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Background: The biological behavior of primary small gastric gastrointestinal stromal tumor (gGIST) 
is indolent. The cutoff size categorizing small gGIST continues to be controversial. To date, there is no 
consensus regarding whether it should be 1 cm, 2 cm, or another size. We aimed to find a new cutoff size.
Methods: Retrospective clinicopathological and prognosis data of patients with small gGIST from January 
1998 to January 2015 were collected among five medical centers in southern China. Tumor size was divided 
into two groups: <1 cm (Mirco group) and 1–2 cm (Small group). We compared the clinicopathological index 
and prognosis between these two groups and identified a new cutoff size to define small gGIST.
Results: During this 18-year period, there were 276 patients with primary small gGIST treated at these 
five medical centers. The range of tumor size was 0.2–2.0 cm. The median tumor size was 1.0 cm. The 
range of the mitotic count was 0–70/50 high power fields (HPFs) with counts ≤5/50 HPFs in 259 patients 
(93.8%), 5< counts ≤10/50 HPFs in 7 patients (2.5%), and counts >10/50 HPFs in 10 patients (3.6%). The 
median follow-up time was 38 months (3–156 months). The 5-year overall survival rate was 98.7% in the 
entire group. Using Pearson correlation analysis, there was a positive correlation between the mitotic count 
and tumor size as a continuous variable (r=0.164, P=0.006). There were 137 patients in the Micro group 
and 139 cases in the Small group. In the Micro group, mitotic counts were ≤5/50 HPFs in 134 patients, 5< 
counts ≤10/50 HPFs in 0 patients, and counts >10/50 HPFs in 3 patients; mitotic counts in the Small group 
were counts ≤5/50 HPFs in 125 patients, 5< counts ≤10/50 HPFs in 7 patients, >10/50 HPFs in 7 patients. 
There was a statistically significant difference between these two groups (P=0.002); the Small group had 
more intermediate/high-risk cases. Using the receiver operating characteristic curve (ROC curve), we 
observed that 1.15 cm was the new cutoff size to separate low-risk cases and intermediate/high-risk cases 
(AUC =0.707, P=0.004, sensitivity =0.824, 1-specificity =0.429).
Conclusions: Primary small gGIST has a good prognosis; gGIST <1 cm can be regarded as benign tumors 
that only requires endoscopic ultrasonography (EUS) follow-up. The proportion of potential intermediate/
high-risk disease is high for patients with 1–2 cm gGIST. These patients should be treated with caution and 
the tumors should be resected if necessary. These results indicate that 1.15 cm may be the new cutoff size to 
separate small gGIST from large gGIST, but further studies are needed for verification.
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Introduction

Gastrointestinal stromal tumors (GISTs) originate from 
mesenchymal tissues and have a malignant tendency. 
The incidence rate is 1–4.7/10 million per population 
(1-3). These tumors can occur anywhere within the 
digestive tract, and the most common location is the 
stomach (approximately 60%) (3). The risk of recurrence 
and metastasis, according to the modified National 
Institutes of Health (NIH) grading system, is determined 
by factors including the tumor site, tumor size, mitotic 
counts and tumor rupture as the evaluation index, which 
is then stratified into very low, low, intermediate and 
high risk groups (4). In recent years, with diagnostic 
developments and the improvement of people’s health 
awareness, the detection rate of primary small gastric 
gastrointestinal stromal tumor (gGIST) is approximately 
20–30%, which has gradually attracted the attention of 
clinicians (5-7). Related guidelines suggest that endoscopic 
ultrasonography (EUS) follow-up can be performed 
if there are no high-risk EUS features (irregularities, 
ulceration, echogenic foci and heterogeneity) or if the 
patient has no obvious and continuous clinical symptoms 
(4,8). However, the cutoff size defining small gGIST is 
still controversial. The most widely recommended cutoff 
is 2 cm, following the National Comprehensive Cancer 
Network (NCCN) guidelines that defined gGIST ≤2 cm 
as very small GIST (which is always called small GIST 
in the clinic) (2,9). Several scholars have suggested that a  
1 cm cutoff size should be used for small GISTs. Therefore, 
resection is recommended for patients with 1–2 cm  
GISTs (10). In this study, we retrospectively analyzed the 
clinicopathological and prognosis data of 276 patents with 
small gGIST in five medical centers in southern China 
from 1998 to 2015. All of the patients were divided into 
either the Micro group or the Small group. We compared 
the clinical features of the two groups and mapped the 
receiver operating characteristic (ROC) curve to identify 
the new cutoff size to predict intermediate/high-risk 
disease in patients with small gGIST.

