be important for the precision of diagnosis and prognosis in those who are not eligible for surgery or whose surgery will be deferred for a period of time.

In the current study, we aimed to evaluate the relationship between the CT features and diagnostic IHC marker positivity in addition to histomorphological properties and Ki-67 staining status.
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MATERIALS AND METHODS

This single-center retrospective study comprised patients with pathologically confirmed GIST in our tertiary referral center between 2016 and 2021. The criteria for inclusion comprised a preoperative dynamic-enhanced CT imaging, surgical resection to be performed in our institute, and a comprehensive histomorphological and IHC assessment of the tumor. The exclusion criteria were inadequate image quality and absence of IHC analysis.

Contrast-enhanced dynamic CT was performed in all cases before surgery. The images were reloaded from the picture archiving and communication system of our institute. CT images were reviewed by two readers including one 10-year experienced radiologist in abdominal cross-sectional imaging and one radiology resident who has completed the abdominal radiology training. Both readers were blinded to the histopathological data. Institutional ethics committee approval was obtained. Patients’ age and gender, CT features, and histomorphological and IHC properties were recorded in a database.

The macroscopic analysis of the gross tumor included the origin (gastric or intestinal) and the growth pattern (infiltrative or expansive). The microscopic sections were evaluated in terms of cell morphology (spindled or epithelioid), cytoplasmic staining pattern with hematoxylin and eosin, nucleus morphology, and mitotic activity. Since most GISTs have a mutation of c-KIT proto-oncogene,[11] CD117 positivity was used for IHC diagnosis. For those with CD117-negative GISTs, DOG1 (discovered on GIST-1) positivity was used for exact diagnosis.[12]

The scanner was a 128-slice MDCT (GE Healthcare Optima CT660, USA). The scanning protocol included precontrast and contrast-enhanced portal phase (1.5 mL/kg of iopromide [Ultravist 370; Schering, Berlin, Germany]) images in all patients. After the start of dye injection using the bolus tracking technique, the portal venous phase at the 60th s was obtained. Postprocessing techniques included axial, oblique, coronal, and curved multi-planar reformatting, maximum and minimum intensity of projections. The images were reconstructed with a slice thickness of 2.5–3.0 mm and a reconstruction interval of 1.5–2 mm. The predefined CT characteristics comprised tumor size, presence of intratumoral cystic openings, hemorrhage and calcification, CT-growth pattern (exophytic/endophytic), CT attenuation of the solid component (hypo-isodense/hyperdense), and contrast enhancement pattern of the solid component (homogeneous/heterogeneous).

Statistical analysis was performed with SPSS 26.0 (IBM SPSS Inc., Chicago, IL, USA). The normality of continuous variables was analyzed by the Shapiro–Wilk test. Descriptive statistics were reported as median with 25th–75th percentiles since the data distribution was not normal. Categorical variables were reported as frequencies with percentages.

The patients were divided into groups according to the NIH risk category.[1] For the purpose of the present study, the GISTs with intermediate- or high-risk categories were merged as group high risk, whereas those with very low or low risk were merged as group low risk. Moreover, additional categorizations were formed according to histomorphological and IHC features. The atypical IHC expression pattern was considered whenever one of the following three patterns was present a GIST with no expression of either CD117 or DOG1, a negative CD34 despite positivity of CD117 and DOG1 in those with gastric spindled cell GIST, and a positivity for S-100 or desmin despite confirmed GIST with CD117 and DOG1 positivity.

The frequencies of CT phenotypes were compared between groups. Independent two-group comparisons for continuous variables were tested using the Mann–Whitney U-test. The proportions were compared between the groups using Pearson’s Chi-square test in case the assumptions were met. Otherwise, Fisher’s exact test was used. For predicting the Ki-67 status, a multivariate analysis was performed using logistic regression and odds ratios (ORs) with 95% confidence intervals (CI) were provided. Inter-reader agreement for categorical variables was assessed by kappa statistics. Continuous variables were analyzed by intraclass correlation coefficient in terms of interobserver agreement. The significance level was accepted at P < 0.05 for all statistical analyses.
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RESULTS

In total, 24 patients, comprising 14 males (58.3%) and 10 females (41.7%), with a median age of 64 (range: 59.5–75.5), were enrolled, and they collectively presented with 25 GISTs. All patients had single tumors except for one patient who had two distinct gastric GISTs which were separately included in the statistical analyses. Of 25 GISTs, 16 (64%) originated from the gastric wall and 9 (36%) from the small intestinal wall. Distant metastasis was found in 3 cases (2 gastric GIST and 1 intestinal GIST). Lymphatic involvement was not present in any case.

