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Abstract 

Gastrointestinal stromal tumors (GISTs) have a wide spectrum of biologic behavior, and 

occasional cases show liver metastases.  The modified risk grade based on tumor size 

and mitotic counts has been proposed to predict the biologic behavior in gastric GISTs.  

Blood vessel invasion (BVI) is important in the development of metastasis of various 

kinds of cancer.  The aim of this study was to elucidate the potential role of BVI in 

gastric GISTs.  BVI was found in 17 of 122 cases (13.9%) of GISTs, and was 

significantly correlated with larger tumor size, higher mitotic count and higher modified 

risk grade.  Among 83 cases of primary, localized gastric GISTs available for 

follow-up information, liver metastasis was observed in 14 cases (16.9%).  When BVI 

was positive in the primary tumor, liver metastasis occurred in 80% of cases after the 

initial surgery, indicating that BVI was a significant risk factor of liver metastasis 

(p<0.0001).  In univariate and multivariate analyses, tumor size (>5cm), mitotic count 

(>5/50 high-power-fields) and BVI (positive) were significantly associated with a 

shorter period of disease-free survival.  Our results suggest that the evaluation of BVI 

may be useful for predicting the risk of liver metastasis and aggressive biologic 
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behavior of GISTs, and may serve as important information for determining the 

therapeutic strategies including adjuvant molecular target therapy. 
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Introduction 

  Gastrointestinal stromal tumor (GIST) is a mesenchymal neoplasm characterized by 

KIT protein expression and a gain-of-function mutation of the KIT gene or of the 

platelet-derived growth factor receptor alpha (PDGFRA) gene [1-4].  GISTs have a 

wide spectrum of biological behavior ranging from benign to malignant.  The most 

frequent sites of metastases are the liver and peritoneum.  However, it is difficult to 

draw a sharp line between benign and malignant lesions based on histological findings 

alone.  Previous studies have reported the prognostic significance of tumor size, 

mitotic counts, Ki-67 labeling index, KIT mutation subtype, angiogenesis, and aberrant 

expression of cell-cycle regulators [5-9]. 

  Based on the consensus approach at the National Institutes of Health (NIH) in 2001, 

Fletcher et al. have recommended to use of risk assessment to predict GIST behavior 

[10].  They categorized GISTs into four groups: very low, low, intermediate and high 

risk, based of the combination of tumor size (cut-off; 2, 5, or 10 cm) and mitotic counts 

(cut-off; 5/50 high-power-fields [HPFs]) (Table 1).  Subsequent studies have 

confirmed the prognostic value of this grading in a large series of GISTs [9], and this 
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“NIH consensus system” has been applied for both gastric and intestinal GIST.  

Miettinen and colleagues recently proposed the “modified grading system” for 

prognostic evaluation, based on the analysis of very large numbers of GISTs, including 

more than 1700 gastric and 900 small intestinal cases (Table 1) [11-13].  The authors 

pointed out that gastric GISTs show a lower rate of aggressive behavior than small 

intestinal (jejunal and ileal) GISTs of similar size and/or mitotic activity.  Gastric 

GISTs with low mitotic activity have a relatively favorable prognosis despite large 

tumor size; for example, although both group 3b (mitoses<5/50HPF, >10cm) and group 

6b (mitoses>5/50HPF, >10cm) had been classified as “high-risk” by a conventional 

grading system (NIH consensus system), group 3b was found to have significantly 

better prognosis than group 6b among gastric GISTs [13].  However, even the 

modified grading system incompletely predicts the prognosis of the individual patient 

with GIST.  Particularly in low to moderate grade GISTs, it is challenging to predict 

which individuals will undergo an adverse clinical course.  Therefore, it is necessary to 

identify additional prognostic markers. 

  Blood vessel invasion (BVI) or venous invasion is one of the key steps in the spread 
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and metastasis of solid tumors.  BVI has been suggested to be a significant prognostic 

indicator for various types of carcinomas of the stomach, colon, uterus, breast and lung 

[14-18].  As for GIST, the liver is one of the most common sites of metastasis, whereas 

lymph node metastasis is very rare [19,20], leading us to hypothesize that GIST cells 

mainly infiltrate into blood vessels rather than lymphatic vessels, and preferentially 

metastasize to the liver (hematogenic metastasis).  In the current study, we aimed to 

clarify the prognostic significance of BVI in gastric GIST. 