Methods

We received ethical approval (No. GDREC2016296H) for 
this case series from five medical centers in southern China 
(Guangdong Provincial People’s Hospital; Guangdong 
Academy of Medical Sciences, Guangzhou, China; Union 
Hospital Tongji Medical College Huazhong University of 
Science and Technology, Wuhan, China; Southern Medical 
University Nanfang Hospital, Guangzhou, China; Sun Yat-
sen University Cancer Center; State Key Laboratory of 
Oncology in South China; Collaborative Innovation Center 
of Cancer Medicine, Guangzhou, China; Sixth Affiliated 
Hospital, Sun Yat-sen University, Guangzhou, China), 
and each institution provided their patients’ consent for 
publication.

Patient information

Patients with primary small gGIST (≤2 cm) were treated in 
five medical centers in southern China between 1998 and 
2015. The tumor size was measured from a sample taken 
after resection. The enrollment criteria were a confirmed 
pathological diagnosis of gGIST treated with tumor 
resection. Patients were excluded from the study when 
death occurred due to other diseases, combined with other 
malignant tumors or multiple GIST case.

Observations and follow-up

The patients were grouped by 3-year intervals into 
six different groups, namely, 1998–2000, 2001–2003, 
2004–2006, 2007–2009, 2010–2012 and 2013–2015. Age, 
gender, tumor site, tumor size, surgical and pathological 
outcomes [immunohistochemistry was performed on 3-μm 
sections and the following antibodies: CD117, CD34, 
Dog-1. Histological type (spindle, epithelioid, mixed) and 
mitotic index were also detected by hematoxylin and eosin 
stain], adjuvant therapy, genetic test (DNA of the GIST 
tissues was isolated using a QIAmp DNA FFPE Tissue 
kit. Polymerase chain reaction (PCR) was used to amplify 
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C-KIT exons 9, 11, 13 and 17 and PDGFRA exons 12 and 
18. The PCR reaction was performed using a Taq PCR 
Master Mix) and other clinical and pathological factors were 
retrospectively analyzed. The tumor site was classified based 
on the anatomical location: gastric cardia, fundus, body, 
or antrum. Primary small gGIST was defined as ≤2 cm 
according to the NCCN guidelines; however, in this study, 
it was additionally subdivided into <1 cm (Micro group) 
or 1–2 cm (Small group). Based on the modified NIH risk 
system, the patients were classified into the very low-, low-
, intermediate- or high-risk group. The mitotic count was 
assessed per 50 high power fields (HPFs). Pathological 
examinations were approved by three experienced 
pathologists from each institution. The last follow-up was 
February 15, 2016, or at the moment of tumor-related 
death.

Statistical analysis

Statistical analyses were performed using SPSS software 
(version 22.0 for Windows; SPSS, Chicago, IL, USA). 
Categorical data were compared by the chi-square test or 
Fisher’s exact test. Survival curves were derived from the 
Kaplan-Meier estimates, and the curves were compared 

using the log-rank test. The relationship between the 
mitotic count and tumor size was analyzed using the 
Pearson chi-square test. The optimal cutoff values for 
tumor size were analyzed using the ROC curve with the 
criterion variable “tumor size” and “intermediate/high-risk” 
as a conditional variable. P values <0.05 were considered 
statistically significant.