Macroscopic growth pattern was expansive in 21 (84%) and infiltrative in 4 (16%) GISTs. The predominant cell type was spindled in 20 (80%), epithelioid in 1 (4%), and mixed in 4 (16%) tumors. Due to a low number of cases, the epithelioid and mixed types were merged and compared with the pure spindle cell type in terms of CT features. The mitotic rate was <5/50 in 19 (76%) and ≥5/50 in 6 (24%) cases. Histologically confirmed necrosis was present in 7 (28%) GISTs. The tumor grade was high in 7 (28%) and low in 18 (72%) masses. The frequencies of T stages of GISTs from T1 to T4 were 5 (20%), 6 (24%), 4 (16%), and 10 (40%), respectively. IHC staining revealed CD-117 positivity in 21 (86%), DOG-1 positivity in 23 (92%), CD-34 positivity in 23 (92%), and SMA positivity in 8 (32%) subjects. Desmin and S-100 remained negative in most cases, except for only 2 and 1 cases with positive staining, respectively. A proliferation index of Ki-67 <6 was present in 15 (60%) and Ki-67 >8 in 10 (40%) GISTs. No case with a Ki-67 index between 6 and 8 was observed. The modified NIH risk category of GISTs was low in 13 cases and high in 12 cases.

The median tumor size was 75.2 (22–117.5) mm measured from the maximum diameter. The CT-growth pattern was exophytic in 18 (72%) and endophytic in 7 (18%). Cystic openings were present in 8 (32%), hemorrhage in 4 (16%), and calcification in 1 (4%) GIST. The tumors were hypodense in 9 (36%), isodense in 4 (16%), and hyperdense in 12 (48%) cases. The enhancement pattern was heterogeneous in 16 (64%) and homogeneous in 9 (36%) tumors.

The GISTs were grouped according to the histomorphological features including tumor origin, cell type, growth pattern, mitotic count, presence of necrosis, and NIH risk category.

The maximum diameter measured at CT differed significantly between the dichotomized subgroups for all histomorphological subsets [P < 0.05 for all comparisons, Table 1] except for the tumor origin.

[image: Table 1]Comparison of computed tomography features according to histomorphological phenotypes



The frequency of intratumoral cystic changes as assessed by CT was not related to histomorphological subgroups except for cell type. The intratumoral cystic changes were more common in epithelioid GISTs than spindled tumors (4 [80%] vs. 4 [20%], respectively, P = 0.023).

The rate of heterogeneous enhancement by CT was higher in histologically necrotic (7 [100%]) GISTs than nonnecrotic (9 [50%]) tumors (P = 0.027). A heterogeneous enhancement was also more common in high-risk tumors (12 [85.7%]) than low-risk (4 [36.4%]) GISTs.

The remaining CT features (intratumoral bleeding, CT-growth pattern, and CT attenuation of solid component) were not associated with any other histomorphological feature. The details of intergroup CT differences are demonstrated in Table 1.

The GISTs were grouped according to the status of IHC staining with CD-117, α-SMA, and Ki-67 separately. Because the numbers of cases with positive desmin (n = 2) and S-100 (n = 1) and negative DOG-1 (n = 1) were very low, the GISTs were not categorized as per these markers separately. In addition to individual staining status for each IHC marker, GISTs were classified to have typical or atypical IHC staining pattern. A total of 8 GISTs were considered to have atypical IHC staining according to these criteria. Hence, the remaining 17 cases were considered to have a typical IHC expression pattern.

