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Introduction

Gastrointestinal stromal tumors (GISTs) are the commonest 
mesenchymal neoplasms of the gastrointestinal tract (1).  
Based on their phenotypic similarities, GISTs are considered 
to arise from the interstitial cells of Cajal, the pacemaker cells 
of the gastrointestinal tract (2). GISTs can occur anywhere 
throughout the gastrointestinal tract, the most common 
locations are stomach (60%) and small intestine (30%) (3). 

Rare cases have been reported in the esophagus, appendix, 
gallbladder, mesentery, omentum, and retroperitoneum (4).

According to the NCCN guideline (5), gastric GISTs 
less than 2 cm and with a mitotic index less than 5/50 HPF 
were considered as very low risk, and conservative follow-
up is suggested (6). However, it is believed that small gastric 
GISTs also have malignant potential, and little is known 
about the clinical presentation of small gastric GISTs. This 
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makes the decisions on interventions for small gastric GISTs 
difficult. Previously, we have reported that the mitotic index 
of 14 out of 63 small gastric GISTs (22.22%) exceeded 
5/50 HPF and recommended surgical resection of all small 
gastric GISTs once diagnosed (7). 

Given this situation, we wonder if there is an appropriate 
cutoff tumor size for small gastric GISTs based on mitotic 
index, and whether the cutoff size could be used to predict the 
tumor progression for small gastric GISTs during follow-up.

Methods

Patients

This study was performed in Xijing Hospital of Digestive 
Diseases affiliated to the Fourth Military Medical University. 
From May 2010 to March 2014, a total of 97 patients were 
enrolled in the present study, including 90 small gastric GIST 
(≤2 cm) patients underwent resection, and 7 endoscopic 
ultrasound (EUS) suspected small gastric GIST (1.4–2 cm) 
patients treated with periodic EUS follow-up according to 
their own wills. The EUS suspected small gastric GIST 
was defined as a hypo-echoic tumor arising from the fourth 
layer of gastric wall on EUS. This study was approved by the 
Ethics Committee of Xijing Hospital, and written informed 
consent was obtained from all patients.

Pathology

Specimens were treated routinely for histologic examination 
in the Department of Pathology in Xijing Hospital of 
digestive diseases. Immunohistochemistry was performed on 
3-μm sections according to the manufacturer’s instructions 
and the following antibodies: CD117, CD34 and DOG-1. 
Histological type (spindle, epithelioid or mixed) and mitotic 
index were also detected by H&E stain.

Follow-up

The EUS suspected small gastric GIST patients who did 
not receive resection were followed up through EUS and 
CT every 6 months. Follow-up of the suspected small 
gastric GIST patients was performed by the same physician 
in order to avoid measurement bias.

Data collection

Clinicopathological features including age, gender, tumor 

location, CT enhancement, tumor ulceration, tumor 
bleeding, tumor size, histological type, mitotic index, NIH 
risk category, and CD117, CD34 and DOG-1 expression 
were recorded.

Statistical analysis

Data were processed using SPSS 16.0 for Windows (SPSS 
Inc., Chicago, IL, USA). Discrete variables were analyzed 
using the Fisher’s exact test. The optimal cutoff value for 
small gastric GISTs was determined using the receiver 
operating characteristic (ROC) curve. The P values were 
considered to be statistically significant at the 5% level.

Results

Eighteen out of 90 small gastric GISTs had more than 5 
mitotic figures per 50 HPF. Since there was a significant 
proportion of cases with high mitotic index (>5/50 HPF), 
ROC curve analysis was performed to investigate whether 
there was an appropriate cutoff size for the prediction 
of high mitotic index in small gastric GISTs. The result 
showed that 1.4 cm may be considered as an appropriate 
cutoff tumor size with a sensitivity of 88.9% and a 
specificity of 73.6% (Figure 1). 

Then, the 90 cases of small gastric GISTs were divided 
into two groups based on the cutoff tumor size. The 
clinicopathological features were compared between the two 
groups and summarized in Table 1. The results showed that 
age, gender, tumor location, tumor bleeding, histological 
type, and expression of CD117, CD34 and DOG-1 were 
comparable between the two groups. However, the ratio of 
CT enhancement, tumor ulceration, mitotic index exceeds 
5/50 HPF and low risk category was significantly higher 
in tumors between 1.4 and 2.0 cm than that of tumors less 
than 1.4 cm.

