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Background: Computed tomography (CT) findings and clinicopathological characteristics of gastric
gastrointestinal stromal tumors (GIST5) have been reported in the past, however, studies on their association
with prognosis are limited. We aimed to evaluate the correlation between multi-slice computed tomography
(MSCT) findings and clinicopathological characteristics for the prognosis of gastric GISTs. Multiple
independent factors influencing the prognostic assessment of gastric GISTs were recognized.

Methods: The CT images and clinicopathological data of 155 patients with gastric GISTs were
retrospectively analyzed. Progression-free survival of patients was obtained using the Kaplan-Meier method
and compared using the log-rank test. Univariate and multivariate analyses were performed to evaluate the
prognostic significance of CT imaging and clinicopathological factors.

Results: Univariate analysis revealed that patient prognosis was associated with the size, shape, necrosis
or cystic degeneration, margin, growth pattern, enhancement pattern, mitotic rate, and Ki-67 index of the
tumor. Further, multivariate analysis indicated that tumor size and necrosis or cystic degeneration were
significant independent prognostic factors for gastric GISTs.

Conclusions: Tumor shape, necrosis or cystic degeneration, growth pattern, enhancement pattern,
and mitotic rate were non-negligible criteria for improving the prognostic accuracy for GISTs, whereas
tumor size, margin, and Ki-67 index were significant independent predictors identifying high-risk patients,
facilitating personalized treatment to improve the prognosis of gastric GISTs patients. Thus, a combination
of MSCT findings and clinicopathological features may be a valuable tool for assessing the prognosis of
patients with gastric GISTs.
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Introduction involving the GI tract (1-4). GISTs originate from

Gastrointestinal stromal tumors (GISTs) are rare mesenchymal pluripotent stem cells, which are programmed

tumors, accounting for approximately 1% of the primary to differentiate into interstitial Cajal cells (5). To distinguish
b
gastrointestinal (GI) tract malignancies. However, they are these tumors, the term “stromal tumors” was first introduced

the most frequently diagnosed mesenchymal neoplasms by Mazur et al. (6) in 1983. They are located in the upper
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Table 1 National Institutes of Health (NIH) consensus
classification criteria for defining risk of aggressive clinical course of
primary gastric gastrointestinal stromal tumors (GISTs)

Tumor size in largest Mitotic count (per 50

Risk category dimension (cm) HPFs) (cm)
Very low <2 <5
Low 2-5 <5
Intermediate <5 6-10

5-10 <5
High >5 >5

>10 Any mitotic rate

Any size >10

GI tract, mainly in the stomach (7). However, small
bowel (8), esophageal, rectal (9), and extragastrointestinal
GISTs are also observed less frequently. According to the
revised National Institutes of Health (NIH) and Armed
Forces Institute of Pathology (AFIP) risk classification
criteria, primary GISTs are categorized into different risk
groups, including very low-risk (15%), low-risk (30%),
intermediate-risk (22%), and high-risk (33%). These groups
were established based on tumor mitotic rate and size, tumor
site, and tumor rupture. Accurate risk assessment is crucial
for diagnosis, treatment selection, management, and the risk
of GISTs recurrence after curative surgery (10,11).

Presently, the criteria for risk stratification of GISTs
are based essentially on a combination of clinical and
morphological features including tumor size (12,13) and
tumor rupture. However, the reliability of these factors
to predict prognosis cannot be assured. Therefore, the
study aimed to evaluate the correlation between multi-slice
computed tomography (MSCT) signs and clinicopathological
characteristics in the prognosis of gastric GISTs.
Furthermore, distinctive CT and clinicopathological
characteristics that can assist in the prognostic evaluation of
gastric GISTs were also elucidated.

Methods
Patients

The contrast-enhanced CT manifestations of 155 GISTs
based on a consecutive cohort and confirmed by surgery and
pathological analyses were retrospectively analyzed at our
hospital from December 2010 to October 2016. Of these
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155 patients with gastric GISTs, recurrence, metastasis, or
death was observed in 30 patients.

This study was approved by the Institutional Ethics
Committee of the Second Affiliated Hospital of Southwest
Medical University (KY2010090) and the requirement for
informed patient consent was waived. The inclusion criteria
were (I) no tumor metastasis at the time of diagnosis, (II)
the tumor should not have ruptured, (III) complete CT
enhanced images should be available, and (IV) complete
clinical and pathological data should be available. The NIH
consensus classification system, based on a GIST Workshop
convened by the NIH in April 2001, stratifies the risk of an
aggressive clinical course based on tumor size and mitotic
count (Table 1) (26). Unfortunately, we did not find CT
classification criteria related to gastric stromal tumors. The
patients were followed up till August 2018, with an average
follow-up duration of 48 months.