Results

Patient information

A total of 276 patients with primary small gGIST were 
enrolled in this study (Figure 1). The entire cohort comprised 
130 (47.1%) males and 146 females (52.9%) patients aged 
between 27 and 91 years at the time of diagnosis. The median 
age was 60 years, and there were 139 (50.4%) patients older 
than 60. Based on the six categorical time periods, there were 
2 patients with gGIST diagnosed in 1998–2000, 2 in 2001–
2003, 13 in 2004–2006, 69 in 2007–2009, 85 in 2010–2012, 
and 105 in 2013–2015 (Figure 2).

Comparison between groups

The patient characteristics, surgical outcomes and 

5 centers: gastrointestinal stromal tumors 
N=2,610

Gastric  gastrointestinal stromal tumors 
N=1,686

≤2 cm gastric GIST 
N=308

≤2 cm gastric GIST 
N=276

Micro gastric GIST(<1 cm) 
N=137

Small gastric GIST(1–2 cm) 
N=139

Exclude 
• No complete information
• Repeat cases
• Cases of death caused by other diseases

5 centers
• Guangdong General Hospital; Guangdong Academy of Medical Science, Guangzhou
• Union Hospital Tongji Medical College Huazhong University of Science and Technology, Wuhan
• Southern Medical University Nanfang Hospital, Guangzhou
• Sun Yat-sen University Cancer Center; State Key Laboratory of Oncology in South China; Collaborative Innovation 
Center of Cancer Medicine, Guangzhou
• The Sixth Affiliated Hospital of Sun Yat-sen University, Guangzhou

Exclude >2 cm gGIST

Exclude GIST from other locations:
Duodenal GIST; 
Intestinal GIST;
Colorectal GIST;
Etc.

Figure 1 Study flowchart. GIST, gastrointestinal stromal tumor.
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pathological data from the Micro and Small groups were 
well balanced (Tables 1, 2 and 3, respectively). In the whole 
group, the mitotic counts were ≤5/50, [5–10]/50, and 
>10/50 HPFs in 259 (93.8%), 7 (2.5%), and 10 (3.6%) cases, 
respectively. Based on the histopathological classification, 
268 (97.1%) cases were classified as spindle cell type,  
7 (2.5%) as epithelial cell type and 1 (0.4%) as a mixed 
type. Immunohistochemistry demonstrated that 74.6% 
(206/276), 98.2% (271/276), and 97.4% (269/276) of 
the patients had co-expression of CD34(+), CD117(+), 
and Dog-1(+), respectively. We found that there was a 
significant difference between the two groups in terms 
of mitotic count (P=0.002). Furthermore, based on 
the modified NIH risk criteria, there were 7 patients 
categorized as intermediate risk and 7 categorized as high 
risk in the Small group, while there were only 3 high-
risk patients in the Micro group. A significant difference 
between the two groups in terms of the NIH risk system 
(P=0.002) (Table 3) was observed.

Correlation between tumor size and mitotic count, and the 
ROC curve analysis for cut-off determination

By making use of the Pearson correlation analysis, we found 
a positive correlation between the continuous variable 
mitotic count and tumor size (r=0.164, P=0.006). A good 
linear relationship was observed during the comparison 
between the mitotic count and tumor size (Figure 3A). 
ROC curves were generated to find the sensitivity and 
specificity for detecting the optimal cutoff value to predict 
intermediate/high-risk disease (according to NIH criteria). 
The area under the curve (AUC) was 0.716 (P=0.003), 
indicating that the best cutoff value for tumor size to 
differentiate between the Micro and Small groups was  
1.15 cm. The AUC, sensitivity, specificity, positive 

predictive value, negative predictive value, and consistency 
rates were 0.716, 82.4%, 59.5%, 12%, 98% and 60.9%, 
respectively (Figure 3B and Table 4).

Survival
 

Of the 276 patients with primary small gGIST, there 
were 220 patients with complete follow-up data. The 
median follow-up time was 38 months (3–156 months). 
Two R1 resection cases did additional surgery, the 
remaining one received imatinib treatment, all of them 
still be alive, no recurrence. There were two cases 
of recurrence (currently alive and receiving imatinib 
treatment), and an additional two high-risk patients 
died. The overall survival rate at 5 years was 98.7%. 
There was no difference in survival between the Micro 
group and the Small group (Figure 4). Due to the lack 
of tumor progression and death data, we could not 
perform Kaplan-Meier univariate and Cox multivariate 
survival analyses.