In order to investigate the risk factors for malignant 
potential in small gastric GISTs with tumor size between  
1.4 and 2.0 cm, correlation between clinicopathological features 
and mitotic index were analyzed and summarized in Table 2.  
The results showed that age, gender, tumor location, CT 
enhancement and tumor bleeding were all comparable 
between the two groups. The ratio of tumor ulceration was 
significantly higher in the group with high mitotic index 
than that with low mitotic index.

In order to investigate whether the cutoff size could be 
used to predict tumor progression of small gastric GISTs 
during follow-up, patients were selected for analysis using 
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the following criteria: (I) suspected as small gastric GISTs 
through EUS; (II) tumor size between 1.4 and 2.0 cm; (III) 
without high risk features according to NCCN guideline; 
(IV) with regular EUS and CT follow-up. Finally, only  
7 patients matched the criteria, because most of the patients 
were lost to follow-up. The median time of follow-up was 
11.8 months (range from 10.1 to 24.5 months). The initial 
and final tumor size was compared. The result showed that 
the tumor size increased significantly during follow-up 
(Figure 2, P=0.002). 

Discussion

Although the clinical importance of GIST is being 
increasingly recognized, prediction of the natural course 
of GIST is still controversial. One problem concerns small 
gastric GIST. The NCCN guideline recommends that 
small gastric GIST less than 2 cm can be conservatively 
followed up (8). However, every GIST is now regarded 
as potentially malignant, including small gastric GIST. 
Moreover, it was reported that a small gastric GIST with 
1cm in maximal diameter showed rapid growth and early 
liver metastasis (9). This further highlights the fact that 
even if the gastric GIST is small, the tumor could show 
rapid growth, potential for metastasis and poor prognosis.

Previously, we have reported that the mitotic index of 
14 out of 63 small gastric GISTs (22.22%) exceeded 5/50 
HPF and recommended surgical resection of all small 
gastric GISTs once diagnosed (7). This indicated that 
the present cutoff tumor size of 2 cm used to guide the 
treatment strategy of gastric GIST may be not appropriate 

to some extent. The present study attempted to find a more 
appropriate cutoff tumor size for small gastric GISTs based 
on mitotic index and investigate whether the cutoff size 
could be used to predict the tumor growth for small gastric 
GISTs during follow-up.

Mitotic index is the most important prognostic factor 
for determining the malignant potential of GISTs (10). In 
our present study, there were approximately 20% of small 
gastric GIST had more than 5 mitotic figures per 50 HPF, 
which was consistent with our previous report. Thus, we 
speculated that there might be a more appropriate cutoff 
tumor size to predict the malignant potential of small 
gastric GIST. We found that 1.4 cm may be an appropriate 
cutoff tumor size associated with mitotic index. Our result 
was similar with the study reported by Fang et al. (11). They 
also showed that the best cutoff size associated with tumor 
progression was 1.4 cm, larger tumor size was associated 
with tumor progression of small EUS suspected gastric 
GIST. A study conducted in Israel also investigated the 
natural history of GISTs, and stated that GISTs larger 
than 1.7 cm should be monitored by EUS and considered 
for more aggressive treatment (12). Different from these 
studies, the cutoff size in our study was calculated based on 
mitotic index, and the enrolled small gastric GISTs were all 
confirmed through pathological examination.

Ulceration is one of the risk factors for malignant 
potential and poor prognosis (13). We found that the ratio 
of ulceration was significantly higher in tumors between 1.4 
and 2.0 cm than tumors less than 1.4 cm. We also found that 
the NIH risk category could be effectively distinguished 
by cutoff size of 1.4 cm. These findings indicated that the 
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Figure 1 ROC curve was plotted with coordinates derived from various cutoff values. ROC, receiver operating characteristic.
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Table 2 Clinicopathological features of gastric GISTs with tumor 

size between 1.4 and 2.0 cm

Characteristics
Mitotic index 

 ≤5 (n=19)

Mitotic index 

>5 (n=16)
P value

Age (years) 0.506

≤60 12 8

>60 7 8

Gender 0.182

Male 6 9

Female 13 7

Tumor location 0.575

Cardia 3 3

Fundus 6 7

Body 9 4

Antrum 1 2

CT enhancement 0.176

Yes 11 5

No 8 11

Tumor ulceration 0.032

Yes 1 6

No 18 10

Tumor bleeding 0.457

Yes 0 1

No 19 15

GIST, gastrointestinal stromal tumor.