The median tumor size was higher in Ki-67 >8 cases than Ki-67 <6 subjects (112.5 [39.25–153.75] vs. 22.5 [16.75–57.5] mm, respectively, P = 0.014). No relationship was found between size and CD-117 or SMA [Table 2]. The median tumor size was similar between typical (53 [32–111]) and atypical (50.5 [19.5–145.5]) IHC staining subgroups (P = 0.977).

[image: Table 2]Comparison of computed tomography features according to immunohistochemical phenotypes



A heterogeneous CT enhancement was more frequent in Ki-67 >8 versus Ki-67 <6 tumors (90% vs. 46.7%, respectively, P = 0.04) [Figures 1 and 2]. The enhancement pattern did not differ according to CD-117 or SMA positivity. The enhancement pattern was also similar between typical and atypical IHC staining patterns [Figure 3]. A logistic regression model including heterogeneous enhancement and tumor size as covariates to predict Ki-67 status was constructed. The only independent predictor of a Ki-67 >8 status was the tumor size (OR: 1.02, 95% CI: 1.001–1.046, P = 0.04), whereas heterogeneous enhancement (OR: 2.88, 95% CI: 0.213–38.882, P = 0.426) was insignificant in the model.

[image: Figure 1]A 50-year-old man with a gastrointestinal stromal tumor in the stomach. (a) Axial contrast-enhanced computed tomography showing a well-defined soft-tissue mass with homogeneous enhancement in the stomach (arrow). (b) In tumor cells, expression of Ki-67 is observed at a rate of 2% (×400)



[image: Figure 2]An 87-year-old woman with gastrointestinal stromal tumor in the stomach. (a) Coronal contrast-enhanced computed tomography showing a well-defined, large soft-tissue mass with heterogeneous enhancement in the stomach (arrow). (b) In tumor cells, expression of Ki-67 is observed at a rate of 15% (×400)



[image: Figure 3]A 79-year-old man with a gastrointestinal stromal tumor in the stomach. (a) Axial contrast-enhanced computed tomography showing a well-defined, soft-tissue mass in the stomach (arrow). The mass does not contain cystic components. (b) CD117 expression in tumor cells (×200). (c) Delay of Germination-1 expression in tumor cells (×200). (d) Spindle-shaped cells and paranuclear vacuoles forming the tumor (H and E, ×400)



A relationship between the remaining CT features (intratumoral cystic changes, intratumoral bleeding, CT-growth pattern, and CT attenuation) and individual IHC markers was not found. The CT features according to the IHC staining status are demonstrated in detail in Table 2.

Interobserver agreement for enhancement pattern (kappa = 0.67, P = 0.01) and presence of cystic changes (kappa = 0.72, P < 0.001) at CT imaging were substantial. A near-perfect agreement (intraclass correlation coefficient = 0.93, 95% CI: 0.86–0.97, P < 0.001) was observed for size assessment between the readers.
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DISCUSSION

This study evaluated four main issues including the comparison of CT features between high- and low-risk GISTs based on NIH consensus criteria, the comparison of CT features according to the individual components (mitotic count, tumor size, and tumor site) of NIH consensus criteria, the comparison of CT features as per other relevant histomorphological properties, and the comparison of CT features as per staining status with relevant diagnostic and prognostic IHC markers.

The principal findings were a larger size and heterogeneous enhancement at CT were more frequent in high NIH risk category GISTs, an elevated mitotic count was correlated with a greater size in GISTs, whereas the tumor site did not exhibit an association with size or CT phenotype. The tumor size was larger in epithelioid GISTs, infiltrative GISTs, and GISTs with necrosis, and a high Ki-67 index was associated with larger size and heterogeneous enhancement at CT imaging. CD117 or α-SMA positivity or atypical IHC staining pattern did not affect the CT phenotype.