 

Materials and Methods 

Case materials  

  We obtained 122 cases of primary GISTs of the stomach from the files of the 

Department of Anatomic Pathology of Kyushu University between 1986 and 2005.  

The 115 cases are primary localized gastric tumors, and the remaining 7 cases had 

gastric tumors with distant metastasis and/or peritoneal dissemination at the initial 

operation.  The diagnosis of all cases of GIST was made based on the histological 

features and immunohistochemical expression of KIT. 
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Histopathological evaluation 

  Each GIST was evaluated for clinicopathological and histological features, including 

tumor size, mitotic count and tumor grade.  Tumors were classified into very low, low, 

moderate and high-grade groups depending on tumor size (cut off; 2, 5 or 10 cm) and 

mitotic count (cut off; 5 per 50 high-power fields [HPFs]), in accordance with the 

modified grading classification proposed by Miettinen et al. (Table 1).  The tumor 

grading was assigned by two pathologists (HY and AK). 

  In the vast majority of our cases, the gross specimen was sliced by a series of parallel 

incisions approximately 5-10 mm apart, and an entire area of cut-surface across the 

greatest tumor dimension was submitted for histological examination.  In some cases, 

additional samples were also taken from other part of tumor to microscopically evaluate 

the margins of excision and extension into adjacent structures and organs, or to verify 

other changes such as hemorrhage and necrosis.  However, in 2 cases, only a limited 

part of tumor had been sampled for histological examination. 

  All slides were then carefully searched for BVI by hematoxylin-eosin (HE) stain.  
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The number of histological slides (blocks) evaluated ranged from 1 to 25, with a mean 

of 7.3 slides per case and a median of 6 slides per case.  The mean and median 

numbers of slides per 1 cm of the greatest tumor dimension were 1.3 and 1.1, 

respectively.  BVI was defined as the presence of clusters of GIST cells (tumor 

thrombi) within the vascular spaces, whether within the tumor or at the tumor rim.  If 

suspicious for BVI by HE stain, the corresponding sections were stained with 

elastica-van Gieson (EVG) stain to confirm the presence of elastic fibers of the vessel 

wall.  BVI was separated from lymphatic vessel invasion according to the presence of 

smooth muscle and elastic fibers at the vessel wall.  In addition, we distinguished BVI 

from lymphatic vessel invasion by negative immunoreactivity for D2-40, a sensitive 

marker for lymphatic endothelial cell.  The evaluation of BVI was performed by two 

pathologists (HY and AK), who were not aware of the clinical characteristics of the 

patients. 

 

Immunohistochemical staining 

  Histological sections (4μm-thick) of 10% formalin-fixed, paraffin-embedded 
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samples were used for the immunohistochemical examination.  The primary antibodies 

were as follows: c-kit (polyclonal, A4502, dilution; 1/100, Dako, Carpinteria, CA, 

USA), CD34 (QB-end-10, dilution; 1/50, Novocastra, Newcastle, UK), D2-40 

(prediluted, Nichirei, Tokyo, Japan), and Ki-67 (MIB-1, dilution; 1/100, DAKO).  The 

sections were incubated with primary antibodies for one hour at room temperature, 

followed by the streptavidin-biotin-peroxidase method (Histofine SAB-PO Kit, Nichirei, 

Tokyo, Japan).  The sections were then reacted in a 3,3’ -diaminobenzidine 

peroxytrichloride substrate solution and counterstained with hematoxylin. 

 

Follow-up and statistical analysis 

  The correlation between BVI and various clinicopathological parameters was 

analyzed by the chi-square test, Mann-Whitney U-test, or Spearman’s correlation 

analysis.  We analyzed disease-free survival (DFS), for which the end points included 

any relapse (local recurrence and/or metastasis) of tumor.  Univariate analysis of DFS 

was performed by the Kaplan-Meier method with the log-rank test.  For multivariate 

analysis of DFS, we used the Cox proportional hazards model.  A P-value of less than 
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0.05 was considered statistically significant. 

 

Results 

Clinicopathological findings  

  The 122 patients comprised 60 men and 62 women, ranging in age from 20 to 93 

years (median, 64 years).  The tumors ranged from 0.4 to 22 cm in size (median, 5 cm).  