CT acquisition

All patients were examined by a plain CT scan and a
contrast-enhanced CT scan. MSCT was performed
using a 64-spiral CT scanner and a Somatom Definition
dual-source scanner (Siemens Sensation 128, Munich,
Germany). The patients fasted for at least 8 h before the
CT examination. Patients undergoing scanning were in
an inhale condition, and the scan range was the entire
abdomen at a tube voltage of 120 kV and a tube current
of 250 mA. The slice thickness and spacing were 5.0 mm.
The contrast-enhanced scans used a nonionic iodinated
intravenous contrast agent (300 mL/mg), with an injection
volume of 80-100 mL and an injection rate of 3.0 mL/s.
Data from the enhanced scan were sent to an advantage
workstation (syngo via 2008QG) for analysis.

Iimage analysis

Two radiologists with adequate experience in GI imaging,
who were blinded to the histopathological findings,
independently interpreted the abdominal CT images of
155 patients. The scans were reviewed to determine the
maximum size, shape, margin, growth pattern, enhancement
pattern, and necrosis or cystic degeneration of the tumor.
The necrotic or cystic areas were avoided and the solid
portion was set as the maximum. The corresponding
parameters, including the CT values of the plain scan and
the contrast enhancement pattern, were measured three
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times and the average values were calculated.

Pathological examination

The pathological examination included formaldehyde
fixation, routine sectioning, hematoxylin-eosin (HE)
staining, and observation under a microscope. CD117,
CD34, smooth muscle actin (SMA), and S-100 protein
were labeled by Envision staining (immunohistochemical

staining: Beijing Zhongshan, LLC).

Statistical analysis

The statistical analyses were performed with Statistical
Package for Social Sciences (SPSS) version 21.0 software
packages (SPSS Inc, Chicago, IL, USA). Survival curves
were estimated using the Kaplan—-Meier method and
significant differences between the survival curves were
assessed by the log-rank test. The independent variables
were first analyzed by univariate analysis. The variables
determined to be significantly associated by univariate
analysis were then subjected to a Cox proportional hazards
regression model for multivariate analysis to determine the
independent factors affecting recurrence. Frequency tables
were analyzed using the y test. A two-sided P value of <0.05
was considered statistically significant.

Progression-free survival (PFS) was calculated as the
length of time during and after disease treatment for which
the patient lived with the disease without the disease getting
worse.

Results
CT findings

The average tumor size in patients was 7.2+3.9 cm, based
on the CT results. In 69 (44.5%) patients, the tumors
were round or oval and in 86 (55.5%), they were lobulated
or irregular. Further, a majority of patients exhibited
internal necrosis or cystic degeneration (99/155, 63.9%)
and presented with well-defined and smooth (81.3%) and
endophytic (85.2%) masses. However, following contrast
enhancement, most of them showed heterogeneous
enhancement (76.1%) (Figure I).

Receiver operating characteristic (ROC) curve calculation
and analysis

When the tumor size diagnostic threshold was 7.85 cm,
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the maximum Youden index was 0.615, and the area under
the ROC curve (AUC) was 0.746 (Figure 2). Based on this
cutoff value, patients with tumors diameter greater than
7.85 cm were considered to have large-sized tumors, which
were more likely to lead to relapse, metastasis, or death.

Results of univariate analysis

The clinicopathological and CT characteristics, including
age, sex, and tumor size, shape, margin, growth pattern,
mitotic rate, enhancement pattern, necrosis or cystic
degeneration, and Ki-67 index were analyzed in the different
risk stratification groups. The degree of correlation between
clinicopathological and CT characteristics and prognosis
was evaluated based on these different risk groups (Zable 2).
Univariate analysis revealed that tumor size, shape, margin,
growth pattern, mitotic rate, enhancement pattern, necrosis
or cystic degeneration, and Ki-67 index were significantly
associated with CT and clinicopathological characteristics
(Figure 3, P=0.005, 0.004, 0.000, 0.000, 0.016, 0.015, and
0.023, respectively). However, no significant association was
found between the age and sex of the patients and gastric
GISTs (P=0.313 and 0.836, respectively) (1able 2).

Multivariate Cox regression analysis

Combined with the clinicopathological and CT
characteristics of gastric GISTs, the correlation between
the indexes and gastric GIST prognosis was analyzed
with Kaplan-Meier single factor analysis. The significant
factors were further analyzed by Cox regression analysis to
determine the independent factors affecting prognosis. The
results suggested that tumor size [P=0.005, Exp(B) =1.307],
margin [P=0.008, Exp(B) =5.351], and Ki-67 index [P=0.046,
Exp(B) =0.330] were significant independent predictive
factors affecting the prognosis of gastric GISTs (Table 3).