Discussion

GISTs are the most common mesenchymal tumor of 
the digestive tract, and they are preferentially located in 
the stomach; the parameters of immunohistochemical 
expression are CD34, CD117 and Dog 1 (11). According to 
the modified NIH classification criteria, tumor site, tumor 
size, mitotic count and rupture are prognostic indicators. In 
recent years, with diagnostic developments and increased 
awareness of health improvements, as well as asymptomatic, 
autopsy and accidental cases (observed during surgery), 
increased the number of small GISTs diagnosed and 
created a detection rate of 3% to 35% (12,13). This study 
investigated 3-year blocks as a sample time period. The 
results observed indicated that the incidence of small 
gGIST had a rapid increase in the 6 different time periods. 
At present, GISTs are divided into small size tumors (micro 
GISTs or small GISTs) and clinically significant tumors 
(overt-GIST, big GIST or large GIST). How to define a 
small GIST is still controversial, and 1 or 2 cm is a common 
cutoff value size. One study suggested that 3 cm might be 
a better cutoff (12). The current study refers to the most 
widely used NCCN guidelines; we defined primary gastric 
GIST (≤2 cm) as a small gGIST (4).

Small gGIST generally have self-limiting growth, and 
their biological behavior is indolent. The prognosis is good 
(7,14). The overall 5-year survival rate in this study was 

Figure 2 Cases of primary small gastric GIST in 6 different time 
periods. This shows an increasing tendency to perform resection 
for small gastric GISTs. GIST, gastrointestinal stromal tumor.
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98.7%. The NCCN developed treatment guidelines for 
very small gGIST (≤2 cm) in 2010. The guidelines suggest 
that only EUS follow-up is required if there are no possible 
high-risk EUS features, including an irregular border, cystic 
spaces, ulceration, echogenic foci, and heterogeneity (4). 
However, we often encounter the following problems in 
clinical practice: EUS in the observation and diagnosis 
of small GISTs is worse than that for large GISTs; the 
high-risk EUS features need adequate clinical experience 
to determine the true prognosis, which means that lack 
of experience may lead to misdiagnosis (15). Otherwise, 
the related guidelines do not recommend biopsy for 
small gGIST; therefore, there is no special examination 
conducted to obtain the high mitotic counts and gene 
mutation of small gGIST to evaluate its risk grade (3,16). In 
clinical practice, we can therefore see progress in size and 
observe malignant cases (intermediate/high-risk cases) after 

resection, as it is in the small gGIST follow-up process. 
Yang et al.’s study (17) showed that, in a total of 63 resected 
small gGIST cases (≤2 cm), 14 patients were intermediate/
high-risk cases (22.2%), meanwhile, Akahoshi et al. (18) and 
Wang et al. (19) showed 23% and 6.7% were intermediate/
high-risk cases. In Gao et al.’s study (15), 16 (23.2%) patients 
showed significant changes in tumor size during the follow-
up of 69 minimal EUS-conducted GISTs. Hu et al. (20) 
found that most 1–3 cm gastric submucosal tumors (71.6%) 
were indolent. Tumor progression was found only in 
25 GIST patients (28.4%). In our study, there were 17 
intermediate/high-risk patients (6.2%). Thus, screening out 
patients with intermediate/high-risk cases of small gGIST 
is still a clinical challenge (10,21). 

Tumor size and mitotic count are two important factors 
that affect the prognosis of small gGIST (22). Studies have 
shown that gGIST <1 cm are considered to be at low risk of 

Table 1 Clinical information of two groups

Clinical information Subgroup No. of cases (%) <1 cm (N=137) 1–2 cm (N=139) P value