Mitotic counts varied from 0 to 121 per 50 HPFs (median, 3/50 HPFs) and the Ki-67 

labeling index varied from 0 to 23.6 % (median, 3.2 %).  According to the modified 

risk grading system, 45 cases were classified as very low grade, 30 as low grade, 22 as 

intermediate grade, and 25 as high grade. The case numbers of each group were as 

follows: group 1 (11 cases), group 2 (34 cases), group 3a (30 cases), group 3b (5 cases), 

group 4 (0 case), group 5 (17 cases), group 6a (11 cases), and group 6b (14 cases). 

 

Blood vessel invasion 

  BVI was observed in 17 of 122 cases (13.9%).  Lymphatic vessel invasion was not 

detected by immunohistochemical stain for D2-40 (0/122 cases; 0%).  The degree of 
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BVI was varied from case to case, but BVI was detected in a few foci rather than 

everywhere in the individual tumor in most cases.  The BVI tended to be present 

within or at the periphery of the tumor rather than in the adjacent connective tissue close 

to the tumor invasive front.  When BVI was present within the tumor, careful search of 

BVI was needed to distinguish it from the fascicle or sheet of tumor cells around the 

blood vessels.  On HE sections, the intravascular tumor cluster was well-demarcated 

by the vessel wall, and the focus of BVI appeared to be a round to oval-shaped, 

circumscribed structure separated from the surrounding tumor cells (Figure 1).  The 

fascicles of tumor cell around BVI could be abruptly interrupted by the vessel wall.  

Another helpful finding to detect BVI was that when an artery was not associated with a 

vein having a hollow vascular space, the vein close to the artery could be filled with 

tumor thrombi (Figure 1). 

  The correlation among the presence of BVI and clinicopathological parameters is 

shown in Table 2.  The presence of BVI was significantly correlated with larger tumor 

size (p=0.006), higher mitotic counts (p=0.0005), higher modified risk grade (p<0.0001), 

higher Ki-67 labeling index (p=0.0023), and the presence of liver metastasis at the 
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initial operation (p=0.0045).  Liver metastases were present at the initial operation in 4 

cases, of which 3 cases (75%) had BVI in the primary tumors.  The peritoneal 

metastases were present in 3 cases, but there was no significant correlation between this 

factor and BVI in the primary tumor (p=0.3875). 

  According to the modified risk classification, BVI was identified in 0/45 cases (0%) 

of very low risk GISTs, 3/30 (10%) of low risk, 4/22 (18.2%) of moderate risk, and 

10/25 (40%) of high risk.  By group classification, BVI was found in 3/30 (10%), 4/17 

(23.5%), 3/11 (27.3), and 7/14 (50%) cases of groups 3a, 5, 6a and 6b, respectively, but 

was not found in any other groups. 

 

Liver metastasis and blood vessel invasion 

  Follow-up information was available in 83 cases with a median follow-up time of 

58.4 months.  Seven cases which had liver or peritoneal metastases at the initial 

operation were excluded from follow-up study.  Metastases were observed in 16 of 83 

cases (19.3%), including 10 cases with liver metastases, 2 with peritoneal metastases 

and 4 with both liver and peritoneal metastases.  Liver metastasis was seen in a total of 
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14 out of 83 cases (16.9%).  By modified risk classification, the liver metastasis was 

present in 0/35 cases (0%) of very low grade GISTs, 1/16 (6.3%) of low grade, 3/16 

(18.8%) of moderate grade and 10/16 (62.5%) of high grade.  By group classification, 

liver metastasis was found in 1/16 (6.3%), 3/12 (25%), 3/7 (42.9%), and 7/9 (77.8%) 

cases of groups 3a, 5, 6a and 6b, respectively, but was not found in any other groups 

(Figure 2). 

  The presence of BVI in the primary site was significantly correlated with the 

presence of liver metastasis among 83 cases (p<0.0001) (Table 3).  Among the 10 

cases with BVI, liver metastasis was present in a total of 8 cases (80%), including low 

(1/1 case; 100%), moderate (2/3 cases; 66.7%), and high-grade (5/6 cases; 83.3%) 

tumors (Table 4).  Among the BVI-negative 73 cases, liver metastases were rare in 

very low (0/35 cases; 0%), low (0/15 cases; 0%) and moderate-grade (1/13 cases; 7.7%) 

tumors, but were present in half of the high-grade tumors (5/10 cases; 50%).  