Discussion

Accurate diagnosis and assessment of the biological
behavior of GISTs are highly desirable for the appropriate
management of GISTs, which remains clinically challenging.
The identification of diagnostic and prognostic factors
to differentiate between benign and malignant tumors
is extremely important in the prognosis and treatment
selection of this tumor. Furthermore, the classic NIH risk
stratification criteria to determine the biological behavior
of tumors have been questioned by several researchers (14)
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Figure 1 Multi-slice computed tomography (MSCT) findings and pathological characteristics of gastric gastrointestinal stromal tumors
(GISTs). (A,B,C,D,E,F) A 69-year-old man with an exophytic gastric GIST. The axial Enhanced and unenhanced CT shows an ill-defined,
lobulated, large mass with necrosis and heterogeneous enhancement (A,B,C). Ten months later, the axial unenhanced and enhanced CT
demonstrates multiple liver and intraperitoneal metastases (D,E). Mitosis (>10/50 HPF) is found with significant necrotic hemorrhage in
a pathological image of a high-risk patient (HE staining). Immunohistochemistry: AE1/AE3 (-), vimentin (+), Ki-67 (+5%), CD117 (+),
DOGTI (+), SMA (-), actin (+), CD34 (<), CD68 (=), P53 (+), desmin (=), and S-100 (-) (F). (G,H,I) A 58-year-old woman with an endophytic
gastric GIST. The axial enhanced and unenhanced CT shows a well-defined, round mass with necrosis and moderate enhancement (G,H,]I).
An immunohistochemical image of a low-risk patient. Immunohistochemical results: CD117 (+), DOG-1 (+), Ki-67 (+ 1%), vimentin (+),

CD34 (+), CD68, SMA (-), desmin (-), actin (=), AE1/AE3 (+), S-100 (-), and a-antitrypsin (+) (Envision staining) (I).

and consequently, revised systems of classification have
been proposed. Because of the histological similarity
between gastric GISTs and other spindle cell tumors, it is
not appropriate to rely entirely on pathological diagnosis to
make a definite diagnosis.

Univariate analysis revealed that the prognosis of
GISTs was independent of age and sex in the present
study. Further, the shape, growth pattern, enhancement
pattern, necrosis or cystic degeneration, and mitotic rate of
GISTs had a significant influence on prognosis. However,
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these factors, which were significant prognostic factors
in univariate analysis, were not independent variables
influencing prognosis by multivariate Cox regression
analysis. The count was significantly affected by multiple
factors, but with poor repeatability. Consequently, they
cannot conclusively determine the prognosis of GISTs.
Furthermore, by univariate analysis and multivariate Cox
regression analysis, tumor size, tumor margin, and Ki-
67 index were determined to be significant independent
predictors affecting the prognosis of gastric GISTs.
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ROC curve Table 2 Univariate analysis of progress-free survival (PFS) in 155
100 patients with gastric gastrointestinal stromal tumors (GISTs)
80 Recurrence, metastasis or
2 6o Index Cases death, n (%) P value
2 Yes No
2 404
@ Age (years) 0.313
20+
<60 years 81 13(16.0) 68 (84.0)
ol
0 20 4 60 8 100 >60 years 74 17 (23.0) 57 (77.0)
100% - Specificity%
Gender 0.836
Figure 2 Receiver operating characteristic (ROC) curve of tumor Male 93 19 (20.4) 74 (79.6)
size. When the tumor size diagnostic threshold was 7.85 cm, the
_ . Female 62  11(17.7) 51 (82.3)
maximum Youden index was 0.615, and the area under the ROC
curve (AUC) was 0.746. Size (cm) 0.005
<5 49 3(6.1) 46 (93.9)
. . 5-10 78 17 (21.8) 61(78.2)
Recently, a study (15) suggested that the differences in
growth pattern, tumor size, shape, enhancement pattern, >10 28 1057 18(64.3)
and tumor margin of gastric GISTs were significantly Shape 0.004
associated with different risk grades of gastric GISTs. In this Round/oval 69 6 (8.7) 61 (91.3)
study, the univariate analysis also showed that tumor size
¥ . " oIS P ’ Lobulated/ 86 24 (27.9) 62 (72.1)
growth pattern, shape, margin, and enhancement pattern irreqular
were significant predictors of gastric GISTs. Consistent \ _ o g ' 0.003
with these results, a study by O’Neill ez 4l. (16) of more ecrosts or cystic degeneration '
than 140 patients with GISTs reported that the independent Yes 99  26(26.3) 73 (73.7)
predictors of metastasis were irregular or lobulated No 56 4(7.19) 52 (92.9)
outline, size >IQ cm, an.d necrosis or cystic degeneration. Margin <0.001
However, the findings in the present study revealed that
b . . . Defined/ 126 12(9.5) 114 (90.5)
tumor shape and necrosis or cystic degeneration were smooth
not independent predictors of recurrence and metastasis.
However, enhancement pattern plays an important role 0 rough/lil- 29 18(62.1) 1137.9)
. 1 . . defined
in differentiating between other tumors, such as gastric
schwannoma (17) and GISTs. Furthermore, the study also Growth pattern <0.001
demonstrated that low invasive risk gastric GISTs were the Endophytic 132 17 (12.9) 115 (87.1)
predomlna.nt growth. type with small tumor size, regular Exophytic 03 13(56.5) 10 (43.5)
shape, defined margin, and homogeneous enhancement.
In terms of the present study, a large tumor size, exophytic Enhancement pattern 0.016
growth, lobulated/irregular outline, ill-defined/rough Homogeneous 37 2 (5.4) 35 (94.6)
margin, necrosis or cystic degeneration, or heterogeneous Heterogeneous 118 28 (23.7) 90 (76.3)
enhancement of gastric GISTs were factors associated with o
. Mitotic rate 0.015
recurrence and metastasis.
Because of the high speed, high spatial resolution, <5 83  10(12.0) 73(88.0)
and density, MSCT scanning can accurately demonstrate =5 72 20 (27.8) 52 (72.2)
(4,15,18,19) the tumor size, shape, margin, growth pattern, Ki-67 index 0,023
necrosis or cystic degeneration, and enhancement pattern.
. . . . <10 123 19 (15.4) 104 (84.6)
Moreover, it can reveal tumors with or without necrosis
and cystic degeneration with peripheral tissue relationships, =10 32 11(34.4) 21 (65.6)
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Figure 3 Kaplan-Meier analyses of progression-free survival (PFS) during the study. (A) PES of all patients divided into three groups based
on tumor size after univariate analysis (P=0.005); (B) PFS of all patients divided based on tumor margin (P<0.001); (C) PFS of all patients