Age, years >60 139 (50.4) 71 68 0.904

≤60 137 (49.6) 66 71

Gender Male 130 (47.1) 65 65 0.547

Female 146 (52.9) 72 74

Presenting symptom Yes 212 (76.8) 103 109 0.328

No 64 (23.2) 34 30

Diagnostic workup CT 231 (83.7) 119 112 0.225

UGIE 197 (71.4) 101 96

EUS 182 (65.9) 88 94

All three 138 (50.0) 67 71

Tumor location Cardia 24 (8.7) 13 11 0.325

Fundus 107 (38.8) 54 53

Body 117 (42.4) 57 60

Antrum 28 (10.1) 13 15

Biopsy Yes 11 (4.0) 5 6 0.724

No 265 (96.0) 132 133

Postoperative adjuvant 
therapy

Yes 5 (1.8) 2 3 0.275

No 271 (98.2) 135 136

Recurrence Yes 2 (0.7) 0 2 0.164

No 274 (99.3) 137 137

CT, computed tomography; UGIE, upper gastrointestinal endoscopy; EUS, endoscopic ultrasound.



407Journal of Gastrointestinal Oncology, Vol 11, No 2 April 2020

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2020;11(2):402-410 | http://dx.doi.org/10.21037/jgo.2020.03.08

Table 2 Surgical outcome of two groups

Surgical outcome Subgroup No. of cases (%) <1 cm (N=137) 1–2 cm (N=139) P value

Surgical method Laparoscopy 137 (49.6) 65 72 0.622

Laparotomy 75 (27.2) 38 37

Endoscopy 64 (23.2) 34 30

Resection scope ER 64 (23.2) 34 30 0.159

WR 172 (62.3) 87 85

PG 7 (2.5) 3 4

DG 19 (6.9) 7 12

TG 14 (5.1) 6 8

Complications Yes 8 (2.9) 4 4 1.000

Bleeding 2 1 1

Leakage 1 0 1

Abdominal infection 3 1 2

Gastroplegia 2 0 2

No 268 (97.1) 133 135

ER, endoscopic resection; WR, wedge resection; PG, proximal gastrectomy; TG, total gastrectomy.

Table 3 Pathological outcome of two groups

Pathological outcome Subgroup No. of cases (%) <1 cm (N=137) 1–2 cm (N=139) P value

Mitotic count ≤5/50 HPFs 259 (93.8) 134 125 0.002

>5/50 HPFs, ≤10/50 HPFs 7 (2.5) 0 7

>10/50 HPFs 10 (3.6) 3 7

Histopathological 
classification

Spindle 268 (97.1) 134 134 0.675

Epithelioid 7 (2.5) 3 4

Mixed 1 (0.4) 0 1

IHC CD34(+) 206 (74.6) 101 105 0.346

CD117(+) 271 (98.2) 134 137

Dog-1(+) 269 (97.4) 133 136

Tumor necrosis Yes 4 (1.5) 1 3 0.370

No 272 (98.6) 136 136

Surgical margin Positive 3 (1.1) 3 0 0.120

Negative 273 (98.9) 134 139

NIH criteria Very low 259 (93.8) 134 125 0.002

Intermediate 7 (2.5) 0 7

High 10 (3.6) 3 7

Genetic test Yes 39 (14.1) 19 20 0.347

C-KIT 9 3 1 2

C-KIT 11 31 16 15

PDGFRA 18 2 0 2

No-mutation 3 2 1

No 237 (85.9) 118 119

HPF, high power field; IHC, immunohistochemistry; NIH, National Institute of Health.
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malignancy; recommendations are to treat these tumors as 
benign tumors with regular EUS at follow-up (20). In this 
study, 276 patients with small gGIST were divided into two 
groups, the <1 cm gGIST (Micro group) and the 1–2 cm 
gGIST (Small group). There was no difference in clinical, 
surgical or pathological information between the two 
groups. In the mitotic count and NIH criteria, we observed 
a higher mitotic count >5/50 HPFs and a concentration of 
high-risk patients in the Small group; there were statistically 
significant differences in the two groups (P=0.002) (Table 3).  
In Yang et al.’s study (17), there were 14 patients with 
intermediate/high-risk disease from 63 resected cases of 
small gGIST, of which 10 cases occurred in the Small 
group (1–2 cm), and it was suggested that gGIST of  
1–2 cm should be excised. In our study, because R0 resection 
was performed in almost all cases, the Small group and the 
Micro group did not differ in survival. We also analyzed 
the correlation between the mitotic count and tumor size, 
and the results showed that the mitotic count showed an 
increasing trend with increasing tumor size, and there was 
a positive correlation (R=0.164, P=0.006); this result was 
consistent with Fang et al. (23). Therefore, in our study, 
we consider the widely accepted “2 cm criteria” to not be 
the best cutoff size to separate the low- and intermediate/
high-risk cases. Several past studies have shown that, for 
EUS that considers small gGIST, the best cutoff size was 
that associated with tumor progression, and the results were  
9.5 mm (15), 14 mm (20,23) and 17 mm (24). In our study, 
the ROC curve analysis identified 1.15 cm as the best 
predictor of intermediate/high-risk disease with good 