Alternatively, among the 14 cases with liver metastasis, BVI was found in a total of 8 

cases (57.1%), including 1/1 (100%), 2/3 (66.7%) and 5/10 (50%) of the cases of low, 

moderate, and high-grade tumors, respectively.  The vast majority of 
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metastasis-negative cases were free from BVI (67/69 cases; 97.1%). 

  We also checked the possibility that the number of histological blocks might affect 

the results of detection of BVI.  In the vast majority of our cases, more than 0.5-1 

blocks per 1 cm (1 block per 1-2cm) of tumor size were submitted for histological 

examination.  There was no significant difference in block numbers per size between 

very low, low, moderate and high-grade tumors (mean; 1.5, 1.2, 1.2 and 1.1/cm, 

respectively), or between BVI-positive and BVI-negative cases (mean; 1.2 vs 1.3/cm).  

However, in 2 cases, only a limited part of tumor had been sampled for histological 

examination; one case was a 17 cm, moderate-grade, BVI-negative and 

metastasis-negative GIST with 4 blocks sampled (0.2 block/cm), and the other was a 

22cm, high-grade, BVI-negative and metastasis-positive GIST with 5 blocks sampled 

(0.2 block/cm).  Among the liver metastasis-positive cases except for inadequately 

sampled ones, the number of blocks per tumor size was not significantly different 

between BVI-positive and BVI-negative tumors (mean; 1.1 vs 1.3/cm). 

 

Prognostic analysis 
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  The prognostic values of several factors for DFS were analyzed in 83 cases (Table 5 

and Figure 3).  Cases having distant metastasis and/or peritoneal dissemination at the 

initial operation were excluded in this analysis.  In univariate analysis, tumor size (>5 

cm) [p=0.0013], mitotic count (>5/50HPF) [p<0.0001], Ki-67 LI (>5%) [p<0.0001], 

modified risk grade (high grade) [p<0.0001], and BVI (presence) [p<0.0001] were each 

significantly associated with a shorter period of DFS.  In multivariate analysis, tumor 

size (>5 cm) [p=0.0010], mitotic count (>5/50HPF) [p=0.0018] and BVI (presence) 

[p<0.0001] were identified as independent worse prognostic factors for DFS. 

 

Discussion 

Conventional vs modified risk classification of GIST 

  In the current study, in addition to the modified risk grading system, the presence of 

BVI was significantly associated with liver metastasis and worse prognosis in gastric 

GISTs.  BVI was also correlated with several clinicopathologic factors, including 

tumor size, mitotic counts and modified risk grade. 

  The pathological criteria for the potential biological behavior of GIST had been 
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controversial.  Since the consensus workshop held at NIH in 2001, the risk grading 

system, which does not draw a sharp line between “benign” and “malignant” lesions, 

has been in use [9,10].  Based on a more detailed subclassification of large numbers of 

GISTs, Miettinen and colleagues proposed the modified grading system in 2005 and 

2006 [11-13].  In the earlier NIH grading system (conventional risk grading), large 

(>10cm) gastric GISTs, irrespective of mitotic activity, had been merged into the same 

category (high-risk) [10].  In contrast, Miettinen et al. found that even large (>10cm) 

gastric GISTs with a low mitotic rate (<5/50 HPFs) (group 3b) had only a 10% risk for 

metastasis, whereas similar sized GISTs with increased mitoses (>5/50HPF) (group 6b) 

have a much higher risk of aggressive behavior (>50%) [13].  The authors also found 

that group 3a (5-10cm, <5/50HPFs) GIST, which previously had been classified as 

intermediate risk, had a low rate of recurrence (3%).  In the current series of gastric 

GISTs, there was a low percentage of liver metastases in groups 3a and 3b, providing 

evidence that these groups of gastric GISTs are less aggressive than previously assumed.  

We also found that the modified grade was significantly associated with BVI, liver 

metastasis and disease-free-survival time, suggesting the advantage of the modified 
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grading system for predicting the biological behavior and prognosis of GIST. 