divided based on Ki-67 index values (P=0.023).

Table 3 Multivariate Cox regression analysis of progress-free
survival (PFS) in 155 patients with gastric gastrointestinal stromal
tumors (GISTs)

Index Exp(B) 95% Cl P value
Size 1.307 1.084-1.577 0.005
Shape 0.844 0.271-2.629 0.770

Necrosis or cystic degeneration 0.490 0.118-2.042 0.328

Margin 5.351 1.556-18.403 0.008
Growth pattern 1.561 0.619-3.939 0.346
Enhancement pattern 0.836 0.187-3.737 0.815
Mitotic rate 0.492 0.168-1.443 0.196
Ki-67 0.330 0.111-0.980 0.046

enhancement patterns, and degree, as well as lymph node
metastasis. All these critical features make MSCT the most
extensively used and one of the best detection methods for
the prognosis of GISTs (20,21).

The Ki-67 index, also designated mki67, is a nuclear
marker that labels the nuclei and chromosomes of cells
explicitly actively undergoing proliferation. The Ki-67 index
is considered to be the most reliable immunohistochemical
marker (22) for evaluating tumor cell proliferation.
Noticeably, the mitotic index accurately reflects the number
of cells that complete the cell cycle. However, as Ki-67
can recognize most cell proliferation stages except for
GO, it is considered to be highly appropriate for detecting
cell proliferation, a significant feature of the malignancy
in GISTs. Thus far, many studies have reported an
association of Ki-67 expression and GISTs with the risk of
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developing a malignancy (15,23,24). The findings of the
present study also indicated that the rates of recurrence
and metastasis were significantly higher in the group with
Ki-67 >5% than in the group with Ki-67 <5% (P<0.05).
Besides, univariate analysis and multivariate Cox regression
analysis demonstrated that the Ki-67 index was a significant
independent risk factor affecting the prognosis of patients
with gastric GISTs.

The present study has several limitations. First, the
findings of the study were limited by the small number of
cases. Second, we did not have complete information on
the patients’ previous treatments and did not have enough
information on whether the patients experienced metastasis,
recurrence, or death because of the short follow-up period.
In addition, the NIH risk classification criteria and a
previous study (25) reported that tumor rupture was an
independent prognostic factor for GISTs. However, in our
group of cases, we did not include it.

In conclusion, tumor shape, growth pattern, mitotic rate,
enhancement pattern, and necrosis or cystic degeneration
were non-negligible criteria for improving the accuracy of
prognosis for patients with gastric GISTs, whereas tumor
size, margin, and Ki-67 index were significant independent
predictors for identifying high-risk patients, and this might
facilitate personalized treatment to improve the prognosis
of patients with gastric GISTs. Thus, the combination of
MSCT findings and clinicopathological features may be a
valuable tool for the prognostic assessment of patients with
gastric GISTs.
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