Figure 3 Correlation test and ROC curve test. (A) A linear relationship was observed when comparing mitotic count and tumor size using 
the Pearson chi-square test (r=0.164, P=0.006); (B) receiver operating characteristic curve. The cutoff size for defining the small gastric 
GIST is 1.15 cm. GIST, gastrointestinal stromal tumor; ROC, receiver operating characteristic.

Table 4 Coordinates of the curve [test result variable(s): tumor size]

Positive if greater than or equal toa Sensitivity 1-Specificity

−0.8000 1.000 1.000

0.2500 1.000 0.996

0.3500 1.000 0.977

0.4500 1.000 0.915

0.5500 1.000 0.861

0.6500 0.941 0.788

0.7500 0.941 0.722

0.8500 0.882 0.629

0.9500 0.824 0.541

1.0500 0.824 0.471

1.1500 0.824 0.405

1.2500 0.706 0.347

1.3500 0.647 0.301

1.4500 0.588 0.255

1.5500 0.471 0.201

1.6500 0.353 0.162

1.7500 0.294 0.112

1.8500 0.059 0.085

1.9500 0.059 0.062

3.0000 0.000 0.000

The test result variable(s): tumor size has at least one tie 
between the positive actual state group and the negative actual 
state group. a, the smallest cutoff value is the minimum observed 
test value minus 1, and the largest cutoff value is the maximum 
observed test value plus 1. All the other cutoff values are the 
averages of two consecutive ordered observed test values.
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sensitivity (82.4%); the positive predictive value and negative 
predictive values were 12% and 98%, respectively. We report 
that for the ≥1.15 cm gGIST, surgical intervention should be 
performed as soon as possible to confirm NIH risk and avoid 
progression.

There are several limitations of this study. First, this 
was a retrospective study. Second, because we lacked 
preoperative EUS results, it was difficult to analyze the 
reasons related to the choice of surgical resection. Third, 
the clinicopathological information of patients with 
intermediate/high-risk disease was incomplete; therefore, 
we cannot describe the characteristics of the patients with 
intermediate/high-risk disease. Multicenter randomized 
controlled studies should be conducted to confirm the 
benefit of surgical resection for small gastric GISTs 
compared with conservative treatment.

Conclusions

Detecting high-risk cases of small gGIST (≤2 cm) remains 
a clinical challenge. This study focused on the two 
prognostic indicators of tumor size and mitotic count. The 
results showed that more patients with high mitotic count 
(counts >5/50 HPFs) and intermediate/high-risk disease 
were concentrated in the Small group (1–2 cm). At the 
same time, our study shows that 1.15 cm may be the new 
cutoff value to identify patients with intermediate/high-
risk disease. Thus, patents with 1–2 cm gGIST tumors 
should receive active resection intervention, but as the 
micro gGIST (<1 cm) still bear malignant potential and 
the close observation is therefore necessary if lesions are 
not removed.
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of Oncology in South China; Collaborative Innovation 
Center of Cancer Medicine, Guangzhou, China; Sixth 
Affiliated Hospital, Sun Yat-sen University, Guangzhou, 
China, and each institution provided their patients’ consent 
for publication. All study procedures involving human 
participants were performed in accordance with the ethical 
standards of the institutional and/or national research 
committee and with the 1964 Helsinki Declaration and its 
later amendments or comparable ethical standards.  
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