 

Prognostic value of blood vessel invasion in GIST 

In general, the invasion of tumor cells into blood vessels is thought to be one of the 

critical steps for establishing hematogenic metastasis to the distant organs.  BVI is a 

well-known worse prognostic indicator in many carcinomas, whereas data on this 

phenomenon in soft tissue sarcomas are relatively limited [21,22].  Few studies have 

evaluated the clinicopathological importance of BVI in GIST [23].  In the current study, 

we found that the presence of BVI was significantly correlated with larger tumor size, 

higher mitotic count and higher risk-grade, higher rate of liver metastasis and worse 

prognosis (shorter disease-free survival) in gastric GISTs.  Among BVI-positive GISTs, 

80% of cases showed liver metastasis.  The findings support the idea that BVI plays an 

important role in the metastases of GIST.  The results also provide evidence that the 

histopathological evaluation of BVI may be useful for predicting aggressive biologic 

behavior in GISTs. 

  The frequency of BVI was much lower in group 3b than in group 6b, although both 



 Yamamoto et al.- 18 - 

GIST groups had large tumor size (>10cm).  This result is consistent with that of the 

above-mentioned prognostic difference between the two groups, and may explain in 

part the biological spectrum among large-sized GISTs, which had been lumped together 

as high-grade tumor in the earlier classification. 

  According to the previous reports and our results, the recurrence after surgery is only 

10-20 % or less in low or moderate-grade GIST, making it difficult to exactly predict 

the prognosis of individual cases of these categories based on the modified risk grade 

alone [11,13].  In the current study, although the prevalence of BVI was low 

percentage among low to moderate-risk gastric GISTs, the occurrence of liver 

metastasis was much higher in the BVI-positive cases than the BVI-negative cases 

(low-risk, 100% vs 0%; moderate-risk, 66.7% vs 7.7%, respectively).  Therefore, our 

results suggest that BVI may be helpful for identifying GISTs which have metastatic 

potential among low and moderate risk tumors. 

  As for the high-risk group of GISTs, the frequency of liver metastasis was 62.5% by 

risk grade alone, but rose to 83.3% by a combination of risk grade and BVI, suggesting 

that a combination with high risk grade and BVI may be useful to identify “very high” 
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risk GIST.  However, in contrast to the trend in low to moderate grade GISTs, 

BVI-negative high-grade GISTs also showed frequent (50%) liver metastases.  One 

possible explanation for this discrepancy is sampling error.  In our study, BVI was 

present in the limited sections rather than everywhere in the individual tumor, even in 

large-sized, high grade GIST.  Therefore, the inadequate sampling can result in 

missing the foci of BVI.  This seems to be a similar problem in ovarian mucinous 

tumors, for which it is commonly recommended that the pathologist should submit a 

minimum of one block per 1-2cm (0.5-1 block per 1 cm) of the greatest dimension of 

the tumor.  Extensive sampling is important in search for stromal invasion because 

ovarian mucinous tumors often are histologically heterogenous with benign, borderline 

(non-invasive) and malignant (invasive) areas variably present within the same tumor 

[24].  In the vast majority of our series of GISTs, more than 0.5-1 block per 1 cm was 

submitted for histological examination.  In 1 of 6 cases of BVI-negative, 

metastasis-positive GISTs, apparently fewer sections (total 5 blocks for a 22cm tumor 

[0.2 block per 1cm]) were submitted for paraffin block, suggesting a possibility that the 

BVI component had escaped microscopic detection due to an inadequate sampling.  
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Among liver metastasis-positive GISTs except for this case, there was no significant 

difference in the number of blocks examined between the BVI-negative and 

BVI-positive cases. 

  The false-negative detection of BVI also might be influenced by which part of mass 

was cut for histological examination.  Because BVI was most often present at the 

periphery of tumor, extensive sampling from the peripheral portion of tumor may be 

needed in addition to the sampling from the slice across the greatest tumor dimension. 