The high frequency of heterogeneous enhancement pattern in patients with high NIH risk category or Ki-67 >8 status indicates a relationship between prognosis and contrast enhancement patterns of GISTs. Similarly, Ulusan et al. found a relationship between heterogeneous enhancement and a high mitotic index, a marker of poor prognosis.[11] On the other hand heterogeneous enhancement did not independently predict a Ki-67 >8 status when adjusted for tumor size in the current study. This finding supports the previous observations of a more homogenous enhancement with small GISTs and mostly heterogeneous enhancement with large tumors.[12,13]

The macroscopic tumor size is widely recognized as a major determinant of malignant behavior of GISTs.[14] A larger tumor has been reported to be associated with a more aggressive course, increased recurrence risk, and reduced survival.[15] In the current study, the CT tumor size was consistently different between all histomorphological subtypes except for tumor origin. The GIST was larger in infiltrative GISTs than expansive GISTs. Epithelioid GISTs were larger as compared to spindled cell tumors. The GISTs with high mitotic count were larger than those with the low mitotic count. The GISTs with necrosis were larger than those without necrosis. A larger tumor was observed in high-risk GIST as compared to low-risk GIST, which can be attributed to tumor size and mitotic count which are already the components of risk categorization. Interestingly, the tumor size was similar between intestinal and gastric GISTs despite the previous observations of a worse prognosis with intestinal origin.[16,17] Moreover, the origin of the tumor was not associated with any CT feature in our series.

The mitotic count, which reflects the cellularity of a GIST, has been reported as a major predictor of prognosis.[17,18] The CT attenuation of GISTs has been shown to be lower than non-GIST benign subepithelial tumors, although the underlying mechanism was unclear.[19] One would expect a difference in the CT density of solid components of GISTs between hyper versus hypocellular tumors. However, the CT density was similar between high and low mitotic count GISTs in our study. Moreover, no other CT feature differed significantly between the high and low mitotic count subgroups. This result was consistent with previous studies demonstrating no relationship between most CT features and mitotic count.[9,20] In addition, the Ki-67 index, a robust marker of proliferation, was also not related to the attenuation pattern of GISTs in our work. On the other hand, Li et al. have found a moderate (r = 0.619) correlation between mitotic count and Ki-67 index.[7] However, the cutoff values used in Li et al. study were not identical to the thresholds used in the current study. We argue that the CT density of GIST does not necessarily depend on the cellularity or prognostic risk. In addition to cellularity, the water content and intratumoral hemorrhage are the potential confounders affecting the CT density of GISTs.

An exophytic CT-growth pattern of GISTs at CT imaging has been linked to higher risk as compared to endophytic pattern in one study.[21,22] A mixed growth pattern at CT was reported as an independent predictor of risk in another work.[23] In the current study, a trend toward a higher frequency of exophytic pattern in high-risk GIST was observed. Larger and prospective studies are required to clarify the relationship between the prognosis and an exophytic GIST at preoperative CT.

The study has some limitations. The study relies on retrospective data, which may be subject to selection bias and limitations inherent in retrospective analyses. The study’s sample size is relatively small, which could affect the statistical power and the ability to detect subtle associations.
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CONCLUSIONS

Heterogeneously enhanced large GISTs at CT imaging strongly suggest the presence of poor prognostic factors including a high Ki-67 index and/or high-risk category. CT features of GISTs do not appear to be associated with diagnostic IHC staining status except for Ki-67.
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Histomorphological