Table 1 Clinicopathological features of gastric GISTs between two 

groups

Characteristics
Tumor size  

(0–1.3 cm) (n=55)

Tumor size  

(1.4–2.0 cm) (n=35)
P value

Age (years) 0.394

≤60 26 20

>60 29 15

Gender 0.087

Male 34 15

Female 21 20

Tumor location 0.144

Cardia 2 6

Fundus 23 13

Body 27 13

Antrum 3 3

CT enhancement 0.004

Yes 9 16

No 46 19

Tumor ulceration 0.032

Yes 3 7

No 52 28

Tumor bleeding 1.000

Yes 1 1

No 54 34

Mitotic index <0.001

≤5 53 19

>5 2 16

NIH risk category <0.001

Very low risk 53 19

Low risk 2 16

Histological type –

Spindle 55 35

Epithelioid 0 0

Mixed 0 0

CD117 1.000

Positive 54 34

Negative 1 1

CD34 0.519

Positive 53 35

Negative 2 0

DOG-1 0.203

Positive 53 31

Negative 2 4

GIST, gastrointestinal stromal tumor.

Figure 2 Changes in tumor size of EUS suspected small gastric 
GIST during follow-up. EUS, endoscopic ultrasound; GIST, 
gastrointestinal stromal tumor.

cutoff size of 1.4 cm could be used to distinguish benign 
small gastric GISTs from ones with malignant potential.

In order to verify whether the cutoff tumor size of 
1.4 cm based on mitotic index could be used to predict 
the progression of small gastric GISTs or not, tumor 
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progression of small gastric GISTs between 1.4 and 2.0 cm 
were retrospectively analyzed. Due to the high rate of lost 
to follow-up, only 7 EUS suspected small gastric GISTs 
were enrolled in our present study. We found that all of the 
7 small gastric GISTs showed significant tumor progression 
during follow-up. As tumors less than 1.4 cm were not 
enrolled in the present study, the natural course of these 
tumors could not be evaluated. At least, the results indicated 
that small gastric GISTs between 1.4 and 2.0 cm possessed 
potential of rapid tumor progression during follow-up.

In our present study, the EUS suspected small gastric 
GISTs were not confirmed by EUS guided fine needle 
aspiration (EUS-FNA), which was one flaw in our present 
study and also in the above mentioned studies. It was 
reported that the diagnostic accuracy of gastric GISTs by 
EUS alone by experienced endoscopist was 87% (14,15). 
Thus, the diagnosis of small gastric GISTs only through 
EUS may affect the results in the present study. EUS-FNA 
has been recommended for the diagnosis of gastric GISTs 
between 2 and 5 cm (16). It was reported that the diagnostic 
sensitivity, specificity and accuracy of EUS-FNA are 66.7%, 
100%, and 91.7%, respectively (17). Considering the 
technical and cost effective points, EUS-FNA was rarely 
used to assist the diagnosis of small gastric GIST. Thus, 
the diagnosis of small gastric GIST mainly depends on 
surgical findings or autopsy (18,19). However, Sekine et al. 
reported that the sensitivity and positive predictive value 
of EUS-FNA for small GIST was 81.3% and 100%. Based 
on EUS-FNA, 15 cases of small gastric GIST increased 
significantly in tumor size during follow-up (20). The result 
was consistent with our present study, but more persuasive 
than our results because their diagnosis of small gastric 
GIST was confirmed through EUS-FNA. This indicates 
that EUS-FNA is a highly reliable modality for small GIST.

There are some limitations in our present study. First, 
it was a retrospective study of a single center’s experience. 
Multicenter studies are needed to verify the optimal cut off 
value of small gastric GIST. Second, the sample size was 
not large enough, which will result in bias during statistical 
analysis. Third, mitotic index was dichotomized, accurate 
mitotic index should be identified in the further studies.

Conclusions

In summary, cutoff tumor size of 1.4 cm could be used to 
distinguish malignant potential for small gastric GISTs. 
The 1.4 cm may be a more reasonable cutoff tumor size 
for small gastric GISTs. We recommended that all small 

gastric GISTs should be resected once diagnosed, at least 
for tumors between 1.4 and 2.0 cm.
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