  Another possibility is that tumor cells permeate in the blood vessels which are too 

small to be detected by light microscopic examination.  Several studies of BVI in 

carcinomas have recommended the use of immunohistochemical staining for endothelial 

markers such as factor VIII-related antigen, CD31 and CD34 to improve the detection 

of tumor-infiltrating vessels [18,25].  As for GIST, CD34 is not useful for this purpose 

because many GIST cells are positive for CD34.  In our previous study, various 

degrees of angiogenesis were observed in GISTs by immunohistochemical staining for 

CD31 [8].  We reviewed the GIST sections previously stained for CD31, but failed to 

find the definite invasion to small vessels which were undetectable by EVG stain.  
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However, we cannot draw a conclusion about the prevalence and clinicopathological 

importance of small vessel invasion in GIST by this preliminary observation, and thus 

further study would be expected.  We believe that at this time, it is practical to 

carefully search for the characteristic morphological features of BVI (see Results) on 

HE section, and, if needed, add special stains such as EVG stain, which seems to be 

readily available in most pathological laboratories.  The method used in this study still 

showed a significant prognostic value of BVI in GIST.   

 

Potential clinical significance of blood vessel invasion 

  Although the mainstay of treatment for localized, primary GIST has been surgical 

resection, surgical resection alone has been inadequate, with up to 50% of patients 

developing recurrence, metastasis or death by tumor during 5 years after resection [26].  

Imatinib mesylate (Gleevec®, Novartis, Basel, Switzerland) is a selective molecular 

inhibitor of KIT and PDGFRA protein, and has been widely used for the treatment of 

metastatic GIST.  Approximately 80% of patients with metastatic GIST show at least 

some clinical response (partial response or stable disease) to imatinib [27-30].  
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Unfortunately, most patients who initially respond to imatinib become resistant to it, 

and tumor progression eventually occurs, most often after 18-24 months [28,30].  The 

secondary KIT mutation in the kinase domain is one of the mechanisms of acquired 

resistance [31].  Therefore, it seems to be important to prevent or delay the recurrence 

before apparent metastatic tumor formation develops.  A recent phase III study has 

revealed that the postoperative adjuvant chemotherapy with imatinib mesylate 

significantly improved the recurrence-free survival of patients who underwent surgical 

resection of primary GIST [32].  The current study showed that the presence of BVI 

significantly increased the risk of liver metastasis of GIST.  These data suggest that the 

adjuvant imatinib therapy might benefit patients with BVI-positive GIST.  Further 

clinical investigation is needed to confirm this hypothesis. 

 

Conclusion 

  In conclusion, we found that BVI was significantly correlated with both liver 

metastasis and worse prognosis in gastric GIST.  BVI may play an important role in 

the metastasis of GIST.  In addition, the evaluation of BVI at the routine pathological 
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diagnosis of primary tumor may be useful for predicting the aggressive biologic 

behavior of GIST, and may serve as important information for determining the 

therapeutic strategies, including the adjuvant imatinib therapy. 
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Figure legends 

Figure 1.  The representative histological patterns of blood vessel invasion (BVI) of 

GIST. 

A. The intravascular tumor cluster is well-demarcated by the vessel wall, and the focus 

of BVI appears to be a round to oval-shaped, circumscribed structure separated from the 

surrounding tumor cells.  The vessel wall is pointed by allow heads, and intravascular 

tumor cell cluster is indicated by asterisk. 

B. The venous wall is highlighted by elastica-van Gieson stain (corresponding to A). 

C. The vein is filled with the tumor thrombus (pointed by allow heads).  The nearby 

artery has a hollow vascular space with red blood cells (pointed by allow). 

D. The artery and vein are highlighted by elastica-van Gieson stain (corresponding to 

C). 

 

Figure 2.  The frequency of blood vessel invasion (BVI) and liver metastasis in each 

subgroup (A) and modified risk grade (B) among 83 cases of primary gastric GISTs.  

Gray bars indicate the frequency of BVI, and black bars show that of liver metastasis. 
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Figure 3.  Kaplan-Meier analysis for 83 patients with primary gastric GISTs.  The 

modified risk grade (A) and blood vessel invasion (B) are each significantly associated 

with shorter disease-free survival. 
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Table 1. The summary of conventional and modified risk grading in gastrointestinal 

stromal tumor. 