CT features

subsets Size, median Cystic Bleeding, Exophytic CT-growth  Hyperdensity, Heterogeneous
(IQR) (mm) changes, n (%) n (%) pattern, n (%) n (%) enhancement, n (%)
Origin P-0213 P=0.182 P=0.602 P=0.673 P-0.226 P-0.671
Gastric (n=16) 53 (37-117) 7(43.8) 2(12.5) 12(75) 6(37.5) 11(68.8)
Intestinal (n=9) 32 (21-114) 1119 2(22.2) 6(667) 6(66.7) 5 (55.6)
Growth P=0.012 P=0.57 P=0.527 P=0.294 P=0.593 P=0.26
Expansive (n=21) 37.5 (21-87.5) 6(28.6) 3(14.3) 14.(66.7) 11(52.4) 12 (57.1)
Infiltrative (n=5) 143 (116-228.5) 2(50) 1(25) 4 (100) 1(25) 4 (100)
Cell type* P=0.035 P=0.023 P-1 P=0.274 P-0.322 P=0.123
Spindled (1=20) 41(22-87.5) 4(20) 3(15) 13 (65) 1(55) 1(55)
Epithelioid (n=5) 165 (121-177) 4(80) 1(20) 5 (100) 1(20) 5(100)
Mitotic count P=0.012 P=1 P-0.234 P=0.637 P=0.16 P=0.364
<5/50 (n=19) 33.5 (21-71) 6(31.6) 2 (10.5) 13 (68.4) 11(57.9) 11(57.9)
25/50 (n=6) 132 (104-165) 2(33.3) 2(33.3) 5(83.3) 1(16.7) 5(83.3)
Necrosis P=0.034 P=0.64 P=0.548 P=0.133 P-0.073 P=0.027
Absent (n=18) 34 (21-53) 5(27.8) 2(111) 11 (61.1) 1(61.1) 9(50)
Present (n=7) 114 (107.5- 143) 3(42.9) 2(28.6) 7 (100) 1(14.3) 7 (100)
Risk category P<0.001 P=1 P=0.105 P=0.177 P-0.378 P-0.017
Low 21 (15.5-32.5) 3(27.3) 0 6 (54.5) 7 (63.6) 4(36.4)
High ( 112.5 (60- 150) 5(35.7) 4(28.6) 12 (85 5(35.7) 128

*Due to the low number of cases, only one epithelioid GIST was merged with four mixed GISTs. The first column of this crosstable includes the
categorization of study patients according to the microscopically assessed histomorphological subsets. Each subset includes dichotomization of the
study group (i.¢., gastric or intestinal, expansive or infiltrative, etc.). The frequencies of CT features for each dichotomized subset are given in the
corresponding cells contained in the row of that subset. Of note, only the size is a continuous variable and hence it is reported as median diameter with
IQR, rather than frequency. The P values provided in each cell show the statistical result of the comparison of the frequency of CT features between the
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Immunohistochemical

CT features

subsets Size, median  Cystic changes, Bleeding, Exophytic CT-growth Hyperdensity, Heterogeneous
(IQR) (mm) n (%) n (%) pattern, n (%) n (%) enhancement, n (%)

CD-17 P=0.604 P=1 P=0.106 P=1 P-1 P=0.602
Negative (n=4) 114 (60.5-115.5) 1(25) 2 (50) 3(75) 2 (50) 2(50)
Positive (n=21) 41(23-111) 7(33.3) 2(9.5) 15 (71.4) 10 (47.6) 14 (66.7)

SMA P=0.153 P=1 P-1 P=0.64 P-1 P-0.411
Positive (n=8) 27.5 (15.5-107) 2(25) 1(12.5) 5(62.5) 5(62.5) 5(62.5)
Negative (n=17) 50 (32.5-135.5) 6(35.3) 3(17.6) 13 (76.5) 11(64.7) 7 (41.2)

IHC staining P=0.977 P=1 P=0.57 P=0.64 P=1 P-0.39
Atypical (n=8) 50 (19.5-145.5) 3(37.5) 2(25) 3(37.5) 4(50) 4(50)
Typical (n=17) 53 (32-111) 5(29.4) 2(11.8) 4(23.5) 8(47.1) 12 (70.6)

Ki-67 P=0.014 P=0.667 P=0.267 P=0.179 P-0.688 P=0.04
>8 (n=10) 112.5 (41-150) 4(40) 3(30) 9(90) 4(40) 9(90)
<6 (n=15) 27.5 (18-53) 4(26.7) 1(6.7) 9 (60) 8(53.3) 7 (46.7)

The first column of this crosstable includes the categorization of study patients according to the immunohistochemical subsets. Each subset

includes dichotomization of the study group (i.e., GD-117 negative or positive, SMA positive or negative, etc.). The frequencies of CT features for
each dichotomized subset are given in the correspanding cells contained in the row of that subset. Of note, only the size is a continuous variable

and hence it is reported as median diameter with IQR, rather than frequency. The P values provided in each cell show the statistical result of the
comparison of the frequency of CT features between the dichotomized groups of every subset. CT - Gomputed tomography, IQR — Interquartile range,
THE - Trrunshistehamnical. SMA= Smbotimiscleactin CO = Clister of differeatistion