 

Mitoses Size Group Risk grading system   

(HPF) (cm)  Modified†   Conventional‡ 

   Stomach Small intestine  Stomach, small intestine 

<5/50 <2 1 very low very low  very low  

 >2<5 2 very low low  low  

 >5<10 3a low moderate  intermediate  

 >10 3b moderate high  high  

>5/50 <2 4 very low* high*  intermediate  

 >2<5 5 moderate high  intermediate  

 >5<10 6a high high   high  

 >10 6b high high   high 

 

*The modified risk grade for Group 4 tumors is tentative, because the corresponding cases are too few to 

reliably determine prognosis. 

†Reference 11, ‡Reference 10 



Table 2.  The correlation between blood vessel invasion and clinicopathological 

parameters in 122 cases of gastrointestinal stromal tumors of the stomach. 

 

  Blood vessel invasion  

  positive (n=17) negative (n=105) p= 

Age*  59 (48.3-72.3) 66 (55-74) 0.2303 

Sex M (n=60) 12 48 0.0541 

 F (n=62) 5 57  

Tumor size (cm)*  7.9 (5.4-14.5) 4.5 (3.5-7) 0.006 

Mitoses (/50HPF)*  16.5 (6.8-41) 2 (1-6) 0.0005 

Ki-67 index (%)*  8.9 (4.9-14.8) 2.9 (1.2-5) 0.0023 

Liver metastases at the initial operation  0.0045 

 positive (n=4) 3 1  

 negative (n=118) 14 104  

Peritoneal metastases at the initial operation  0.3875 

 positive (n=3) 1 2  

 negative (n=119) 16 103  

Group    - 

 1 (n=11) 0 (0%) 11  

 2 (n=34) 0 (0%) 34  

 3a (n=30) 3 (10%) 27  

 3b (n=5) 0 (0%) 5  

 4 (n=0) - -  

 5 (n=17) 4 (23.5%) 13  

 6a (n=11) 3 (27.3%) 8  

 6b (n=14) 7 (50%) 7  

Modified risk grade   <0.0001 

 very low (n=45) 0 (0%) 45  

 low (n=30) 3 (10%) 27  

 moderate (n=22) 4 (18.2%) 18  

 high (n=25) 10 (40%) 15  

* Values were expressed as median levels and interquartile range in parenthesis 



Table 3. The correlation between blood vessel invasion and liver metastases in 83 cases 

of gastrointestinal stromal tumors of the stomach. 

 

  Liver metastasis  

  
positive 

(n=14) 

negative 

(n=69) 
 

Blood vessel invasion 
positive 

(n=10) 
8 2 p<0.0001 

 
negative 

(n=73) 
6 67  

 



Table 4.  The correlation among blood vessel invasion, liver metastasis and modified 

risk grade in 83 cases of primary gastrointestinal stromal tumors of the stomach. 

 

 very low low moderate high total 

 (n=35) (n=16) (n=16) (n=16) (n=83) 

Blood vessel invasion 0/35 1/16 3/16 6/16 10/83 

 (0%) (6.3%) (18.8%) (37.5%) (12.5%) 

Liver metastases 0/35 1/16 3/16 10/16 14/83 

 (0%) (6.3%) (18.8%) (62.5%) (16.9%) 

Liver metastases among BVI-positive tumors 0/0 1/1 2/3 5/6 8/10 

 - (100%) (66.7%) (83.3%) (80%) 

Liver metastases among BVI-negative tumors 0/35 0/15 1/13 5/10 6/73 

 (0%) (0%) (7.7%) (50%) (8.2%) 

BVI among liver metastases-positive tumors 0/0 1/1 2/3 5/10 8/14 

 - (100%) (66.7%) (50%) (57.1%) 

BVI among liver metastases-negative tumors 0/35 0/15 1/13 1/6 2/69 

 (0%) (0%) (7.7%) (16.7%) (2.9%) 

 

BVI, blood vessel invasion 



Table 5.  The univariate and multivariate analysis of prognostic factors in 83 cases of 

primary gastrointestinal stromal tumors of the stomach. 

 

 Disease-free survival 

 Univariate (p=) Multivariate (p=) 

Tumor size (>5cm) 0.0013 0.001 

Mitoses (>5/50HPF) <0.0001 0.0018 

Ki-67 index (>5%) <0.0001 0.2076 

Modified risk grade (high) <0.0001 N.E. 

Blood vessel invasion (positive) <0.0001 <0.0001 

N.E., not evaluated 
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